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Abstract 
PURPOSE: To evaluate the local efficacy, safety and long-term outcomes of combined radiofrequency 
ablation (RFA) and multipronged ethanol ablation (EA) in the treatment of unfavourable hepatocellular 
carcinoma (HCC) and to determine the prognostic factors for survival. 
METHODS: Between August 2009 and December 2017, 98 patients with 110 unfavourable HCC 
nodules who underwent combined RFA and multipronged EA were retrospectively enrolled in the study. 
Unfavourable HCC was defined as a medium (3.1-5.0 cm) or large (5.1-7.0 cm) HCC nodule, a tumor 
located at a high-risk site or a perivascular tumor. The treatment response, overall survival (OS) and 
recurrence-free survival (RFS) were analysed. The Kaplan-Meier method and Cox proportional hazards 
regression model were used to evaluate the prognostic factors. 
RESULTS: Complete ablation was obtained in 80.9% (89/110) of the tumors after initial treatment. 
Major complications were observed in 3(3.1%) patients. The cumulative incidence of local tumor 
progression (LTP) was 23.5% at 5 years, and no variable was found to be an independent predictive 
factor for LTP. The five-year OS and RFS rates were 41.9% and 34.0%, respectively. Multivariate 
analysis showed that serum AFP level, tumor size, residual tumor after ablation and extrahepatic 
metastases were significant prognostic factors for OS (p=0.023, p=0.030, p=0.001, and p=0.010, 
respectively). Tumor type and number of tumors were predictive factors for RFS (p=0.029 and p=0.001, 
respectively). Perivascular tumor was not an independent predictive factor for OS or RFS. 
CONCLUSION: Combined RFA and multipronged EA is a safe and effective treatment for 
unfavourable HCC, especially for perivascular tumors.  
Keywords: Combine; Ethanol; Hepatocellular Carcinoma; Radiofrequency Ablation; Survival 
 
Main points  
Combined RFA and multipronged EA is a safe and effective modality for unfavourable HCC. 
Combined RFA and multipronged EA expand the indication of thermal ablation to tumors in diameter 
of 5 cm. 
High serum AFP level, large tumors, residual after ablation and extrahepatic metastases had a significant 
negative effect on OS. 
 
