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Abstract Purpose: To determine the toxicities and phar-
macokinetic effects of eniluracil (EU) given on two
weekly dosing schedules with 5-fluorouracil (5-FU) and
leucovorin (LV). Methods: A group of 26 patients re-
ceived a single 24-h i.v. infusion of 5-FU 2300 mg/m2 to
provide a pharmacokinetic reference. After 2 weeks,
patients received oral EU 20 mg plus LV 30 mg on days
1–3 with a single dose of 5-FU 15–29 mg/m2 on day 2, or
LV 30 mg on days 1–2 with a single dose of EU at least
1 h prior to 5-FU 29 mg/m2 on day 2 weekly for 3 of
4 weeks. Results: Diarrhea was the most common dose-
limiting toxicity. The recommended dose of 5-FU is
29 mg/m2 per day. EU on either schedule decreased 5-FU
plasma clearance by 48 to 52-fold, prolonged the half-life
to >5 h, and increased the percentage of 5-FU excreted
in the urine from 2% to 64–66%. With EU, plasma flu-
oro-b-alanine was not detected while urinary excretion
was reduced to <1% of that seen with i.v. 5-FU alone.
Marked increases in both plasma and urinary uracil were
seen. Thymidylate synthase ternary complex formation
was demonstrated in bone marrow mononuclear cells

isolated 24 h after the first oral 5-FU dose; the average
was 66.5% bound. Conclusions: Either a single 20-mg
dose of EU given prior to or for 3 days around the oral
5-FU dose led to comparable effects on 5-FU pharma-
cokinetic parameters, and inhibition of dihydropyrimi-
dine dehydrogenase and thymidylate synthase.
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Introduction

Eniluracil (EU) is a potent inactivator of dihydropyr-
imidine dehydrogenase (DPD), the rate-limiting enzyme
in the catabolism of 5-fluorouracil (5-FU) [18]. Clinical
studies have shown that EU allows essentially complete
bioavailability of orally administered 5-FU, and pro-
longs the half-life to 5 h [1, 2, 17, 18, 22]. Two schedules
were initially developed: single daily dosing of EU for
7 days with oral 5-FU and leucovorin (LV) on days 2–5
every 4 weeks, and twice-daily dosing of EU/5-FU for
28 of 35 days [13]. We have previously reported the re-
sults of a phase I trial of oral EU/5-FU/LV designed to
mimic a weekly high-dose 24-h infusion of 5-FU [7]. A
group of 12 patients received 20 mg EU and 15 mg LV
orally twice daily on days 1–3, with a starting dose of
either 10 or 15 mg/m2 5-FU given twice on day 2;
treatment was repeated weekly for 3 of 4 weeks. In the
previous trial, the duration of DPD inactivation as
measured directly in peripheral blood mononuclear cells
in these patients was much longer (average activity 24%
of baseline 19 days after the last EU dose) than reported
by other investigators in subjects receiving EU alone
(complete recovery within 7–14 days) [8, 22]. There is
clinical relevance and real toxicity concerns of DPD
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inhibition beyond simply modulating 5-FU, since
administration of full doses of fluoropyrimidines to pa-
tients with abnormally low DPD activity can lead to life-
threatening or fatal toxicities.

In the current clinical trial, a single daily dose of
20 mg given with LV on days 1–3 and 5-FU on day 2
was evaluated, and was later amended to study a single
dose of EU given 1–12 h prior to 5-FU. The primary
objectives were to evaluate the pharmacokinetics of
5-FU and fluoro-b-alanine (FBAL, a catabolite impli-
cated in certain host toxicities) in plasma and urine, to
monitor changes in uracil levels as an indirect reflection
of DPD inactivation, and to determine whether inhibi-
tion of thymidylate synthase (TS) occurred in a surrogate
host tissue. The clinical results, and pharmacokinetic
and pharmacodynamic effects of these two different
schedules of EU/5-FU/LV are reported here. We have
previously reported that DPD activity in peripheral
blood mononuclear cells during oral therapy is pro-
foundly depressed with both schedules, while DPD
activity appears to recover to baseline values by 2 and
3 weeks after the single dose and daily-for-3-days
schedules, respectively [10].

