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INTRODUCTION
With the advance in surgical techniques, surgical re-
section in combination with intervention therapy for 
hepatocellular carcinoma (HCC) has been developed. 
This combined treatment has improved the survival rate 
of  HCC patients. However, most HCC patients lose the 
chance of  resection because they are in advanced stage of  
the disease when they see a doctor. Furthermore, some 
HCCs are multicenter in origin. All these factors lead 
to a high recurrence after resection[1-4]. Though patients 
with recurrent tumor can undergo re-resection, most of  
them do not endure it because of  poor liver function[5] or 
poor quality of  life after surgery. Therefore, non-surgical 
partial ablative treatments, such as transcatheter arterial 
chemoembolization (TACE), PEI, RFA and microwave 
ablation, are commonly used for HCC. These methods 
have their own advantages and limitations. It is worth 
discussing how to choose a suitable method according 
to the different situation of  patients to achieve the best 
therapeutic effect. This study aimed to compare the 
therapeutic effects of  different treatments.
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Abstract
AIM: To evaluate the therapeutic effect and the 
indication of percutaneous ethanol injection (PEI), 
radiofrequency ablation (RFA) and their combination in 
treatment of hepatocellular carcinoma (HCC).

METHODS: Two hundred and fifty-five patients with 
HCC received treatment of PEI, RFA or their combination. 
Group1 (< 3 cm in diameter, n=85) was treated with PEI, 
group2 (< 3 cm in diameter, n=153) with RFA. Group3 
(>3 cm in diameter, n=86) was divided into two groups. 
Group 3a (n=34) was treated with RFA, while group 3b 
(n=52) was treated with RFA for 2 wk after transcatheter 
arterial chemoembolization or PEI. Contrast-enhanced 
sonography was performed for 61 patients before and 
after RFA. Liver function and serum alpha-fetoprotein 
(AFP) were measured for all patients. Changes of the 
lesions on ultrasound and contrast-enhanced CT/MRI 
were evaluated for assessing the therapeutic responses. 
The 1-, 2-, 3- and 5-year survival rates were recorded 
after treatment.

RESULTS: In group 1, the complete necrosis rate of 
lesions after 1 mo was 77.6% (66/85). The level of AFP 
declined conspicuously after 1 mo. The 1-, 2-, 3- and 
5-year survival rate after treatment was 80.0% (52/65), 
60.4% (32/53), 52.5% (21/40) and 33.3% (7/21), 
respectively. In group 2, the complete necrosis rate of 
lesions after 1 moh was 92.2% (141/153). The level of 
AFP decreased conspicuously after 1 mo. The 1-, 2-, 
3- and 5-year survival rate after treatment was 94.6% 
(88/93), 73.2% (52/71), 63.5% (33/52) and 46.4% 
(13/28), respectively. In group 3a, the complete necrosis 
rate of lesions after 1 mo was 23.5% (8/34). AFP 
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dropped down to the normal level in only one patient 
after 1 mo. The 1-, 2- and 3-year survival rate after 
treatment was 47.6% (10/21), 42.9% (6/14) and 27.3% 
(3/11), respectively. Only one patient was still alive 
after 5 years. In group 3b, the complete necrosis rate of 
lesions after 1 mo was 57.7% (30/52). The level of AFP 
decreased after 1 mo. The 1-, 2-, 3- and 5-year survival 
rate after treatment was 68.6% (24/35), 46.2% (12/26), 
36.8% (7/19) and 27.3% (3/11), respectively.

CONCLUSION: The therapeutic effect of RFA on small 
HCC is better than that of PEI. Small HCC is the optimal 
indication of RFA. For recurrent HCC (diameter>3 cm), 
the combined treatment of RFA and PEI/ACE should be 
used.
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MATERIALS AND METHODS
Materials
From August 1999 to May 2005, 255 patients with HCC 
received the treatment of  PEI, RFA or their combination. 
There were 187 men and 68 women. Their age ranged 
from 31 to 72 years, Two hundred and eleven of  the 255 
patients had liver cirrhosis due to hepatitis B (n=206) or 
alcoholic hepatitis (n=5). Their liver function was Child A 
in 36, Child B in 208 and Child C in 11. 

In group 1, 71 patients were treated with PEI. The diameter 
of the lesions ranged 1.32~2.91 cm (2.21±1.48 cm). In group 2, 
118 patients were treated with RFA. The diameter of  the 
lesions ranged 1.07~2.96 cm (2.39±1.57 cm). In group 3, 
24 patients were treated with RFA (group 3a). The diameter 
of  the lesions ranged 3.09~6.18 cm (4.86±2.24 cm). The 
remaining 42 patients underwent RFA after TACE or 
PEI. The diameter of  the lesions ranged 3.56~7.21 cm 
(5.44±2.87 cm). The level of  alanine aminotransferase in 
each patient before and two weeks after treatment was 
measured. AFP level and imaging changes on B-mode 
sonography, color Doppler flow imaging (CDFI) and 
contrast-enhanced CT/MR were also evaluated. Contrast-
enhanced ultrasound (CEUS) was performed in 61 patients 
before and after RFA. The 1-, 2-, 3- and 5-year survival 
rates were recorded. If  hypervascularity was observed in 
the lesions by imaging techniques, TACE or PEI was given 
followed by FRA within one week. On the contrary, if  the 
lesions were hypovascular, RFA was performed. In the 
patients with partial necrosis of  the lesions, RFA or PEI 
was done again in the remaining part. 

