Cancer Chemother Pharmacol (2003) 51: 58-66
DOI 10.1007/s00280-002-0536-1

ORIGINAL ARTICLE

Anne O’Donnell - Cornelis J.A. Punt - Ian Judson
Lydia van Maanen - A. Benjamin Suttle
Philip Ertel - Philip Beale

A study to evaluate the pharmacokinetics of oral 5-fluorouracil
and eniluracil after concurrent administration to patients with refractory
solid tumours and varying degrees of renal impairment (FUMA1005)

Received: 15 March 2002 / Accepted: 17 September 2002 / Published online: 20 November 2002

© Springer-Verlag 2002

Abstract Background. Eniluracil is an inactivator of
dihydropyrimidine dehydrogenase, the first enzyme in
the catabolic pathway of 5-fluorouracil (5-FU). Con-
current administration of oral eniluracil with oral 5-FU
not only increases the bioavailability of 5-FU, owing to
elimination of first-pass metabolism, but can change the
route of elimination of 5-FU from hepatic metabolism
to renal excretion. An open-label study was performed
to determine the effect of renal impairment on the
pharmacokinetics of 5-FU in the presence of eniluracil.
Methods: Enrolled in the study were 17 patients with
refractory solid tumours (Karnofsky performance status
>70%; age 31-74 years; 12 male, 5 female). The patients
were separated into two groups based upon creatinine
clearance (CLCr): group A had “normal” renal function
arbitrarily defined as CLCr 250 ml/min (n=38), and
group B had moderate renal impairment, i.e. CLCr
<50 ml/min (n=9). Treatment was separated into test
and treatment periods. During the test period all pa-
tients received eniluracil 50 mg orally on days 1-3 and
5-FU 10 mg/m® together with pharmacokinetic mea-
surements. During the treatment period, all patients re-
ceived eniluracil 50 mg orally on days 1-7 with 5-FU at
a standard dose of 20 mg/m? for those in group A or a
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dose individualized according to the pharmacokinetic
parameters in the test period for those in group B.
Results: The clearance of both eniluracil and 5-FU was
decreased in patients with renal impairment compared
to those with normal renal function. A linear relation-
ship was observed between 5-FU CL/F and CLCr in
patients with renal impairment, but not in those with
normal renal function. 5-FU dose modification, on the
basis of the test dose pharmacokinetic data for the pa-
tients with renal function impairment, accurately re-
sulted in drug exposure in the potentially therapeutic
range. Toxicity was not increased. Conclusions: Enil-
uracil increases the oral bioavailability of 5-FU and re-
sults in a switch from hepatic metabolism to renal
elimination. A standard dose of this combination can be
administered safely to patients with CLCr > 50 ml/min.
The combination can also be given to patients with renal
impairment using a test dose and pharmacokinetic
measurements to predict the appropriate dose of 5-FU.
It is expected that sufficient information will be available
from this and other studies to allow accurate prediction
of the appropriate 5-FU dose modifications required in
patients with renal impairment.

Keywords Eniluracil - 5-Fluorouracil - Renal
impairment - Pharmacokinetically guided dosing

Abbreviations 5-FU: 5-fluorouracil - ALT: alanine tra-
nsaminase - AST: aspartate transaminase - AUC: area
under concentration X time curve - C,,,. maximum
concentration - CLCr: creatinine clearance - CL/F:
plasma clearance - CLr. renal clearance - DPD:
dihydropyrimidine dehydrogenase - FBAL: a-fluoro-
p-alanine - ULN. upper limit of normal

Introduction

5-Fluorouracil (5-FU, Fig. 1) is an antimetabolite with
a well-established role in the treatment of many
malignancies but particularly in the treatment of
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Fig. 1 Structures of 5-fluorouracil and eniluracil

gastrointestinal cancers such as carcinoma of the colon,
rectum, stomach and pancreas. The potential efficacy of
5-FU is in part limited by its pharmacokinetics. Al-
though variable, in normal circumstances up to 80% of
the systemically available 5-FU is catabolized through
the DPD pathway in the liver and other tissues. The
remainder is cleared by renal excretion [12]. Eniluracil
[2,4(1H,3H)-pyrimidinedione 5-ethynyl, Fig. 1] has been
developed as an irreversible inhibitor of DPD, the first,
and rate-limiting enzyme in this catabolic pathway. The
concomitant administration of eniluracil and 5-FU has
been shown in preclinical and clinical studies to change
the dominant mode of elimination of 5-FU from ca-
tabolism to renal excretion [2, 4, 6, 20, 21]. In animal
models, pretreatment with eniluracil also significantly
increases the bioavailability of oral 5-FU presumably
through inactivation of first-pass metabolism pathways
dependent upon DPD activity [2, 6, 21].

