
BRIEF ARTICLE

Evaluation of transarterial chemoembolization combined 
with percutaneous ethanol ablation for large hepatocellular 
carcinoma

Fei Gao, Yang-Kui Gu, Wei-Jun Fan, Liang Zhang, Jin-Hua Huang

Fei Gao, Yang-Kui Gu, Wei-Jun Fan, Liang Zhang, Jin-Hua 
Huang, State Key Laboratory of Oncology in South China, 
Cancer Center, Sun Yat-Sen University, Guangzhou 510060, 
Guangdong Province, China
Fei Gao, Yang-Kui Gu, Wei-Jun Fan, Liang Zhang, Jin-Hua 
Huang, Department of Medical Imaging and Interventional 
Radiology, Cancer Center, Sun Yat-Sen University, Guangzhou 
510060, Guangdong Province, China
Author contributions: Gao F and Gu YK performed the major-
ity of study; Fan WJ provided financial support and collected 
cases; Zhang L provided analytical tools and edited the manu-
script; Huang JH designed the study and wrote the manuscript.
Supported by Guangdong Provincial Science and Technology 
Project, China, No. 2008B030301127
Correspondence to: Dr. Jin-Hua Huang, Department of Medi
cal Imaging and Interventional Radiology, Cancer Center, Sun 
Yat-Sen University, 651 East Dongfeng Road, Guangzhou 510060, 
Guangdong Province, China. hjinh@mail.sysu.edu.cn
Telephone: +86-20-87343272  Fax: +86-20-87343272
Received: January 23, 2011      Revised: March 24, 2011 
Accepted: March 31, 2011 
Published online: July 14, 2011 

Abstract
AIM: To assess the effects of combined transcatheter 
arterial chemoembolization (TACE) and percutaneous 
ethanol ablation (PEA) in patients with large hepato-
cellular carcinoma (HCC).

METHODS: A total of 63 patients with unresectable 
large HCC were treated with TACE followed by PEA. 
The largest dimension of the tumors ranged from 5.3 cm 
to 17.8 cm. The survival rates, acute effects, toxicity 
and prognostic factors were analyzed. 

RESULTS: The cumulative survival rates at 1, 3 and 5 
years were 59.4%, 28.4% and 15.8%, respectively (a 
median survival of 27.7 mo). Tumor area was reduced 
by more than 50% in 30 (47.6%) cases. In 56 cases 
with increased α-fetoprotein (AFP) values, AFP level 

was declined by more than 75%. The combined thera-
py was generally well tolerated. Only two patients died 
from variceal bleeding associated with the therapy. The 
Cox proportional hazards model showed that the num-
ber of tumors, the tumor margin and the ethanol dose 
were independent prognostic factors. 

CONCLUSION: The combined TACE and PEA therapy 
is a promising approach for unresectable large HCC. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most com-
mon malignancies in the world, responsible for an estimat-
ed one million deaths annually. It has a poor prognosis due 
to its rapid infiltrating growth and complicating liver cirrho-
sis. Surgery is the only potential cure, but the resection rate 
for HCC is only 10%-30%. The remaining patients are sub-
jected to various modes of  non-surgical therapy. Transcath-
eter arterial chemoembolization (TACE) has become one 
of  the most popular approaches of  non-surgical treatment, 
being effective in reducing tumor size in HCC and improv-
ing survival[1-4]. However, tumor cells remain viable in and 
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around the capsule, which is supplied by both arterial and 
portal blood, and these cells are often responsible for later 
recurrence and spread[5-10]. Further treatment is needed to 
eradicate residual tumor cells. We used TACE combined 
with percutaneous ethanol ablation (PEA) to treat 63 pa-
tients with large HCC and retrospectively evaluated the ef-
fects of  this combined therapy and the prognostic factors.

MATERIALS AND METHODS
Ethics
This study was approved ethically by the Sun Yat-Sen 
University Cancer Center. All patients provided informed 
written consent. This work was carried out in accordance 
with the Declaration of  Helsinki (2000) of  the World 
Medical Association. 

