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Abstract. Arterial  infusion chemotherapy has become one 
of  the major treatments for mal ignant  tumors. Since 1988, 
we have at tempted repeated arterial infusion of anticancer 
drugs using an implantable  drug del ivery system in 
68 patients who had inoperable hepatocel lular  carcinoma 
(HCC). Most  of  our patients could not undergo transcath- 
eter arterial embol izat ion (TAE) because of  extreme tumor 
extension and/or accompanying advanced l iver cirrhosis. In 
most patients we implanted a 5-F catheter via the femoral 
artery nonsurgical ly and connected it to a subcutaneously 
implanted drug del ivery system without any difficulty. The 
treatment consisted of  weekly  or b iweekly  intrahepatic one- 
shot administrat ion of  anticancer drugs. As one therapeutic 
regimen, epirubicin was given alone. Other regimens con- 
sisted of  combined chemotherapy using two or more of  the 
fol lowing drugs: mi tomycin  C, Adriamycin,  5-fluorouracil ,  
cisplatin, and epirubicin. In some cases, these drugs mixed 
with Lipiodol  were given for targeting and slow release in 
the liver. The response rate (CR+PR) of  the cases was 
25.0%. The median survival period was 389.9 days. The 6- 
month, 1-year, and 2-year survival rates were 75%, 45%, 
and 17%, respectively. There was no severe side effect or 
complicat ion except arterial occlusion that precluded fur- 
ther infusion chemotherapy. We think that the implantable  
drug del ivery system will contribute not only to improved 
therapeutic efficacy for inoperable HCC but also to an 
improved quality of  l ife for the patients. 

Introduction 

For inoperable hepatocel lular  carcinoma (HCC), trans- 
catheter arterial embolizat ion (TAE) and intra-arterial and 
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systemic chemotherapy have been the main conservative 
therapies [ 3 - 5 ,  14, 19]. However,  intra-arterial che- 
motherapy has usually been carried out as one-shot ad- 
ministration of an anticancer drug(s). Recently, improve-  
ment in the material  of catheters and the development  of  an 
implantable drug del ivery system (IDDS) have enabled us 
to perform long-term arterial infusion chemotherapy on an 
outpatient basis [7]. In the present study, we applied an 
IDDS to 68 patients with inoperable HCC and investigated 
its therapeutic effects. 

Patients and methods 

From January 1988 to November 1992, a total of 68 patients with 
inoperable HCC were treated by repeated arterial infusion che- 
motherapy using an IDDS. Table 1 shows the characteristics of the 
patient population. The patients included 58 men and 10 women whose 
age ranged from 28 to 87 years. All of them were unable to undergo 
surgery for some reason, including the tumor size, tumor extension, 
metastasis, advanced liver cirrhosis, and/or recurrence after hepatic 
resection. According to the general rules for primary liver cancer es- 
tablished by the Liver Cancer Study Group of Japan [12], there were 
3 cases of stage I disease, 8 cases of stage II disease, 9 cases of stage III 
disease, and 48 cases of stage IV disease. The patients were also 
classified into three groups according to Child's criteria. Eight patients 
were also diagnosed as having diabetes mellitus. In all, 11 patients had 
received no previous treatment, whereas the other 57 patients had 
previously undergone some treatment such as operation, TAE, hepatic 
arterial infusion, and/or percutaneous ethanol injection therapy (PEIT). 

We implanted a 5-F polyurethane catheter nonsurgically via the 
femoral artery or subclavian artery [1]. The approach was decided on 
the basis of the shape of the celiac trunk as revealed by prior 
angiography. The transsubclavian approach was carried out by surgi- 
cal cut-down of the branch of the subclavian artery. The details of the 
transfemoral approach are as follows (Fig. 1). First, conventional 
angiography was carried out by Seldinger's technique without a 
sheath introducer assembly. Following the angiography, the gastro- 
duodenal artery and other vessels were occluded with embolization 
steel coils to achieve an effective distribution of infused drags [8]. 
Then, a 5-F polyurethane catheter was inserted into the hepatic artery 
over an exchange guidewire and connected to an implanted injection 
port through a subcutaneous tunnel. It takes about 1 h to complete the 
implantation procedure. In some cases, a coaxial catheter system was 
placed in the hepatic artery through a collateral vessel that resulted 
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Fig. 1. Schema of the implantable drug delivery system by the 
percutaneous transfemoral approach 

Table 1. Characteristics of patients 

Characteristic No. of patients 

Sex M 58 
F 10 

Age (years) (mean age, 60.0): 
--<39 2 

40-49 9 
50-59 19 
60-69 27 
70-79 9 

~>80 2 

Stagea: 
I 3 

II 8 
III 9 
IV 48 

Child's classificationb: 
A 37 
B 19 
C 12 

Complication 
DM c 8 

Total 68 

a Tumor stage according to the general rules for primary liver cancer 
established by the Liver Cancer Study Group of Japan [12] 
b Child's classification [6] 
c Diabetes mellitus 

from repeated TAE. After implantation of the drug delivery system, we 
confirmed the position of the catheter by X-ray radiography and 
radionuclide angiography with technetium-99m macroaggregated 
albumin [21]. 