Initial phase I studies with eniluracil and 5-FU were
performed in patients with near-normal renal function
(estimated creatinine clearance, CLCr, =50 ml/min) [4,
20]. However, even in these studies a relationship be-
tween renal function and pharmacokinetic parameters
could be demonstrated. CLCr and serum creatinine
correlated well with 5-FU systemic clearance suggesting
that, as expected in the presence of eniluracil, the prin-
cipal means of 5-FU elimination is via renal excretion
rather than hepatic metabolism [4].

The current study was designed to determine the
pharmacokinetics and safety of the combination of oral
eniluracil and oral 5-FU in patients with varying degrees
of renal impairment. The intention was in the first place
to evaluate the use of test dose pharmacokinetics to al-
low prediction of the safe dose of 5-FU and secondly
add to the knowledge of 5-FU renal clearance in the
presence of total DPD inhibition in patients with CLCr
<50 ml/min.

Methods

Patient population

Patients for the study were required to have histologically con-
firmed solid malignancy no longer responsive to standard therapy
or for which no standard therapy was available. They were required
to be 18 years of age or over, with a life expectancy of at least
12 weeks and a Karnofsky performance status of 70% or higher.
Eligibility was further restricted to patients capable of swallowing
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and retaining oral medication, and patients with any evidence of
malabsorption, gastric or small-bowel resection or disease signifi-
cantly affecting gastrointestinal function were excluded. Patients
were ineligible if they had clinically relevant ascites, pleural effusion
or peripheral oedema. Eligibility criteria also included: (a) no sur-
gery, wide-field radiotherapy or chemotherapy within 4 weeks of
treatment (6 weeks for those previously treated with nitrosoureas
or mitomycin C), (b) adequate haematologlcal indices (haemoglo-
bin >9.0 g/dl, white cell count >2.0x10°/1, platelets > 120x10°/1),
(c) adequate hepatic indices (total bilirubin <1.25 times ULN,
AST/ALT <3 times ULN) and stable renal function. Stable renal
function was not strictly defined in the protocol, but patients were
only included if the CLCr was essentially unchanged over the
4 weeks prior to study entry. Concomitant medications were
closely reviewed and drugs which were considered potentially
nephrotoxic or which may have altered or modulated either the
activity or the pharmacokinetics of either 5-FU or eniluracil (such
as dypyridamole, allopurinol, trimethoprim or folinic acid) were
prohibited [9]. All patients gave their full written informed consent
prior to treatment. The study was performed under the guidelines
set out in The Declaration of Helsinki (September 1989) and was
reviewed by the Research Ethics Committee of both participating
institutions.

Investigational agents

Both investigational agents were supplied by GlaxoWellcome (now
GlaxoSmithKline). Eniluracil was supplied as 10-mg tablets and 5-
FU as 1-mg, 5-mg and 25-mg tablets. The tablets were stored at
room temperature and were protected from light.

Study design

The study was an open label pharmacokinetic study. Patients were
assigned to one of two groups depending upon renal function.
Group A were those considered to have normal renal function,
with an estimated CLCr of 250 ml/min, and group B were those
with impaired renal function, with an estimated CLCr of <50 ml/
min. Renal function was estimated using the formula derived by
Cockcroft and Gault [8] and by >'Cr-labelled EDTA clearance.

Dosage and administration

Treatment was divided into two periods. During the test period, all
patients received a single 50 mg oral dose of eniluracil daily for
3 days after a 2-h fast. Fasting was continued for 2 h after treat-
ment. Each dose was taken with a small amount (180 ml) of water.
On day 2 a dose of 5-FU was administered orally immediately after
the eniluracil.

