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Background/Aims: We compared the recurrence of hepatocellular carcinoma 

(HCC) and the survival of patients who received radiofrequency ablation (RFA) 

after transarterial chemoembolization (TACE) with patients treated with TACE or 

RFA alone.

Methods: This study included 201 patients with HCC, who were consecutively 

enrolled at Seoul St. Mary’s Hospital between December 2004 and February 2010. 

Inclusion criteria were a single HCC ≤ 5.0 cm or up to three HCCs ≤ 3.0 cm. We 

used a propensity score model to compare HCC patients (n = 87) who received RFA 

after TACE (TACE + RFA) with those who received TACE (n = 71) or RFA alone (n = 

43).

Results: The median follow-up period was 33.3 months (range, 6.8 to 80.9). The 

TACE + RFA group showed significantly lower local recurrence than the RFA or 

TACE groups (hazard ratio [HR], 0.309; 95% confidence interval [CI], 0.130 to 0.736; 

p = 0.008; and HR, 0.352; 95% CI, 0.158 to 0.787; p = 0.011, respectively). The overall 

survival was significantly better in the TACE + RFA group compared to the RFA 

group (HR, 0.422; 95% CI, 0.185 to 0.964; p = 0.041). However, the survival benefit 

was not different between the TACE + RFA and TACE groups (p = 0.124). Subgroup 

analysis showed that among patients with a tumor size < 3 cm, the TACE + RFA 

group had significantly better long-term survival than those in the TACE or RFA 

groups (p = 0.017, p = 0.004, respectively).

Conclusions: TACE + RFA combination treatment showed favorable local recur-

rence and better overall survival rates in early-stage HCC patients. Patients with 

tumors < 3 cm are likely to benefit more from TACE + RFA combination treat-

ment. Additional studies are needed for the selection of suitable HCC patients for 

TACE + RFA treatment.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most com-

mon cancer and third leading cause of cancer-related 

death with increasing incidence worldwide [1,2]. Despite 

the widespread use of surveillance programs in at-risk 

populations, more than half of HCC cases are diagnosed 

late, and curative therapies such as surgical resection, 

transplantation, or radiofrequency ablation (RFA) are 

possible in less than 30% of patients [3]. After curative 

treatment, patients face a very high risk of HCC recur-

rence in an underlying cirrhotic liver. Therefore, locore-

gional treatments are potentially useful alternative mo-

dalities for many patients. Although surgical resection is 

the gold standard treatment for early-stage HCC, many 

studies have reported that the efficacy of locoregional 

therapies is similar to that of resection [4-6].

Locoregional treatments for HCC, which include 

RFA, percutaneous ethanol injection, and transarterial 

chemoembolization (TACE), are promising modalities 

in patients with unresectable tumors. RFA and percu-

taneous ethanol injection are considered curative treat-

ments for early-stage HCC [7-10]. TACE is the standard 

of care for the intermediate stages according to Barcelo-

na Clinic for Liver Cancer (BCLC) staging and treatment 

[10]. Both RFA and TACE have shown overall survival 

(OS) benefits [11]. RFA has shown complete short-term 

necrosis in ≥ 90% of lesions smaller than 3 cm in diam-

eter [4,12,13]. For lesions 3 to 5 cm in diameter, the per-

centage of complete necrosis varied between 50% and 

70% [14]. Complete ablation was obtained in < 30% of 

lesions larger than 5 cm in diameter [14-16].

TACE is widely used to treat HCC patients who are 

not suitable candidates for curative treatments and 

bridge to liver transplantation [10,17]. The rationale for 

TACE is that intra-arterial chemotherapy with lipiodol 

and a chemotherapeutic agent followed by selective vas-

cular embolization will result in a strong cytotoxic effect 

combined with ischemia [18,19]. In a previous study of 

transplant patients, selective/superselective TACE was 

more effective for tumors 3 to 5 cm in diameter [20]. 

Recent studies have reported that combining RFA with 

TACE to treat HCC may have a synergistic effect [21,22]. 