Patients and methods

Eligibility

Patients were accrued into this amended protocol between October
1998 and July 2000. Patients with solid tumors for whom a 5-FU/
LV-based regimen represented a reasonable therapeutic approach
or for whom no effective standard therapy was available were eli-
gible provided they had adequate hematologic, hepatic and renal
function as previously reported for the twice-daily schedule of EU
on days 1–3 [7]. This study (FUMA5008) had the approval of the
local Institutional Review Boards and the Cancer Therapy Evalu-
ation Program (CTEP), National Cancer Institute. All patients
gave written informed consent.

Treatment plan

Oral tablets of EU (10 mg) and 5-FU (5 mg and 25 mg) were
formulated by Glaxo Wellcome (Research Triangle, N.C.) and
supplied by CTEP. Commercial sources were used for the intra-
venous (i.v.) 5-FU and oral LV. To provide a pharmacologic ref-
erence, it was planned that all patients should receive a single i.v.
infusion of 5-FU 2300 mg/m2 over 24 h on day 2, with oral LV
30 mg given once daily on days 1–3. Oral therapy was begun
2 weeks later. During the dose escalation portion of the study, EU
20 mg and LV 30 mg were given orally daily on days 1–3 with 5-
FU on day 2 at a starting dose of 15 mg/m2; this was repeated
weekly for 3 of 4 weeks. Dose escalation was planned in cohorts of
three to six patients with 25% increments until dose-limiting tox-
icity (defined below) was seen in at least two patients at a given
level during the initial cycle. In this portion of the trial, 16 patients
were enrolled (patients 13 to 28) at one of four 5-FU dose levels
between 15 and 29 mg/m2. Ten patients were subsequently enrolled
and received LV 30 mg orally on days 1 and 2, with a single dose of
EU 20 mg given either at bedtime the night before (patients 29 to
33) or at least 1 h prior to oral 5-FU 29 mg/m2 orally on day 2
(patients 34 to 38).

Dose-limiting toxicity was defined as a granulocyte nadir
<500/ll at any time, a platelet nadir <50,000/ll at any time, grade
2 nonhematologic toxicity (excluding nausea, vomiting, and

alopecia) occurring prior to completion of the planned weekly
treatments, grade 2 or worse neurotoxicity (excluding grade 2
headache) at any time, grade 3 nonhematologic toxicities occurring
after completion of the three weekly treatments, or the need for a
treatment delay of more than 2 weeks to permit resolution of
toxicity. The NCI Common Toxicity Criteria version 1 were used.
The dose of 5-FU was reduced one dose level for a granulocyte
nadir <500/ll, a platelet nadir <50,000/ll, or for grade 3 or 4
nonhematologic toxicity at any time or grade 2 toxicity prior to
completing the therapy for that cycle. Individual dose escalation
was permitted provided that nonhematologic toxicity was
£ grade 1, hematologic toxicity was £ grade 2, and no treatment
interruptions or delays were required. If no toxicity was reported,
the dose was increased by 50%; a 25% increment was used if
grade 1 toxicity was observed. The doses of EU and LV remained
the same.

Patient evaluation and follow-up

A blood count with WBC differential was obtained weekly. Liver
function tests, blood urea nitrogen, creatinine and electrolytes were
obtained on day 1 of each cycle. Radiographic studies were re-
peated every third cycle. Treatment was continued indefinitely until
there was evidence of disease progression provided it was tolerated
and the patient agreed.

Pharmacokinetic studies

Patients were hospitalized for the 24-h infusion of 5-FU and fol-
lowing the initial oral dose of 5-FU to permit extended blood
sampling for pharmacokinetic analysis. Blood samples were ob-
tained before treatment, at 0.5, 1, 4, 7, 10, 13, 18, 22 and 23 h
during the infusion, immediately prior to the end of infusion, and
at 15, 30 and 60 min after infusion. On the first day of oral 5-FU,
blood samples were obtained prior to and at 0.5, 1, 1.5, 2, 3, 6, 9,
12, 15, 18, 22, 24 and 26 h after 5-FU dosing. The blood was
collected into heparinized tubes and immediately placed on ice. The
plasma was centrifuged at 800 g for 15 min at 4�C, then 1.8-ml
aliquots were frozen at )70�C until the time of analysis. A 24-h
urine collection was obtained on both occasions. The volume of
urine was measured and recorded at 8-h intervals, and an aliquot of
urine was transferred to a 50-ml tube placed on ice; the urine was
stored at )70�C.

