
Shimose S et al. P.1 

Prognostic Impact of Transcatheter Arterial Chemoembolization (TACE) 

Combined with Radiofrequency Ablation in Patients with Unresectable 

Hepatocellular Carcinoma: A Comparison to TACE Alone using Decision-

tree Analysis after Propensity Score Matching 

 

Shigeo Shimose1, Masatoshi Tanaka2, Hideki Iwamoto1, Takashi Niizeki1, 

Tomotake Shirono1, Hajime Aino1, Yu Noda1, Naoki Kamachi1, Shusuke 

Okamuara1, Masahito Nakano1, Ryoko Kuromatsu1, Takumi Kawaguchi1, 

Atsushi Kawaguchi 3, Hironori, Koga1, Yoshinori Yokokura4, Takuji Torimura1 

 

1. Division of Gastroenterology, Department of Medicine, Kurume University 

School of Medicine, Kurume, Fukuoka 830-0011, Japan 

2. Clinical Research Center, Yokokura Hospital, Miyama, Fukuoka 839-0295, 

Japan 

3. Center for Comprehensive Community Medicine, Faculty of Medicine, Saga 

University, Nabeshima, Saga 849-8501, Japan 

4. Department of Surgery, Yokokura Hospital, Miyama, Fukuoka, 839-0295, 

Japan 

 

Short Title: Prognostic impact of TACE combined with RFA 

 

Corresponding Author: 

Masatoshi Tanaka, MD., Ph.D. 

Yokokura Hospital, Miyama, Fukuoka 839-0295, Japan 



Shimose S et al. P.2 

480-2 Nose Takada-machi, Miyama City, Fukuoka 839-0295, Japan. 

Tel. +81-944-22-5811, FAX, +81-944-22-2045 

e-mail: mazzo6528@me.com 

 

Abbreviations: HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver 

Cancer; TACE, transcatheter arterial chemoembolization; RFA, radiofrequency 

ablation; PS, performance status; TACE+RFA, TACE combined with RFA; AFP, 

alpha-fetoprotein; DCP, des-γ-carboxy prothrombin; ALBI, albumin-bilirubin; 

AEs, adverse events; SAEs, serious adverse events; CTCAE, common 

terminology criteria for adverse events. 

 

Conflict of interest statement: Takumi Kawaguchi has Honoraria (lecture fee) 

from Mitsubishi Tanabe Pharma Corporation. Other authors disclose no 

conflicts. 

 

Financial support statement 

There is no financial support. 

  

mailto:mazzo6528@me.com


Shimose S et al. P.3 

Abstract  

Aims: Prognosis of hepatocellular carcinoma (HCC) patients treated with 

transcatheter arterial chemoembolization (TACE) is still poor. We aimed to 

evaluate the impact of TACE combined with radiofrequency ablation 

(TACE+RFA) on the prognosis of HCC patients using decision-tree analysis 

after propensity score matching. 

Methods: This was a retrospective study. We enrolled 420 patients with HCC 

treated with TACE alone (n=311) or TACE+RFA group (n=109) between 1998 

and 2016 (age 72 years, male/female 272/148, The Barcelona Clinic Liver 

Cancer (BCLC) stage A/B 215/205). The prognosis of patients who underwent 

TACE+RFA was compared to patients who underwent TACE alone after 

propensity score matching. Decision-tree analysis was employed to investigate 

the profile for prognosis of the patients. 

Results: After propensity score matching, there was no significant difference in 

age, sex, BCLC stage, or ALBI score between both groups. The survival rate of 

the TACE+RFA group was significantly higher than the TACE alone group 

(median survival time [MST] 57.9 months vs. 33.1 months, p<0.001). In a 

stratification analysis according to BCLC stage, the overall survival rate of the 

TACE+RFA group was significantly higher than the TACE alone group in BCLC 

stage A and B (MST 57.9 and 50.7 months vs. 39.8 and 24.5 months [p=0.007 

and 0.001], respectively). Decision-tree analysis showed that TACE+RFA was 

the third distinguishable factor for survival in patients with alpha-fetoprotein level 

> 7 ng/mL and ALBI < -2.08. 

Conclusion: Decision-tree analysis after propensity score matching 
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demonstrated that TACE+RFA may prolong the survival of HCC patients 

compared to TACE alone. 