Pretreatment with TACE appears to increase the RFA 

zone and the probability of a complete response (CR). 

The reduction or elimination of blood flow after TACE 

increases the volume of ablation, because blood flow 

promotes heat loss due to RFA. Therefore, performing 

RFA after blocking the hepatic artery feeding the tumor 

is reasonable. The complication rate that resulted from 

the use of TACE before RFA was not more significant 

than using RFA alone.

Therefore, the synergistic effects of TACE and RFA 

might yield lower recurrence rates and better survival 

times than using TACE or RFA as monotherapies. We 

evaluated tumor recurrence and OS rates of early-stage 

HCC patients who received RFA after TACE compared 

to those treated with TACE or RFA alone.

METHODS

Patients

This was a retrospective cohort study conducted in a 

single center. The medical records of patients treated 

with TACE, followed by RFA or TACE as the initial treat-

ment for HCC between December 2004 and February 

2010 at Seoul St. Mary’s Hospital, were reviewed. The 

diagnosis and HCC stage were assessed according to 

the American Association for the Study of Liver Disease 

guidelines and the BCLC staging classification [10]. In-

clusion criteria were as follows: (1) a single HCC ≤ 5 cm 

or up to three HCCs ≤ 3 cm; (2) at least two HCC lesions 

of a minimum of 10 mm in diameter based on liver dy-

namic computed tomography (CT) and target lesions 

suitable for accurate repeated measurements [23]; (3) an 

Eastern Cooperative Oncology Group performance sta-

tus of 0 or 1; (4) preserved liver function (Child-Pugh 

Class A or B); (5) no previous treatment for HCC; and 

(6) no vascular invasion. Exclusion criteria included an-

other primary tumor, advanced liver disease (bilirubin 

levels > 3 mg/dL and aspartate aminotransferase [AST] 

or alanine transaminase [ALT] levels > 5 × upper limit of 

normal), a thrombus within a main or branched portal 

vein, or extrahepatic metastasis. The present study was 

approved by the Institutional Ethics Review Board of the 

Catholic University of Korea (KC11RISI0887) and was in 

compliance with the Declaration of Helsinki.

TACE procedure

Using the selective/superselective technique, the tu-

mor-feeding arteries were catheterized using a high-
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ly flexible coaxial microcatheter passed through a 5-Fr 

Yashiro catheter (Terumo, Tokyo, Japan), which was 

previously placed approximately in the hepatic artery. 

Specifically, for selective TACE, the tip of the microca-

theter was placed into the hepatic arterial branch affer-

ent to the segment in which the tumor was located. In 

the case of superselective TACE, the tip of the catheter 

was further advanced into the subsegmental branches 

feeding the tumor.

After microcatheter placement, a mixture of doxoru-

bicin (50 mg/m2) and lipiodol (5 to 10 mL) was injected 

under fluoroscopic control, followed by embolization 

with embolic materials such as gelform or polyvinyl 

alcohol particles until complete stasis was achieved in 

the segmental or subsegmental arterial branches in the 

tumor-feeding vessels. In the case of a parasitic tumor 

blood supply through accessory arteries (e.g., the inferi-

or phrenic, internal mammary, or intercostal arteries), 

the patient underwent additional superselective treat-

ment. Repeat treatment was scheduled within 2 weeks 

after follow-up imaging if residual viable tumor was de-

tected.

RFA procedure

RFA was performed using a 17-gauge, internally cooled 

electrode with a 2 or 3 cm exposed tip (Cool-tip RF Abla-

tion System, Valleylab, Boulder, CO, USA). After admin-

istration of analgesia and local anesthesia, the electrode 

needles were introduced into the tumor under ultraso-

nographic guidance, and RFA was performed according 

to the standard technique. The treatment response was 

evaluated based on subsequent dynamic CT, and addi-

tional RFA was performed until the tumor was com-

pletely ablated. When used in combination with TACE, 

RFA was performed within 4 weeks after TACE.