The treatment schedule was weekly or biweekly one-shot admin- 
istration of anticancer drugs. All the patients were divided into two 

Table 2. Response to therapy 

CR PR NC PD CR+PR (%) 

All cases 1 16 37 14 17 (25.0%) 
Stages III& IV 0 14 29 13 14 (24.6%) 

CR, Complete response; PR, partial response; NC, no change; PD, 
progressive disease 

groups on the basis of the therapeutic regimen. Group A consisted of 
37 patients who were given epirubicin alone, and group B consisted of 
31 patients who were given two or more of the following drugs: 
mitomycin C, Adriamycin, 5-fluorouracil, cisplatin, and epirubicin. In 
some cases in both groups, these drugs were mixed with Lipiodol and 
given for targeting and slow release in the liver [10, 11, 17]. At 4 weeks 
after the onset of therapy, the therapeutic effect was evaluated by 
imaging studies and was rated using the criteria of the WHO Hand- 
book for Reporting Results of Cancer Treatment. 

The survival rates were calculated using the Kaplan-Meier method 
and were compared using the generalized Wilcoxon test. 

Results 

We succeeded in the implantation in all cases. Complica- 
tions included abscess formation at the punctured site and 
around the injection port in three patients who also had 
diabetes mellitus and wound hematoma in three patients. 
They were treated by conservative therapies and cured. 
Dislocation of  the catheter occurred in three patients, who 
underwent correction of  the catheter or recannulation by 
another approach. In three cases the infusion catheter be- 
came obstructed during the therapy, and two of  these pa- 
tients underwent recannulation. 

The transfemoral approach was applied to 56 cases and 
the transsubclavian approach, to 12 cases. Of all the pa- 
tients who underwent repeated arterial infusion therapy, 41 
are presently alive and 27 have died. The major cause of 
death was liver failure in 32 cases. The number of injec- 
tions ranged from 1 to 48 (mean, 13.5). The total dose of  
each drug was as follows: epirubicin, 10-1 ,030  mg (mean, 
269.1 rag); Adriamycin, 4 .5 -131  mg (mean, 54.8 mg); 
mitomycin C, 4 - 1 0 0  mg (mean, 34.6 mg); 5-fluorouracil, 
500-14 ,000  mg (mean, 4,884 mg); cisplatin, 50 mg (mean, 
50 mg); and Lipiodol, 1 - 2 8  ml (mean, 7.6 ml). 

Table 2 shows the overall response rate. A complete 
response (CR) was observed in 1 patient; a partial response 
(PR), in 16 patients; no change, in 37 patients; and pro- 
gressive disease, in 14 patients. The overall response rate 
was thus 25%. In the patients with stage III and stage IV 
disease, it was 24.6%. 

The cumulative survival rate after implantation of  the 
drug del ive~ system is shown in Fig. 2. The median sur- 
vival period was 389.9 days. The 6-month, 1-year, and 
2-year survival rates were 75%, 45%, and 17%, respec- 
tively. When the survival rate was analyzed on the basis of 
the therapeutic effect, the 1-year survival rate was 58% and 
the median survival period was 528.3 days for the re- 
sponders versus 43% and 350.7 days for the nonresponders. 
However, the difference in the median survival period be- 
tween the two groups was not statistically significant. The 
cumulative survival period as a function of  the therapeutic 
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Fig. 2. Survival rate of 68 cases after implantation of the drug delivery system 

I 

(Days) 

T a b l e  3.  Survival of patients 

Median survival Survival rate (%) 
period (days) 1-year 2-year 

Total (n = 68) 389.9 45 17 
Stages I I I& IV (n = 57) 337 38 8 
CR+PR (n = 17) 528.3 ]NS 58 31 
NC+PD (n 50) 350.7 j 43 14 
Group A (n = 37) 359.8 ]NS 41 14 
Group B (n 31) 399.9 J 48 17 
Child's class A (n = 37) 452.5 ] p = 0.0158 61 19 
Child's class B & C (n 31) 297.3 J 24 12 