 
Introduction 
Hepatocellular carcinoma (HCC) is the fifth most common cancer and a major cause of cancer-related 
death worldwide (1, 2). Patients with early-stage HCC can be cured by therapies such as hepatic 
resection, liver transplantation, or ablation. Radiofrequency ablation (RFA) has become a treatment 
option in recent years for HCC (3). 
Despite the success of RFA treatment for small tumors, the local tumor complete ablation (CA) rates 
decline markedly for HCC tumors with a diameter >3 cm, meanwhile the local tumor recurrence rate of 
RFA is higher than that for resection because RFA alone can only induce a limited volume of coagulated 
necrosis (4). A perivascular tumor location has been reported to be an independent predictive factor for 
local tumor progression (LTP) after RFA (5). This finding could be explained to some degree by the 
‘heat-sink’ effect, and this effect is a well-known phenomenon that occurs when thermal energy 
disseminates from the treated lesion because of blood flow in nearby blood vessels. This effect has an 
adverse impact on thermal ablation and induces tumor cells around major intrahepatic vessels can escape 
from the thermal energy. 
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Some studies have shown that combined percutaneous RFA and ethanol ablation (EA) is an effective 
treatment for HCC in high-risk locations, which is defined as a tumor being less than 0.5 cm from the 
gastrointestinal tract, gallbladder, diaphragm or large bile duct (including hepatohilar and bile ducts with 
a diameter >0.3 cm), located directly in contact with the liver capsule (6-8), near large vasculature >0.3 
cm or near the heart (perivascular tumor) (9, 10). To overcome the limitations of the conventional EA 
technique, a retractable multipronged injection needle was developed (11). Our preliminary study 
confirmed that medium (3.1-5.0 cm) and large (5.1-7.0 cm) HCC nodules can be treated effectively and 
safely with this combined ablation therapy (12). 
The purpose of the current study was to evaluate the local efficacy, safety and long-term outcomes of 
combined RFA and EA as a treatment for unfavourable HCC, especially perivascular tumors and to 
determine the prognostic factors for survival. A multipronged injection needle (Quadra-Fuse; Rex 
Medical, Conshohocken, PA, USA) was applied for EA. To our knowledge, no previous studies have 
reported long-term outcomes of combined RFA and EA with a multipronged injection needle. 
Methods 
An Institutional Review Board of the hospital approved our retrospective study (National Natural Science 
Foundation of China) with waiver of informed consent for participation in the study (ethical review 
decision/protocol number: 2012(68)). Before treatment, we obtained written informed consent from each 
patient.  
Patients 
Between August 2009 and December 2017, a total of 98 patients (86 men, 12 women; mean age 
55.0±12.7 years) with 110 unfavourable HCC nodules (4.0±1.0 cm) who underwent combined RFA and 
multipronged EA were retrospectively enrolled in the study. In the current study, unfavourable HCC was 
defined as medium (3.1-5.0 cm) or large (5.1-7.0 cm) HCC, a tumor located at a high-risk site or a 
perivascular tumor. The diagnosis of HCC was based on a biopsy or on the noninvasive diagnostic criteria 
of the European Association for the Study of the Liver. The inclusion criteria were as follows: (a) adult 
patients with HCC or recurrent HCC who refused to undergo surgery; (b) single or multiple tumors (no 
more than 3 HCC tumors, largest lesion ≤ 7.0 cm in diameter) without extrahepatic metastasis or 
macrovascular invasion; (c) liver function classified as Child-Pugh class A or B; (d) platelet count > 
50×109/L and prothrombin time ratio >50%; and (f) visualization of the HCC nodule at the planning 
ultrasonography (US) examination for RFA. Patients with liver function classified as Child-Pugh class 
C, those with uncontrolled coagulopathy, or those with a history of ethanol allergy were excluded from 
the study. 
Tumor diameters were determined as the largest dimension measured using B- mode ultrasound. Tumor 
numbers were determined from contrast-enhanced ultrasound (CEUS) with Sonovue as contrast agent 
and contrast-enhanced computed tomography (CECT) findings. We used BCLC staging and treatment 
strategy to make treatment decisions for stage 0-A patients. For BCLC stage B patients, our treatment 
decisions were made based on the results of the multidisciplinary team (MDT). Diagnostic and treatment 
decisions were made in consensus by MDT consist of hepatobiliary surgeons and interventional 
radiologists. 
EA 
We used a multipronged injection needle to inject ethanol. This device includes an 18-gauge 20-cm-long 
puncture needle consisting of an echogenic tip; three retractable tines, each with two evenly spaced 
through-holes (four fluid exits); and a connector with extension tubing. With ultrasound guidance, the 
needle was introduced percutaneously into the tumor center and the needle tip was positioned at the 

un
co

rre
cte

d p
roo

f



4 

bottom of the target tumor. An injection–rotation–injection manoeuvre was used as described in our 
previous reports (12, 13). The maximal extent of prong deployment was equal to the tumor largest 
diameter. Ethanol was injected until the whole tumor appeared completely hyperechoic. The amount of 
ethanol was calculated according to the tumor size and was kept between one-quarter and one-third of 
the estimated tumor volume. During any necessary pause of ethanol injection, 0.5–1.0 ml of heparinized 
saline solution was injected to prevent thrombosis inside the prongs. After the completion of injection, 
the needle was left in the tumor for 1–2 min to prevent possible ethanol reflux before it was removed.  
 