Criteria
The criteria for the therapeutic effect were based on the 
imagings. Complete necrosis: no enhancement of  the 
lesion on contrast-enhanced CT/MR 1 mo after treatment 
and no blood flow on CDFI or CEUS with enhanced echo 
of  the whole lesions; partial necrosis: partial enhancement 
of  the lesion on contrast-enhanced CT/MR 1 month after 
treatment and blood flow signals of  the lesion on CDFI or 
CEUS with partial or no enhancement of  the echo in the 
whole lesion. The 1-, 2-, 3- and 5-year survival rates after 
treatments were recorded.

Machines 
A cool tip RF system (Radionics, UAS) was used in the 
study. The cooling liquid used was 0 °C pure water. The 
puncture was guided by Esaote Technos MPX (Esaote 
SpA, Italy) or ALOKA SSD-2000 (Aloka Co., Japan) 
sonographic unit.

Statistical analysis 
Statist ical analysis was done using the SPSS 11.0. 
Homogeneity test of  variance was performed before 
statistical analysis. Medians were used to describe the 
data in non-normal distribution. The data in normal 
distribution were expressed as mean±SD. T-test was used 
to analyze the difference between the two groups. Paired 
t-test was used to detect the difference before and after 

treatment. Analysis of  variance and paired Snk-q test were 
used to detect the differences among the groups. P<0.05 
was considered statistically significant.

RESULTS
In group 1, a total of  268 times of  PEI were performed 
with guidance of  ultrasound in 71 patients with  HCC 
(mean, 3.2 times/lesion). Eleven lesions received PEI once, 
15 lesions PEI twice, 19 lesions PEI thrice, 30 lesions PEI 
4 times and 10 lesions PEI 5 times. The complete necrosis 
rate 1 mo after the treatment was 77.6% (66/85). The 
AFP level before treatment ranged 11.8 - 4102 µg/mL 
(median, 192.6 µg/mL) and was higher than 25μg/mL in 
48 of  the patients and dropped below 25 µg/mL 1 mo 
after the treatment in 31 of  them. But the AFP level was 
even higher than before in 4 patients. The AFP level after 
treatment ranged 2.8~2313 µg/mL (median, 17.7 µg/mL). 
The 1-, 2-, 3- and 5-year survival rate after treatment was 
80.0% (52/65), 60.4% (32/53), 52.5% (21/40) and 33.3% 
(7/21), respectively (Figure 1).

In group 2, 118 patients received RFA 199 times (mean, 
1.3 times/lesion). Ninety-five lesions received RFA once, 35 
lesions RFA twice and 13 lesions RFA thrice. The complete 
necrosis rate 1 mo after treatment was 92.2% (141/153). 
The level of  AFP (2.8~31.3 µg/mL, median 18.5 µg/mL) 
decreased 1 mo after treatment in 74 patients. The 1-, 2-, 3- 
and 5-year survival rate was 94.6% (88/93), 73.2% (52/71), 
63.5% (33/52) and 46.4% (13/28), respectively (Figure 2).

In group 3a, 24 patients received RFA 91 times (mean, 

Figure 1 Typical HCC in contrast-enhanced sonography of hypervascular HCC before 
RFA. A: Hypoechoic lesion in the right lobe of the liver on B-mode sonography; B: 
Blood signals of the lesion on CDFI; C: Intratumoral enhancement in the early arte-
rial phase of contrast-enhanced sonography; D: Hypoechoic lesion compared to the 
peripheral liver tissue in the late phase.
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In group 3b, 42 patients received RFA 110 times (mean, 
2.1 times/lesion) after TACE or PEI. Fourteen lesions 
received RFA once, 23 lesions RFA twice, 10 lesions RFA thrice, 
5 lesions RFA 4 times. The complete necrosis rate 1 mo after 
treatment was 57.7% (30/52). Before treatment, the level of AFP 
ranged 4.7 - 10 247 µg/mL (median, 423.9 µg/mL). One month 
after treatment, the level of  AFP ranged 5.7~8912 µg/mL 
(median, 17.7 µg/mL). The 1-, 2-, 3- and 5-year survival 
rate was 68.6% (24/35), 46.2% (12/26), 36.8% (7/19) and 
27.3% (3/11), respectively (Figure 4).

Figure 2 HCC after RFA. A: Incomplete necrosis of the lesion in the early arterial 
phase of contrast-enhanced sonography; B: Complete necrosis of the lesion after 
further RFA.

