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Abstract. The subjects were 35 patients with unresectable 
hepatocellular carcinoma. The patients were divided into a 
transcatheter arterial embolization group (TAE group, 
18 cases) and a combination therapy group receiving both 
TAE and percutaneous ethanol injection therapy 
(TAE+PEIT group, 17 cases). The 50% survival period was 
21.1 months for the TAE group and 37.8 months for the 
TAE+PEIT group (P <0.05).  The longest survival period in 
the TAE group was 89 months. In the TAE+PEIT group, one 
patient has survived for 59 months. The actuarial 1-, 2-, and 
3-year survival rates for the TAE group were 82%, 45%, and 
22%, respectively. For the TAE+PEIT group the rates were 
83%, 64%, and 64%, respectively. The TAE+PEIT group 
showed a significantly higher survival rate in the 895- to 
1,074-day period as compared with the TAE group 
(P < 0.05). Overall, the survival rate tended to be higher in 
the TAE-PEIT group (P < 0.1). The therapeutic responses of  
tumors were measured by the maxima[ reduction rate within 
6 months of  TAE and PEIT. In the TAE group, a PR was seen 
in only four cases. In the TAE+PEIT group, CRs and PRs 
were achieved significantly more frequently than in the TAE 
group. When the patients were divided into a responder 
group (CR, PR, and MR) and a nonresponder group (NC and 
PD), survival was significantly longer in the responder 
group. The findings of  the present study suggest that the 
combination therapy was useful for improving the survival 
of  patients with unresectable hepatocellular carcinoma. 

Introduction 

Recent advances in imaging technics have improved the 
detection of  liver neoplasms at an early stage. The resect- 
ability of  hepatocellular carcinoma (HCC), however, has 
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remained at about 20% due to poor liver function caused 
mainly by underlying liver cirrhosis and multiple in- 
trahepatic lesions [4]. Treatment of unresectable HCC is a 
very important problem. Transcatheter arterial embolization 
(TAE) is an effective nonsurgical modality for treating un- 
resectable HCC, and it is now widely performed [8]. 
However, by TAE alone it is impossible to achieve complete 
necrosis of  all of  the tumor because of  the difficulty of  
controlling intra- and extracapsular invasions and portal 
vein emboli. The actuarial 5-year survival rate is now just 
less than 10% [16]. 

Some additional therapies are urgently needed to im- 
prove the survival of  patients. Sonographically guided 
percutaneous ethanol injection therapy (PEIT) was selected 
as an appropriate therapeutic modality for this purpose [1, 
7, 10, 13]. In the preliminary study, the efficacy of  PElT 
was demonstrated [3]. In the present paper we report the 
findings of  our further analysis of  the efficacy of  combi- 
nation therapy with TAE plus PEIT in comparison with 
therapy with TAE alone. 

Patients and methods 

A retrospective study was performed on 41 cases of unresectable HCC 
treated at the Department of Surgery, Osaka Teishin Hospital, from 
March 1985 to June 1992. In all, 24 of these patients were treated with 
transarterial chemoembolization alone with Lipiodol (TAE group) and 
17 received a combination therapy consisting of TAE and PEIT (TAE+ 
+PEIT group). In the TAE group, 6 cases who died within 5 months of 
TAE were excluded from the present study because they had massive 
tumors that measured more than 80 mm in diameter; these 6 cases had 
also been contraindicated for PEIT. Therefore, 30 men and 5 women 
were entered in this study. The age ranges of the patients were 
46-72 years (mean, 57.7 years) in the TAE group and 38-77 years 
(mean, 60.1 years) in the TAE+PEIT group. All of the patients had liver 
cirrhosis. The tumor stage of the HCC and the clinical stage of the liver 
cirrhosis were determined according to the classification systems of the 
Liver Cancer Study Group of Japan [5]. The background factors of the 
patients in the two groups are listed in Table 1. No significant difference 
was found in the age, sex ratio, tumor stage, clinical stage, or amount of 
Lipiodol used between the two groups. 