The dose of 5-FU was 10 mg/m? for both patients in group A
(normal renal function) and for those in group B (impaired renal
function). At the time of initiation of this trial the recommended
phase II dose for oral 5-FU plus enlluracﬂ had not been clearly
established. The test dose of 10 mg/m? was chosen in light of the
available pharmacokinetic, toxicity and efficacy data from the phase
I programme. Pharmacokinetic studies of eniluracil and oral 5-FU
in these phase I studies had shown that the AUC,_.. for a single 20-
mg/m? dose of oral 5-F U when given with eniluracil is similar to the
AUC.¢ of a 600-mg/m> dose of 5- FU alone, when administered by
intravenous bolus. A dose of 20 mg/m? oral 5-FU on days 1-5 with
50 mg eniluracil on days 1-7 had already been proven safe (and
25 mg/m? would subsequently be used as the recommended dose in
phase II evaluations). Furthermore, there had been evidence of
antitumour activity (tumour shrinkage dnd clinical improvement) at
doses of oral 5-FU as low as 10 mg/m? when glven for 5 days in
combination with eniluracil. Body surface area in metres squared
was calculated using the DuBois formula [10].

Patients entered the treatment period up to 3 weeks after the
final dose of study drug in the test period, and thereafter treatment
was scheduled every 28 days (unless pharmacokinetic parameters
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from the test period dictated otherwise). In the treatment period
patients received eniluracil 50 mg orally daily on days 1-7, again
under limited fasting conditions. 5-FU was administered orally
directly after the eniluracil on days 2—-6. For patients in group A,
the 5-FU was given at 20 mg/m>. Patients in group B received
individualized dosing based on their test dose pharmacokinetic
parameters in order to allow exposure to safe but potentially effi-
cacious dose levels of 5-FU. The dose chosen was estimated to
achieve an AUC for each patient in group B that would not exceed
that of a patient with normal renal function receiving 20 mg/m?>. In
the event that a patient had a CLCr of < 20 mg/m?, it was planned
that the estimated AUC of the chosen dose should not exceed 60%
of that of a patient with normal renal function receiving 20 mg/m>.
However, no such patients were recruited into the study. Courses
were repeated until disease progression or the onset of unman-
ageable toxicity.

Pharmacokinetic sampling

Sampling for the determination of the pharmacokinetics of uracil,
eniluracil and 5-FU was performed on day 2 of the test period and
on days 6 and 7 of course one in the treatment period. Blood
samples were collected into heparinized tubes before drug admin-
istration and at 8, 15, 30, 45, 60 and 90 min and 2, 4, 6, 8, 12, 16
and 24 h following administration. During the test period further
specimens were also collected at 48 and 72 h, while in the treatment
period a final sample was collected at 36 h. Samples were imme-
diately placed on ice and the plasma was then isolated using a
refrigerated centrifuge within 20 min of specimen collection, placed
in inert plastic tubes and frozen at —20°C until analysed.

Urine for 5-FU, eniluracil, uracil and o-fluoro-p-alanine
(FBAL, the principal metabolite of 5-FU) levels was collected in 6-
h time periods for 48 h commencing after 5-FU administration on
day 2. After measurement of both urine volume and pH, a 25-ml
sample from each collection was removed to a polyethylene vial
and stored at —20°C until analysis. Analysis was completed with gas
chromatography/mass spectrometry (GCMS) using validated
methods [4, 20]. The pharmacokinetics of 5-FU, eniluracil, uracil
and FBAL were determined using noncompartmental methods of
analysis in WinNonlin Pro v1.5. Renal excretion parameters were
calculated using Microsoft EXCEL.

The AUC was calculated using the logarithmic trapezoidal
rule. The AUC was extrapolated to infinity by dividing the last
measured concentration by the terminal rate constant /,, which
was determined from the slope of the terminal phase of a semi-
logarithmic plot of the drug concentration-versus-time curve. The
following relationships were used to calculate other pharmacoki-
netic parameters: t;, was calculated as In(2)4,, the apparent oral
clearance as dose/AUC,... for test dose data (single dose) and as
dose/AUCy.»4 for treatment period data (steady-state assumed).
CL/F is reported in both millilitres per minute and millilitres per
minute per kilogram. For each study drug Spearman’s rank-order,
regression analysis and Pearson’s correlation coefficients with
their 95% confidence intervals were computed to assess the degree
of linear association of the calculated CLCr and CL/F for 5-FU
in both the test and treatment periods. These analyses were per-
formed on the entire set of patients as well as by patient group.
Finally, one-way analysis of variance (ANOVA) on each of the
CL/F values and on each of the CLr values was performed to
compare renal function patient groups by period/course for each
study drug.

