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Abstract

Only a minority of patients with hepatocellular carcinoma (HCC) may benefit from curative treatments, whereas there is no
standard therapy for the remaining patients. The objective of this multicentre, open label phase II study was to estimate the
objective tumour response rate of a 28-day regimen of oral eniluracil/5-fluorouracil (5-FU) in patients with chemotherapy-naı̈ve, or

anthracycline-refractory, inoperable HCC. 45 patients received courses of twice daily oral 5-FU (1.0 mg/m2) and eniluracil (10 mg/
m2) for the first 28 days of each 5-week course. Patients were assessed at regular intervals to determine the tumour response and to
evaluate toxicity. Patients were followed-up for a minimum of 6 months. No patient showed a partial or complete tumour response,

and 18 patients (40%) had a best response of stable disease (95% confidence interval (CI) 25%, 55%). The median duration of
progression-free survival (PFS) was 13.7 weeks (95% CI 10.0–20.0 weeks), and the median duration of overall survival (OS) was
50.3 weeks (range 1.1–64.1+ weeks). The combination of eniluracil/5-FU was well tolerated and had an acceptable safety profile.

Only 7 patients (16%) reported at least one adverse event (AE) of grade 3 or 4 intensity considered reasonably attributable to the
study medication. In conclusion, oral eniluracil/5-FU had minimal, if any, activity in patients with inoperable HCC, but the safety
profile was acceptable. # 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most
common tumours in the world and the leading cause of
death among cirrhotic patients [1,2]. The outcome of
patients presenting with HCC varies according to the
stage of the disease and to the treatment applied [3,4].
The natural course of HCC can only be changed in the
early stages by applying radical treatments such as sur-
gical resection, orthotopic liver transplantation or per-
cutaneous treatments [3–5]. Unfortunately, only a
minority of patients with HCC diagnosed nowadays

may benefit from these approaches and, therefore, sev-
eral alternative treatments have been assessed for more
advanced stages of the disease. Randomised controlled
trials (RCTs) comparing loco-regional (embolisation,
chemoembolisation) or systemic treatments (hormonal
therapy, chemotherapy, interferon) versus conservative
management have shown the lack of efficacy of these
treatments in terms of survival [6–10]. Therefore, there
is a need to develop additional treatments for patients
with advanced HCC.
Conventional chemotherapy is ineffective in patients

with inoperable HCC. The most widely used single
agent is doxorubicin, which produces a median response
rate of 17% (range 0–79%) [11]. This low efficacy may
be due to the expression of the multidrug resistance gene
and TP53 gene mutations, which are usually found in
advanced HCC.

0959-8049/01/$ - see front matter # 2001 Elsevier Science Ltd. All rights reserved.

PI I : S0959-8049(01 )00100-9

European Journal of Cancer 37 (2001) 1352–1358

www.ejconline.com

* Corresponding author. Tel.: +44-208-966-2375; fax: +44-208-

966-2359.

E-mail address: mp33006@glaxowellcome.co.uk (M. Peachey).



Eniluracil is an effective inactivator of dihydropyr-
imidine dehydrogenase (DPD), the first enzyme in the
degradative pathway of 5-fluorouracil (5-FU) [12].
There is high enzyme activity in normal liver tissue,
making it the major site of 5-FU catabolism [13,14].
High levels of the enzyme are also found in HCC. By
inhibiting DPD, eniluracil increases the oral bioavail-
ability of 5-FU to approximately 100% and reduces its
pharmacokinetic variability resulting in plasma levels of
5-FU comparable to those achieved with continuous
intravenous (i.v.) administration [15,16].
Although published historical data indicate that i.v.

bolus 5-FU has minimal activity in HCC (response rate
0–28%) [17–20], the current study (FUMB2008) was
done believing that inhibition of the high DPD activity
in the liver by eniluracil would improve the efficacy of 5-
FU in patients with HCC. The primary objective was to
estimate the objective tumour response rate of a 28-day
regimen of oral eniluracil/5-FU in patients with chemo-
therapy-naı̈ve, or anthracycline-refractory, inoperable
HCC. The secondary objectives were to evaluate the
duration of response, the duration of progression-free
survival (PFS), the duration of overall survival (OS) and
the toxicity profile.