RFA 
We used the RITA Medical System (RITA Medical System, Mountain View, CA) and Cool-tip TM 
Radiofrequency Ablation System (Covidien, Mansfield, MA). The combined ablation procedure was the 
same as the procedure described in our previous report for tumors located or not located at high-risk sites 
(12, 13). For tumors located at high-risk sites, we used the Cool-tip System. For tumors not located at 
high-risk sites, we used the RITA System. RFA was performed 3–5 min after EA following the 
manufacture’s guidelines. During the ablation, we were trying to get adequately larger coagulation 
volume as sufficient safety margin was 0.5 cm. CEUS was performed approximately 30 min after 
ablation, providing an initial evaluation of the treatment effect. Additional treatment was performed if 
any tumor residue was found. 
Assessment of treatment response and follow-up 
All complications related to thermal ablation were categorized according to the grading system of the 
Society of Interventional Radiology (SIR) (14). 
The initial CA evaluation performed 1 month after ablation was assessed using CECT and CEUS 
simultaneously. All patients were scanned using a 64-slice helical computed tomography (CT) scanner 
(Toshiba, Tokyo, Japan) with the following parameters: 0.5 mm ×64 mm collimation, 120 kV and 150-
200 mA. Follow-up was conducted at regular intervals post-ablation (at 3-month intervals for the first 
year and biannually thereafter). The evaluation included assessing common blood chemistry parameters 
and serum alpha-fetoprotein (AFP) levels and performing an abdominal CECT examination. 
CA was defined as non-enhancement in the ablated zone 1 month after ablation. LTP was defined as the 
appearance of tumor foci at the edge of the ablation zone after a contrast-enhanced examination 
documented CA according to the imaging criteria (14). Intrahepatic distant recurrence (IDR) was defined 
as the appearance of new intrahepatic tumors in locations other than the treated area. Extrahepatic 
metastases were defined as the appearance of new metastases in other organs.  
Statistical analysis 
Overall survival (OS) was the time interval between ablation treatment and death, the last follow-up date 
or the most recent follow-up date before December 31, 2017. Recurrence-free survival (RFS) was the 
time interval between ablation treatment and the first date of tumor recurrence (local and/or distant 
recurrence), or the last follow-up date without recurrence. 
According to the normality test for continuous variables, variables conforming to a normal distribution, 
are presented as the means ±standard deviations, and variables not conforming to a normal distribution, 
are presented as the medians (min-max). Categorical variables were compared using the Pearson Chi-
Square test and Fisher’s exact test.  
The cumulative incidences of LTP and the survival curves were estimated by using the Kaplan-Meier 
method. Univariate and multivariate analyses were performed to determine the significant clinical and 
biological parameters for predicting LTP, OS and RFS. In addition, a univariate Cox proportional hazards 
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model was fitted to each variable. All variables with a p-value< α=0.05 were included in the multiple 
analysis using a backward stepwise Cox proportional hazards regression model. A p-value <α=0.05 
indicated as a significant difference. All statistical analyses were conducted using SPSS v18.0. 
Results 
Patients and tumor profiles 
Eighteen-six patients (87.8%) infected by hepatitis B or C and all of them got antivirus therapy. Forty-
nine (50.0%) patients received a first-time diagnosis of HCC, and 49 (50.0%) had recurrence after 
hepatectomy (n=34), transcatheter arterial chemoembolization (TACE) (n=10), RFA (n=4) or liver 
transplantation (n=1). Of all tumors, 82 (74.5%) were >3.0 cm in diameter. The other 28 tumors were 
≤3.0 cm; however, of these tumors, 20 were located at high-risk sites, and 8 were perivascular. Eighty 
(72.7%) tumors were located at high-risk sites. Fifty-eight (52.7%) tumors were perivascular. Forty-three 
tumors were located at high-risk sites and were perivascular simultaneously. The demographic and tumor 
characteristic data are shown in Table 1. 
Tumor response to treatment 
CA was obtained in 80.9% (89/110) of the tumors after initial treatment. The CA rate was 92.9% (26/28) 
for tumors ≤3.0 cm in diameter, 82.6% (57/69) for tumors with sizes of 3.1-5.0 cm and 46.2% (6/13) for 
tumors with sizes of 5.1-7.0 cm. The CA rate of the tumors with sizes of 3.1-5.0 cm was similar to that 
of tumors ≤ 3.0 cm in diameter (p=0.338). The CA rates of tumors ≤ 3.0 cm in diameter and tumors with 