 

Keywords: hepatoma, advanced HCC, HCC treatment, exploratory data 

analysis 
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Introduction 

 Hepatocellular carcinoma is one of the most common causes of cancer-

related deaths worldwide 1. The survival of HCC patients depends on several 

prognostic factors that are either host related, such as liver function and general 

patient status or tumor related 2-6. The Barcelona Clinic Liver Cancer (BCLC) 

classification is the most widely used classification to predict prognoses and 

determine treatment modalities 7. Guidelines from the European Association for 

the Study of the Liver and the American Association for the Study of Liver 

Diseases consider patients with stage 0 (very early stage BCLC) and stage A 

(early stage) suitable for curative treatment. However, palliative treatment is 

recommended in patients with intermediate stage HCC (BCLC B) and advanced 

stage HCC (BCLC C) and their prognosis is poor 7. 

Transcatheter arterial chemoembolization (TACE) is a standard therapy 

for unresectable HCC 8, especially for patients with BCLC B 8. Several studies 

have shown that TACE significantly improves patient survival compared to the 

best supportive care and can prolong survival in patients with multiple HCC 

tumors and no macro vascular invasion 9-12. However, long-term prognosis of 

patients treated with TACE alone is unsatisfactory 13 and overall survival at 3 

years remains low (< 30%) for intermediate HCC patients because of poor local 

control of HCC. On the other hand, radiofrequency ablation (RFA) is the main 

treatment method for patients with inoperable and small HCCs 14. RFA shows 

excellent outcomes with 70-90% local control for small HCCs 15. Thus, RFA 

may improve poor local control for HCC in patients treated with TACE alone. 
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Recently, TACE combined with RFA has been reported to yield better 

overall survival than TACE alone in HCC patients with BCLC stage B 16-21. 

However, limitations of these previous studies are the small number of patients 

and different distributions of covariates between groups. Propensity score 

matching is generated using potential covariates and is able to overcome 

different distributions of covariates between groups. However, propensity score 

matching has not been applied to evaluate the impact of TACE combined with 

RFA. In addition, the significance of TACE combined with RFA on prognosis of 

patients with unresectable HCC has not been analyzed by using data mining 

analysis. Thus, the beneficial effects of TACE combined with RFA on prognosis 

of HCC patients remains unclear. 

The aim of this study was to evaluate the impact of TACE combined 

with RFA on prognosis of patients with unresectable HCC by comparing them to 

patients treated with TACE alone and by decision-tree analysis after propensity 

score matching. 

  



Shimose S et al. P.7 

Subjects and Methods 

Study design 

This study was a retrospective cohort study carried out in two 

institutions. This protocol conformed to the ethical guidelines of the 1975 

Declaration of Helsinki, as reflected by the prior approval of the ethical 

committee of Kurume University School of Medicine, and Yokokura Hospital. An 

opt-out approach was used to obtain informed consent from the patients and 

personal information was protected during data collection. 

 

Inclusion and exclusion criteria 

The following patient inclusion criteria were used: (1) unresectable HCC 

diagnosed by biopsy or the diagnostic criteria according to American 

Association for the Study of Liver Diseases guidelines 22, (2) age >18 years, (3) 

no previous treatment for HCC except for hepatic resection or RFA alone, (4) 

World Health Organization performance status (PS) 0, and (5) complete follow-

up from the initial treatment for HCC until death or the study censor time (May 

31, 2018). The exclusion criteria were as follows: (1) a history of a malignant 

tumor other than HCC in the 5 years preceding the study (2) participation in any 

drug trial, (3) BCLC stage 0, C, and D, (4) PS > 1, (5) creatinine > 1.5 mg/dL, 

(6) infiltrative HCC, which was defined as represent true infiltrative of tumor 

cells into liver parenchyma, confluence of tiny nodules, or both in CT/MRI 23, (7) 

presence of portal vein thrombosis or extrahepatic metastasis, (8) presence of 

ascites, which was defined as uncontrollable ascites by treatment with 50 

mg/day of spironolactone and 20 mg/day of furosemide), (9) F3 esophageal 
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varices, (10) a history of choledochojejunostomy, and (11) patients treated with 

liver transplantation. 

