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Abstract
Hepatocellular carcinoma (HCC) is one of the most 
common malignancies worldwide, including Japan. 
Although the development of imaging modalities has 
made the early diagnosis of HCC possible, surgically 
resectable cases are relatively uncommon because 
of hepatic funct ion reserve and/or an advanced 
stage at presentation. Several modalities, such as 
transcatheter arterial chemoembolization, percutaneous 
ethanol injection, microwave coagulation therapy 
and radiofrequency ablation are reportedly useful in 
treating patients with non-resectable disease. However, 
unfortunately, many HCC patients have tumor recurrence. 
The overall prognosis of patients with HCC is very poor, 
and treatment of the advanced form is still problematic. 
In this article, we review the clinical efficacy and toxicity 
of enteric-coated tegafur/uracil in the treatment of 
patients with advanced non-resectable HCC.
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INTRODUCTION
Chronic liver disease predisposes patients to hepatocellular 

carcinoma (HCC), therefore, a high-risk group can be 
identified[1]. Progress in diagnostic imaging studies has 
facilitated the relatively early diagnosis of  HCC. In many 
patients, however, the disease is already advanced at the 
time of  detection. Patients with recurrence after local 
treatment and those with far-advanced HCC should receive 
effective systemic chemotherapy. In this review, we outline 
the mechanism of  action and outcomes of  enteric-coated 
tegafur/uracil (UFT-E Taiho Pharmaceutical, Co. Ltd., 
Tokyo, Japan) used as systemic chemotherapy in patients 
with HCC. 

DEVELOPMENT OF UFT
Heidelberger et al[2] synthesized 5-fluorouracil in 1957. 
Since that time, fluoropyrimidine antimetabolites have 
been used as broad-spectrum anticancer drugs to treat 
various types of  tumors. However, the serum half-life of  
5-fluorouracil is very short (8-12 min)[3,4]. Therefore, many 
derivatives have been developed to maintain high serum 
concentrations of  5-fluorouracil, enhance response, and 
reduce toxicity. In 1968, Hiller et al[5] synthesized tegafur, 
a prodrug of  5-fluorouracil, which is gradually converted 
to 5-fluorouracil by cytochrome P450 2A6. Subsequently, 
UFT was developed to enhance the tumor specificity 
and effectiveness of  5-fluorouracil. In 1978, Fujii et al[6] 
conducted a series of  experiments on combination therapy 
with fluoropyrimidines and pyrimidines and reported 
that the antitumor activity of  tegafur was most strongly 
enhanced by uracil. They also found that combinations 
of  tegafur and uracil in certain ratios enhanced the 
antitumor activity of  tegafur, without increasing toxicity. A 
combination of  tegafur and uracil in a molar ratio of  1:4 
was experimentally shown to be optimal.

These findings led to the development of  UFT. This 
preparation produces and maintains high concentrations 
of  5-fluorouracil and its active metabolites in tumors, 
and has specific characteristics not obtained with tegafur 
or 5-fluorouracil alone. In some patients, however, the 
conventional formulation of  UFT capsules is associated 
with adverse upper gastrointestinal effects such as loss of  
appetite, nausea and vomiting, and requires dose reduction 
or treatment withdrawal. To reduce such adverse effects, 
UFT-E was developed from 1987 to 1988. Subsequently, 
the therapeutic usefulness of  UFT-E has been confirmed 
in clinical studies[7,8]. In 1990, a new drug application 
was submitted. UFT-E was approved in 1992 and is now 
widely used.