2.7 times/lesion). Four lesions received RFA once, 10 
lesions RFA twice, 13 lesions RFA thrice, 7 lesions RFA 4 
times. The complete necrosis rate 1 mo after treatment was 
23.5% (8/34). Before treatment, the level of  AFP ranged  
5.8 - 11 246 µg/mL (median, 417.3 µg/mL). One month 
after treatment, the level of  AFP ranged 12.8~13 513 µg/
mL (median, 412.2 µg/mL). The level of  AFP dropped 
below 25 µg/mL in only 1 patient. The 1-, 2-, 3-year 
survival rate was 47.6% (10/21), 42.9% (6/14) and 27.3% 
(3/11), respectively. Only one patient was alive after 5 years  
(Figure 3).

There was no significant difference in the levels of  
ALT before and after RFA. Two weeks after treatment, 
the level of  ALT (73±38 IU) in group 1 was higher than 
that (32±23 IU) before treatment (P<0.05). There was 
no significant difference in the level of  ALT (36±25 IU) 
4 wk after treatment compared to that before treatment 
(P>0.05).

DISCUSSION
PEI has become a new interventional method for HCC, 
and better therapeutic effect has been achieved[6, 7]. However, 
because of  the repetitive injection and the inhomogeneous 
diffusion of  ethanol within the tumor, it is difficult to 
achieve complete necrosis of  some large inhomogeneous 

B

Figure  4  Recurrent HCC treated with TACE and RFA. A: hyperechoic lesion on 
B-mode image; B: Color blood signals on CDFI; C: Irregular echo-free area in the 
lesion on B-mode image after combined treatment, indicating partial colliquation of 
the necrotic tumor; D: Color blood signals inside the tumor on CDFI, suggesting 
incomplete treatment.

B

Figure 3 HCC treated with TACE and RFA. A: Enhancement of the recurrent HCC 
after resection in the early arterial phase; B: After TACE, lesion restrained with 
iodine (red arrow) and an un-embolized feeding artery (yellow arrow) in the arterial 
phase; C: After RFA, no enhancement in the lesion in the early arterial phase (red 
arrow) and enhancement in the inner part of the lesion (yellow arrows) indicating 
incomplete necrosis.
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tumors. In addition, the treatment is often suspended 
because of  unendurable pain. Furthermore, PEI decreases 
the immune function of  patients and leads to severe 
impairment of  liver function because of  the damage to 
peripheral liver tissue caused by diffusion of  ethanol. In 
patients with liver cirrhosis before treatment, the curative 
dose of  ethanol may elicit severe complications such as 
hemorrhage of  the congestive ducts or liver failure [8]. 
RFA is a local chemotherapy and kills tumor cells more 
completely with less influence on the peripheral liver 
tissue. This study showed that the complete necrosis rate 
of  lesions and the 1-, 2-, 3- and 5-year survival rates of  
patients receiving PEI were significantly lower than those 
of  patients receiving RFA. The lower therapeutic effect, 
worse complications and severer pain of  PEI compared to 
RFA suggest that it is better to choose RFA for treatment 
of  small HCC.

Furthermore, the complete necrosis rate of  lesions 
in group 2 one month after the treatment was 92.2% 
(141/153). The level of  AFP in this group decreased 
conspicuously. The 1-, 2-, 3- and 5-year survival rates after 
treatment (94.6%, 73.2%, 63.5%, and 46.4%, respectively) 
were significantly higher than those of  in groups 3a and 
3b, suggesting that the therapeutic effect of  RFA is good, 
which is comparable to that of  surgical resection. 

However, even RFA has better therapeutic effect of  
HCC with fewer side effects[9-12], it is difficult to obtain 
complete coagulation in large HCC. One of  the limitations 
of  RFA is the small volume of  treatment because of  
the heat from the pole is quickly decreased when it is 
transmitted in tumor tissue. When the electrode is used, 
the largest-treated area is about 3 cm in diameter, resulting 
in more times of  RFA and worse therapeutic effect[13] in 
large tumors. In this study, even more times of  ablation 
were performed in group 3a, the complete necrosis rate 
was lower than that in group 2. The residual tumor in the 
treated area maybe one of  the most important reasons. 

Many different methods have been used to obtain 
a larger treated area of  RFA. TACE is one of  the most 
commonly used non-surgical methods for HCC. It can 
acquire good therapeutic effect in enveloped small HCC[14]. 
But for HCCs without envelope or the envelope has been 
invaded, even small HCC can not be completely necrotized 
by TACE[15]. However, TACE can reduce the blood supply 
for the tumor[16]. In group 3b, TACE was performed 
before RFA in 23 patients (27 lesions), while PEI was 
performed before RFA in 19 patients (25 lesions). The 
complete necrosis rate after 1 mo was 57.7% (30/52) in 
group 3b, significantly higher than that in group 3a (23.5%, 
8/34) (P<0.05). Therefore, when the tumor is larger than 
3 cm in diameter, combined treatment of  RFA with TACE 
or PEI is suggested in order to improve the therapeutic 
effect.

In conclusion, RFA is one of  the optimal choices 
of  treatment for small HCC and combined treatment is 
suggested for larger HCC.
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