 

Patients 

A total of 531 consecutive patients diagnosed with HCC between 1998 

and 2016 were registered from Kurume University School of Medicine and 

Yokokura Hospital in Japan (Supplementary Figure 1). Patients with any of the 

exclusion criteria listed above were excluded from analysis (n=111). A total of 

420 patients were enrolled and were classified into unresectable HCC 

underwent TACE alone (TACE alone group; n=311) or TACE combined with 

RFA (TACE+RFA group; n=109) (Subjects A in Supplementary Figure 1). In the 

TACE alone group, 204 HCC patients were treated with RFA or operation. There 

was no significant difference in survival between patients with and without the 

previous treatment in the TACE alone group (Supplementary figure 2). In the 

TACE+RFA group, no patients had previous treatment for HCC. 

 

Propensity score matching 

Propensity score matching overcomes different distributions of 

covariates among individuals allocated to specific interventions and was 

generated using potential covariates that could affect group allocation 6. In this 

study, propensity scores for all patients were estimated by a logistic regression 

model using the following baseline characteristics as covariates: age, sex, 

etiology of chronic liver disease, BCLC stage, tumor number, tumor size, alpha-

fetoprotein (AFP) level, des-γ-carboxy prothrombin (DCP) level, albumin-
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bilirubin (ALBI) score 24 A one-to-one nearest-neighbor matching algorithm with 

an optimal caliper of 0.2 without replacement was used to generate 136 pairs of 

patients. Since P values could be biased by population size, the propensity 

score matching results were also reported as effect size: |value| < 0.2 indicated 

a negligible difference, |value| < 0.5 indicated a small difference, |value| < 0.8 

indicated a moderate difference and any other value indicated a large 

difference. The c-statistics was 0.83 (Supplementary figure 3). Thus, 136 

patients with BCLC stage A and B (TACE-RFA [n=68] and TACE alone [n=68]) 

were analyzed (Subjects B in Supplementary Figure 1). 

 

Diagnosis and staging of HCC 

 HCC was diagnosed by a tumor biopsy or a combination of tests for 

serum tumor makers such as AFP and DCP, and imaging procedures such as 

ultrasonography, computed tomography, and magnetic resonance imaging. In 

this study, HCC was classified by BCLC staging system, which was based on 

the findings of dynamic CT or MRI, but not CT during hepatic arteriography, 

throughout the study period. 

 

Treatment for HCC 

 TACE was selected based on the evidence-based clinical practice 

guidelines for HCC of The Japan Society of Hepatology 25 or BCLC staging and 

treatment strategy 7. In addition, TACE alone was selected for patients that RFA 

was impossible to treat HCC, because there were some nodules which were not 

visible by the ultrasound examination. 
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The indication for TACE+RFA was based on the previously studies 16, 26, 

27. Briefly, the indication was HCC with 2 to 7 cm in maximum diameter, or HCC 

with fewer than 7 nodules, which can be detected by ultrasonography. In 

addition, we enrolled the HCC patients who refused hepatic resection, although 

the HCC was within the indication of hepatic resection according to the 

evidence-based clinical practice guidelines for HCC of The Japan Society of 

Hepatology 25 or BCLC staging and treatment strategy 7. While, we excluded 

the HCC patients with portal vein thrombosis and extrahepatic metastasis. 

 

TACE procedure 

 The hepatologist who performed TACE and RFA procedures had more 

than 10 years of experience in interventional therapy at the start of this study. 

TACE was performed for the celiac artery and common hepatic artery, which 

were catheterized with a 3 or 4 Fr catheter, and digital subtraction angiography 

was performed with nonionic iodine contrast agent. After evaluation of the 

tumor-located segment using imaging technique including cone-beam CT, a 1.7 

or 1.9 Fr microcatheter (Piolax Inc., Kanagawa, Japan) was inserted into sub- or 

sub-sub- hepatic segment which locates the tumor using the adapted microwire 

(Piolax Inc.). The catheter was advanced toward the tumor-feeding artery. Then, 

epirubicin was manually emulsified with lipiodol (Guerbet Co., Ltd., Tokyo, 

Japan) depending on the size and number of tumors, and was administrated 

followed by embolization with absorbable gelatin sponge particles (NIPPON 

KAYAKU Co., Ltd., Tokyo, Japan) 28. The amount of epirubicin used was 20-50 

mg. In the other institutions, a cisplatin with 5 mg of lipiodol was prepared by 
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mixing 50 mg of cisplatin powder (IA-cal, NIPPON KAYAKU Co., Ltd.), resulting 

in a concentration of 10 mg/mL. The amount of cisplatin used was 20-50 mg.  