Assessment and follow-up

The treatment response was evaluated at 3 months (i.e., 

1 month after the second treatment course) using the 

modified Response Evaluation Criteria in Solid Tumors. 

In the modified criteria of HCC tumor response, CR is 

the disappearance of any intratumoral arterial enhance-

ment in all lesions; partial response (PR) is at least a 30% 

decrease in the sum of the diameters of viable (contrast 

enhancement in the arterial phase) lesions; progressive 

disease (PD) is an increase of at least 20% in the sum 

of the diameters of viable lesions; stable disease is any 

case that does not qualify as either PR or PD [23]. Local 

recurrence was defined as an enhancement reappearing 

within the treated zone or ≤ 2.0 cm from its margins. 

When recurrence was recognized, patients were treated 

by RFA or TACE.

During the treatment period, laboratory tests, in-

cluding serum α-fetoprotein (AFP), albumin, bilirubin, 

AST, ALT and prothrombin time, and a liver dynamic 

CT (non-enhanced, arterial, portal, and delayed venous 

phase), were performed every 4 weeks after treatment. 

After achieving CR, patients were followed up every 3 

months during the first year and every 3 to 6 months 

thereafter using laboratory tests and liver dynamic CT. 

Patients were followed up until loss of follow-up or 

death. The median follow-up period was 33.3 months 

(range, 6.8 to 80.9).

Statistical analysis

The primary endpoint was OS rate measured from the 

date of HCC diagnosis until death or the date of the 

last follow-up. The secondary endpoint was time to re-

currence, which was measured from the date of CR to 

the date of local tumor recurrence or new lesions. All 

of the statistical tests, performed using SAS version 9.2 

(SAS Institute Inc., Cary, NC, USA), were two-sided, and 

p values < 0.05 were considered statistically significant. 

Continuous variables are presented as median (range) 

and compared using Kruskal-Wallis tests. Categorical 

variables are presented as frequency (%) and were com-

pared using Fisher exact tests. The cumulative survival 

rates in each treatment group were estimated using the 

Kaplan-Meier method and log-rank test. To compare 

long-term outcomes of three treatments, hazard ratios 

(HRs) and confidence intervals (CIs) were calculated for 

each factor using univariate and multivariate Cox pro-

portional hazards model adjusted for seven covariates.

To reduce the effect of potential confounding in an 

observational study, we also performed rigorous ad-

justment for differences in baseline characteristics of 

patients using propensity score methods [24]. We es-

timated propensity scores for each treatment for all of 

the patients using a non-parsimonious multiple logistic 

regression model. The model covariates included age, 

gender, cause of disease, tumor maximal diameter, tu-

mor number, Child-Pugh Class, and level of AFP in the 
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serum. Each model between two treatments was well 

calibrated with good discrimination. For the inverse 

probability of treatment weights (IPTW) [25], the weights 

for patients who underwent one treatment were inverse 

of (1-propensity score), and weights for patients who the 

other were the inverse of propensity score. We finally 

compared outcomes (recurrence, local recurrence, and 

survival rates) after each treatment using weighted Cox 

proportional hazards regression model with the IPTW. 

RESULTS

Clinical characteristics of HCC patients

The clinical characteristics of the 201 patients are shown 

in Table 1. This study included 154 males and 47 females. 

The median age was 60.4 years (range, 29.1 to 78.0) in the 

combination treatment (TACE + RFA) group, and 60.0 

years (range, 23.0 to 87.2) and 62.0 years (range, 35.0 to 

88.0) in the TACE and RFA groups, respectively. Male 

gender and hepatitis B virus infection were predom-

inant in each group. More than 90% of patients had 

Child-Pugh class A liver function. A total of 201 patients 

Table 1. Baseline characteristics of the hepatocellular carcinoma patients

Characteristic TACE + RFA (n = 87) TACE (n = 71) RFA (n = 43) p value

Age, yr 60.4 (29.1–78.0) 60.0 (23.0–87.2) 62.0 (35.0–88.0) 0.452

Sex 0.534

Male 70 (80.5) 53 (74.6) 31 (72.1)