Pretreatment and follow-up evaluations

Prior to study entry each patient had a baseline documentation of
medical history, physical examination, performance status, labo-
ratory testing (haematological, renal, hepatic and urinalysis), ECG
and assessment of glomerular filtration rate (GFR) by >'Cr-EDTA
clearance as a check on the estimated CLCr. Once on-study pa-
tients were reviewed weekly when clinical assessment of adverse
events and concurrent illness was made and changes in concomi-

tant therapy recorded. A complete blood count and differential
were performed weekly and biochemistry, urinalysis every 2 weeks.
A complete ocular examination (visual acuity, intraocular pressure,
and examination of the cornea, lens, optic disc and retina) was
performed at baseline and after every two cycles of therapy, as
ocular toxicity is a known, albeit extremely infrequent, conse-
quence of 5-FU treatment. Coagulation studies were performed
prior to study entry and reviewed weekly (or more frequently if
indicated in patients on anticoagulants). Toxicity was graded ac-
cording to SWOG criteria and formal tumour response evaluation
was performed after every two cycles (8 weeks) of treatment, again
measured by SWOG criteria [11].

Results

Seventeen patients were enrolled in this study, 8 in the
normal renal function group and 9 in the renal impaired
group (one patient repeated the test dose due to an el-
evated CLCr); their characteristics are displayed in
Table 1. Group A (normal renal function) had a median
CLCr of 77.9 ml/min (range 62.5-97.0 ml/min) prior to
the test period which remained consistent through to the
treatment period with a median of 81.1 ml/min (range
60.1-95.6 ml/min). Group B had a median CLCr of
42.0 ml/min (range 22.9—49.1 ml/min) prior to the test
period which rose to 46.9 ml/min (range 24.3-51.1 ml/
min) prior to the treatment period.

Pharmacokinetic results

Samples from all patients were evaluable for pharmac-
okinetics. The mean plasma 5-FU concentration-time
and eniluracil concentration-time profiles are shown in
Fig. 2. Summaries of the mean pharmacokinetic pa-
rameters of 5-FU are shown in Table 2. Mean 5-FU
clearance and terminal half-life values were similar
during the test and treatment periods for both patient
groups, suggesting that across the study period no sig-
nificant time-dependent changes occurred in either
group. Renal impairment markedly decreased the renal
elimination of 5-FU. Mean CLr was 54.3 ml/min in
group A patients and only 19.1 ml/min in group B pa-
tients (ANOVA, using least squares mean, significant to
90% confidence interval). Further, in group B a linear
relationship between CLCr and 5-FU CL/F was seen in
both the test (+* 0.67) and treatment (+* 0.59) periods.
The relationship between CLCr and 5-FU CL/F is pre-
sented for all patients, in both test and treatment peri-
ods, in Fig. 3.

Renal impairment also resulted in decreased systemic
clearance of 5-FU. The mean+SD 5-FU CL/F for
group A in the test period was 79.8+22.3 ml/min
compared to 39.54+10.4 ml/min for group B (Table 2)
(ANOVA, using least squares mean, significant to 90%
confidence interval).

Table 3 shows the doses of 5-FU given to the patients
in group B in the treatment period based on the phar-
macokinetic data from the test period. No patients were
recruited with a CLCr of less than 20 ml/min and only



Table 1 Demographic charac-
teristics for all patients included
in the study

Fig. 2 Mean plasma 5-fluoro-
uracil (a) and eniluracil (b)
concentration vs time profiles
for group A (normal renal
function) and group B (im-
paired renal function) during
the test and treatment periods
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Impaired renal function
(CLCr <50 ml/min)

Normal renal function
(CLCr 250 ml/min)

No. of patients 8 9
M:F 7:1 5:4
Karnofsky performance status (%)
1 7
80 2 1
90 2 1
100 3 0
Age (years)
Median 52 59.7
Range 45-62 31-74
Tumour types
Adenocarcinoma, cervix 1
Adenocarcinoma, colon 1
Adenocarcinoma, gall bladder 1
Adenocarcinoma, renal 1
Breast 1
Gastric 1
Leiomyosarcoma 1
Uveal melanoma 1
Non-small-cell lung cancer 1
Pancreas 1