Patients
From November 2001 to January 2009, 63 consecutive 
patients with large unresectable HCC were enrolled to this 
study. In all the patients, the diagnosis of  HCC was made 
based on the histologic or angiographic findings combined 
with serum α-fetoprotein (AFP) levels. In 41 (65.1%) pa-
tients, the diagnosis of  HCC was confirmed by histologic 
examination. The remaining 22 patients were diagnosed ac-
cording to the findings on ultrasound, CT and angiography, 
and serum AFP levels. The enrolling criteria were as follows: 
(1) lesions detectable on ultrasound and CT; (2) tumor/liver 
volume ratio not above 0.7:1; (3) serum transaminase level 
under 80 IU/L; and (4) no evidence of  extrahepatic metas-
tasis or ascites. Patients who had ascites, extrahepatic metas-
tasis, severe cirrhosis (class C according to Child’s classifica-
tion), or Karnofsky performance score < 70 were excluded. 
The baseline characteristics of  patients are shown in Table 1.

Methods
TACE was performed in the following processes: a 5.0 
French catheter (Terumo, Tokyo, Japan) was inserted into 
the femoral artery by the Seldinger’s method. Celiac an-
giography and selective hepatic arterial angiography were 
routinely performed to observe the tumorous blood sup-
ply, distribution of  hepatic arteries and collateral circula-
tion routes. The tip of  the catheter was placed at the feed-
ing artery of  the tumor, and embolization was performed 
using emulsionized mixture of  lipiodol ultra-fluid (Guerbet, 
France), Perarubicin (50 mg/m2) and DDP (80 mg/m2). 
The maximum dose for the embolization depended on the 
size of  the tumor, blood supply and hepatic function of  
the patient. When the tumor was filled well with emulsifier, 
the embolization ended. 

After 1-2 times of  TACE, PEA was performed us-
ing an ethanol solution (99% concentration, mixed with  
lipiodol, 9:1 volume ratio) slowly injected into the tumor 
through a 15-cm 21 gauge Chiba needle (Cook, Bloom-
ington, IN) guided by CT scan. The size of  needle, the 
amount of  ethanol injected per procedure and the num-
ber of  procedures for the entire treatment, were planned 
depending on the volume of  the tumor and the extent 
of  the transient high-density zones induced by ethanol 
diffusion on CT scans. The procedure was completed 

when the entire targeted tumor appeared with a high den-
sity. PEA was performed 2-5 times for each tumor. The 
amount of  ethanol injected per procedure and per tumor 
was 3-20 mL (mean ± SD, 8.2 ± 3.4 mL) and per patient 
5-40 mL (mean ± SD, 30.5 ± 6.6 mL). 

The follow-up protocol after the initial combined ther-
apy was planned according to the volume of  the tumor, 
tumor blood supply and the extent of  the high-density 
zones on CT scans. The standard TACE for a 8.0-10.0 cm 
HCC needs two steps (3 wk for each step) when a good 
tumor blood supply was displayed on enhanced CT scan, 
and the standard PEA protocol for a 5.0-6.0 cm HCC needs 
three steps (1.5 wk for each step) when tumor blood sup-
ply was obviously decreased on enhanced CT scan. The 
ethanol treatment was ended when the entire targeted tu-
mor appeared with a high density.

The therapeutic efficacy was evaluated by CT scan two 
mo after the combined treatment.

Prognostic factors
Factors thought to influence survival were selected and 
classified to obtain survival rates using the Kaplan-Meier 
method. The significance of  the differences was evaluated 
by the log-rank test with univariate analysis. The following 
prognostic factors were investigated: sex, age, number of  
lesions, tumor size, tumor extension, tumor margin (the 
tumor margin is the edge of  the tumor, and the boundary 
between the tumor tissues and normal tissues was deter-
mined based on hepatobiliary phase images), AFP, portal 
thrombosis, ascites, Child grade, Okuda stage, times of  
TACE and PEA and the total ethanol dose. Variables with 
possible prognostic significance were selected, and each 
variable was divided into 2-4 classes (Table 2). Factors 
related to the survival rate were used as variables, and step-
wise multivariate analysis was performed. Multiple regres-
sion analysis was performed using the Cox proportional-
hazard model to calculate the relative-risk ratio between 
each factor and the survival rate.

RESULTS
Recent results, survival and prognostic factors
Tumor area was reduced by more than 50% in 30 (47.6%) 
cases. In 56 cases with increased AFP, AFP level was de-
clined by more than 75%.