Unless otherwise stated, chemicals were obtained from Sigma
Chemical Company (St. Louis, Mo.). 5-FU, uracil, and FBAL
(Fluorochem USA, W. Columbia, S.C.) were measured using val-
idated gas chromatography/mass spectroscopy methods as previ-
ously described [3, 10]. Plasma (100 ll) or urine (10 ll) was spiked
with the internal standard, 5-chlorouracil. Standard curves were
constructed using donor plasma with 5-FU concentrations ranging
from 0.01 to 100 lM, FBAL concentrations ranging from 0.25 to
100 lM, and [15N2]uracil from 0.025 to 250 lM.

Noncompartmental analysis was used to estimate the area
under the concentration-time curve (AUClast) with WinNonLin
version 3.1 software (Pharsight, Mountain View, Calif.). The
elimination half-life was estimated from the terminal portion of the
plasma concentration versus time curve (AUC).

Statistical and graphical analysis

Graphical analysis was performed with SigmaPlot 2001 for
Windows (SPSS, Chicago, Ill.), and statistical analysis was per-
formed with SigmaStat for Windows version 2.03 (SPSS). The
median time to progression was calculated by a Kaplan-Meier
survival curve. The Cockcroft-Gault formula was used to calcu-
late the estimated creatinine clearance. The strength of the linear
association between pairs of variables was determined by Pearson
correlation.
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Assessment of TS inhibition

In patients who had no prior pelvic irradiation and were not
receiving therapeutic anticoagulation, a bone marrow aspirate was
obtained prior to any protocol therapy, and again on day 3 of
period 2 (24 h after the oral 5-FU dose). The samples were first
passed though a 400 lm·25 mm filter disc held in a Swinnex

(Millipore) filter holder to remove bone spicules and fat globules.
The mononuclear cells were isolated by Ficoll-Hypaque density
centrifugation at room temperature, and erythrocytes were re-
moved with a brief hypotonic lysis step. Aliquots of intact cell
pellets were stored at )70�C until analysis.

On the day of analysis, a protease inhibitor cocktail was added
to the frozen bone marrow mononuclear cell pellets, the cell
membranes were disrupted by sonication, and the cellular lysate
was isolated after centrifugation at 12,000 g for 15 min at 4�C. Free
and bound TS protein was determined by a semiquantitative
Western blot analysis as previously described [9, 19]. Protein
samples isolated from HCT8 colon cancer cells treated with no
drug or with 100 lM 5-FU for 4 h served as negative and positive
controls on each gel.

Results

Of 26 patients enrolled (Table 1), the majority had
colorectal cancer, and all but one had received prior
chemotherapy. Three patients received only the initial
24-h i.v. 5-FU infusion due to a personal decision to
withdraw (one patient) or rapid disease progression (two
patients). The i.v. 5-FU infusion was omitted in one
patient due to poor venous access. Therefore, 23 patients
were assessable for clinical toxicity with oral 5-FU/LV/
EU.

Among the first 15 patients treated with three daily
doses of EU/LV, dose-limiting diarrhea was seen dur-
ing the initial cycle in one of six patients entered at
29.3 mg/m2 (Table 2). Dose escalation and reduction
were tailored to individual patient tolerance (Table 3).
One patient escalated to 29.3 mg/m2 had dose-limiting

Table 1 Patient characteristics

Number of patients 26

Age (years)
Median 61.5
Range 32–80

Gender
Male 17
Female 9

ECOG performance status
0 4
1 18
2 4

Prior therapy
Radiationtherapy 8
Chemotherapy 24

Number prior regimens
Median 2
Range 0–4

Histology
Colorectal 19
Pancreas 3
Cholangiocarcinoma 2
Other 2

Table 2 Toxicity cycle 1 for
both schedules

aCommon Toxicity Criteria

EU schedule 5-FU
(mg/m2)

Patients Mucositis
gradea

Diarrhea
gradea

AGC nadir (per ll)