sizes of 3.1-5.0 cm were both higher than the CA rate of tumors with sizes of 5.1-7.0 cm (p=0.002 and 
p=0.009, respectively). Of the 21 residual tumors in 21 patients, 9 residual tumors in 9 patients achieved 
CA after an additional 1-3 RFA procedures. Overall, the technical success rate was 89.1% (98/110). 
Regarding the other 12 residual tumors in 12 patients, 3 patients were treated with TACE, 3 patients were 
treated with repeated RFA but failed, and 2 patients underwent liver transplantation. The remaining 4 
patients also had distant multinodular recurrences that were treated by sorafenib. 
Complications 
No ablation-related deaths occurred in the current study. Three patients (3.1%) experienced major 
complications. One patient suffered from intra-abdominal haemorrhage and remained hospitalized for 
27 days after the ablation procedure. This patient presented with abdominal pain at first, then developed 
an abdominal infection, and was diagnosed with spontaneous peritonitis, which was successfully treated 
with ultrasound-guided ascites drainage and antibiotics. Another patient developed acute cholecystitis, 
which resulted in an 8-day hospital stay after treatment. This patient had a history of gallstones, which 
were successfully treated with symptomatic treatment. The third patient had tumor seeding in the 
abdominal wall at 21.4 months after treatment, and this tumor was successfully treated with RFA. 
Ablation-related minor complications occurred in 3 patients (3.1%), including 2 cases of pleural effusion 
and 1 case of portal venous thrombosis that required no medical intervention. 
LTP 
Of the 98 completely ablated tumors, 23 (23.5%) lesions in 23 patients exhibited LTP during the follow-
up period of 3.2-98.4 months (median, 31.1 months), and the LTP time was 2.8-64.2 months (median, 
12.2 months). The cumulative incidence of LTP was estimated to be 2.3%, 15.9% and 23.5% at 1, 3, and 
5 years, respectively. The LTP rate was 29.6% (8/27) for tumors with sizes ≤ 3 cm, 23.4% (15/64) for 
tumors with sizes of 3.1-5.0 cm and 0% (0/7) for tumors with sizes of 5.1-7.0 cm (p=0.332). Among the 
17 examined variables, including sex (male), age (>65 years), Child-Pugh class (A/B), hepatitis B/C 
virus status (+/−),serum alanine aminotransferase level (>40 U/l), serum total bilirubin level (>17.1 
µmol/l), serum albumin level (>35 g/l), prothrombin time (>14 s), platelet count (>100×109/l), serum 
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AFP level (<20 ng/ml / 20-200 ng/ml >200 ng/ml), tumor type (primary/recurrent), number of tumors 
(single/multiple), tumor size (≤3 cm/3.1-5.0 cm/5.1-7.0 cm), tumor location (located at high-risk sites, 
perivascular), ethanol volume (>14.4 ml) and ablation time (>24 min), no variable was found to be a 
predictive factor for LTP. Among the 23 patients with LTP, 14 were treated successfully with repeated 
RFA, 1 was treated with TACE, 1 underwent liver transplantation, and 1 underwent hepatic resection. 
The remaining 6 patients also had distant multinodular recurrences that were treated by sorafenib. 
Distant recurrence 
Distant recurrence included IDR and extrahepatic metastases. Seventy (71.4%) of the 98 patients had 
IDR, which was identified 3.0-65.1 months after ablation (median, 8.0 months), during the follow-up 
period, including 19 patients with IDR in the left lobe of the liver, 34 patients with IDR in the right lobe 
of the liver, and 17 patients with IDR in the whole liver. In addition, 2 patients developed a portal vein 
tumor thrombus, which occurred after 2.2 months in one patient and after 3 months in the other patient. 
During the follow-up period, extrahepatic metastases, which were identified 3.0-55.5 months after 
ablation (median, 7.2 months), developed in 20 (20.4%) of the 98 patients, and the locations of the initial 
extrahepatic metastases were as follows: the lungs (n=9), lymph nodes (n=6), abdominal wall (n=2), 
bone (n=1), adrenal gland (n=1) and spleen (n=1). 
Survival analysis 
OS 
During the follow-up period, 53 (54.1%) patients died after ablation. The median survival of patients 
who died after the procedure was 21.2 months, and the minimum and maximum survival times were 5.1 
and 81.3 months, respectively. The interquartile range was 22.2 months. Among the patients who died, 
37 (69.8%) deaths were related to HCC progression; 14 (26.4%) were attributed to cirrhosis-related 
complications, such as variceal bleeding and liver failure; and 2 (3.8%) involved causes unrelated to liver 
disease (e.g., one patient had pneumonia, and the other had a stroke). Six (6.1%) patients underwent liver 
transplantation 4.2-77.5 months after ablation (median, 6.3 months). The reasons for liver transplantation 