www.wjgnet.com



MECHANISM OF ACTION OF UFT
The mechanism of  action of  UFT is shown in Figures 1  
and 2. The anticancer activity of  UFT is derived from 
5-fluorouracil, to which tegafur is gradually converted. As 
for the mechanism of  action of  5-fluorouracil, 5-fluoro-
2'-deoxyuridine 5'-monophosphate (FdUMP), the active 
metabolite of  5-fluorouracil, competes with 2'-deoxyuridine 
5'-monophosphate (dUMP) and inhibits thymidylate 
synthase, thereby blocking DNA synthesis. 5-fluorouridine 
5'-triphosphate (FUTP) is incorporated into RNA, which 
disrupts RNA function (in vitro)[9,10]. The antitumor activity 
of  5-fluorouracil depends mainly on inhibition of  DNA 
synthesis. 5-fluorouracil is a time-dependent anticancer 
drug; therefore, prolonged exposure of  cancer cells 
to even low concentrations of  5-fluorouracil results in 
antitumor activity. Dihydropyrimidine dehydrogenase 
(DPD), the main metabolizing enzyme of  5-fluorouracil, 
is present throughout the body, including the liver, 
epithelium of  the gastrointestinal tract, and peripheral 
leukocytes, but is most abundant in the liver[11]. After 
intravenous administration, > 90% of  the dose of  
5-fluorouracil is metabolized during the first pass through 
the liver[12]. Tumors contain DPD, which metabolizes 70% 
of  the 5-fluorouracil that enters tumor tissue. Therefore, 
outcomes of  5-fluorouracil monotherapy in patients with 
HCC are poor. On the other hand, uracil is a pyrimidine-
based analogue, a component of  nucleic acids. Uracil 
alone has no appreciable antitumor activity or toxicity, 
but has a high affinity for DPD in the liver and tumors, 
thereby inhibiting DPD and preventing the metabolism of  
5-fluorouracil. This mechanism provides the theoretical 
basis for UFT, a combination of  uracil and tegafur that 
produces prolonged concentrations of  5-fluorouracil in 
serum, thereby enhancing antitumor activity against HCC 
and reducing toxicity[13]. Previous studies have reported 
that γ-hydroxy butyrate (GHB), the metabolite of  the 
protecting group of  tegafur, γ-butyrolactone (GBL), and 
high-dose tegafur inhibit neovascularization[14]. UFT-E is 
thus expected to be effective against HCC.

REGIMENS OF UFT
Recent controlled studies have reported the usefulness 
of  postoperative adjuvant chemotherapy with UFT, given 
continuously in a high daily dose (400 mg/m2) for 1-2 years.  

In a representative study of  patients with resected rectal 
cancer, the 3-year recurrence-free survival rate was 
78% in patients who received postoperative adjuvant 
chemotherapy with UFT (400 mg/m2 per day) for 1 year,  
and 60% in those who underwent surgery alone. The 
3-year survival rate was 91% in the UFT group and 81% 
in the surgery alone group. The rates of  recurrence-
free and overall survival were significantly improved 
by postoperative adjuvant chemotherapy with UFT[15]. 
In this study, because UFT was given at a high dose of   
400 mg/m2 per day (in two divided doses), adequate 
concentrations of  5-fluorouracil in serum might have been 
maintained, which inhibited the growth of  small amounts 
of  residual tumor cells. Severe myelosuppression and 
gastrointestinal disorders associated with 5-fluorouracil 
were rare. This was attributed to the fact bone marrow 
cells and gastrointestinal mucosal cells were rescued 
by treatment with UFT, given for five consecutive days 
followed by two days rest. However, in patients with 
HCC, long-term treatment with oral anticancer drugs may 
negatively affect liver function as a side effect because of  
underlying chronic liver disease. Oral anticancer drugs 
should thus be administered cautiously. The next section 
describes the use of  a reduced dose of  UFT-E, equivalent 
to two-thirds to less than half  of  the usual dose, in patients 
with HCC.

TREATMENT OF HCC WITH UFT-E
Effectiveness of UFT-E for stage IVA HCC
We have previously described our own experience with 
a patient who had stage IVA HCC, in whom all tumors 
disappeared after monotherapy with UFT-E, with no 
evidence of  recurrence[16]. Subsequently, we assessed the 
usefulness of  monotherapy with UFT-E in 28 patients 
with stage IVA HCC who could not undergo hepatectomy, 
interventional radiology, or intra-arterial infusion 
chemotherapy[17]. In a study that compared patients who 
received UFT-E with those who did not, the survival rate 
was significantly higher in the UFT-E group (Figure 3). 
Moreover, survival was significantly longer in the UFT-E 
group than in the untreated group among patients who 
had a complete or partial response, as well as among 
those with no change or progressive disease (Figure 4)[17]. 