TAE was performed by injecting a mixture of iodized oil (Lipiodol) 
and an anticancer drug (doxorubicin hydrochloride, Adriacin; Kyowa 



S 120 

Table 1. Background factors of the patients 

Background factor TAE TAE+PEIT P 

Number of patients 18 17 NS 

Age (years): 
Mean 57.7 60.1 NS 
Range 46 - 72 38 - 77 NS 

16:2 14:3 NS Sex (M: F) 

Clinical stage: 

Tumor stage: 

I 9 7 
II 8 8 
III 1 2 NS 

I 2 1 
II 6 9 
III 3 3 
IV 7 4 NS 

Lipiodol (ml) Mean 10.4 9.1 NS 

Number of TAE treatments Mean 1.7 1.7 NS 

NS, Not significant 

Table 2. Therapeutic responses of HCC after treatment 

Treatment Number of CR PR MR NC PD Unevalu- 
group patients able 

TAE 18 4 2 6 3 3 
TAE+PEIT 17 1 6 5 2 1 2 

Hakko Kogyo Co., Ltd., Japan). TAE was performed 1 - 4  times (mean, 
1.7 times) in both groups. The number of TAE treatments also showed 
no significant difference between the two groups. 

The indications for PEIT were as follows: (1) the tumor was 
hypovascular and did not stain completely with Lipiodol (6 cases), 
(2) the artery was occluded because of TAE (2 cases), (3) liver cirrhosis 
became more advanced during the course of TAE (4 cases), and (4) the 
tumor was unresectable due to histopathological changes such as active 
inflammatory changes in the liver leading to postoperative hepatic 
failure (5 cases) [9]. 

A 21-gauge, 20-cm PEIT needle (Hakko Co., Ltd.; Tokyo) was used 
for PEIT. Under sonographic guidance, 99.5% absolute ethanol was 
injected first into the center (at one or more locations) of the tumor and 
subsequently into the surrounding tissues. This injection was performed 
one or two times a week. The total ethanol volume to be injected was 
calculated as the volume of the tumor; the amount in a single injection 
ranged from 1 to 50 ml. 

The responses to these therapies were evaluated by CT or sono- 
graphy. The maximal rate of reduction in the tumor size was calculated 
within 6 months of each therapy, and the efficacy was classified as 
follows: CR, the tumor had completely disappeared; PR, the reduction 
rate was 50%-99%; MR, the reduction rate was 25%-49%; NC, the 
reduction rate was less than 25%; and PD, the tumor had increased in 
size by at least 25%. 

The Kaplan-Meier method was used to calculate the survival rate, 
the generalized Wilcoxon test was used for statistical analysis, and the 
t-test was used to test for other significant differences. The data provided 
by the initial angiography were the starting point for the calculations. 

Results 

Tumor response 

The responses of the tumors to the treatments are shown in 
Table 2. The tumor completely disappeared in only 1 
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Fig. 1. Survival curves generated for the TAE and TAE+PEIT groups. 
A significant difference was seen between the two groups in the 895- 
to 1,074-day period 
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Fig. 2. Survival curves as a function of tumor stage (stage I+II  vs 
stages III+IV). The survival period of the stage I+II  cases was sig- 
nificantly longer than that of the stage III+IV cases 

T A E + P E I T  pa t i en t  d u r i n g  the  12 m o n t h s  a f te r  t r ea tmen t .  In 

the  T A E + P E I T  group,  11 o f  17 pa t i en t s  s h o w e d  a P R  or  an  
M R ,  w h e r e a s  in  the  T A E  group,  a P R  or an  M R  was  ob-  
s e r v e d  in on ly  6 pa t ien ts .  

Survival 

F i g u r e  1 s h o w s  the  su rv iva l  cu rves  g e n e r a t e d  for  the  T A E  
a n d  T A E + P E I T  groups .  T h e  su rv iva l  ra tes  for  the  T A E  and  
T A E + P E I T  g roups  w e r e  8 4 %  and  8 3 %  at  1 year,  4 5 %  a n d  
6 4 %  at 2 years ,  a n d  2 2 %  and  6 4 %  at  3 years ,  respec t ive ly .  A 
s ta t i s t ica l ly  s ign i f i can t  d i f f e r ence  was  f o u n d  b e t w e e n  the  
two  g roups  in the  895-  to 1 ,074-day  p e r i o d  (P  < 0.05).  O n  
the  whole ,  the  su rv iva l  ra te  t e n d e d  to b e  h i g h e r  for  the  
T A E + P E I T  g roup  t h a n  for  the  T A E  group  ( P  < 0.1).  

