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Abstract
AIM: To evaluate the time dependence of intra-arterial 
5-fluorouracil (5-FU) therapy for advanced hepatocellular 
carcinoma (aHCC). 

METHODS: Thirty-seven adult Japanese patients who 
had aHCC and liver cirrhosis were treated with combined 
intra-arterial 5-FU, cisplatin (CDDP), and leucovorin 
(LV). The Japan Integrated Staging score (JIS score) of 
each patient was 3 or more. The patients were divided 
into two groups, after which the 15 patients in group S 
were treated with 6-h infusion chemotherapy (LV at 12 
mg/h, CDDP at 10 mg/h, and 5-FU at 250 mg/m2 per 
4 h) and the 22 patients in group L were treated with 
24-h infusion chemotherapy (LV at 12 mg/h, CDDP at 
10 mg/h, and 5-FU at 250 mg/m2 per 22 h). Continuous 
infusion chemotherapy was performed via  the proper 
hepatic artery every 5 d for 4 wk using an implanted 
drug reservoir. 

RESULTS: The percentages of patients with a partial 
response after 4 wk of chemotherapy were 6.7% in 
group S and 31.8% in group L. The survival of group L 
was significantly better than that of group S, with the 
median survival time being 496 d in group L and 226 d 
in group S (P  < 0.05). 

CONCLUSION: Continuous 24-h intra-arterial infusion 
is more effective for aHCC and can markedly prolong 
survival time as compared to 6-h infusion.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The majority of  patients with advanced hepatocellular 
carcinoma (aHCC) survive no longer than 6 mo from the 
day of  initial diagnosis[1]. It was reported that improvement 
of  implanted drug delivery systems has made it possible to 
administer repeated hepatic arterial infusion of  anticancer 
agents to patients with aHCC and that hepatic arterial 
infusion therapy not only improved survival but also the 
quality of  life (QOL)[2]. Continuous local arterial infusion 
of  5-fluorouracil (5-FU) and cisplatin (CDDP) using an 
infuser pump and an implanted reservoir has been shown 
to prolong the survival of  patients with severe advanced 
HCC[2-4]. Leucovorin is a biochemical modulator of  
5-FU[5-7]. A randomized study showed that the regimen 
using CDDP, 5-FU, and leucovorin (LV) was significantly 
better than that of  the low-dose CDDP and 5-FU alone[8]. 
However, there were differences of  the response rate and 
the regimen used in these studies, such as 250 mg of  5-FU 
for 5 or 24 h. For staging of  HCC, Cancer of  the Liver 
Italian Program (CLIP) score[9] has been reported to be 
very useful[10-12]. However, it was also reported that the 
stratification ability and prognostic power of  the Japan 
Integrated Staging (JIS) score[13] were superior to those of  
the CLIP score for staging of  HCC[14]. Accordingly, this 
study was performed to evaluate the time dependence of  
intra-arterial 5-FU therapy for aHCC by using the JIS score.

MATERIALS AND METHODS 

Patients
Thirty-seven adult Japanese patients who had aHCC and 
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liver cirrhosis due to HCV infection (C-LC) were treated 
with combined intra-arterial 5-FU, CDDP, and LV at 
Omori Hospital, Japan between 2000 and 2005. According 
to the computed tomography (CT) findings, the tumors 
were inoperable, with a JIS score of  3 or more in all 
patients. 

Chemotherapy regimen
The patients were divided into two groups. Group S 
comprised 15 patients (10 men and 5 women) who were 
treated with 6-h infusion chemotherapy (LV at 12 mg/h, 
CDDP at 10 mg/h, and 5-FU at 250 mg/m2 per 4 h), 
while group L included 22 patients (15 men and 7 women) 
who were treated with 24-h infusion chemotherapy (LV 
at 12 mg/h, CDDP at 10 mg/h, and 5-FU at 250 mg/m2 
per 22 h). Doses of  the chemotherapy were according to 
a previous report[8]. Continuous infusion chemotherapy 
was performed via the proper hepatic artery every 5 d 
for 4 wk using a catheter connected to a subcutaneously 
implanted drug delivery system. Subsequently, the same 
chemotherapy was continued for as long as possible.

System placement technique
In all patients, an intra-arterial catheter was inserted via 
the femoral artery and was attached to a subcutaneously 
implanted reservoir[15]. In principle, the gastroduodenal 
artery and the right gastric artery were occluded with steel 
coils to prevent gastroduodenal injury from anticancer 
agents. Written informed consent was obtained from each 
patient or family members after the possible complications 
of  rese r vo i r implanta t ion and a r te r i a l in fus ion 
chemotherapy had been fully explained.