Spindle cell sarcoma

Squamous cell carcinoma, head and neck 1
Transitional cell carcinoma, bladder 1
Transitional cell carcinoma, kidney

Urothelial
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Table 2 5-FU pharmacokinetic parameters in patients with nor-
mal renal function (group A) and renal impairment (group B) for
both the test period and cycle one of the treatment period. Results
are given as means + SD unless otherwise specified (C//F apparent
oral clearance, CLr renal clearance, T/, terminal elimination half-

life, £, fraction of dose eliminated unchanged in urine, C,,,, max-
imum plasma concentration, 7, time to peak plasma concen-
tration, 4UC,... area under the plasma concentration time curve
from time zero to infinity, NC not calculated)

Parameter Test period Treatment period
Group A Group B Group A Group B
CL/F (ml/min) 79.8+£22.3 39.5+10.4 78.8+24.8 38.1+13.9
CL/F (ml/min/kg) 1.10+£0.37 0.65+0.19 1.08+0.41 0.60+0.14
CLr (ml/min) 54.3+23.6 19.1+£9.6 NC NC
T/ (h) 5.68+1.30 9.724+2.99 8.73+£1.97 13.5+3.5
fe (% of dose) 67.3+12.5 43.7+£15.2 NC NC
Cax (ng/ml) 738+ 153 595+165 1042 +£308 5224220
Thax (median) (h) 0.50 0.80 0.63 0.52
AUCq.o. (ng'h/ml) 4244 £ 1408 7544 +£2150 7348 £2276 5416+1323
Fig. 3 The relationship be- 120
tween S-fluorouracil and renal O Group B, Test Period O
clearance for patients with nor- o Group A, Test Period
mal renal function (group A) 10 T O o
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test period (a) and the treat- = y =81.027 -0.016x
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o ©©0
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two patients in the study with a CLCr less than 40 ml/
min completed one or more cycles in the treatment pe-
riod. As patients in group A received significantly higher
doses of 5-FU, the mean C.,x was correspondingly
higher in this group than in those in group B.

Creatinine Clearance (mL/min)

As shown in Table 4, mean plasma eniluracil clear-
ance values were 30-45% less in the renal impaired
groups with a corresponding increase in t;,. The frac-
tion of the 5-FU dose recovered in the urine as FBAL
from individual patients ranged from 0.8% to 2.7%.



Table 3 Doses of 5-FU in the treatment period in group B as based
on creatinine clearance

Patient Period one  Estimated 5-FU dose ~ Number
number  completed GFR (ml/min) (mg/m?) of cycles
1b Yes 229 2.5 2
2b Yes 47.7 8 1
3b Yes 39.7 Not dosed 0
4b Yes 42.2 Not dosed 0
5b Yes* 26.4 5 0
6b Yes 49.0 10 4
7b Yes 42.0 8 4
8b Yes 24.7 6 2
9b Yes 47.8 10 3

“Period one repeated

There was no significant difference between the fraction
recovered from the patients with renal impairment
(median fraction of 0.9% in the normal group) and
those with normal renal function (median fraction
1.2%). Mean plasma uracil AUC_,4 was greater in those
with renal impairment but the plasma levels achieved
were consistently elevated in all patients (Table 5).

Toxicity

In general the toxicity experienced by patients in this
study was mild to moderate and was representative of
the previous experience with this combination [4, 20].
Although 14 patients (82%) experienced a drug-related
adverse event, the overwhelming majority were grade 1
or 2 and only one patient developed a drug-related
nonhaematological serious adverse event (cardiac

Table 4 Eniluracil pharmacokinetic parameters in patients with
normal renal function (group A) and renal impairment (group B)
for both the test period and cycle one of the treatment period.
Results given as means+SD unless otherwise specified (C//F ap-
parent oral clearance, T/, terminal elimination half-life, f, fraction
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toxicity). There were no toxic deaths on-study, but one
patient died of progressive disease within 28 days of
receiving the final dose of drug.

Haematological toxicity

The haematological toxicities observed during this
treatment programme are presented in Table 6. Bone
marrow suppression was generally mild (overall only
three patients experienced grade 3/4 toxicity) and was
less commonly associated with cycle one than subse-
quent cycles. One patient (from the normal renal func-
tion group) required a temporary treatment delay as a
result of unresolved bone marrow toxicity. This affected
both cycles two and four of the treatment period (as
opposed to the test period).