T h e  su rv iva l  cu rves  g e n e r a t e d  as a f u n c t i o n  o f  the  t u m o r  
s tage  in all  cases  are s h o w n  in Fig. 2. T h e  1-, 2-, a n d  3 -yea r  
su rv iva l  ra tes  for  s tage  I + I I  (n = 18) we re  100%,  75%,  and  
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Table 3. Cumulative survival rate as a function of tumor stage in the 
TAE and TAE+PEIT groups 

Tumor stage Treatment group Cumulative survival rate (%) 

1-year 2-year 3-year 4-year 

Stages I+II TAE (n = 8) 100 71 52 42 
TAE+PEIT (n = 10) 100 79 63 48 

Stages III+IV TAE (n = 10) 70 23 0 
TAE+PEIT (n = 7) 71 43 43 38 

68%, and those for stage III+IV (n = 17) were 70%, 32%, 
and 19%, respectively. The survival period of  the stage I + II 
cases was significantly longer than that of  the stage I I I + I V  
cases (P < 0.01). Table 3 shows the survival rates obtained 
in the TAE and TAE+PEIT groups for the same tumor 
stage. No significant difference was found between the two 
treatment groups for the stage I + II cases. However, for the 
stage I I I+  IV cases, the TAE+PEIT group tended to show a 
higher survival rate as compared with the TAE group 
(P < 0.01). 

The survival rates were evaluated with regard to the 
liver function (Fig. 3). The patients in clinical stage I ten- 
ded to survive longer than the patients in stage I I + I I I  
(P <0.1) .  However, there was no significant difference 
between the TAE and TAE+PEIT groups for the same 
clinical stage. 

Six patients in the TAE group and seven in the TAE+ 
PEIT group survived until January 1993. The 50% survival 
period was 21.1 months for the TAE group and 37.8 months 
for the TAE+PEIT group (P < 0.05). The longest survival 
period in the TAE group was 89.1 months, whereas in the 
TAE+PEIT group, one patient has survived for 59.0 months. 

All of  the cases were divided into two groups: a re- 
sponder group (CR, PR, and MR) and a nonresponder group 
(NC and PD). Figure 4 shows the survival curves of  the 
responder group and the nonresponder group. The survival 
rate of  the responder group was significantly higher than 
that of the nonresponders. 

Side effects 

Almost all of  the patients developed a fever after TAE, but 
the fever decreased within about 10 days of the treatment. 
No other side effect was detected after TAE. 

After ethanol injection, some patients experienced mild 
alcohol intoxication and pain at the injection site in the 
liver. The change in liver function after PEIT was mild and 
transient. Only one patient, who had received a large bolus 
injection of  ethanol (50 ml), developed mild lung edema, 
but this pulmonary insufficiency disappeared within a few 
days; the SaO2 value was decreased. One patient with a 
tumor located on the liver surface experienced peritonitis- 
like severe abdominal pain for several days. The SaO2 
value decreased transiently by 6 % - 8 %  in some cases 
during the ethanol injection. However, these symptoms 
were transient, and no special countermeasures were re- 
quired. 
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Fig. 3. Survival curves as a function of clinical stage (clinical stage I vs 
clinical stages II +lII). The survival of the clinical stage I cases tended 
to be higher than that of the stage II+III cases 
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Fig. 4. Survival curves as a function of the response category 
(CR+PR+MR vs NC+PD). The survival rate of the responder group was 
significantly higher than that of the nonresponder group 

Discuss ion 

In the present study, the survival rate was significantly 
higher in the 895- to 1,074-day period (P < 0.05) and the 
survival period tended to be longer in the TAE+PEIT group 
than in the TAE group (P < 0.1). 

In the 9th Report of  the Liver Cancer Study Group of  
Japan [6], the 1-, 2-, 3-, and 5-year survival rates were 75%, 
57%, 46%, and 31% for resected cases and 58%, 34%, 
27%, and 8% for TAE group cases, respectively. However, 
the background factors of  the resected and TAE cases were 
not the same, and a comparison was not justifiable because 
the resectable cases had a mild degree of  liver cirrhosis and 
a low tumor stage, whereas many of the unresectable cases 
were more advanced. 