 

TACE combined with RFA  

 The TACE procedure was same as in the TACE group. RFA was 

performed 4 days after the TACE procedure using a 17-gauge internally cooled 

electrode with a 2- or 3-cm exposed tip (Cool-tip RF Ablation System; Valleylab, 

Boulder, CO). Under general anesthesia, the electrode needles were introduced 

into the tumor under ultrasonographic guidance. RFA was performed 

percutaneously according to the technique described elsewhere 15, 29. Track 

ablation was performed upon withdrawal of the RFA electrode to prevent 

bleeding and tumor seeding when necessary. Ablation for each HCC nodules 

were conducted in a single RFA session. In cases of multiple HCC nodules, 

more than 6 HCC nodules were treated with 2 sessions (n=2), and complete 

response was confirmed by contrast enhanced CT scanning 1 month after 

TACE+RFA in all cases. In this study, there was no AE greater than grade 3 AEs 

after TACE. Thus, after obtaining of informed consent, RFA was performed 4 

days after TACE in all patients. 

 

Follow-up schedule after treatment of HCC 

 The first follow-up visit was performed approximately 1 month after 

treatment of HCC to assess therapeutic efficacy, and the patients were followed 

up every 3 months until death or the study censor time (May 31, 2018). Each 

follow-up consisted of a physical examination, serum AFP and DCP analysis, 
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and at least one imaging examination (abdominal ultrasound, enhanced CT, or 

MRI). When HCC recurred, additional treatment for HCC was selected based 

on the evidence-based clinical practice guidelines for HCC of The Japan 

Society of Hepatology 25 or BCLC staging and treatment strategy 7. 

 

Safety evaluation 

Adverse events (AEs) and serious adverse events (SAEs) were 

monitored and recorded. AEs were assessed during treatment and the follow-up 

period. AEs were assessed according to the National Cancer Institute Common 

Terminology Criteria for Adverse Events (CTCAE) version 4.0. For this study, 

adverse events were defined as those classified as greater than grade 3 

according to CTCAE. 

 

Clinical Outcomes 

The primary endpoint of this study was the overall survival of the 

patients. 

 

Statistical Analysis  

 All data are expressed as the number or median (range). All statistical 

analyses were carried out using a statistical analysis software (JMP Pro version 

13, SAS Institute Inc., Cary, NC). To overcome possible selection bias between 

the TACE+RFA and TACE groups, we performed one-to-one matching using 

propensity score matching as previously described 6.Overall survival was 

calculated by Kaplan-Meier method and analyzed by log-rank test. 
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 To select the factors for multivariate analysis, stepwise procedure was 

employed as previously described 30, 31. Although BCLB staging system consists 

with liver function and tumor size, both BCLC staging system and ALBI score 

were applied for stepwise procedure as previously described 32. Factors 

associated with overall survival was evaluated multivariate analysis and 

decision tree analysis as previously described 30. A two-tailed P-value of <0.05 

was considered as statistically significant. 
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Results 

Patient characteristics before propensity score matching 

 The characteristics of the enrolled patients were shown in Table 1. The 

median age was 72 years and 64.7% (272/420) patients were male. The 

etiology for HCC was hepatitis C virus in 80 % (336/420) of patients and the 

median ALBI was -2.1. About 50% of patients (205/420) were BCLC stage B, 

and 66.7% of patients had multiple tumors, and the median tumor size was 27 

mm. 

 The median age and ALBI score were significantly higher in the 

TACE+RFA group compared to the TACE alone group; however, there was no 

significant difference in sex and cause of HCC between the two groups. The 

ratio of BCLC stage A was significantly higher in the TACE+RFA group 

compared to the TACE alone group; however, maximum tumor diameter was 

significantly higher in the TACE+RFA group compared to the TACE alone group. 

 

Kaplan-Meier curves for overall survival before propensity score matching 

 Overall survival in the TACE+RFA group was significantly higher than in 

the TACE alone group (P<0.001, Figure 1 A). Overall survival rates for 

TACE+RFA were 96%,74%, and 46%, and for TACE were 88%,38%, and 13% 

in 1, 3, 5-years, respectively (Figure 1 A). 