Female 17 (19.5) 18 (25.4) 12 (27.9)

Etiology 0.959

Hepatitis B virus 58 (66.7) 49 (69.0) 28 (65.1)

Hepatitis C virus 21 (24.1) 14 (19.8) 9 (20.9)

Alcohol 5 (5.7) 4 (5.6) 3 (7.0)

Other 3 (3.5) 4 (5.6) 3 (7.0)

Laboratory test 0.128

 Platelet count, × 103/mm3 136 ± 120 110 ± 50 114 ± 57

 Total bilirubin, mg/dL 1.2 ± 1.9 1.0 ± 0.6 1.27 ± 1.4

 Albumin, g/dL 3.8 ± 0.6 3.7 ± 0.5 3.5 ± 0.6

 PT INR 1.2 ± 0.4 1.2 ± 0.5 1.0 ± 0.2

Tumor maximal diameters, cm 2.5 (1.0–4.6) 2.5 (1.0–4.7) 2.2 (1.3–4.7) 0.223

< 3.0 64 (73.6) 44 (62.0) 33 (76.7) 0.162

≥ 3.0 23 (26.4) 27 (38.0) 10 (23.3)

Tumor number 0.083

1 64 (73.6) 41 (57.7) 35 (81.4)  

2 17 (19.5) 20 (28.2) 6 (14.0)  

3 6 (6.9) 10 (14.1) 2 (4.6)  

Child-Pugh Class 0.165

A 80 (92.0) 68 (95.8) 37 (86.0)

B 7 (8.0) 3 (4.2) 6 (14.0)

Serum AFP, ng/dL 18.7 (1.5–4,190.0) 24.9 (1.7–25,714.0) 14.4 (1.9–1,210.0) 0.264

< 20 24 (55.8) 32 (45.1) 46 (52.9) 0.469

≥ 20 19 (44.2) 39 (54.9) 41 (47.1)  

Values are presented as median (range) or number (%). 

TACE, transarterial chemoembolization; RFA, radiofrequency ablation; PT, prothrombin time; INR, international normalized 

ratio; AFP, α-fetoprotein.
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were diagnosed with early-stage HCC according to the 

BCLC staging classification. The tumor diameter was 

not significantly different among the three groups. The 

mean maximal tumor size was 2.5 cm (range, 1.0 to 4.6) 

in the combination treatment group, and 2.5 cm (range, 

1.0 to 4.7) and 2.2 cm (range, 1.3 to 4.7) in the TACE and 

RFA groups, respectively. Patient demographics and tu-

mor burden were not significantly different among the 

groups.

Treatment response

In total, 58 patients in the TACE group (81.6%), 42 pa-

tients in the RFA group (97.6%), and 84 patients in the 

TACE + RFA group (96.5%) achieved CR at the time of 

response assessment (rate difference: TACE + RFA vs. 

TACE, 4.929 [95% CI, 1.305 to 18.622; p = 0.019] and TACE 

+ RFA vs. RFA, 0.869 [95% CI, 0.085 to 8.848; p = 0.906]). 

In addition, 10 patients in the TACE group, one patient 

in the RFA group, and three patients in the combination 

treatment group achieved PR.

Recurrence

During follow-up, HCC recurrence was identified in 

53 of 84 patients (63.1%) in the combination treatment 

group, and in 48 of 58 (82.7%) and 18 of 42 patients (42.9%) 

in the TACE and RFA monotherapy groups, respectively. 