were HCC recurrence in 5 patients and liver failure in 1 patient. 
The estimated 1-, 3-, and 5-year OS rates after RFA were 87.3%, 54.3% and 41.9%, respectively (Figure 
1). In the multivariate analysis, the serum AFP level (p=0.023), tumor size (p=0.030), residual tumor 
(p=0.001) and extrahepatic metastases (p=0.010) were significant independent predictive factors for OS 
(Table 2). 
RFS 
The estimated 1-, 3-, and 5-year RFS rates were 63.1%, 46.9% and 34.0%, respectively. Estimates of the 
mean and median RFS were 42.8 months (95% CI: 33.0-52.6) and 31.9 months (95% CI: 11.8-52.0), 
respectively. In the multivariate analysis, tumor type (p=0.029) and number of tumors (p=0.001) were 
significant independent predictive factors for RFS (Table 3). 
The local efficacy and long-term outcome of different tumor and patient type are shown in Table 4. 
Discussion 
One procedure of one radiofrequency electrode produces a necrotic zone that is 3.0-5.0 cm in diameter. 
The form and size of the ablation area may be errant because of the heat-sink effect, which can lead to 
an inadequate ablation area and a higher rate of LTP in patients treated with RFA than in those treated 
with resection. Therefore, the treatment of RFA for HCC close to big intrahepatic vessels poses a great 
challenge in clinical practice. Moreover, the use of RFA is still limited for some tumors in other high-
risk locations (15). Several strategies, such as the combined use of RFA and EA or TACE, ablation with 
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an artificial hydrothorax and ascites, a no-touch ablation procedure, and irreversible electroporation, have 
been developed to solve these problems (16-18).  
RFA combined with EA can produce a larger ablation area; with this technique, tumors with diameters 
less than 5 cm can be completely ablated, with an appropriate safety margin (19). Factors that contribute 
to the favourable efficacy of this technique include the following: first, the reduction in the heat-sink 
effect produced by ethanol-induced destruction of the vessels within or around the HCC tumors; second, 
the diffusion of hot ethanol into the area not covered by radiofrequency power and the improved thermal 
conduction associated with the decreased extent of tissue carbonisation (10, 20). With this increased 
safety margin, the likelihood of clearing micrometastases increases, and the risk of LTP decreases. 
In this study, the CA rate of tumors with sizes of 3.1-5.0 cm was similar to that of tumors with sizes ≤ 
3.0 cm. Among tumors with sizes of 3.1-5.0 cm, 74.3% (52/70) were located at high-risk sites, and 44.3% 
(31/70) were located at perivascular sites. Among the 31 perivascular tumors, only 2 exhibited residual 
tumor after treatment, while 3 non-perivascular tumors were residual after treatment. These findings 
indicate that the use of RFA combined with EA improves the initial complete tumor necrosis rate of only 
tumors with sizes of 3.1-5.0 cm and not that of tumors ≤ 3.0 cm in diameter or larger tumors with sizes 
of 5.1-7.0 cm. A growing body of literature suggests that RFA is very effective for tumors <3.0 cm, as 
studies have shown a complete tumor necrosis rate of 90% or more and survival rates comparable to 
those of patients who underwent surgery for these tumors (21-25). Our study indicates that adding 
multipronged EA to RFA significantly improves the local efficacy (CA rate) of ablation for HCC tumors 
with a size of 3.1-5.0 cm, but this method is not suitable for tumors >5.0 cm in diameter due to the high 
residual rate. 
The 3.1% major complication rate of the current study was close to the rates in previous studies of thermal 
ablation for HCC (0-6.1%) (21, 25, 26) or RFA combined with EA for HCC (0-4.6%) (12, 27). No deaths 
or serious procedure-related complications resulted from the combined ablation procedure used in the 
current study or were reported by other literature (9, 12). Tumors located at high-risk sites or 
perivascularly were generally successfully treated without complications in the current study (Figure 2, 
Figure 3), which indicates the minimal invasiveness of this combined therapy. The complication rates of 
patients with and without perivascular tumors were similar (3/58 vs. 3/52, respectively, p=1.000). 
The LTP rate was 23.5% in the current study. This rate is similar to the rates observed in other studies of 
combined RFA and EA treatment for HCC, which have been reported to be approximately 12.5%-32.6% 
(9, 10, 12, 20). Some studies have reported that factors such as tumor size and perivascular tumor location 
were predisposing factors for LTP (23, 28). However, no such factor was found in the current study. The 