 

Patient characteristics after propensity score matching 

 To minimize the effect of confounding factors, we performed propensity 

score matching using the following factors: age, sex, cause of HCC, ALBI score, 
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BCLC stage, tumor number, maximum tumor diameter, AFP value, and DCP 

value. There was no significant difference between the TACE+RFA and TACE 

alone groups in any variable including age, ALBI score, BCLC stage, and 

maximum tumor diameter (Table 2). 

 

Logistic regression analysis for survival after propensity score matching 

 Logistic regression analysis for overall survival was performed after 

propensity score matching. Treatment for HCC, BCLC stage, ALBI score, and 

cause of HCC were selected by stepwise procedure. In the logistic regression 

analysis, treatment for HCC, BCLC stage, and ALBI score were identified as 

independent factors for overall survival (Table 3). 

 

Kaplan-Meier curves for overall survival after propensity score matching 

 Kaplan-Meier curves for overall survival were evaluated after propensity 

score matching. Overall survival period in the TACE+RFA group was 

significantly longer than the TACE alone group (P<0.001, Figure 1 B). Overall 

survival rates in the TACE+RFA group were 97%, 76%, and 46%, and the rates 

in the TACE group were 94%, 43%, 17% in 1, 3, 5-years, respectively (Figure 1 

B). 

 

Stratification analysis according to BCLC stage A and B for factors associated 

with overall survival after propensity score matching 

 Stratification analysis according to BCLC stage A and B for factors 

associated with overall survival was performed after propensity score matching. 
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Treatment of HCC (TACE+RFA) was identified as solo negative factor for 

survival in both BCLC stage A and B (Supplementary Table 1). Overall survival 

period in the TACE+RFA group was significantly longer than in the TACE alone 

group in both BCLC stage A and B (Figure. 2 A and 2 B). 

 

Decision-tree analysis for overall survival after propensity score matching 

 After propensity score matching, 25.7% (35/136) of enrolled subjects 

were alive at the study censor time. AFP level was selected as the variable for 

the initial split, and 17.9% of patients with AFP level ≥ 7 ng/mL were alive 

(Figure 3). In patients with AFP level ≥ 7 ng/mL, ALBI score was selected as the 

second split, and 25.7% of patients with ALBI score < -2.08 were alive. In 

patients with ALBI score < -2.08, therapy was selected as the third split, 34.9% 

of patients treated with TACE+RFA were alive (Group 1 in Figure 3); while 

15.4% of patients treated with TACE alone were alive (Group 2 in Figure 3). 

 

AE and SAE 

 Among all patients, 6 (2%) experienced SAE that were assessed as 

greater than grade 3 AEs according to CTCAE. The complications that were 

noted included: hepatic failure in 2 (0.4%) in the TACE alone group, hepatic 

hemorrhage in 2 (0.4%), and bile duct injury in 2 (0.4%) in the TACE+RFA 

group. However, these patients recovered completely with no after effect. 

  

https://lsd-project.jp/weblsd/c/begin/aftereffect
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Discussion 

 In this study, we demonstrated a beneficial impact of TACE combined 

with RFA on prognosis of patients with unresectable HCC by comparing to 

TACE alone. After propensity score matching, TACE combined with RFA was 

an independent factor associated with overall survival. In addition, decision-tree 

analysis showed, along with AFP level and ALBI score, TACE combined with 

RFA was selected as the third split factor for overall survival in patients with 

unresectable HCC. 

 In this study, overall survival period in the TACE+RFA group was 

significantly longer than in the TACE alone group. Although similar results have 

previously been reported, these studies were limited because of the small 

sample size (less than 100 patients) 33, 34. A sample size of more than 100 

patients is preferable for Kaplan-Meier analysis using the log-rank statistic 35. In 

our study, 420 patients were enrolled and, therefore, our results are based on a 

sufficient number of patients and confirm the beneficial impact of TACE 

combined with RFA on prognosis. However, propensity score matching is 

required to further prove a prognostic impact of TACE combined with RFA to 

overcame different distributions of patients’ characteristics including liver 

function and tumor factors. 