2. Patients and methods

2.1. Patients

Patients aged 18 or over were eligible for inclusion if
they had a histologically or cytologically confirmed
diagnosis of inoperable HCC, other than the fibrola-
mellar variant, with at least one bidimensionally mea-
surable lesion. Patients had to have a Karnofsky
Performance Status score (KPS) of560 and were either
chemotherapy-naı̈ve (i.e., no prior systemic or regional
chemotherapy) or were refractory to an anthracycline.
All patients gave written informed consent before
entering the study.
Patients were excluded from the study if they had a

history of additional malignancy, known central ner-
vous system metastases, or signs or symptoms of ence-
phalopathy. Patients were not allowed to enter the study
if they had recently undergone major surgery (4 weeks
before the first dose of study drug) or received chemo-
therapy, biological (3 weeks before) or hormonal ther-
apy (1 week before). Patients were also excluded if:
haemoglobin <90 g/l granulocyte count <1.5�109/l;
platelet count <75�109/l, estimated creatinine clear-
ance <50 ml/min; total bilirubin >3 times the upper
limit of normal; international normalised ratio (INR)
>2 for patients not receiving anticoagulation therapy;
unstable prothrombin times or a change in the dose of
anticoagulant in the 2 weeks before the first dose of the
study drug if receiving anticoagulation therapy.

2.2. Study design

This was an international multicentre, open-label
phase II study conducted at 10 centres in Australia (1
centre), Finland (1), Greece (2), South Africa (2), Spain
(3) and the UK (1). The study started in June 1997 and
early termination occurred in February 1998. The study
protocol was approved by an Ethics Committee at each
institution, and was performed according to the latest
version of the Declaration of Helsinki.

2.3. Treatment schedules

Patients received 10 mg/m2 eniluracil and 1 mg/m2

5-FU (10:1 ratio of eniluracil/5-FU) orally twice daily
for the first 28 days of a 5-week treatment cycle, fol-
lowed by a 7-day period during which no study medi-
cation was taken. Patients were told to fast for 1 h
before and after each dose. Patients continued treat-
ment courses until disease progression or unmanageable
toxicity occurred. Medication was supplied by Glaxo
Wellcome Inc, USA. Eniluracil was supplied as 2.5 and
10 mg tablets; 5-FU was supplied as 0.25 and 1 mg
tablets.
Dose modifications were made as previously descri-

bed based on drug-related toxicities and the patient’s
current creatinine clearance [21]. Patients received full
supportive care during the study, including transfusion
of blood and blood products, as well as treatment with
antibiotics, antiemetics, antidiarrhoeals and analgesics
when appropriate. Patients requiring other anticancer
therapy were not allowed to continue to receive treat-
ment with eniluracil/5-FU. Other anticancer therapy
could not begin until at least 28 days after the final dose
of eniluracil/5-FU. Subsequent therapy with 5-FU or
other fluoropyrimidines was not allowed until the
plasma uracil concentration had returned to normal
(indicating the return of normal DPD activity).

2.4. Efficacy and safety assessments

The primary measure of efficacy was the objective
tumour response rate. The response definitions were
adapted from criteria established by the Southwest
Oncology Group (SWOG) [22]. Measurable disease,
evaluable disease and non-evaluable disease were classi-
fied according to standard SWOG definitions [22].
Patients were assessed for baseline disease within 2

weeks of starting the first dose of study medication with
a chest X-ray, abdominal computerised tomography
(CT) or magnetic resonance imaging (MRI) scan. All
other known areas of disease were assessed by X-ray,
scan, endoscopy or physical examination at baseline. All
sites of disease were monitored approximately every 10
weeks, using the same method, until disease progression
or treatment discontinuation.
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The secondary measures of efficacy were the duration
of response, duration of PFS and OS. After dis-
continuation of the study medication, quarterly follow-
up assessments were done for all patients until death to
determine their survival status and whether any sub-
sequent anticancer therapy had been initiated.
Adverse events (AEs) were graded according to mod-

ified SWOG toxicity criteria [22]. Standard haematology
and clinical chemistry tests, creatinine clearance, urina-
lysis, prothrombin time and/or INR were assessed reg-
ularly throughout the study.