LTP rates of the patients with and without perivascular tumors were similar (14/58 vs. 9/52, respectively, 
p=0.379). Because HCC has a relatively high tendency to exhibit intrahepatic vascular invasion, the 
current study implies that RFA and EA combination therapy is useful to prevent LTP in patients with 
perivascular tumors. The LTP rate is highest for small tumors and decreases with increasing tumor 
diameter, which occurs because many large tumors are not completely ablated during the initial 
treatment. 
In recent years, TACE followed by RFA has been more widely applied in clinical, because TACE can 
reduced the heat-sink effect of blood flow by lessening hepatic arterial flow. The 5-year OS of 
TACE+RFA have been reported to be approximately 31.0%-46.0% (29), which was similar to the current 
data of our study (41.9%). Our results showed that the significant predictive factors for poor OS were a 
high serum AFP level, tumor size, residual tumor after ablation and extrahepatic metastases. Tumor size 
as a predictive factor for OS has been reported in many previous studies (22, 30-32). A high serum AFP 
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level is usually related to tumors with a higher degree of malignancy and is predictive of a high rate of 
HCC recurrence and poor prognosis after percutaneous ablation. Residual tumor after ablation indicates 
treatment failure; therefore, patients undergo other treatments, which may have a poor effect on OS (32). 
Multiple tumors were another significant predictor of poor RFS. The possible reasons include the 
following: the first one, as the number of tumors increases, the possibility of incomplete tumor removal 
increases. Second, patients with multiple tumors might have a higher incidence of satellite nodules and 
micro-invasion, resulting in a higher rate of recurrence and a worse survival. The last one, after patients 
with multiple tumors undergo the combined ablation, when tumors recur, additional treatments are less 
likely to be performed. It is noteworthy that perivascular tumors did not predict worse OS or RFS, which 
implies that combination therapy may overcome some obstacles observed with RFA alone in HCC. 
Our study has some limitations. First, a potential risk exists of selection bias because this was a 
retrospective study. Second, this study included only a single HCC treatment without direct comparisons.  
In conclusion, combined RFA and multipronged EA is a safe and effective modality with a 5-year OS 
rate of 41.9% for unfavourable HCC, and this approach was especially effective in patients with 
perivascular tumor. The presence of recurrent and multiple tumors had a significant negative effect on 
OS and RFS. Using this combined method, we have expanded the indications for thermal ablation to 
tumors with a diameter of 5 cm and those in high-risk locations. 
List of abbreviations 
HCC: hepatocellular carcinoma; CA: complete ablation; RFA: radiofrequency ablation; EA: Ethanol 
ablation; MWA: microwave ablation; TACE: transcatheter arterial chemoembolization; CEUS: contrast-
enhanced ultrasound; CECT: contrast-enhanced computed tomography; LTP: local tumor progression; 
IDR: intrahepatic distant recurrence; OS: overall survival; RFS: recurrence-free survival; AFP: serum 
alpha-fetoprotein 
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Table 1. Demographic and tumor characteristic data 
Characteristic Value 
Gender (male/ female)  86/12 
*Age (years)  55.0±12.7 
Hepatitis virus (B/ C/ none)  85/1/12 
Child–Pugh class (A/ B)  92/6 
#Serum alanine aminotransferase level (U/L) 36.0 (2.9- 351.0) 
#Serum total bilirubin (umol/l)  14.4 (2.8- 90.6) 
*Serum albumin (g/l) 39.3±4.1 (27.8- 49.7) 
#Prothrombin time (s) 12.4 (10.2- 16.6) 
#Platelet count (×109/l) 137.0 (47.0-407.0) 
Serum alpha-fetoprotein level (ng/ ml)   
< 20 ng/mL 49 
20–200 ng/mL 19 
> 200 ng/mL 30 
No. of patients with primary/ recurrent tumor 49/49 
No. of patients with single/ multiple tumor 67/31 
#Tumor size (cm) 3.6 (2.0-7.0) 
No. of tumor ≤3.0 cm/ 3.1-5.0 cm/ 5.1-7.0 cm 28/69/13 
No. of tumor location   
located at high-risk sites (yes/ no) 80/30 
perivascular (yes/ no) 50/60 
#Ethanol volume  15.0(4.0- 30.0) 
#Ablation time  24.0 (10.0- 60.0) 
*Values represent continuous variables conforming to a normal distribution, presented as the means ± 
standard deviations.  
#Values represent continuous variables not conforming to a normal distribution, presented as the median 
(min-max). 
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Table 2. Cox Survival Analysis of Predictors for OS in 98 Patients with 110 HCCs after combined RFA and 
multipronged EA 
Characteristic Univariate Multivariate 