The median time to recurrence was 19.5 months (range, 

16.2 to 22.8). The median time to recurrence of patients 

in the combination treatment group, RFA group, and 

TACE group was 52.3, 61.7, and 31.5 months, respective-

ly. The recurrence rate curve is shown in Fig. 1. The 

probabilities of recurrence rates at 1, 3, and 5 years in 

the combination treatment group (6%, 33%, and 54%, 

respectively) and in the RFA group (10%, 31%, and 48%, 

respectively) were significantly lower than those in the 

TACE group (17%, 58%, and 78%, respectively; p = 0.015 

and p = 0.005, respectively). No significant difference in 

recurrence rates was found between the combination 

treatment and RFA groups (p = 0.776). Subgroup analysis 

according to local tumor recurrence showed that in the 

combination treatment group, the local recurrence rates 

were significantly lower than those in the RFA and TACE 

groups (p = 0.014 and p = 0.019, respectively), whereas the 

recurrence rates in the RFA and TACE groups were not 

significantly different (p = 0.787) (Fig. 2).

In a multivariate analysis of recurrence rates using the 

multivariate-adjusted and IPTW, the combination treat-

ment group showed significantly lower local recurrence 

rates than the RFA and TACE monotherapy groups (HR, 
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Figure 1. Recurrence rates. The recurrence rates in the 
transarterial chemoembolization (TACE) + radiofrequency 
ablation (RFA) and RFA groups were significantly lower than 
those in the TACE group (p = 0.015 and p = 0.005, respective-
ly). Recurrence rates were not significantly different between 
the combination treatment and RFA groups (p = 0.776).
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Figure 2. Local recurrence rates. In the transarterial chemo-
embolization (TACE) + radiofrequency ablation (RFA) group, 
the local recurrence rates were signif icantly lower than 
those in RFA group (p = 0.014); however, no significant dif-

ference in recurrence rates between RFA and TACE groups 
was observed (p = 0.787).
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0.309; 95% CI, 0.130 to 0.736; p = 0.008 and HR, 0.352; 95% 

CI, 0.158 to 0.787; p = 0.011, respectively) (Table 2). Con-

versely, total recurrence rates including local recurrence 

and the appearance of a new HCC were not different be-

tween the TACE + RFA and RFA groups (HR, 0.866; 95% 

CI, 0.533 to 1.409; p = 0.563) (Table 2).

OS rates

The median follow-up period was 33.3 months (range, 3.8 

to 80.9). During follow-up, 14 of 87 patients (17.2%) in the 

combination treatment group, 19 of 71 patients (26.7%) 

in the TACE group, and 11 of 43 patients (25.5%) in the 

RFA group died. The major causes of death were tumor 

progression (43.1%), liver dysfunction due to complica-

tions of cirrhosis (liver failure, hepatorenal syndrome, 

and rupture of esophageal varices; 47.7%) and infection 

(9.0%). There was no death related to treatment.

The median survival times in the TACE + RFA group 

and TACE and RFA groups were 80.1, 65.2, and 48 months, 

respectively. The probabilities of OS at 1, 3, and 5 years 

were 98%, 95%, and 90% in the TACE + RFA group; 

98%, 90%, and 83% in the TACE group; and 94%, 84%, 

and 71% in the RFA group, respectively. The combina-

tion treatment group had significantly better long-term 

survival rates than the RFA group, and showed a trend 

favoring an OS benefit compared to the TACE group; 

however, significant differences between the RFA and 

TACE groups were not observed (p = 0.044, p = 0.046, and 

p = 0.771, respectively, based on log-rank test) (Fig. 3).