2.5. Statistical analyses

It was planned that approximately 67 chemotherapy-
naı̈ve patients, and 25 patients with anthracycline-
refractory disease, were to be enrolled into separate
strata. A sample size of 67 chemotherapy-naı̈ve patients
was sufficient to estimate a 95% confidence interval (CI)
of the true response rate with a maximum width of
24%. A sample size of 25 anthracycline-refractory
patients was sufficient to estimate a 95% CI of the true
response rate with a maximum width of 39%.
A two-stage design was used to determine whether

there was sufficient activity to warrant complete enrol-
ment [23]. If there were no objective tumour responses
among the first 19 evaluable patients in either stratum,
the probability of a response rate greater than or equal
to 15% was less than 5% and the study was to be dis-
continued. Alternatively, one or more responses in
either stratum would have indicated that continuation
was warranted in that stratum to better estimate
efficacy.
All patients in the intent-to-treat population (ITT)

were evaluated for safety and efficacy. The response rate
was also evaluated in a ‘per-protocol’ (PP) population,
defined as patients who received 575% of the total
prescribed amount of study medication during course 1
(or a total of 21 days on which any amount of study
medication was taken), and who had a baseline disease
assessment and at least one assessment at a later time-
point. Time to event parameters were summarised using
Kaplan–Meier product limit estimates.

3. Results

46 patients were enrolled into the study. One patient
was enrolled, but did not receive study medication
because of a decrease in creatinine clearance before the
planned start of study medication. Therefore, 45
patients received the study drugs. As only one patient
was anthracycline-resistant (having previously taken
doxorubicin), and the remainder were chemotherapy-
naı̈ve, all patients were grouped together for all ana-
lyses. Patients were followed-up for a minimum of 6

months. No complete or partial tumour responses were
reported by investigators in the first 19 chemotherapy-
naı̈ve patients enrolled, and so enrolment was termi-
nated according to the early stopping rule. At the time
of data reporting, 22 patients (49%) had left the study,
the majority due to death (19 patients). 2 patients stop-
ped treatment because of an AE, and these patients
were alive at the time of discharge from the study. One
patient was lost to follow-up.

3.1. Patient characteristics

The characteristics of the patients at baseline are
shown in Table 1. Most patients were male and white,
with only one site of disease. 39 patients (87%) had
chronic liver disease at baseline (73% cirrhosis). Pre-
vious therapies for HCC (except for the patient who
received doxorubicin) were embolisation (10 patients,
22%), percutaneous alcohol injection (7 patients, 16%),
surgery (4 patients, 9%), hormonal therapy (4 patients,
9%), and radiotherapy (1 patient, 2%).

Table 1

Characteristics of the patients at baseline (n=45)

Characteristic Number of patients

Age (years) Median (range) 64 (28–77)

n (%)

Sex

Male/female 35 (78)/10 (22)

Race

White 35 (78)

Black 9 (20)

Asian 1 (2)

Karnofsky performance status

100 12 (27)

90 8 (18)

80 15 (33)

70 5 (11)

60 5 (11)

Number of disease sites

1 32 (71)

2 or more 13 (29)

Location of extrahepatic disease

Lymph nodes 5 (11)

Lung 4 (9)

Portal vein invasion by tumour 10 (22)

Causes of chronic liver disease

Hepatitis B 11 (24)

Hepatitis C 16 (36)

Alcohol abuse 1 (2)

Cryptogenic cirrhosis 1 (2)

Alcohol abuse and hepatitis B 3 (7)

Alcohol abuse and hepatitis C 6 (13)

Hepatitis C and haemachromatosis 1 (2)
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3.2. Efficacy results

Overall best responses, as assessed by the sponsor, are
shown in Table 2. 14 patients were excluded from the
PP population (13 of these because they did not have a
post-baseline disease assessment). No patient had a
complete or partial tumour response. However, 40 and
58% of patients achieved stable disease (ITT and PP
populations, respectively). In the ITT population, the
median duration of stable disease was 21.3 weeks (95%
CI 20.0–28.9 weeks), and ranged from 13.7 to 64.1+
weeks. 26 patients were alive at the time of data report-
ing. The median duration of survival was 50.3 weeks
(range 1.1–64.1+ weeks) (Fig. 1). The median duration
of PFS was 13.7 weeks (95% CI 10.0–20.0 weeks) and
ranged from 1.1 to 64.1+ weeks.