At the end of  this study, 11 patients remained alive, 
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Table 1  Baseline data of the patients 

Variables  Values

Mean age (yr)    57.2
Cases of HBV-related liver disease    61.0
Cases of HCV-related liver disease      0.0
Mean AST (U/L)    43.4
Mean ALT (U/L)    49.5
Mean total bilirubin (μmol/L)    26.2
Mean AFP (ng/mL)  963.9
Mean tumor size (cm)      8.3

HBV: Hepatitis B virus; HCV: Hepatitis C virus; AST: Aspartate amino-
transferase; ALT: Alanine aminotransferase; AFP: α-fetoprotein.   



and 52 patients had succumbed. The survival curve is 
shown in Figure 1A. Overall survival rates at one, three, 
and five years were 54.0%, 31.7% and 17.5%, respectively 
(median survival 27.7 mo).  

Univariate analysis indicated that 11 factors significant-
ly influence the survival. Sex, age and TACE times were 
not significant (P > 0.05), (Table 3).

The Cox proportional hazards model showed that only 
the number of  tumors, tumor margin and the total ethanol 
dose were independent factors predicting survival (Table 4).

The overall survival rates at one, three and five years 
in the 43 patients with a solitary lesion were 58.1%, 39.5% 
and 23.3%, respectively, and were 45.0%, 15.0% and 5.0%, 
respectively in the 20 patients with multiple lesions. The 
mean survival of  patients with a solitary lesion was signifi-
cantly longer (P = 0.0145) than that of  patients with mul-
tiple lesions (Figure 1B). In the patients with clear tumor 
margin (n = 28), the 1, 3, and 5-year survival rates were 
89.3%, 53.6% and 39.3%, respectively, and these figures 
were significantly higher (P = 0.0052) than in the patients 
without clear tumor margin (n = 35), who had survival 
rates of  25.7% at one year, 14.3% at three years, and 0 at 
five years (Figure 1C). The mean 1-, 3- and 5-year survival 
rates were estimated to be 0%, 0% and 0%, respectively, in 
the 2 patients who received 10-30 mL total ethanol dose; 
33.3%, 16.7% and 0% in the 9 patients who received 30- 
60 mL total ethanol dose; 51.7%, 31.0% and 16.1% in the 
29 patients who received 60-90 mL total ethanol dose; and 
73.9%, 43.5%, and 26.1% in the 23 patients who received 
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Table 2  Variables and classes by univariate and multivariate 
analyses 

Variables Classes

A B C D

Sex           M (52)              F (11)
Age (yr)       < 55 (36)         > 55 (27)
No. of lesions Solitary (43) Multiple (20)
Tumor size (cm)        5-10 (41)         > 10 (22)
Tumor extension    1 lobe (46)      2 lobe (17)
Tumor margin     Clear (28) Not clear (35)
AFP      < 400 (22)        > 400 (41)
Portal thrombosis  Absent (51)     Present (12)
Ascites  Absent (56)   Present (7)
Child grade            A (38)               B (25)
Okuda stage             Ⅰ (29)               Ⅱ (34)
TACE (number of times)             1 (11)                 2 (26)     3 (20)    4 (6)
PEA (number of times)           1 (3)               2 (6)     3 (31)   > 4 (23)
Total ethanol dose    10-30 (2)           - 60 (9) - 90 (29) > 90 (23)

In the parenthesis are numbers of patients. AFP: α-fetoprotein; TACE: Trans-
catheter arterial chemoembolization; PEA: Percutaneous ethanol ablation.

Figure 1  Overall cumulative survival curve and cumulative survival curves in patients based on the number of lesions, tumor margin and percutaneous 
ethanol ablation dose. A: Overall cumulative survival curve in 63 hepatocellular carcinoma (HCC) patients receiving combined therapy of transcatheter arterial che-
moembolization (TACE) and percutaneous ethanol ablation (PEA); B: Cumulative survival curves in patients based on the number of lesions; C: Cumulative survival 
curves in patients based on the tumor margin; D: Cumulative survival curves in patients based on PEA dose. 
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over 90 mL total ethanol dose. Statistically significant dif-
ference was found between the high-dose group and low-
dose group (P < 0.0001), (Figure 1D). 