Figure 1  Mechanism of action of UFT.

Antitumor activity

Disturbed angiogenesis

Disturbed cell proliferation

Degradation
Inhibition

UFT

O

O
O

O O

O

O

O

O

F

N

N
H

NH

HN F

N
H

HO
GHB

COOH

5-FU
FdUMP
FUTP

DNA
RNA

Disturbed synthesis
Functional disorderDPD

F-b-Alanine

GBL
HN

Tegafur

Uracil

www.wjgnet.com

2798        ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol    May 14, 2008          Volume 14    Number 18

Tegafur
Cytochrome P450, spontaneous 
degradation

(High serum concentrations maintained 
by uracil)

5-FU

Uracil

F-β-Alanine

5-FU

Uracil

F-β-Alanine

Tegafur
Pyrimidine phosphorylase, spontaneous 
degradation
(High serum concentrations maintained 
by uracil)

Anticancer activity

Phosphorylation

Liver

Tumors

1

2

Figure 2  Biochemical modulation of UFT.
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Although patients with clinical disease progression tended 
to have poor outcome, multivariate analysis showed that 
treatment with UFT-E contributes to improved survival, 
which indicates UFT-E is effective (Table 1)[17]. These 
results indicate administration of  UFT-E improves the 
survival time by inducing a cytostatic phase, rather than by 
tumor reduction[18].

Effectiveness of UFT-E for far-advanced HCC
HCC with portal vein tumor thrombosis (PVTT): We 
have previously reported that UFT-E is therapeutically 
useful in patients with stage IVA HCC[16,17]. However, 
in patients with advanced HCC accompanied by PVTT, 
outcome is extremely poor, and UFT-E monotherapy 
is apparently not beneficial. Combination therapy with 
UFT-E has, therefore, been tried. Recently, Kusunoki  
et al[19,20] have reported that pharmacokinetic modulating 
chemotherapy, based on the concept that the benefit 
of  continuous venous 5-fluorouracil infusion can be 
potentiated by low-dose oral UFT, is useful for a variety of  
cancers. 

We have previously reported on patients with 
various types of  cancer who had a complete response to 
pharmacokinetic modulating chemotherapy with UFT-E 
and continuous intravenous infusion of  5-fluorouracil[21-27]. 

Such regimens have recently been used to increase tissue 
5-fluorouracil concentrations in patients with advanced 
gastric cancer or colorectal cancer. We, therefore, modified 
the regimen for intra-arterial infusion chemotherapy 
with epirubicin, etoposide, and cisplatin (EEP therapy) 
described by Takayasu et al[28] to treat HCC patients with 
PVTT. Our modified EEP regimen consisted of  intra-
arterial infusion chemotherapy with epirubicin (30 mg), 
carboplatin (200 mg), and etoposide (60 mg), given once 
weekly, followed by a 24-h infusion of  5-fluorouracil 
(500 mg) as standard therapy, plus continuous treatment 
with UFT-E (200 mg/d). We have previously described 
a patient with UFT-E who had a complete response 
to this regimen. We then studied outcomes in several 
similar patients. Despite PVTT, all patients could 
receive chemotherapy on an outpatient basis. The mean 
survival from the beginning of  intra-arterial infusion 
chemotherapy, excluding the period of  previous treatment, 
was 457.2 d (Figure 5). Further studies are needed to 
determine the optimal dosage and treatment intervals. 
However, preliminary evidence indicates modified EEP 
therapy, including oral anticancer treatment with UFT-E, 
might be a useful treatment strategy for advanced HCC 
accompanied by PVTT (Vp3, Vp4)[29].