We analyzed the survival rates of each treatment mo-

dality according to tumor size. In tumors < 3 cm in size, 

the survival rate probabilities at 1, 3, and 5 years in the 

combination treatment group (98%, 95%, and 90%, re-

spectively) were significantly higher than those in the 

TACE group (98%, 90%, and 85%, respectively) and in 

the RFA group (94%, 82%, and 71%, respectively; p = 0.017 

Table 2. Comparison of recurrence and local recurrence in each treatment group

Treatment No Yes
Multivariate-adjusted

Adjusted by inverse probability  
of treatment weights

HR 95% CI p value HR 95% CI p value

Recurrence

RFA vs. TACE + RFA

RFA 24 (57.1) 18 (42.9) 1.000 - 0.776 1.000 - 0.563 

TACE + RFA 31 (36.9) 53 (63.1) 1.089 0.605–1.962 - 0.866 0.533–1.409 -

TACE vs. TACE + RFA

TACE 10 (17.3) 48 (82.7) 1.000 - 0.015 1.000 - 0.009 

TACE + RFA 31 (36.9) 53 (63.1) 0.581 0.374–0.901 - 0.594 0.403–0.876 -

RFA vs. TACE

RFA 24 (57.1) 18 (42.9) 1.000 - 0.005 1.000 - 0.047 

TACE 10 (17.3) 48 (82.7) 2.543 1.322–4.895 - 1.671 1.006–2.775 -

Local recurrence

RFA vs. TACE + RFA

RFA 32 (76.1) 10 (23.9) 1.000 - 0.014 1.000 - 0.008 

TACE + RFA 74 (88.1) 10 (11.9) 0.299 0.114–0.785 - 0.309 0.130–0.736 -

TACE vs. TACE + RFA

TACE 42 (72.9) 16 (27.1) 1.000 - 0.019 1.000 - 0.011 

TACE + RFA 74 (88.1) 10 (11.9) 0.354 0.149–0.840 - 0.352 0.158–0.787 -

RFA vs. TACE

RFA 32 (76.1) 10 (23.9) 1.000 - 0.787 1.000 - 0.872 

TACE 42 (72.9) 16 (27.1) 0.880 0.347–2.229 - 0.939 0.435–2.025 -

Values are presented as number (%). Adjusted for age, gender, cause, tumor size, tumor number, child class, α-fetoprotein.

HR, hazard ratio; CI, confidence interval; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
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and p = 0.004, respectively). Significant differences be-

tween the RFA and TACE groups were not observed (p = 

0.315) (Fig. 4A). However, in larger tumors ≥ 3 cm in size, 

the survival rate probabilities at 1, 3, and 5 years in the 

combination treatment group (98%, 84%, and 82%, re-

spectively) were not significantly lower than those in the 

TACE (98%, 86%, and 80%, respectively; p = 0.952) and 

RFA groups (98%, 84%, and 64%, respectively; p = 0.763). 

Significant differences between the RFA and TACE 

groups were not observed (p = 0.702) (Fig. 4B).

We adjusted the prognostic factors that affected the 

OS rates. The variables included age, gender, etiology, 

tumor size, tumor single/multiple tumor, Child-Pugh 

class, and serum AFP level. In a multivariate analysis 

of OS using the Cox regression model with the IPTW, 

combination treatment showed significant survival ben-

efit compared to RFA (HR, 0.422; 95% CI, 0.185 to 0.964; 

p = 0.041) (Table 3). These results suggest that TACE + 

RFA combination treatment yields better OS rates in 

early-stage HCC patients.

Complications

Common complications in all of the groups were fever, 

pain, and increased levels of AST, ALT, or total bilirubin. 

Serious complications including tumor seeding after 

RFA, liver failure, or treatment-related death were not 

observed after treatment.

DISCUSSION

Both RFA and TACE m onotherapies beneficially affect 

survival and have been established as valuable treatment 

modalities for patients with unresectable HCC. Recent 

studies have suggested that RFA + TACE combination 
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Figure 3. Cumulative curve of overall survival plotted based 
on the Kaplan-Meier method and compared using the log-
rank test. Patients in the transarterial chemoembolization 
(TACE) + radiofrequency ablation (RFA) group showed better 
overall survival rates than those in the RFA or TACE groups 
(p = 0.044 and p = 0.046, respectively).