Side effects
Fever, abdominal pain, nausea and vomiting occurred in 
most of  the patients after TACE and PEA. These symp-
toms were self-limiting in almost all the patients, lasting 
less than one week. A slight increase in serum bilirubin (37 
cases), elevated serum transaminase level (59 cases), ascites 

(6 cases), leucopenia (15 cases) and thrombocytopenia (11 
cases) were associated with the combined therapy. These 
side effects were transitory or easily controlled with medi-
cation in most of  the patients. Two patients died of  vari-
ceal bleeding because of  the increased portal vein pressure 
caused by deterioration of  liver cirrhosis after repeated 
TACE-PEA, which had an impact on liver function.

DISCUSSION
The rationale for combined therapy of  TACE and PEA 
relies on the fact that after TACE, tumor blood supply 
is markedly decreased and intratumoral septa are usually 
destroyed as a result of  the necrosis induced by the pro-
cedure. These histopathologic changes make subsequent 
PEA treatment easier as they can provide enhanced etha-
nol diffusion within the tumor. Consequently, treatment 
with PEA is facilitated by the TACE-derived fibrous wall 
around the lesion, which favors a better retention of  the 
injected ethanol within the tumor[11-15]. Tanaka et al[14] first 
reported the effectiveness of  TACE combined with PEA 
for large (> 3.0 cm in diameter) primary HCC compared 
with that of  TACE alone. His study found that a partial 
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Table 3  Factors affecting survival by univariate analysis  n  (%)

Variables Class Survival P  value

 1 yr  3 yr   5 yr

Sex A    27 (51.9)    16 (30.8)      9 (17.3)
B      7 (63.6)      4 (36.4)      2 (18.2)  0.9241

Age (yr) A    21 (58.3)    11 (30.6)      5 (13.9)
B    13 (48.1)      9 (33.3)      6 (22.2)  0.2231

No. of lesions A    25 (58.1)    17 (39.5)    10 (23.3)
B      9 (45.0)      3 (15.0)    1 (5.0)     0.01451

Tumor size A    28 (68.3)    18 (43.9)    11 (26.8)
B      6 (27.3)    2 (9.1) 0 (0)     0.00411

Tumor extension A    29 (63.0)    18 (39.1)    11 (23.9)
B      5 (29.4)      2 (11.8) 0 (0)     0.00541

Tumor margin A    25 (89.3)    15 (53.6)    11 (39.3)
B      9 (25.7)      5 (14.3) 0 (0)    0.00521

AFP A    16 (72.7)    10 (45.5)      9 (40.9)
B    18 (43.9)    10 (24.4)    2 (4.9)    0.00301

Portal thrombosis A    31 (60.8)    18 (35.3)    11 (21.6)
B      3 (25.0)      2 (16.7) 0 (0)     0.01111

Ascites A    32 (57.1)    19 (33.9)    11 (19.6)
B      2 (28.6)      1 (14.3) 0 (0)     0.01151

Child grade A    28 (73.7)    17 (44.7)    11 (28.9)
B      6 (24.0)      3 (12.0) 0 (0)     0.01321

Okuda stage A    22 (75.9)    14 (48.3)    10 (34.5)
B    12 (35.3)      6 (17.6)    1 (2.9)     0.01501

TACE (No. of times) A      3 (27.2)      2 (18.2)    1 (9.1)
B    13 (50.0)      7 (26.9)      3 (11.5)
C    13 (65.0)      8 (40.0)      5 (25.0)
D      5 (83.3)      3 (50.0)      2 (33.3)    0.17192

PEA (No. of times) A      1 (33.3) 0 (0) 0 (0)
B      2 (33.3)      1 (16.7) 0 (0)
C    16 (48.5)    10 (32.3)      5 (16.1)
D    15 (65.2)      9 (39.1)      6 (26.1) < 0.00012

Total ethanol dose A 0 (0) 0 (0) 0 (0)
B      2 (33.3)      1 (16.7) 0 (0)
C    15 (51.7)      9 (31.0)      5 (16.1)
D    17 (73.9)    10 (43.5)      6 (26.1) < 0.00012

1P value: B vs A; 2P value: D vs A. AFP: α-fetoprotein; TACE: Transcatheter arterial chemoembolization; PEA: Percutaneous ethanol ablation.