Evaluation of therapeutic effect
On CT scans obtained after 4 wk of  treatment, the size 
of  the intrahepatic tumors was measured as the product 
of  the two longest perpendicular diameters of  the largest 
tumor. CT images were acquired according to the same 
method as performed for pretreatment workup. The 
response criteria defined by the Liver Cancer Study Group 
of  Japan were used. A complete response (CR) was 
defined as disappearance of  the tumor and no evidence 
of  new lesions for at least 4 wk, while a partial response 

(PR) was defined as reduction of  the product of  the two 
longest diameters by more than 50%. An increase of  the 
product by more than 25% was defined as progressive 
disease (PD), and the changes in between PD and PR 
were defined as stable disease (SD). The response was also 
evaluated by measuring serum alpha-fetoprotein (AFP), 
AFP-L3, and PIVKA-Ⅱ levels in the patients with elevated 
levels of  these markers. The survival period was defined as 
the interval between the start of  treatment and death.

Statistical analysis
The Mann-Whitney test was used to compare the 
patient characteristics between the two groups. Survival 
was evaluated by the Kaplan-Meier method, and the 
significance of  differences in survival was determined by 
the log rank test. P value less than 0.05 was considered 
statistically significant. 

RESULTS
The group S comprised a total of  10 men and 5 women 
aged 54 to 79 years (mean ± SD, 68.3 ± 7.4 years), while 
the group L comprised 15 men and 7 women aged 52 to 
76 years old (mean ± SD, 66.6 ± 7.8 years). There was no 
significant difference between the both groups. The Child-
Pugh class was A for 6 patients in group S and 11 patients 
in group L, while it was B for 7 and 9 patients, respectively, 
and C for 2 patients in each group. Two patients had 
stage Ⅲ, 12 stage ⅣA, and one patient stage ⅣB disease 
in group S, while the respective numbers were 1, 14, and 
7 in group L. Seven patients had a JIS score of  3, seven 
patients had a JIS score of  4, and one patient had a JIS 
score of  5 in group S, while the respective numbers were 
12, 8, and 2 in group L. In group S, one patient had tumor 
thrombi in major branches of  the portal vein and four 
patients had tumor thrombi in the first portal branch. In 
group L, there was also one patient with tumor invasion 
into the right hepatic vein and four patients with tumor 
thrombi in the first portal branch (Table 1). 

Response
Table 2 summarizes the response to treatment and the 
survival of  the aHCC patients, all of  whom had a JIS score 
≥ 3. In group S, one of  the 15 (6.7%) patients achieved 
PR, but no patient achieved CR. Also, 11 of  the 15 (73.3%) 

Table 1  Clinical characteristic of the 37 patients with advanced 
HCC and HCV cirrhosis

Mean age Group S: 68.3 yr
Group L: 66.6 yr

Gender Group S:  10 males, 15 females
Group L:  15 males, 7 females

Child-Pugh classification Group S A: 6, B: 7, C: 2
Group L  A: 11, B: 9, C: 2

Stage Group S Ⅲ: 2, IVA: 12, IVB: 1
                       (Vp3: 4, Vp4: 1, vv2: 0)
Group L Ⅲ: 1, IVA: 14, IVB: 7
                       (Vp3: 3, Vp4: 0, vv2: 1)

JIS score Group S  3: 7, 4: 7, 5: 1
Group L  3: 12, 4: 8, 5: 2

Table 2 Objective response and survival in the both group (%)

                                                              JIS score
                   Group                   3                  4                 5

1-yr Group S 14.3   0.0   0.0
Group L 50.0 16.7 16.7

2-yr Group S   0.0   0.0   0.0
Group L 16.7   0.0   0.0

3-yr Group S   0.0   0.0   0.0
Group L 16.7   0.0   0.0

Objective response rate: Group S 6.7% (1/15 cases) CR: PR: SD: PD = 0: 1: 3: 
11; Group L 31.8% (7/22 cases) CR: PR: SD: PD = 0: 7: 9: 6.



patients showed PD and 3 (20.0%) patients had SD. In 
group L, seven of  the 22 (31.8%) patients achieved PR, 
although none of  the patients achieved CR. Six of  the 22 
(27.3%) patients showed PD, but 9 (40.9%) patients had 
SD. The response rate in group L was significantly better 
than that in group S (p < 0.05, Mann-Whitney test).

Survival
In group S, the 1-year survival rates for the patients with 
a JIS score of  3, 4, and 5 were 14.3%, 0.0%, and 0.0%, 
respectively. There were no survivors for 2 years or more. 
In group L, the 1-year survival rates for the patients with 
a JIS score of  3, 4, and 5 were 50.0%, 16.7%, and 16.7%, 
respectively, while the 2-year survival rates for those 
patients were 16.7%, 0%, and 0%, respectively. None of  
the patients in either group survived for 3 years (Table 2).
The survival of  group L was significantly better than that 
of  group S, with the median survival time being 496 d in 
group L and 226 d in group S (p < 0.05) (Figure 1).