1 2 1 2 3 Median Range

Daily ·3 15 3 2 0 2 0 0 2103 1680–3976
Daily ·3 18.8 3 0 0 0 1 0 4658 2425–6502
Daily ·3 23.4 3 0 0 0 0 0 2852 1952–6502
Daily ·3 29.3 6 1 0 2 0 1 3790 1638–7370
Daily ·1 29.3 8 0 0 2 1 0 4678 2091–6253

Table 3 Dose-limiting toxicities during any cycle for 15 patients treated with EU/LV days 1–3 and 5-FU day 2. Dose escalation in
individual patients was allowed if minimal toxicity was seen the previous cycle. The dosage increment was 50% if no grade 1 toxicity was
seen, and 25% if grade 1 toxicity occurred

5-FU dose Patients Cycles Dose-limiting toxicities

mg/m2/day Total mg/day New Total With DLT Total With DLT (%) Toxicity type Grade Cycle No. of patients

15 25–35 3 4 0 6 0 – – – –
18.8 25–45 3 6 1 (16.7%) 21 4.8 Diarrhea 3 2 1
23.4 35–60 3 6 1 (16.7%) 13 7.7 Sensorimotor neuropathy 2 7 1
29.3 45–60 6 7 2 (28.6%) 11 18.2 Diarrhea 3 1 1

3 2 1
34–44 55–70 0 5 2 (40%) 10 20 Diarrhea/AGC 4/4 2 1

Fatigue 3 3 1
51–55 90–105 0 2 2 (100%) 6 33 Diarrhea 3 5 1

Sensorimotor neuropathy 2 9 1
63 135 0 1 1 (100%) 1 100 Sensorimotor neuropathy 2 7 1
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diarrhea in cycle 2. Although some individuals tolerated
higher doses, two of five patients escalated from lower
tolerated doses to 34–44 mg/m2 experienced dose-limit-
ing toxicity. Based on these safety considerations, a
decision was made not to pursue further dose escalation
for subsequent patient cohorts beyond 29.3 mg/m2. Two
male patients unexpectedly developed delayed onset
symptoms of unsteady gait and reduced sensation in the
legs during the seventh cycle of therapy. Electromyo-
gram and nerve conduction studies documented axonal
sensorimotor polyneuropathy with secondary demyel-
inative features; details of these two cases have been
previously published [21].

Since analysis of the duration of DPD inhibition in
the patients treated with the three daily doses of 20 mg
EU indicated that enzyme activity remained markedly
depressed up to 12 days after EU dosing [6], we subse-
quently evaluated a single dose of EU given with
29.3 mg/m2 oral 5-FU, and LV 30 mg on days 1 and 2
only. Four patients received the EU at bedtime the night
before the first oral 5-FU dose (no more than 12 h prior
to the 5-FU dose), while the final four patients received
EU the morning of 5-FU dosing (at least 1 h prior to 5-
FU). None of these eight patients experienced dose-
limiting toxicity during their initial cycle with 29 mg/m2

5-FU.
When the worst toxicity experienced by each patient

across all cycles of therapy was considered (Table 4),
grade 3 or worse nonhematologic toxicities of the fol-
lowing types were seen (percent of patients): diarrhea
(17.4%), and abdominal discomfort and fatigue (4.3%
each). One patient developed confusion of grade 3
severity, which was considered possibly related to ther-
apy. Hematologic toxicity was generally of mild to
moderate severity.

For all 26 patients (intention to treat), the median
time to treatment failure (TTF) was 2.8 months. Two
confirmed partial responses were seen among 17

assessable patients (11.8%) with colorectal cancer who
had progressed on prior 5-FU/LV therapy (median TTF
11.8 and 12.8 months). The median 5-FU dose these two
patients received was 33.8 and 18.8 mg/m2.

Pharmacokinetic results

In 22 patients who received the initial 24-h i.v. infusion
of 5-FU 2300 mg/m2, near steady-state plasma levels of
5-FU were observed 30 min after the start of the infu-
sion, and were in the 5–6 lM range (data not shown).
Upon completion of the 24-h infusion, the 5-FU levels
dropped quickly with a half-life of 11 min. FBAL levels
in plasma approached steady-state by 7 h into the
infusion, and were on average about 9–14 times higher
than 5-FU through the end of the infusion. Urinary
excretion of parent drug over the 24-h period repre-
sented about 2% of the total drug administered.