Effectiveness of  UFT-E against stage IVB HCC with 
extrahepatic metastasis: Systemic chemotherapy is usu-
ally given to patients who have HCC with extrahepatic 
metastasis. However, drug recommendations based on 

Figure 3  Cumulative survival rates in patients with stage IVA HCC who received 
UFT-E and those who did not.
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Figure 4  Cumulative survival rates in patients with stage IVA hepatocellular 
carcinoma according to response to treatment. CR: Complete response; PR: 
Partial response; NC: No change; PD: Progressive disease.
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Variable  No. of
 patients

Risk ratio 95% CI P  value

Treatment
   Tegafur/uracil 28     0.170 0.069-0.441 < 0.001
   Control 20     1
Cirrhosis
   Yes 43     2.592 0.541-12.423 NS (P = 0.235)
   No   5     1
Sex
   Men 35     0.751 0.289-1.955 NS (P = 0.557)
   Women 13     1
Age
   ≥ 65 22     0.678 0.307-1.499 NS (P = 0.337)
   < 65 26     1
AFP
   ≥ 100 23     1.741 0.724-4.188 NS (P = 0.216)
   < 100 25     1
Serum bilirubin
   ≥ 2.0 18     0.573 0.211-1.557 NS (P = 0.275)
   < 2.0 30     1
Serum albumin
   ≥ 3.0 28     1.290 0.525-3.171 NS (P = 0.579)
   < 3.0 20     1
Tumor thrombus
   Yes 20     3.516 0.927-8.661 NS (P = 0.062)
   No 28     1
Okuda staging
   Ⅰ/Ⅱ 42     0.368 0.099-1.370 NS (P = 0.136)
   Ⅲ   6     1

Table 1  Multivariate analysis of prognostic factors in patients 
with stage IVA hepatocellular carcinoma

NS: Not significant.
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scientific evidence are currently not available. Although the 
effectiveness of  UFT-E has been confirmed in patients 
with stage IVA HCC, monotherapy with UFT-E does not 
improve outcome in patients who have stage IVB disease 
with distant metastasis, usually an indication for systemic 
chemotherapy. We have previously reported a case of  
HCC with multiple lung metastases that had a complete re-
sponse to combination therapy with UFT-E plus docetax-
el/cisplatin[30]. At present, additional patients with distant 
metastasis are being studied. Long-term studies of  larger 
numbers of  patients are needed to assess the clinical sig-
nificance of  combination therapy including oral anticancer 
drugs.

TOXIC EFFECTS OF UFT
Toxic effects of  UFT include severe liver dysfunction and 
diarrhea. Leukoencephalopathy has been reported as a 
neurological effect, and pigmentation as a skin symptom. 
Loss of  appetite, nausea and vomiting commonly occur 
in clinical practice. These adverse signs and symptoms 
may require a reduction in the dose of  UFT or even the 
cessation of  treatment in some patients[31]. In a study that 
compared the incidence of  toxicity between UFT capsules 
and UFT-E granules, which were developed to reduce 
upper gastrointestinal symptoms and thereby improve 
compliance, patients who received UFT-E granules 
had a lower incidence of  adverse upper gastrointestinal 
symptoms[31]. Grade 1 stomatitis developed in three 
patients with stage IVA HCC who received monotherapy 
with UFT-E. However, hepatic function reserve was 
undisturbed. Monotherapy with UFT-E thus contributed 
to an improved quality of  life. Ikeda et al[32] conducted a 
controlled study to compare outcome between patients 
who received UFT-E adjuvant chemotherapy before 
transcatheter arterial embolization and those who did 
not. Outcomes did not significantly differ between the 
groups, but ascites and hepatic encephalopathy developed 
in the UFT-E group. However, in our studies, no patient 
had UFT-E-induced liver failure. In patients with tumor 
occlusion of  the portal vein, who received combination 
chemotherapy, toxic effects such as stomatitis and 
leukopenia developed, but treatment could be continued 
after a rest period. 

CONCLUSION
The effectiveness of  UFT-E should be evaluated at 
different stages of  HCC. At the same time, different 
dosages and treatment with UFT-E regimens, including 
rest periods, should be assessed, rather than administering 
anticancer drugs continuously. Unlike other types of  
cancer, HCC is usually associated with cirrhosis. Long-
term treatment with anticancer drugs may therefore 
adversely affect liver function. Further studies are needed 
to determine optimal regimens, doses, and treatment 
periods for anticancer drugs. Other clinical questions, 
such as whether systemic chemotherapy with UFT-E is 
an effective adjuvant therapy after liver transplantation, 
remain to be answered. 
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