HR 95%CI p HR 95%CI p 
Gender (male) 0.698 0.277-1.750 0.441    
Age (>65 years) 0.835 0.452-1.541 0.563    
Hepatitis B/C virus (+/−) 0.866 0.344-2.178 0.760    
Child–Pugh class (A/B) 0.789 0.244-2.556 0.693    
Serum alanine 
aminotransferase level (>40 
U/l) 

1.192 0.678-2.093 0.542    

Serum total bilirubin (>17.1 
umol/l) 

1.230 0.683-2.215 0.491    

Serum albumin (>35 g/l) 0.912 0.457-1.819 0.793    
Prothrombin time (>14 s) 0.972 0.351-2.696 0.957    
Platelet count (>100×109/l) 1.152 0.616-2.155 0.657    
Serum alpha-fetoprotein 
level (ng/mL) 

  0.011   0.023 

≤ 20 vs. 20-200 1.551 0.731-3.289 0.252 0.396 0.205-0.766 0.006 
≤ 20 vs. >200 2.513 1.375-4.594 0.003 0.576 0.233-1.423 0.232 
Tumor type 
(primary/recurrent) 

0.408 0.232-0.718 0.002 0.592 0.320-1.093 0.094 

No. of tumors 
(single/multiple) 

0.384 0.223-0.662 0.001 0.539 0.283-1.028 0.061 

Tumor size (cm)   <0.001   0.030 
≤3.0 vs. 3.1-5.0  1.067 0.524-2.171 0.859 0.343 0.134-0.877 0.025 
≤3.0 vs. 5.1-7.0  5.174 2.168-12.349 <0.001 0.349 0.154-0.789 0.011 
Tumor location        
located at high-risk sites 
(yes/ no) 

0.948 0.540-1.664 0.853    

perivascular (yes/ no) 0.892 0.520-1.529 0.677    
Ethanol volume (>14.4 ml) 1.038 0.604-1.781 0.894    
Ablation time (>24 min) 1.012 0.575-1.783 0.967    
Complication (yes/no) 1.504 0.468-4.883 0.493    
Residual tumor (yes/no) 0.201 0.098-0.412 <0.001 0.237 0.103-0.545 0.001 
LTP (yes/no) 1.697 0.828-3.477 0.149    
IDR 0.305 1.138-1.677 0.004 0.452 0.197-1.041 0.062 
Extrahepatic metastases 0.386 0.218-0.685 0.001 0.385 0.186-0.795 0.010 
p values of the Cox proportional hazards regression model <0.001 
HCC: hepatocellular carcinoma; RFA: radiofrequency ablation; EA: ethanol ablation; LTP: local tumor 
progression; OS: overall survival; CI: confidence interval; HR: hazard ratio; IDR: Intrahepatic distant 
recurrence 
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Table 3. Cox Survival Analysis of Predictors for RFS in 86 Patients with 98 HCCs After combined 
RFA and multipronged EA 
Characteristic Univariate Multivariate 

HR 95%CI p HR 95%CI p 
Gender (male) 0.532 0.164-

1.723 
0.293    

Age (>65 years) 0.719 0.365-
1.419 

0.342    

Hepatitis B/C virus (+/−) 0.938 0.332-
2.649 

0.903    

Child–Pugh class (A/B) 0.650 0.198-
2.132 

0.478    

Serum alanine aminotransferase 
level (>40 U/l) 

0.910 0.490-
1.691 

0.767    

Serum total bilirubin (>17.1 umol/l) 1.325 0.666-
2.634 

0.423    

Serum albumin (>35 g/l) 0.960 0.445-
2.072 

0.917    

Prothrombin time (>14 s) 1.187 0.423-
3.335 

0.745    

Platelet count (>100×109/l) 1.199 0.589-
2.440 

0.617    

Serum alpha-fetoprotein level 
(ng/mL) 