Table 4  Significant factors predicting survival found using Cox 
proportional hazards model

Variables Hazard ratio P  value

No. of lesions
  Multiple vs single solitary lesions 2.626 0.001
Tumor margin
  Not clear vs clear 2.439 0.000
Total ethanol dose
  30-60 mL vs 10-30 mL 0.386 0.000
  60-90 mL vs 10-30 mL 0.202 0.000
  > 90 mL vs 10-30 mL 0.116 0.000
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response of  the tumor was seen in only 10% of  the pa-
tients, and the 1-, 2-, and 3-year survival rates were 68%, 
37% and 0%, respectively with TACE alone, and histologic 
examinations showed that TACE alone caused complete 
necrosis in only 20% of  the tumors. In contrast, PEA 
combined with TACE significantly increased the partial 
response rate (45%), prolonged the 1-, 2-, and 3-year sur-
vival rates (100%, 85% and 85%), and achieved complete 
histologic necrosis in 83% of  the tumors. Dohmen et al[15] 
proved that the combined TACE and PEA treatment had 
a lower incidence of  local recurrence than TACE alone 
which resulted in an increased survival of  the patients with 
unresectable large HCC.

Ethanol in PEA diffused within the cells, causing imme-
diate dehydration of  cytoplasmic proteins with consequent 
coagulation necrosis followed by fibrosis, and entered the 
circulation, inducing necrosis of  endothelial cells and plate-
let aggregation with consequent thrombosis of  small vessels 
followed by ischemia of  the neoplastic tissues. Advantages 
of  PEA were[16-18]: no remarkable damage to the remain-
ing parenchyma, being safe, easy to be repeated when new 
lesions appear, low in cost, easy to operate, and possessing 
good long-term results. PEA can be carried out either in pa-
tients with HCC who have a poor liver function or in elderly 
patients (age ≥ 70 years)[19,20]. Our results proved that higher 
doses of  ethanol can be injected, which can achieve com-
plete and homogeneous perfusion even in large lesions.

It is necessary to analyze prognostic factors in a large 
number of  patients in sufficient detail and to evaluate the 
result of  each method of  treatment between groups with 
similar prognostic factors. Our study showed that only the 
number of  tumors, tumor margin and the total ethanol 
dose were independent factors predicting survival. Al-
though various prognostic factors have been reported[21-23], 
no conclusion has been drawn as to which factor is signif-
icant. In this study, the significant factors for better prog-
nosis included the number of  tumors, tumor margin and 
the total ethanol dose. The prognostic factors identified 
in this study suggested that, therapeutic results in patients 
with solitary tumors and clear tumor margin treated at a 
higher total ethanol dose should be better than those in 
patients with multiple tumors, without clear tumor margin 
treated at a lower total ethanol dose. It is worth noting the 
tumor margin is one of  the important prognostic factors. 
It is determined based on hepatobiliary phase images and 
represents the growth pattern of  tumor to some extent. 
The tumor margin imaging can predict microscopic portal 
vein invasion, intrahepatic metastasis and early recurrence 
after hepatectomy in HCC patients[24].

Ebara et al[25] and Vilana et al[26] proposed tumors <  
30 mm in size and < 3 in number as indications for PEA, 
mainly because of  technical limitation such as the inability 
to inject an effective volume of  ethanol into the whole 
area of  the tumor. Our results suggested that some tu-
mors > 50 mm in size could be treated by PEA because 
the therapeutic results of  PEA were also good for large 
HCC patients with solitary tumors and clear tumor margin 
at a higher total ethanol dose after TACE. 

Long-term survival rates of  PEA-treated patients are 
similar to those obtained in matched patients undergoing 
partial hepatectomy[27,28]. However, the long-term progno-
sis remains disappointing because of  the high recurrence 
rate among patients with HCC after PEA, especially in 
those with multiple lesions, cirrhosis and a high level of  
AFP and those without a clear tumor margin and peri-
tumoral capsule[29,30]. In fact, histological examination of  
HCC after PEA reveals that residual tumor tissues remain 
in portions isolated by septa or with extracapsular or in-
tracapsular invasion. It has been demonstrated that the 
high vascularity of  HCC promotes an early wash-out of  
injected ethanol, so that PEA for patients with hypervas-
cular tumors may be less effective than for patients with 
hypovascular tumors[31,32].
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