Table 3. Comparison of the overall survival rates in each treatment group

Treatment
Overall survival Multivariate-adjusted

Adjusted by inverse probability  

of treatment weights

Alive Death HR 95% CI p value HR 95% CI p value

RFA vs. TACE + RFA

RFA 32 (74.4) 11 (25.6) 1.000  0.044 1.000 0.041 

TACE + RFA 73 (83.9) 14 (16.1) 0.371 0.141–0.973 0.422 0.185–0.964

TACE vs. TACE + RFA

TACE 52 (73.2) 19 (26.8) 1.000 0.046 1.000 0.124 

TACE + RFA 73 (83.9) 14 (16.1) 0.476 0.230–0.986 0.588 0.299–1.156

RFA vs. TACE

RFA 32 (74.4) 11 (25.6) 1.000 0.771 1.000 0.550 

TACE 52 (73.2) 19 (26.8) 1.138 0.476–2.721 0.797 0.379–1.677

Values are presented as number (%). Adjusted for age, gender, cause, tumor size, tumor number, child class, α-fetoprotein.

HR, hazard ratio; CI, confidence interval; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
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therapy could be expanded to patients with resectable 

HCC and transplant candidates [26,27]. According to 

BCLC staging and treatment algorithm, RFA is consid-

ered curative for early-stage HCC, and may be compa-

rable to surgical resection in terms of OS and recur-

rence [26,28]. However, this technique has limitations. 

As tumor size increases, the complete necrosis caused 

by ablation is generally reduced due to increased blood 

flow, thereby leading to heat loss. Reportedly, the rate 

of complete necrosis according to pathological analysis 

after RFA was approximately 50%, but was 61% to 63% 

in nodules < 3 cm in size and 15% in HCCs 3 to 5 cm in 

size [29]. 

TACE represents another treatment option for ear-

ly-stage HCC due to various factors, including tumor 

location and the presence of comorbidities or patients 

rejecting surgery. TACE has also shown long-term sur-

vival rates for HCC patients within the Milan criteria, 

similar to RFA [30]. However, to date, limited data are 

available concerning its efficacy in inducing extensive 

tumor necrosis in early-stage HCC, and it remains con-

troversial. Larger HCCs are fed by larger feeding arter-

ies, thereby leading to greater hypervascularity of the 

nodule during angiography, whereas smaller nodules 

tend to be more hypovascular. Thus, TACE was less ef-

ficient in treating smaller nodules, which may limit its 

use to only larger lesions.

Hypothetically, performing TACE prior to RFA (TACE 

+ RFA) could reduce heat loss. As a result, the ablation 

volume could be increased, allowing greater treatment 

response in cases of larger HCCs than with RFA or TACE 

alone. In a recent study, HCCs 3 to 5 cm in size had a 

higher rate of necrosis than smaller tumors after su-

perselective/selective TACE, supporting the use of com-

bination treatment involving RFA and superselective/

selective TACE in early-stage HCC [20]. Furthermore, 

TACE can treat undetected satellite lesions outside the 

RFA-induced necrosis zone. A randomized controlled 

trial is usually the standard method for comparing vari-

ous treatment modalities. However, due to current HCC 

guidelines, which suggest that early-stage HCC patients 

should consider RFA rather than TACE as the first-line 

treatment, conducting a randomized, head-to-head 

comparison is difficult. We investigated the treatment 

response, recurrence rates, and OS benefit of TACE + 

RFA combination therapy in patients with early-stage 
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Figure 4. Subgroup analysis of the overall survival of hepatocellular carcinoma patients undergoing transarterial chemoem-
bolization (TACE) + radiofrequency ablation (RFA), RFA, or TACE according to the main tumor size. (A) There were significant 
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HCC using a propensity score model.

In this study, the CR rates at 3 months were 96.5%, 

97.6%, and 81.6% in the combination treatment, RFA 

group, and TACE group, respectively. Although the CR 

rate in the TACE group was greater than that obtained 

in previous studies due to the superselective/selective 

approach, the treatment responses in the groups that 

included RFA were significantly better than those with 

TACE in early-stage HCC. These data suggest that TACE 

is limited as a palliative treatment compared to RFA.