Nonhaematological toxicity

The principal nonhaematological toxicities seen were
nausea, vomiting, mild fatigue, diarrhoea and mucositis.
Mild nausea and vomiting was common but not differ-
ent in the two treatment groups, similarly the incidence
of diarrhoea, mucositis and fatigue were not influenced
by renal impairment. These results are summarized in
Table 6.

Only two patients (one from each group) developed
palmar/plantar erythema during the treatment period.
A single patient reported dry eyes suggestive of conjunc-
tival irritation, although no treatment-related abnor-
malities were detected in any patient on ophthalmological

of dose eliminated unchanged in urine, C,,,, maximum plasma
concentration, 7., time to peak plasma concentration, AUCy.co
area under the plasma concentration time curve from time zero to
infinity, NC not calculated)

Parameter Test period Treatment period

Group A Group B Group A Group B
CL/F (ml/min) 95.4+16.4 53.6+12.8 102420 55.9+20.1
CL/F (ml/min/kg) 1.31+£0.28 0.859+0.150 1.414+0.37 0.875+0.149
Ty (h) 3.94+0.82 6.63+£1.73 4.04+0.70 6.27+1.37
f. (% of dose) 52.9+10.7 30.5+10.1 NC NC
Chnax (ng/ml) 1723 +295 1583+ 518 1289 +268 1632+310
Tmax (median) (h) 1.03 1.60 1.78 2.51
AUC . (ng'h/ml) 9007 + 1840 16,593 £4197 84311720 16,365+ 5110

Table 5 Uracil pharmacokinetic parameters for patients with normal renal function (group A) and impaired renal function (group B)
during the test period. Results are presented as mean+SD (C,,,, maximum plasma concentration, 4UC._,, area under the plasma

concentration time curve from time zero to 24 h)

Parameter Test period

Treatment period

Group A Group B

Group A Group B

Cmax (ng/ml)
AUC.24 (ng'h/ml)

4,527+1,813.3
92,879 +34,834.9

8,21542,209.5
160,391 + 39,564.2

5,441+2,875.3
116,670 + 61,697

11,517 +4,764.0
250,754 +38,316.8
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Table 6 Summary of proliferative toxicities experienced by patients with normal renal function (group A) and impaired renal function
(group B) for both the test and treatment periods, presented as the number of patients with each toxicity. Toxicity gradings according to

the SWOG Common Toxicity Criteria (Gd grade)

n Granulocytopenia Anaemia

Thrombocytopenia

Diarrhoea Mucositis

Gd1Gd2Gd3Gd4Gd1Gd2Gd3Gd4Gd1Gd2Gd3Gd4Gd1Gd2Gd3Gd4Gd1 Gd2Gd3 Gd4

Test period

GroupA 8 0 0 0 0 2 1 0 0
GroupB 9 0 0 0 0 1 0 0 1
Treatment

period

Group A 8

—
[98)
()
—_
(98]
W
S
()
N

Group B 7

examination. Three patients (one group A, two group B)
developed grade 3/4 hyperbilirubinaemia, but this was a
reflection of progression of the underlying malignant
disease in each case. Three patients (one group A,
two group B) developed mild (grade 1) and transient
elevations in liver transaminases (both AST and ALT)
attributed to the study drugs. One patient (in group A with
normal renal function) experienced an acute myocardial
infarction after eight cycles of therapy was admitted to
hospital and withdrawn from the study. The patient
made a full recovery, but in line with previous experience
with 5-FU and its derivatives the investigators con-
sidered that there was a reasonable possibility that this
event was in part related to the study drug.

Response

Of the 17 patients enrolled, 8 were considered to have
evaluable disease. One partial response was confirmed in
a patient with pancreatic cancer and one patient with
colon cancer achieved stable disease. There was also
evidence of significant activity in a patient with breast
cancer with an overall 92% reduction in size of one of
two marker lesions. However, as the final measurement
of this lesion was not taken, this patient was considered
not evaluable.