3.3. Dosing results

A total of 163 courses were given to 45 patients. The
median number of courses per patient was 3 (range 1–

13). The median duration of treatment was 12.0 weeks
(range 0.9–64.1 weeks). The median percentage of pro-
jected eniluracil/5-FU dose intensity was 94.3% (range
45.7–105.4%). Nineteen courses (12%) were not com-
pleted because of toxicities: granulocytopenia caused a
dosing deviation in three courses (2%), thrombocyto-
penia in three courses (2%), diarrhoea in two courses
(1%), and mucositis in one course (<1%). Ten courses
(6%) were delayed due to toxicity. Only 8% of courses
(beyond course 1) had changes in the prescribed dose.

3.4. Toxicity

The combination of eniluracil/5-FU was well toler-
ated. AEs considered reasonably attributable to study
medication are shown in Table 3. 25 patients (56%)
reported at least one AE that was considered reasonably
attributable to the study medication, the most common
of which was nausea (all occurrences were grade 1 or 2
in intensity). 7 patients (16%) reported at least one AE
of grade 3 or 4 intensity that was considered reasonably
attributable to study medication. Treatment-emergent
grade 3 or 4 haematological toxicities were rare and,
with the exception of hyperbilirubinemia, grade 3 or 4
clinical chemistry abnormalities were also rare. 23
patients (51%) had treatment emergent hyperbilir-
ubinaemia (11 grade 3, 12 grade 4). Although only 2 of
these patients did not have a raised bilirubin level at
baseline and/or progressive disease during the study, a
treatment-related effect cannot be excluded.
AEs that are commonly seen with and considered

attributable to i.v. continuous 5-FU infusion were
uncommon in this study. For example, the incidences of
nausea, mucositis and vomiting considered reasonably
attributable to study medication are shown in Table 3;
all of these events were grade 1 or 2 in intensity. Hand–

Table 2

Summary of objective tumour response rate

Population Best response Response rate

Number of patients

95% confidence

intervals (CI)

n (%)

ITT (n=45) Stable disease 18 (40) 25%, 55%

Progression 14 (31) NC

Unknown 13 (29) NC

PP (n=31) Stable disease 18 (58) 39%, 77%

Progression 12 (39) NC

Unknown 1 (3) NC

NC, not calculated; ITT, intention-to-treat analysis; PP, per-pro-

tocol analysis.

Fig. 1. Overall survival (OS) of 45 patients with inoperable hepatocellular carcinoma treated with oral eniluracil/5-fluorouracil (5-FU) (weeks after

the first dose).
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foot syndrome, skin rashes and alopecia were experi-
enced by 45% of patients.

4. Discussion

The treatment of advanced HCC remains an active
area of research since there is no standard therapy [3,4].
Several antineoplastic treatments such as chemoemboli-
sation, systemic chemotherapy, interferon and hormo-
nal blockade by tamoxifen have not been shown to
provide an unequivocal benefit in terms of survival
improvement [6–11]. Patients with HCC at an inter-
mediate-advanced stage have been treated by embolisa-
tion either with or without chemotherapy resulting in
objective responses in up to 50% of the cases [6,7].
However, no RCT has demonstrated a benefit in terms
of survival [6,7]. Similarly, intra-arterial chemotherapy
provides partial responses in a notable proportion of
HCC patients in phase II studies [8,9], perhaps as a
result of its ischaemic effect due to endothelitis, rather
than by a truly antineoplastic effect. Anti-oestrogen
(tamoxifen) therapy is ineffective for advanced HCC
either in terms of response or survival. This was
demonstrated in a large double-blind placebo-controlled
trial; these results have also been further confirmed in
other studies [10]. Finally, the effectiveness of interferon
is still controversial. Therefore, new agents or combina-
tion of agents have to be assessed in the setting of pro-
spective studies to provide effective antitumoral tools
for patients with inoperable HCC.
The present phase II study evaluated a new treatment

option for this neoplasm by combining oral 5-FU with
eniluracil, an effective inhibitor of the degradation of 5-
FU. An orally active treatment with low toxicity which
could be administered at home would be particularly
beneficial for HCC patients in poorly developed areas of
the world which have a high incidence of this neoplasm.