The 5-FU plasma concentration-time curve (AUC)
during oral EU therapy is shown in Fig. 1. There was no
appreciable difference in the pharmacokinetic results for
the patients who received a single dose of EU either the
night before or the morning of initial oral 5-FU dosing,
and the data are combined for these eight patients. The
5-FU pharmacokinetic parameters observed in patients
receiving either the daily for 3 days or single EU dose
schedule were similar (Table 5). The 5-FU elimination
half-life was increased almost 30-fold to 5.1–5.6 h.
Plasma clearance was reduced by about 50-fold. The
proportion of 5-FU excreted as parent drug in the urine
over a 24-h period was dramatically increased to about
65% of the administered dose. In contrast to the high
plasma levels of FBAL during the i.v. 5-FU infusion
without EU, FBAL was not detected in plasma in any
patient during oral EU/5-FU therapy. FBAL was de-
tected in the urine in all patients, but the amount was

Table 4 Worst toxicity per patient across all cycles of therapy. Of
26 patients enrolled, 23 were assessable for toxicity with EU/5-FU
(three patients received only the initial 24-h i.v. infusion of 5-FU)

Toxicity Number of patients experiencing toxicity

Grade 1 Grade 2 Grade 3 Grade 4

Nausea/vomiting 6 5 0 0
Mucositis 8 1 0 0
Diarrhea 4 7 3 1
Anorexia 7 1 0 0
Constipation 5 0 0 0
Abdominal discomfort 3 2 1 0
Fatigue 12 2 1 0
Skin 6 0 0 0
Ocular 3 0 0 0
WBC 2 2 2 0
AGC 3 3 0 1
Hemoglobin 12 7 4 0
Platelet 8 1 0 0
Peripheral neuropathy 0 2 0 0
Confusion 0 0 1 0

Fig. 1 Plasma concentration-time curve for 5-FU during oral
therapy with EU. 5-FU plasma levels (means±SD) following the
initial oral dose of 29.3 mg/m2 are shown (20 mg EU daily for
3 days schedule, n= 6; single EU dose schedule, n= 8)
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reduced by over two orders of magnitude with oral EU/
5-FU.

Pretreatment plasma uracil levels averaged 0.28±
0.13 lM. During the 24-h i.v. infusion of 5-FU without
EU, the plasma uracil levels increased throughout the
infusion, and the maximum levels averaged 1.11±
0.35 lM. This finding may reflect competition between
5-FU and uracil for catabolism by DPD. During the 24-
h sampling period after oral dosing with EU-modulated
5-FU, uracil levels in plasma were dramatically elevated
49- to 62-fold above those seen at the end of the 5-FU
i.v. infusion, and were 193- to 248-fold higher than the
baseline uracil levels. Further, urinary excretion of uracil
increased about 34-fold. The effects of both the single
and three daily dose schedules on plasma and urine
uracil levels were comparable.

The AUC of 5-FU during oral dosing did not cor-
relate with either the degree of granulocytopenia or the
severity of diarrhea, presumably because the incidence
of grade 3–4 toxicities during the initial cycle was very
low. A strong correlation was seen between the esti-
mated creatinine clearance and 5-FU clearance during
oral dosing that included EU (r=0.728, P=0.00012).

Inhibition of TS during oral 5-FU/LV/EU therapy

A major objective of this trial was to assess whether this
weekly oral regimen resulted in inhibition of TS, and the
surrogate tissue employed was bone marrow mononu-
clear cells. Using sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and immunoblot techniques, TS
bound in a ternary complex with 5,10-methylenetetra-
hydrofolate and 5-fluoro-2¢-deoxyuridine monophos-
phate has slower migration than unbound TS. The
patient samples were analyzed on four separate Western
blots. Only free protein was detected in the bone marrow
samples taken prior to receiving any protocol therapy,
while bound TS was detected in all patients in a paired

bone marrow sample obtained about 24 h after the ini-
tial oral 5-FU dose (Fig. 2). Compared to the pretreat-
ment sample, an increase in total TS content (free plus
bound) was seen in 18 of 19 samples obtained after 5-FU
dosing: the median increase was 4.05-fold (range 0.85- to
34.54-fold). An increase in free TS content in the post-
treatment sample was less striking (median 1.29-fold,
range 0.3- to 11.9-fold). When evaluated according to
two ranges of oral 5-FU dose, the proportion of TS
bound was significantly higher in patients receiving 50 to
60 mg (mean±SD 70.1±5.0%, n=12) than in patients
receiving 30 to 45 mg (60.3±4.2%, n=7, P<0.001,
t-test). There was no relationship with hematologic
toxicity, presumably because this regimen produced little
myelosuppression.