 In our study, 96% patients were classified as substages B1 or B2 in the 

TACE+RFA group. Hirooka et al. previously performed propensity matching 

using Child-Pugh scores and host/tumor factors and reported that the use of 

TACE+RFA for improves survival rates compared with TACE alone in patients 

with BCLC B1 and 2 16. Recently, ALBI score has been demonstrated to be a 
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better prognostic tool than the Child-Pugh score 24, 36, 37. Therefore, ALBI score 

was employed in our study and we showed that overall survival in the treatment 

of TACE+RFA was significantly higher than the treatment of TACE alone after 

propensity matching using ALBI score 37. Thus, our results further confirmed the 

results of previous reports. In addition, our study is the first to demonstrate that 

TACE+RFA improved survival rates compared to TACE alone in HCC patients 

with BCLC stage A. The reason for the improvement of prognosis remains 

unclear. However, in HCC patients with BCLC stage A, poor prognosis is seen 

in HCC patients with single tumor that is 3 cm to 5 cm in diameter and TACE 

alone is generally selected for such patients with unresectable HCC 25. Thus, a 

possible reason is that TACE+RFA may be a better therapy than TACE alone 

for patients with a single tumor that is 3 cm to 5 cm in diameter. 

 In this study, we first analyzed the prognosis of patients with 

unresectable HCC using decision-tree analysis. Survival rate in patients treated 

with TACE combined with RFA was higher than that of patients treated with 

TACE alone, suggesting that TACE combined with RFA may contribute to a 

better prognosis for patients with unresectable HCC. However, treatment for 

HCC (TACE combined with RFA/TACE alone) was the third distinguishing 

factor. The first and second distinguishing factors were AFP level and ALBI 

score, respectively. Accordingly, tumor markers and liver function should be 

taken into consideration to improve prognosis in patients with unresectable 

HCC. 

 The present study has several limitations. First, the study design was a 

retrospective study. Second, in the TACE alone group, 65% of HCC patients 
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were previously treated with RFA or operation. While, in the TACE+RFA group, 

no patients had previous treatment for HCC. Although, there was no significant 

difference in survival between patients with and without the previous treatment 

in the TACE alone group, we could deny the possibility that history of previous 

treatment may affect overall survival. Third, treatment of the HCC recurrence 

and liver diseases including hepatitis C and hepatitis B virus might have 

affected prognosis of patients; however, we did not evaluate these treatment 

factors in this study. Thus, to prove a prognostic impact of TACE combined with 

RFA, it is necessary to perform a prospective study with treatment factors for 

the HCC recurrence and chronic liver diseases. 

 In conclusion, we demonstrated that TACE combined with RFA 

improved prognosis compared to TACE alone in patients with unresectable 

HCC. In addition, after propensity score matching, TACE combined with RFA 

was an independently associated with overall survival. Moreover, decision-tree 

analysis showed that TACE combined with RFA was selected as the third split 

factor for survival in patients with unresectable HCC. 
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Figure legends 
Figure 1. (A) Kaplan-Meier curves for overall survival according to Barcelona 

Clinic Liver Cancer stage A and B. (B) Kaplan-Meier curves for overall survival 

according to Barcelona Clinic Liver Cancer stage A and B after propensity score 

matching. Red line indicates the TACE alone group. Blue line indicates the 

TACE combined with RFA group. 

 

Figure 2. (A) Kaplan-Meier curves for overall survival according to Barcelona 

Clinic Liver Cancer stage A after propensity score matching. (B) Kaplan-Meier 

curves for overall survival according to Barcelona Clinic Liver Cancer stage B 

after propensity score matching. Red line indicates the TACE alone group. Blue 

line indicates the TACE combined with RFA group. 

 

Figure 3. Decision-tree algorithm of survival predictive factors. The subjects 

were classified according to the indicated cut-off values of the variables. The pie 

graphs indicate the percentage of live patients (white)/deceased patients (black) 

in each group. AFP; α-fetoprotein, ALBI; albumin-bilirubin score, TACE; 

transcatheter arterial chemoembolization, RFA; radiofrequency ablation. 

 

Supplementary Figure 1. Study design. A total of 531 HCC patients were 

enrolled from 1998 to 2016 and followed up until May 31, 2018. In the course of 

the study, 111 patients were excluded and 420 HCC patients (Subjects A) were 

used to evaluate the impact of TACE combined with RFA on prognosis by 

comparing them to patients treated with TACE alone. Then, the data from the 

420 HCC patients were applied to propensity match scoring and 136 HCC 

patients (Subjects B) were used for the evaluation. 