Yoshimi et al. [17] performed a prospective randomized 
study of  TAE and hepatectomy for HCC. They reported that 
no significant difference in survival was found between the 
two groups. Shiina et al. [11] reported that the survival rates 
in cases of  small HCC ( <  3 cm) were almost the same for 
the PEIT and the TAE+PEIT groups. They also concluded 
that the local effect of  PElT was much stronger than that of  
TAE for small HCCs. Tanaka et al. [15] compared the 



S 122 

prognosis of  patients with large tumors ( >  3 cm) between 
TAE and TAE+PEIT groups and reported a significantly 
higher survival rate for the combination group. Considering 
the incidence of  complications and recurrence in resected 
cases, TAE+PEIT might be a useful alternative to surgery 
for large solitary HCCs. 

In the present study, survival was significantly longer for 
the TAE+PEIT group. Although almost all of  the HCC 
patients (in both groups) in this study had tumors measuring 
3 - 5  cm in diameter, the combination therapy was more 
effective in such cases. 

The TAE+PEIT group contained more responders than 
the TAE group. The survival rate of  the responder group 
was significantly higher than that of the nonresponder 
group. In many patients in the TAE+PEIT group, we in- 
jected ethanol into the same tumor that had received Li- 
piodol in the TAE procedure. The tumor reduction rate in 
the TAE+PEIT group was higher than that in the TAE 
group, perhaps because ethanol was injected directly into 
lesions that had not responded to the TAE therapy. 

When we compared the survival of  patients as a function 
of  the tumor stage between the TAE and TAE+PEIT 
groups, no significant difference was found in the stage I + II 
cases. For the stage I I I + I V  cases, however, the TAE+PEIT 
group contained more patients surviving for 24 months 
after the initial treatment. These results suggest that com- 
bination of  PEIT with TAE is useful and should be per- 
formed even in stage III and IV cases. In the present study, 
two patients in the TAE+PEIT group had tumors exceeding 
8 cm in size. The tumors in these two cases increased in 
size after treatment using a large amount of  ethanol and 
were evaluated as PD. Many reports have proposed that 
PEIT is an appropriate therapeutic option for up to three 
tumors measuring 3 cm or less in diameter [1, 7, 10, 11]. 
However, in this study, PEIT was carried out mainly in 
patients with tumors measuring 3 - 5  cm in diameter and 
showed that a good effect could be expected when it was 
used in combination with TAE. 

The amount of  ethanol injected was 1 - 5 0  ml at one 
time. In an animal study, Takashimizu et al. [14] injected 
1 ml of  ethanol into the normal liver of  rabbits and reported 
that coagulation necrosis with a maximal diameter of 4 cm 
became apparent after 5 days. However, in our study, CT 
and pathology studies revealed necrotic changes with a 
maximal diameter of  about 1 cm when 1 ml of  ethanol had 
been injected and 4 cm when 8 ml had been injected in 
patients with liver cirrhosis within a few days after the 
PEIT. In principle, we currently inject an amount of  ethanol 
corresponding to the tumor volume in two or three divided 
doses. 

Pain and intoxication at the time of  ethanol injection 
have been reported as side effects [1, 9]. However, when an 
SaO2 monitor was attached at the time of injection, SaO2 
values dropped transiently by 6 % - 8 % .  in some cases. The 
values decreased for only about 30 to 60 s and then im- 
mediately recovered to the pretreatment level. Caution is 
thus required in patients with cardiopulmonary disorders. 
Although the mechanism of action is not clear, this side 
effect may be due to apnea at the time of injection or to a 
reaction to the high concentration of  ethanol in the blood 
vessels of  the lung. 

It has been reported that the blood flow into the capsule 
and extracapsular invasion of  HCC is supplied by the portal 
vein system [12], and for this reason, TAE is not likely to 
kill cancer cells residing in the capsule surrounding the 
tumor. The effect of  PEIT is localized, but PEIT can be 
effective for intracapsular and extracapsular invasion, 
mainly because of  its dehydrating and protein-denaturing 
effects and partly because of  its thromboembolic effect 
[2, 18]. 

In conclusion, we expect that combination therapy with 
TAE and PEIT will be routinely applied as an effective 
method for treatment of  unresectable HCC cases. 
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