The recurrence rates at 1, 3, and 5 years in patients with 

early-stage HCC in the TACE + RFA and RFA groups 

were comparable (TACE + RFA: 6%, 33%, and 54%; RFA: 

10%, 31%, and 48%, respectively). In contrast, the TACE 

group had significantly higher recurrence rates (17%, 

58%, and 78%, respectively). Therefore, the treatment 

groups that included RFA showed lower recurrence 

rates than TACE, as well as a better treatment response. 

In subgroup analysis of local recurrence, TACE + RFA 

showed better local control than RFA (11.9% and 23.3%, 

p = 0.008). Local recurrence rates in the RFA group were 

comparable to those previously reported (2.4% to 30%) 

[5,28,31,32]. However, in our study, local recurrence rate 

was not different between the RFA and TACE groups. A 

probable reason is that RFA often causes vaporization 

of intracellular water and formation of microbubbles 

within the ablation zone; the resulting high intralesion-

al pressure may facilitate tumor dissemination along 

the portal venous system within the same segment as 

RFA, thus accounting for early local recurrence [33]. This 

result may have contributed to the lack of difference in 

local recurrence rates of both groups in the propensi-

ty mode. This indicates that TACE + RFA combination 

treatment reduces microscopic local tumor recurrence 

more effectively than RFA or TACE monotherapies.

Furthermore, combination treatment significantly 

outperformed RFA in terms of OS. The better local con-

trol of disease recurrence following TACE + RFA com-

bination treatment may benefit survival by delaying the 

deleterious effects of tumor progression. Importantly, 

the propensity score analysis consistently showed that 

combination treatment was superior to RFA in terms of 

prolonged survival. However, there was no difference 

in survival benefit between the TACE + RFA and TACE 

groups in our study (p = 0.124), although recurrence rates 

were significantly lower in the combination treatment 

group than in the TACE group (p = 0.124 and p = 0.009, 

respectively). Our results showed that TACE + RFA led to 

better OS than TACE based on the adjusted Cox model. 

However, TACE + RFA was not an independent favor-

able prognostic factor in the propensity mode, suggest-

ing that other factors may play more critical roles in de-

termining OS. In addition, this was probably due to the 

immediate treatment of local and new tumor progres-

sion using appropriate modalities, including repeat RFA 

or TACE in both groups. Subgroup analysis showed that 

among patients with a tumor < 3 cm in size, the TACE 

+ RFA group had significantly better long-term survival 

than the TACE or RFA groups (p = 0.017 and p = 0.004, re-

spectively). Therefore, patients with BCLC stage A HCC 

may survive longer after treatment with TACE + RFA 

than those who receive only RFA or TACE.

This study had a number of strengths. First, the treat-

ment modality, including curative treatment such as 

RFA, showed a better response than superselective/se-

lective TACE. Second, the combination treatment yield-

ed more effective control of local tumor recurrence than 

RFA or TACE. Finally, this comparative study showed an 

improvement in OS benefit using TACE + RFA combi-

nation treatment, particularly in tumors sized < 3 cm. A 

propensity score analysis is a useful strategy for mini-

mizing selection bias when the impact of different treat-

ments on recurrence and survival are interrupted in an 

observational study.

This study had several limitations. First, it was retro-

spective in design and conducted in a single center. A 

randomized controlled trial would be ideal but difficult 

because in clinical practice, factors such as tumor loca-

tion and patient status affect treatment decisions. Sec-

ond, the group of patients receiving RFA therapy was 

relatively small. Specifically, performing RFA is difficult 

due to current clinical practice for early HCC patients 

with tumor ≥ 3 cm in size. Therefore, determining the 

significant difference in OS in tumors ≥ 3 cm in size may 

be difficult.

In conclusion, we showed that TACE + RFA is an effec-

tive treatment for early-stage HCC for lower local tumor 

recurrence and leads to better survival rates compared 

to RFA or TACE alone, particularly for tumors < 3 cm 

in size. Additional studies are needed for the selection 

of suitable HCC patients for TACE + RFA combination 

treatment.
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