Discussion

A single oral dose of 5-FU 29 mg/m2 on day 2 given
with oral LV 30 mg on days 1–3 and either three daily
doses or one dose of EU 20 mg was well tolerated on a
weekly for 3 of 4 weeks schedule (only 1 of 14 patients
had dose-limiting toxicity during cycle 1 at 29.3 mg/m2

5-FU). Although some individuals tolerated at least one

Table 5 Summary of pharmacokinetic parameters. The data were analyzed by non-compartmental analysis using the actual times the
samples were drawn and are presented as the means±SD (ND not detected)

Parameter 5-FU 2300 mg/m2

i.v. (n=22)
Oral 5-FUdose (mg/m2) (5-FU day 2+ EU 20 mg orally days 1–3

or for one dose)

15 (n=3)
(30–35 mg)

18.8 (n=3)
(25–35 mg)

23.4 (n=3)
(35–45 mg)

29.3 (n=6)
(45–60 mg)

29.3a (n=8)
(55–66 mg)

Cmax 5-FU (lM) 9.6±3.8 8.0±3.2 8.0±2.0 8.9±3.2 9.7±3.6 11.1±5.1
AUClast 5-FU (lMÆh) 140.4±45.8 39.1±5.8 73.7±32.4 50.5±1.7 66.3±24.5 80.1±42.5
Terminal half-life 5-FU(h) 0.19±0.1 4.6±1.4 15.0±16.6b 6.5±0.9 5.7±0.9 6.4±2.6
Vzobserved (l/m2) 45.9±24.1 19.6±4.8 21.7±7.1 31.6±4.4 29.0±9.6 28.6±11.6
Cl or Cl/F (ml/min/m2) 2680.3±1087.9 50.3±10.6 28.8±16.5 56.8±5.2 58.4±17.2 62.6±48.8
Urinary excretion of5-FU, 0–24 h (% of dose) 2.0±0.5 88.9±4.9 55.0c 62.3±20.2d 60.6±10.4 63.9±19.2
Cmax FBAL (lM) 90.4±34.9 ND ND ND ND ND
Urinary excretion ofFBAL over 24 h (lmol) 8165±5599 80.3±16.3 156.9c 22.9±4.6d 17.7±7.5 66.7±23.8
Cmax uracil (lM) 1.1±0.4 49.6±11.1 51.1±10.5 79.3±52.1 56.5±10.6 65.4±32.1
Urinary excretion ofuracil over 24 h (lmol) 79.6±44.8 4017±412 2080c 2878±1401d 2170±499 2787±883

aCohort receiving a single dose of eniluracil
bThe median (range) is 6.6 h (4.3–34.1 h)
cOnly one patient had a complete 24-h urine collection

dOnly two patients had a complete 24-h urine collection, and the
mean±one-half range is shown