Tumor markers
Figure 2 summarizes the changes of  serum AFP following 
treatments in both groups. In group L, the serum AFP 
level decreased significantly after treatment compared with 
that before treatment. However, there was no significant 
change of  the serum AFP level in group S. Moreover, 
there were no significant changes of  the serum AFP-L3 
and PIVKA-Ⅱ levels in both groups (data not shown).

Hematologic toxicity
Figure 3 summarizes the changes of  the white blood 
cell count following treatment in both groups, showing 
that there were no significant differences in either of  the 
groups. Similarly, there were no significant changes of  
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Figure 1  Survival curves plotted by the Kaplan-Meier method. The survival of 
group L was significantly better than that of group S. The median survival time was 
496 d in group L versus 226 d in group S (aP < 0.05, Kaplan-Meier method and 
log-rank test).
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Figure 2  Changes of serum AFP following treatment in the both groups. In group 
L, the serum AFP level decreased significantly after treatment compared with 
before treatment (aP < 0.05, Mann-Whitney test).
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Figure 3  Changes of the white blood cell count following treatment in the both 
groups. There were no significant differences in either group.
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lymphocyte or platelet count before and after treatment 
in either group (data not shown). However, the neutrophil 
and monocyte counts were significantly decreased after 
treatments in group L compared to group S (Figure 4).

DISCUSSION
The majority of  patients with advanced hepatocellular 
carcinoma (aHCC) live no longer than 6 mo from the 
day of  diagnosis[1]. It was also reported that the average 
survival of  patients with aHCC was 4 mo from the onset 
of  symptoms and 2 mo from the time of  admission[16]. In 
the present study, one of  15 (6.7%) patients in group S 
achieved PR, while seven of  22 (31.8%) patients in group 
L reached a state of  PR. The survival of  group L was 
significantly better than that of  group S, with the median 
survival time being 496 d in group L versus 226 d in group 
S. Moreover, the serum AFP level decreased significantly 
after treatment in group L, although this change was not 
observed in group S. Regarding hematologic toxicity, 
the neutrophil and monocyte counts were significantly 
decreased after treatment in group L, while these changes 
were not observed in group S. In the present study, the 
severity of  disease was assessed by the JIS score, making 
it possible to observe effect of  continuous intra-arterial 
infusion for 6 and 24 h in C-LC patients with aHCC of  
similar severity. It was demonstrated that the method 
of  continuous intra-arterial infusion for 24 h was more 
effective and could prolong survival compared to 6-h 
infusion. Both treatments were effective for aHCC in the 
patients with C-LC, when we excluded the patients with a 
JIS score ≤ 2 in this study. However, 24-h infusion caused 
a greater decrease of  the neutrophil and monocyte counts 
compared to 6-h infusion.

5-FU and CDDP have been the most commonly used 
drugs in combination regimens because CDDP amplifies 
the effect of  5-FU by biochemical modulation in addition 
to its own action[6,17,18]. Moreover, LV has a synergistic 
effect in promoting the biochemical modulation of  5-FU. 
It has been reported that chemotherapy using 5-FU, 
CDDP, and LV is superior to other treatments (5-FU 
alone, CDDP alone, and 5-FU plus LV) with respect to 
controlling tumor growth, even if  the concentrations of  
5-FU and LV are reduced by half[8]. Therefore, we selected 

the combination of  5-FU, CDDP, and LV for intra-arterial 
infusion to treat aHCC, based on the employment of  
CDDP and LV as modulators of  5-FU. 5-FU has been 
reported to exhibit its anticancer effects via the following 
mechanisms: (1) Inhibition of  deoxyribonucleic acid 
(DNA) synthesis through inactivation of  thymidylate 
synthase (TS) by formation of  a complex between methyle
netetrahydrofolate (CH2FH4) and 5-fluoro-2’-deoxyuridine 
5’-monophosphate (FdUMP), which is synthesized 
from 5-FU. (2) Interference with ribonucleic acid (RNA) 
metabolism by the uptake of  phosphated 5-fluorouridine 
5’-triphosphate into RNA[19]. It was also reported that a 
single dose of  5-FU is more effective for causing RNA 
dysfunction, while continuous infusion causes more DNA 
damage[20]. Another study showed that 5-FU was almost 
undetectable in the peripheral blood when 5-FU and low-
dose CDDP were continuously infused via a central vein 
or via the hepatic artery in patients with adavanced or 
metastatic HCC[21]. These reports indicate that the method 
of  continuous intra-arterial infusion for 24 h would cause 
more damage to tumor DNA in our C-LC patients with 
aHCC compared with 6-h infusion, although 24-h infusion 
had stronger hematologic toxicity than 6-h infusion. Our 
results might also be supported by the report that 5-FU 
has a time-dependent anticancer effect and shows stronger 
cell-killing activity in vitro when exposure is continued for a 
longer period[22].

In conclusion, continuous 24-h intra-arterial infusion is 
more effective and can prolong survival as compared with 
6-h infusion in C-LC patients with aHCC, although 24-h 
infusion is associated with stronger hematologic toxicity. 
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