 

Supplementary Figure 2. Kaplan-Meier curves for overall survival according to 

with and without the previous treatment in the TACE alone group. Red line 

indicates patients with the pretreatment for HCC in the TACE alone group. Blue 

line indicates patients without pretreatment for HCC in the TACE alone group. 
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Supplementary Figure 3. C-statics by using ROC analysis. The c-statistics is 

0.83, indicating good ability of the propensity score model to predict effect of 

treatment on patients’ prognosis. 
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Table 1. Patient characteristics 

Characteristic All patients TACE+RFA TACE alone p 

n 420 109 311  

Age (years old) 72 (36-90) 70 (36-89) 73 (48-90) <0.001 

Sex (female/male) 148/272 40/69 108/203 0.710 

Cause of HCC 

(HBV/HCV/Others) 
27/336/57 92/9/8 244/18/49 0.069 

ALBI score  

(mean (range)) 

-2.1 

(-3.37– -0.72) 

-2.4 

(-3.37– -1.46) 

-2.1 

(-3.27– -0.72) 
<0.001 

ALBI grade (1/2/3) 98/308/14 41/68/0 57/240/14 <0.001 

BCLC (stage A/B) 215/205 82/27 133/178 <0.001 

Tumors number 

1 

2 

3 

4 

5 

>5 

 

140 

80 

67 

47 

35 

51 

 

61 

17 

24 

4 

1 

2 

 

79 

63 

43 

43 

34 

49 

 

 

 

 

 

 

<0.001 

Maximum tumor 

diameter (mm) 
27 (10-127) 32 (21-64) 25 (10-127) <0.001 

AFP (ng/mL) 
32.5 (1.3-

91000) 
31 (2-91000) 

33.5 (1.3-

62546) 
0.866 

DCP (mAU/mL) 71 (7-75000) 87 (9-10200) 68 (7-75000) 0.996 

Ischemic heart 33/387 10/99 23/288 0.558 
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diseases with anti-

coagulation medicine 

(Yes/No) 

Creatinine (mg/dL) 0.73 (0.3-1.42) 0.7 (0.3-1.4) 0.74 (0.3-1.42) 0.587 

eGFR (mL/min/1．

73m2) 

74.6 

(30.2-162.6) 

73.2 

 (30.2-162.6) 

74.1  

(30.6-160) 
0.645 

GFR classification 

G1 

G2 

G3a 

G3b 

420 

91 

223 

68 

33 

 

22 

60 

15 

12 

 

69 

163 

53 

26 

 

 

 

 

0.702 

Note. Data are expressed as median (range), or number. Abbreviations: 

TACE+RFA, transcatheter arterial chemoembolization combined with 

radiofrequency ablation; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; 

HCV, hepatis C virus; ALBI score, Albumin-bilirubin score; BCLC, Barcelona 

Clinic Liver Cancer; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin; 

eGFR, estimate glomerular filtration rate: GFR, glomerular filtration rate 
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Table 2. Patient characteristics after propensity score matching 

Characteristic All patients TACE+RFA TACE alone p 

n 136 68 68  

Age (years old) 71 (46-89) 70.5 (46-89) 71 (48-85) 0.969 

Sex (female/male) 83/53 42/26 41/27 0.860 

Cause of HCC 

(HBV/HCV/Others) 
14/107/15 4/57/7 10/50/8 0.212 

ALBI score 

(Median (rage)) 

-2.26 

(-3.37– -1.46) 

-2.04 

(-3.37– -1.49) 

-2.26 

(-3.18– -1.46) 
0.335 

ALBI grade (1/2/3) 37/99/0 16/52/0 21/47/0 0.335 

BCLC (A/B) 90/46 44/24 46/22 0.717 

Tumor Number 

1 

2 

3 

4 

5 

>5 

 

62 

25 

33 

7 

4 

5 

 

30 

12 

20 

4 

1 

1 

 

32 

13 

13 

3 

3 

4 

 

 

 

 

 

 