Discussion

Eniluracil reliably causes complete inhibition of DPD,
the initial rate-limiting enzyme in the catabolic elimi-
nation of 5-FU. This enhances the oral bioavailability of
5-FU and overcomes interpatient variability in phar-
macokinetic behaviour, which can limit the efficacy of
the drug. In addition when administering 5-FU with
eniluracil, one can confidently dose the 5-FU, no longer
needing to take account of those patients with the
rare inherited deficiency of DPD expression who are
otherwise considered at risk of unpredictable severe,
life-threatening 5-FU toxicity. Several studies have
demonstrated encouraging benefits for  protracted
venous infusion of 5-FU over bolus schedules with fewer
side effects and a higher response rate, particularly in the

setting of colorectal cancer [17]. An oral 5-FU therapy is
thus particularly attractive, as protracted infusion
schedules require the placement of central venous cath-
eters with their accompanying risk of infection and
thrombosis. Unfortunately, wide interpatient variations
in first-pass metabolism normally result in unpredictable
oral 5-FU bioavailability. Concomitant administration
of oral 5-FU with eniluracil offers a strategy to provide
steady-state levels of 5-FU comparable with those
achieved using protracted venous infusion. Adjei et al.
have recently suggested, based upon a carefully designed
pharmacokinetic study, that a higher dose of oral 5-FU
than that recommended for protracted phase II use, may
be required to achieve steady-state equivalence with in-
fusional 5-FU regimens. The authors themselves ac-
knowledge that at present ‘“‘the clinical significance of
achieving plasma levels similar’” to protracted infusion
5-FU is unclear and pharmacokinetic considerations
may not be entirely responsible for the efficacy rela-
tionships of compounds of this family [1].

As the major pathway of elimination of 5-FU in the
presence of eniluracil is renal clearance, dosing guide-
lines for 5-FU are required for patients with renal im-
pairment who are at risk from increased drug exposure.
Similarly, as the clearance of eniluracil is predominantly
renal, it can be proposed that theoretically eniluracil
may require dose adjustment in this patient group. Dose
modification of eniluracil was not undertaken in this
study since although the eniluracil was probably ad-
ministered at a supramaximal dose with respect to DPD
inhibition it does not, of itself, cause significant toxicity.

The plasma clearance of oral 5-FU decreased in
proportion to a decrease in CLCr over the range 20—
50 ml/min. Owing to insufficient data, we were unable to
demonstrate a similar relationship in the group with
CLCr > 50 ml/min. As seen in Table 2, in the patients in
this study, there was a marked difference between the
apparent oral clearance (CL/F, dose/AUC_., test dose,
dose/AUC 4 treatment period, steady-state assumed)
and true renal clearance (CLr, the ratio of the amount
excreted in the urine and AUC,_.,). It is likely that this is
a consequence of incomplete oral absorption. In a phase
I study of patients with advanced malignancy, Baker
et al. found the apparent oral bioavailability of oral
5-FU given as a solution, in an eniluracil/5-FU combi-



nation to be variable, ranging from 72% to 122% [4].
Absorption may have also been influenced by the char-
acteristics of the tablet formulation used in the current
study, which may be less well absorbed than when the
drug is given as a solution.

Eniluracil clearance was also decreased in those with
renal impairment but, although a linear relationship
could be shown across the entire group of patients on
study, the linearity of this relationship could not be
confirmed when each study group was analysed on its
own. Although normal renal function was defined
arbitrarily as those with CLCr greater than or equal to
50 ml/min, no patients enrolled in this study actually
had a CLCr between 50 and 60 ml/min. Therefore,
although the results of this study suggest that patients
with impaired renal function require adjustments of oral
5-FU when administered with eniluracil, the threshold
for CLCr below which such adjustments are indicated
has not been absolutely defined.

Plasma uracil levels have been shown to be a reliable
surrogate marker of effective inactivation of DPD. In
practice, due to the ubiquitous nature of this enzyme in
human tissues, it has been shown that over 90% of DPD
must be inhibited before elevated levels of substrates
such as uracil may be detected. Uracil is eliminated by
renal clearance and therefore levels of uracil would be
expected to be (and indeed were) higher in the patients
with renal impairment relative to those with normal
renal function. As the levels were consistently elevated in
all patients, we can be confident that adequate inhibition
of DPD did occur in both groups [3, 22].

