
• Radiofrequency ablation (RFA) is one of the curative treatments for 
hepatocellular carcinoma (HCC) ≤3 cm in BCLC stage A, and the long-
term overall survival (OS) rate was 50-70%.

• If we treat HCC >3 cm by RFA, the complete ablation rate might 
decrease to 50%, and the 5-year OS rate might be below 50%.

• Switching multiple-electrode RFA (SWC-RFA) can enlarge coagulation 
volume to > 3cm and overcome the limitation of larger HCC 
treatment (Figure 1).

Introduction

Purpose
• The aim of this study is to investigate the efficacy and the long-term 

outcome of the patients with single HCC up to 7 cm in size underwent 
SWC-RFA.

Results
• Treatment response rates

 Of all the 140 HCCs, technique efficacy achieved in 120 (85.7%).
 Additional RFA applied for 24 sessions for 21 tumors.
 Primary technique effectiveness rate was 96.4% (135/140). 

• Post SWC-RFA Follow-up period: 40.9 ± 20.0 months (4.3-97.5).

 Local tumor progression occurred in 25 (18.5%) patients.

 Overall recurrence occurred in 88 (62.9%) patients.

 Death occurred in and 36 (25.7%) patients. 

• Long-term outcomes for all patients with single tumor sized from 1-7 cm  underwent 
SWC-RFA (Figure 2).

 Local tumor progression (LTP)

 Cumulative risk of LTP for all tumors at 1-yr, 3-yr and 5-year after 
SWC-RFA were 9.7%, 21.1% and 22.6%, respectively.

 Overall survival (OS)

 Median and cumulative OS at 1-, 3- and 5-year after SWC-RFA were 
79.6 months, 98.5%, 79.1% and 70.0%, respectively.

 Disease-free survival (DFS)
 Median and cumulative DFS at 1-, 3- and 5-year after SWC-RFA were 

23.9 months, 70.4%, 39.3% and 32.8%, respectively.

• Univariate and multivariate analyses for risk factors associated with OS (Table 1): 
only new tumor recurrence was independently associated with OS (HR = 2.834, 95% 
CI = 1.054-7.622, P = 0.039). 

• Case presentation: A 5.5-cm single HCC in segment 8 subcapsular location had 5-year 
DFS after 1 session of SWC-RFA (Figure 3).

• Large-sized HCC vs. small-sized HCC. Figure 4 showed that the large single HCC had 
comparable long-term OS to those of small single HCC after SWC-RFA (P = 0.779) but 
the large HCC had more recurrence occurred in the long-term follow-up (P = 0.002). 

• High-risk location. Figure 5 showed that the tumors located in subcapsular location or 
nearby intrahepatic vessel >3 mm did not affect long-term OS after SWC-RFA 
(Subcapsular, P = 0.700; Nearby vessel, P = 0.560). 

Switching Multiple-Electrode Radiofrequency Ablation
for a Single Hepatocellular Carcinoma up to 7 cm

自動調控式多針電極切換系統射頻消融術治療單一肝細胞癌
Yi-Chung Hsieh (謝彞中)1, Chen-Chun Lin(林成俊)1, Shi-Ming Lin (林錫銘)1,3, 

Ka-Wai Liu (呂嘉偉)2, Wei-Ting Chen (陳威廷)1

1Division of Hepatology, Liver Research Unit, Department of Gastroenterology and Hepatology; 2Department of Medical Imaging & Intervention, 
Linkou Chang Gung Memorial Hospital; 3Chang Gung University, Taoyuan, Taiwan.

Materials and Methods
• We retrospectively enrolled 140 patients who had a single HCC sized 1-7 cm 

and received SWC-RFA in a medical center between 2009 and 2014.

• Baseline data showed the mean age was 70.0±11.8 years (33-88), the mean 
tumor size was 3.9±1.2 cm (1.3-7.0), and 116/24 patients had Child-Pugh 
score A/B respectively. 86 (61.4%) patients had small-sized tumor (1.3-3.5cm), 
and 54 (38.6%) had large-sized tumor (3.5-7.0cm). HCCs were in the 
subcapsular location in 88 patients (62.9%), and abutted to the vessel 
(>0.3cm) in 46 (32.9%).

• Survival comparison was calculated by log-rank test with Kaplan-Meier 
method. A P value <0.05 was considered significant.

• SWC-RFA could have good long-term outcomes for treating a single HCC up to 7 cm. 
Tumor size and high-risk locations may not affect long-term overall survival.

Conclusion

Figure1. Switching multiple-electrode radiofrequency ablation (SWC-RFA) 

Year 0 1 3 5

Overall survival (%) 100 98.5 79.1 70.0

Patient No. at risk 140 131 82 21

Year 0 1 3 5

Local tumor progression (%) 0 9.7 21.1 22.6

Patient No. at risk 135 106 58 14

Year 0 1 3 5

Disease-free survival (%) 100 70.4 39.3 32.8

Patient No. at risk 140 97 43 15

Figure 2. Kaplan-Meire survival function curve showed the long-term outcomes of estimated rates 
of overall survival (A), local tumor progression (B) and disease-free survival (C) for the patients 
with single HCC with size up to 7 cm underwent SWC-RFA
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Figure 3. 
One 62 y/o male HBV-related 
cirrhosis patient with a 5.5-cm 
single large HCC in segment 8 
(subcapsular location and behind 
ribs) underwent 1 session of 
SWC-RFA with complete response 
and disease-free survival more 
than 5 years.

1-yr 3-yr 5-yr Median

Small HCC 100% 100% 78.7% 71.6%
Not reached

Pt at risk 54 54 36 11

Large HCC 100% 97.6% 79.6% 67.8%
74.7 months

Pt at risk 86 77 48 10

1-yr 3-yr 5-yr Median

Small HCC 100% 87.0% 53.4% 46.0%
40.6 months

Pt at risk 54 47 24 8

Large HCC 100% 59.7% 30.0% 23.4%
15.1 months

Pt at risk 86 50 19 7

Table 1. Univariate and multivariate analyses for independent factors predicting overall survival of 
patients with single hepatocellular carcinoma up to 7 cm after switching multiple-electrode 
radiofrequency ablation 

(A) Subcapsular location (B) Nearby vessel > 3mm

P = 0.700 P = 0.560

(A) Overall survival (B) Disease-free survival
Figure 4. 
(A) Patients with large (3.5-
7.0 cm) single HCC could 
have comparable long-term 
overall survival rates to 
those with small (1.0-3.5 cm) 
single HCC (P = 0.779). (B) 
Patients with large single 
HCC had lower disease-free 
survival rates (P = 0.002).

P = 0.002P = 0.779

Figure 5. 
Switching multiple-electrode 
RFA could obtain good long-
term overall survival for 
patients with single 
hepatocellular carcinoma up to 
7 cm despite the tumor 
location in subcapsular (A) or 
nearby vessel >3 mm (B).  Subcapsular 1-yr 3-yr 5-yr Median

No 100% 100% 79.5% 68.3%
74.7 months

Pt at risk 52 52 36 10

Yes 100% 97.6% 78.8% 71.7%
Not reached

Pt at risk 88 79 47 12

Near vessel 1-yr 3-yr 5-yr Median

No 100% 98.9% 78.2% 67.0%
Not reached

Pt at risk 94 87 54 10

Yes 100% 97.8% 81.0% 76.5% 79.6

monthsPt at risk 46 44 29 12

(A) Before SWC-RFA(B) 1 month after SWC-RFA (C) 5 years after SWC-RFA