0.475 

Maximum tumor 

diameter (mm) 
32 (10-85) 32.7 (21-58) 31.4 (10-85) 0.540 

AFP (ng/mL),  29.7 (1.8-27530) 31.5 (3.0-4622) 27.6 (1.8-27530) 0.221 

DCP (mAU/mL) 60 (7-13933) 69 (9-10200) 60 (7-13933) 0.832 

Note. Data are expressed as median (range), or number. P value are based on 

comparison between the TACE+RFA and TACE alone groups. Abbreviations: 

TACE+RFA, transcatheter arterial chemoembolization combined with 
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radiofrequency ablation; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; 

HCV, hepatis C virus; ALBI score, Albumin-bilirubin score; BCLC, Barcelona 

Clinic Liver Cancer; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin. 
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Table 3. Multivariate analysis for overall survival 

Abbreviations: TACE+RFA, transcatheter arterial chemoembolization combined 

with radiofrequency ablation; HCC, hepatocellular carcinoma; ALBI, albumin-

bilirubin; BCLC, Barcelona Clinic Liver Cancer 

Factors Unit Odds ratio 
95% Confidence 

interval 
p 

Treatment for HCC 

(TACE+RFA) 
N/A 0.37 0.24–0.58 0.01 

BCLC B N/A 2.09 1.3–3.1 0.02 

ALBI score 1 4.80 2.09–11.1 0.002 



Figure 1

Survival Time (y)0  1       3       5       7       9      11                                        

O
ve

ra
ll 

su
rv

iv
al

(ra
te

)

TACE+RFA  109  107   94     41     23     18     10         

TACE           311  275  194    26      5       

P＜0.001

A

Survival Time (y)0   1       3       5       7       9      11                                        

O
ve

ra
ll 

su
rv

iv
al

TACE+RFA  68   67    52     25     15      11      3         

TACE           68   64    28      8       2       

P＜0.001

B



Figure 2

Survival Time (y)0   1        3       5       7        9      11                                        

TACE+RFA  44  44      36     16     11       7       2

TACE           46  45      23      7       2        

p=0.007

O
ve

ra
ll 

su
rv

iv
al

(ra
te

)
A

B

Survival Time (y)0  1        3        5         7        9        11                                        

O
ve

ra
ll 

su
rv

iv
al

TACE+RFA  24     22      16      9         5        5         2

TACE           22     20       6       2         2        

p=0.001

BCLC A

BCLC B



Figure 3

Model building
n = 136

AFP
≥ 7 ng/mL

n = 24 n = 112

ALBI
≥ -2.08

n = 42n = 70

95.0%

Decease

Alive
25.7%

< 7 ng/mL

79.5%

61.0%

Treatment
TACE+RFA TACE

n = 33n = 37

79.5%

< -2.08

17.9%

25.7%
5.2%

15.4%34.9%

Group 1 Group 2



 

Supplementary Table 1. Multivariate analysis for overall survival in BCLC A B 

 
Abbreviations: TACE+RFA, transcatheter arterial chemoembolization combined 

with radiofrequency ablation; HCC, hepatocellular carcinoma; HBV, hepatitis B 

virus; HCV, hepatis C virus; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic 

Liver Cancer 

BCLC A     

Factors Unit Odds ratio 
95% Confidence 

interval 
p 

Treatment for HCC 

(TACE+RFA) 
N/A 0.40 0.22–0.72 0.002 

Number tumors 1 1.36 0.90–2.01 0.124 

Maximum tumor 

diameter (mm) 
1 1.01 0.97–1.05 0.479 

ALBI score 1 2.71 1.35–5.52 0.005 

BCLC B     

Factors Unit Odds ratio 
95% Confidence 

interval 
p 

Treatment for HCC 

(TACE+RFA) 
N/A 0.27 0.11–0.60 0.001 

Number tumors 1 1.08 0.97–1.21 0.130 

Maximum tumor 

diameter (mm) 
1 1.00 0.97–1.03 0.802 

ALBI score 1 2.24 1.05–5.01 0.003 



Subjects A
Patients with BCLC stage A and B (n=420)

TACE-RFA   (n=109)
TACE  alone (n=311)

Subjects B
Patients with BCLC stage A and B (n=136)

TACE-RFA (n=68)
TACE alone (n=68)

Propensity score matching

111 patients were excluded

Supplementary Figure 1

Consecutive patients with HCC
from 1998 to 2016 (n=531)



Supplementary Figure 2
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