The fraction of 5-FU dose recovered in the urine as
FBAL ranged from 0.8% to 2.7%. In the presence of
eniluracil the fraction of 5-FU dose recovered in the
urine as FBAL (the principal metabolite of 5-FU) would
be expected to be low, thus confirming effective inhibi-
tion of the formation of 5-FU catabolites at these dose
levels of eniluracil. As the catabolites in turn determine
in large part the non-antiproliferative toxicity profile
of 5-FU (neurotoxicity, cardiotoxicity, etc.), this is
concordant with the favourable toxicity results also
observed in the patients in this study [14, 17, 21, 22].

The toxicity in patients with normal renal function was
consistent with the previously reported phase I experience
with 5-FU in combination with eniluracil [4, 20]. In ad-
dition, the toxicity described by the patients with renal
impairment was not dissimilar to those with normal renal
function, indicating that successful dose modification of
5-FU on the basis of renal clearance can be performed
using test dose pharmacokinetics. In previous phase 1
studies, the infrequent occurrence of plantar/palmar
erythema with the 5-FU/eniluracil combination as com-
pared to 5-FU given by protracted venous infusion has
been noted [16]. In the current trial only two patients
experienced a palmar/plantar rash. The pharmacokinetic
parameters of both these patients were not dissimilar from
those of the other patients in their groups.

A single patient in the normal renal function group
developed a myocardial infarction following protracted
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treatment, and was taken off study. Cardiotoxicity is a
well-recognized but infrequent side effect of 5-FU, usu-
ally manifest as ischaemia, which has been variably
considered to be the result of vasospasm, a direct cyto-
toxic effect, or to be mediated by metabolites of the
cytotoxic. In this patient, the pharmacokinetic evalua-
tions were in line with those of the other patients with
normal renal function. It is difficult to predict how fre-
quently ischaemic changes occur, as there are few large
prospective studies, but estimates range from 1.2% to
18% [5]. This event was thus considered to be within the
expected toxicity spectrum.

The pharmacokinetic results demonstrate that similar
exposure to 5-FU was successfully achieved in both
groups of patients. The antitumour activity seen in this
study correlated well with the documented spectrum of
activity of 5-FU. One partial response was confirmed in
a patient with pancreatic cancer previously treated with
a platinum/5-FU combination. It is recognized that
further response to 5-FU given as a protracted venous
infusion may occur in patients previously treated with
bolus schedules [16].

Alternative approaches have been taken to the
problem of 5-FU bioavailability. These include: UFT, a
combination of the 5-FU precursor tegafur and uracil, a
competitive inhibitor of DPD; S1, a fixed mixture of
tegafur and two biomodulators, 5’-chloro-2,4-dihydr-
oxypyridoxine and oxonic acid; and capecitabine, ar-
guably the most successful, a rationally designed oral
fluoropyrimidine carbonate which is converted to active
5-FU via a three-step enzymatic conversion largely
confined to tumour. The randomized phase III trials
completed to date (including those with eniluracil)
have demonstrated equivalence for these innovative
approaches compared to 5-FU, when considering the
traditional endpoints of response and survival [7, 13, 15,
18, 23, 24]. There are, however, treatment-related quality
of life and cost-effectiveness issues which make oral
therapy a worthwhile objective to pursue.

Turning to the needs of the specific patient group
explored in this protocol, a study of capecitabine in
patients with renal impairment has shown a moderate
increase in systemic exposure to 5’-deoxy-5-fluorouridine
(5-DFUR) in patients with renal impairment which was
considered relevant because of the relationship between
5’-DFUR levels and safety. Dose modification was pro-
posed for patients with moderate renal impairment (CLCr
30-50 ml/min) but Poole et al. concluded that it was not
possible to recommend a dose modification for patients
with severe renal impairment (CLCr <30 ml/min) and
they should not be treated with capecitabine [19]. The
results of the current investigation appear more robust.
With pharmacokinetically guided dosing, it should be
possible to offer such patients a second generation flu-
oropyrimidine (5-FU and eniluracil) with the confidence
of a predictable therapeutic window.

In conclusion, the combination of eniluracil and
5-FU can be safely and successfully delivered to patients
with varying degrees of renal impairment. Patients with
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a CLCr below 50 ml/min should be carefully monitored
as dose adjustments are indicated. This study validates
the use of a test dose and pharmacokinetic analysis to
predict a safe and effective dose of 5-FU. We anticipate
that these data will make a substantial contribution to
the generation of a nomogram specifying the appropri-
ate dose adjustment of 5-FU/eniluracil in the presence of
renal impairment.
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