  0.053   0.117 

≤ 20 vs. 20-200 1.359 0.594-
3.107 

0.468 1.437 0.607-
3.403 

0.410 

≤ 20 vs. >200 2.282 1.170-
4.453 

0.016 2.098 1.038-
4.240 

0.039 

Tumor type (primary/recurrent) 0.442 0.238-
0.823 

0.010 0.488 0.257-
0.928 

0.029 

No. of tumors (single/multiple) 0.264 0.143-
0.489 

<0.001 0.338 0.177-
0.646 

0.001 

Tumor size (cm)   0.001   0.053 
≤3.0 vs. 3.1-5.0  1.191 0.563-

2.519 
0.648 1.498 0.698-

3.217 
0.300 

≤3.0 vs. 5.1-7.0  7.217 2.292-
22.724 

0.001 4.809 1.482-
15.600 

0.009 

Tumor location        
located at high-risk sites (yes/ no) 1.044 0.765-

1.423 
0.787    

perivascular (yes/ no) 0.930 0.690-
1.255 

0.637    

Ethanol volume (>14.4 ml) 0.942 0.698-
1.271 

0.695    

Ablation time (>24 min) 0.990 0.522-
1.879 

0.975    

LTP (yes/no) 1.074 0.741-
1.556 

0.707    

p value of the Cox proportional hazards regression model <0.001 
HCC: hepatocellular carcinoma; CA: complete ablation; RFA: radiofrequency ablation; EA: ethanol 
ablation; RFS: recurrence-free survival; CI: confidence interval; HR: hazard ratio 
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Table 4. Local efficacy and long-term outcome of different tumor and patient type 
Tumor type CA LTP Patient type 3-year 

OS 
5-year 
OS 

3-
year 
RFS 

5-
year 
RFS 

Medium tumor 57/69 15/64 Patients with medium 
tumor 

0.564 0.634 0.464 - 

Large tumor  6/13 0/7 Patients with large tumor 0.091 0 0 0 
Tumor in high-
risk locations 

70/80 11/70 Patients with tumor in 
high-risk locations 

0.335 0.531 0.429 - 

Perivascular 
tumor 

45/50 14/45 Patients with 
perivascular tumor 

0.516 0.570 0.490 - 

CA: complete ablation; LTP: local tumor progression; OS: overall survival; RFS: recurrence-free 
survival 
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Figure 1. Graph shows Kaplan-Meier overall survival estimation for 98 patients who underwent combined 
radiofrequency ablation and multipronged ethanol ablation for hepatocellular carcinoma. 
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Figure 2. A hepatocellular carcinoma (HCC) tumor located in contact with large vessels (the left and middle hepatic 
veins) in an 87-year-old man was treated by radiofrequency ablation (RFA) combined with multipronged ethanol 
ablation (EA). (a): Computed tomography (CT) fusion obtained before performing combined ablation showed a lesion 
with a diameter of 4.2 cm in segment IV (marked in orange). (b): CT fusion obtained 1 month after combined ablation 
showed the ablation zone (marked in green), which confirmed the complete ablation of the tumor. (c): CT fusion 
showed that the tumor was successfully covered by the translucence ablation zone (green). (d): The pre-RFA tumor 
was overlaid on the post-RFA images. The ablation zone (marked in green line) covered the tumor (marked in yellow 
line). The minimal ablative margin was 0 cm at the side of the ablation zone in contact with the left and middle hepatic 
veins. 
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Figure 3. A hepatocellular carcinoma (HCC) tumor located in contact with large vessels (main portal vein and 
postcava) in a 32-year-old female was treated by radiofrequency ablation (RFA) combined with multipronged ethanol 
ablation (EA). (a): Late arterial phase of pre-treatment computed tomography (CT) showed a lesion with a diameter 
of 4.1 cm in segment Ⅷ (arrow). (b): Portal venous phase of pre-treatment CT showed that the tumor (arrow) was 
close to the main portal vein and postcava. (c): CT obtained 1 month after combined ablation showed the ablation 
zone (arrow), which confirmed the complete ablation of the tumor.  
 
 
 
 
 
 
 

un
co

rre
cte

d p
roo

f