NS, Not significant 

Table 4. Side effects related to the chemotherapy 

Side effect No. of patients (%) 

Gastric ulcer 2 (2.9%) 
Alopecia 5 (7.4%) 
Fever (>38 ~ C) 9 (13.2%) 
Anorexia 9 (13.2%) 
Hematological toxicity 15 (22.1%) 
Obstruction of hepatic artery 5 (7.4%) 

regimen also showed no significant difference between 
group A and group B. With regard to the clinical perfor- 
mance status, the median survival period of the Child's 
class A cases was significantly longer than that of  the 
Child's class B or C cases (Table 3). 

Table 4 shows the major side effects and their incidence. 
All were transient in nature and were treated by con- 
servative therapies except for three cases of  arterial ob- 
struction. 

Representat ive cases 

In 57-year-old man, the right lobe of the liver was seen to 
be occupied by a large tumor on a CT scan (Fig. 3 a). At 

4 months after implantation of the drug delivery system, a 
CT scan showed marked reduction in the size of  the tumor 
(Fig. 3b). 

In 77-year-old man, the CT scan revealed multiple tu- 
mors with a well-enhanced rim in the liver (Fig. 4a). By 
7 months after repeated arterial infusion chemotherapy, 
each tumor had decreased in size and contraction of the 
right lobe was seen. Dense accumulation of Lipiodol was 
also seen in the tumor (Fig. 4b). The serum alpha-feto- 
protein value decreased from 329,000 to 6.3 ng/ml. 

D i s c u s s i o n  

TAE is a common therapy, and it achieves good results for 
inoperable HCC. However,  some patients cannot undergo 
TAE because of extreme tumor extension and/or accom- 
panying advanced liver cirrhosis. Repeated TAE sometimes 
causes obstruction o f  the hepatic artery, and this makes 
further TAE impossible. 

The IDDS is designed to permit repeated administration 
of drugs and blood sampling by percutaneous needle 
puncture. IDDS is also becoming more accepted for the 
treatment of  metastatic liver tumors [2]. However,  for 
patients with HCC, the use of  IDDS has been indicated only 
for patients who have undergone a noncurative opera- 
tion [18]. 

In the present study, we investigated the effect of  re- 
peated arterial infusion chemotherapy using an IDDS for 
inoperable HCC. The 1-year survival rate was 45% and the 
2-year survival rate was 17%. These results are far more 
satisfactory than the results previously reported for con- 
ventional arterial infusion therapy [3, 4, 9, 14]. Moreover, 
significant effects equivalent to those obtained with TAE 
[13, 19, 20] were observed on the survival rate, although 
most of  our patients could not undergo TAE because of 
advanced tumor extension and/or poor liver function. 

Nakamura  et al. [15] reported that arterial infusion 
chemotherapy with IDDS achieved good results in patients 
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Fig. 3, HCC in a 57-year-old man (a) ACT scan reveals a large tumor in the right lobe (b) At 4 months after the onset of therapy, a CT scan shows 
marked reduction of the tumor 

Fig. 4. HCC in a 77-year-old man (a) ACT scan reveals multiple tumors with a well-enhanced rim in the liver (b) At 2 months after the onset of 
therapy, a CT scan shows marked contraction of each tumor and dense accumulation of Lipiodol 

with HCC, and tumor regression showed a close correlation 
with the duration of  survival. We found no significant 
difference in the median survival period between the re- 
sponders and the nonresponders.  On the other hand, the 
reserve l iver function was the most significant prognostic 
factor in the present study. We consider  that it is necessary 
to take account of  the pat ient ' s  l iver function during the 
therapy and closely manage  the dose of  anticancer drugs in 
patients with l iver  cirrhosis. 

Some reports have shown that the gastric mucosal  blood 
flow is significantly decreased in patients with l iver  cir- 
rhosis [16]. Therefore,  it is indispensable to occlude the 
gastric artery and the gastroduodenal  artery with steel coils 
before catheter p lacement  to prevent  drug-induced acute 
gastric mucosal  lesions. 

The investigation period was not long enough to eval- 
uate the prognosis of  the patients in our study, and the 
survival rates, especial ly the 2-year  survival, can be ex- 
tended further with a fol low-up study of  our patients. We 
should develop a more effective protocol  for arterial infu- 
sion chemotherapy. 

In conclusion, the IDDS will contribute not only to 
improved therapeutic efficacy for inoperable HCC but also 
to an improved quality of  life for the patients. 
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