Unfortunately, no complete or partial tumour
responses were seen in our investigation. This justified
the early termination of the study. The failure to meet
the criteria to continue recruitment was a disappointing
result because inhibition of DPD activity was expected
to be effective at increasing the efficacy of 5-FU in
HCC. Not only does the liver have high levels of DPD
which make it the main site of 5-FU catabolism
[13,14,24], but high levels of tumoral DPD have also
been reported in HCC [25]. Only 18 patients (40%) had
a best response of stable disease with a median duration
of 21.3 weeks. However, since the natural course of the
disease was recently reported to lead to a one year
probability of tumour progression of 70%, vascular
invasion of 21% and extrahepatic spread of untreated
tumours of 9% [26], these results cannot necessarily be
ascribed to the antitumoral effect of 5-FU.
HCC is known to be resistant to chemotherapy with

most of the antineoplastic treatments assessed. In fact,
there is some consensus that no single agent or combi-
nation of agents can lead to objective responses in over
20–25% of cases. The fact that HCC responds poorly to
all types of systemic therapy [8,9,11] suggests that mul-
tiple mechanisms of drug resistance may arise during
the development of the malignancy. Over-expression of
P-glycoprotein [27] and TP53 gene mutations [28] have
both been implicated. The efficacy results of the current
study suggest that HCC is also intrinsically resistant to
5-FU. This may be the result of reasons other than high
DPD activity, for example increased expression of the
thymidylate synthase enzyme [29]. However, drug resis-
tance is unlikely to explain the minimal activity of eni-
luracil/5-FU against HCC in the current study, as all
but one of the patients recruited were chemotherapy-
naı̈ve.
Oral eniluracil/5-FU had an acceptable safety profile

in this patient population. The toxicity profile of 5-FU-
based regimens (i.e. with leucovorin) in patients with

Table 3

Summary of most frequently reported (>5%) adverse events reasonably attributable to study medication

Adverse event Number of patients with AE Number of patients with grade 3 or 4 AE

n (%) n (%)

Non-haematological

Nausea 6 (13) 0

Mucositis 4 (9) 0

Vomiting 4 (9) 0

Abnormal bilirubin levels 3 (7) 3 (7)

Diarrhoea 3 (7) 1 (2)

Gastrointestinal discomfort and pain 3 (7) 0

Hyposalivation 3 (7) 0

Haematological

Thrombocytopenia 4 (9) 4 (9)

Anaemia 3 (7) 1 (2)

AE, adverse event.
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inoperable HCC is different with generally higher inci-
dences of diarrhoea, mucositis, stomatitis, anaemia and
granulocytopenia that are more severe in intensity [17–
20]. In contrast, in the present study, there was a low
incidence of these toxicities. The hyperbilirubinemia
seen in this study only needs to be considered when
treating HCC cirrhotic patients with eniluracil/5-FU.
The low toxicity seen in this study also suggests that the
patients may have been able to tolerate higher doses of
eniluracil/5-FU which may in turn have led to improved
efficacy.
The median survival in our study was approximately

11 months (50.3 weeks), and is similar to the outcome
expected according to the natural course of this stage of
the disease. However, our survival was better than that
obtained in other phase II studies using 5-FU (e.g. 5-
FU/leucovorin; median survival: 14–19 weeks [16–19],
5-FU alone: 32.7 weeks [30]). These discrepancies may
reflect differences in the baseline characteristics of the
patients recruited more than a decade ago [17,18] or
inclusion of patients with a truly end-stage disease,
rather than a benefit of the treatment itself. Therefore,
optimistic comparisons of survival data with other data
should be treated with caution.
The data from the present study show that oral eni-

luracil/5-FU has minimal, if any, activity in inoperable
HCC.
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