Fig. 2 Assessment of bound and free TS in paired bone marrow
mononuclear cells before therapy and after oral 5-FU/LV/EU.
Equal amounts of protein (50 lg) from lysates prepared from bone
marrow mononuclear cells were resolved by 10% SDS-polyacryl-
amide gel electrophoresis (minus sign sample obtained prior to
receiving any protocol therapy, plus sign sample taken the day after
the initial oral 5-FU dose). Lysate (20 lg protein) from HCT8 cells
treated with diluent or 100 lM 5-FU for 4 h served as a reference
for each blot. This represents one of four Western blots that were
run to analyze the 19 patient samples
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cycle at higher 5-FU doses, three patients who received
multiple cycles ultimately required dose reduction back
to either 29.3 or 33.9 mg/m2. Further dose escalation of
5-FU with the single oral dose of EU might have been
attempted, but suspension of the clinical development of
EU precluded additional protocol modifications. With
our previous schedule involving twice-daily dosing of
EU and LV on days 1–3 with 5-FU on day 2, the highest
tolerated dose of 5-FU was 10 mg/m2 (20 mg/m2 total)
[7]. Switching to the current schedules thus allowed a
45% 5-FU dose increase. In addition, the total 5-FU
AUC0–26 h at the recommended dose (10 mg/m2 5-FU
twice daily) for both doses given 12 h apart averaged
33 lMÆh, compared to 66 and 80 lMÆh with 5-FU
29.3 mg/m2 on the current schedules. Potential expla-
nations for the improved tolerance with the current
schedules despite a higher total daily 5-FU dose and
AUC include the possibility that the plasma AUC may
not accurately reflect the local concentration of 5-FU
metabolites in the gastrointestinal mucosa with oral
5-FU/EU therapy; further, the clinical toxicity may be
influenced by the duration of DPD inhibition. Another
variable with the current study was administration of
LV as a single versus twice-daily dose. There were no
appreciable differences between the pharmacokinetic
profile of 5-FU or the urinary excretion of FBAL with
either three daily doses or a single dose of EU in the
current trial. The increase in uracil plasma levels and its
urinary excretion were also similar with either three
doses or a single dose of EU.

While TS is thought to be the primary target of 5-FU-
based therapy, there is limited information to confirm
whether inhibition of TS occurs in patients receiving
various clinical regimens. We documented the formation
of TS ternary complex in bone marrow mononuclear
cells isolated during therapy with oral EU/5-FU/LV in
all subjects, whereas only free TS was noted in the pre-
treatment samples. The extent of ternary complex for-
mation in all patient samples was similar for both EU
schedules. Total TS content was increased 24 h after oral
5-FU/EU therapy by a median of fourfold. This obser-
vation is consistent with prior reports that exposure to
TS inhibitors leads to an acute increase in total TS pro-
tein content in both in vitro and in vivo models. This
increase is generally attributed to translational autore-
gulation, although a longer half-life when TS is bound in
the ternary complex may also contribute [4, 5, 11].

Oral EU/5-FU has shown phase II activity in a
number of solid tumors. In two studies, a regimen
involving EU 50 mg on days 1–7, and either 5-FU
20 mg/m2 with LV 50 mg or 5-FU 25 mg/m2 without LV
on days 2–6 has been shown to be active in patients with
previously untreated advanced colorectal cancer (re-
sponse rates of 13% and 21%), but there was a high
incidence of neutropenia [16, 23]. The combination of
EU 10 mg/m2 and 5-FU 1 mg/m2 twice daily for 28 of
35 days, designed to simulate a protracted i.v. infusion of
5-FU, has been more extensively studied. This regimen
has an acceptable safety profile, and hematologic toxicity

is unusual. In phase II studies, in patients with previously
untreated advanced disease this regimen has demon-
strated activity in squamous cell cancer of the head and
neck, colorectal cancer, and breast cancer [12, 14, 26]. In
two trials, objective responses have been shown in 10%
and 18% of patients with anthracycline- and taxane-
refractory breast cancer [20, 25]. The combined results of
two prior studies of EU/5-FU in colorectal cancer pa-
tients whose disease had progressed on prior 5-FU
therapy indicated only 1 of 96 patients achieved a partial
response [15, 23]. In the present study, we observed two
confirmed partial responses among 17 colorectal cancer
patients who had failed prior 5-FU/LV.

Two randomized trials comparing the twice-daily 28
of 35 days schedule of oral EU/5-FU to a standard
monthly schedule of bolus 5-FU modulated by LV in
advanced colorectal cancer have failed to show equiva-
lence [24, 27]. Do these disappointing results suggest that
inhibition of DPD as a therapeutic strategy has failed?
Perhaps not. Compliance with an oral regimen is a po-
tential issue. Since diarrhea is dose limiting with the
twice-daily 28-day EU/5-FU schedule, local exposure of
the gastrointestinal mucosa and the intracellular levels
of active 5-FU metabolites are likely greater than
anticipated from the plasma AUC. EU by itself does not
have antitumor activity, and the biochemical data sug-
gest that far greater doses of EU were used than neces-
sary to achieve DPD inhibition. Additional studies
exploring alternate doses/schedules of EU may be rea-
sonable.
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