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Abstract Purpose: This study was undertaken to ad-
dress the in¯uence of concurrent administration on the
pharmacokinetics of UFT (uracil plus tegafur) and leu-
covorin (LV), and to measure the antitumor activity of a
28-consecutive-day oral regimen of UFT plus LV in
patients with relapsed or refractory colorectal cancer.
Methods: Patients with advanced measurable colorectal
cancer who had failed previous therapy with intravenous
bolus 5-¯uorouracil (5-FU) were eligible. Patients were
treated with UFT 300 mg/m2 per day plus LV 90 mg per
day in three divided doses every 8 h for 28 days, re-
peated at 35-day intervals. In addition, a three-treatment
by three-period crossover bioavailability comparison of
oral LV 30 mg plus UFT 200 mg versus either LV or
UFT alone was scheduled for the 8 days preceding the
®rst cycle of therapy. Results: Of 19 patients enrolled, 18
were assessable for pharmacokinetics and response.
When LV was coadministered with UFT, there were no
statistically signi®cant e�ects on tegafur, uracil, or 5-FU
Cmax, AUC, or Tmax, with the exception of a delayed
Tmax for tegafur (P � 0.03). No statistically signi®cant
di�erences were found in LV and 5-methyl-
tetrahydrofolate plasma levels when LV was adminis-
tered alone or with UFT. However, wide interpatient
variability was observed for all parameters. There were
no antitumor responses seen. Conclusions: Although the
Tmax for tegafur is delayed with the concurrent admin-
istration of LV, there were no di�erences (P > 0.05) in

any pharmacologic parameters that are of likely clinical
signi®cance. However, the great interpatient variability
observed in UFT and LV pharmacology may have ob-
scured true bioavailability e�ects in this small patient
population. Daily oral UFT plus LV is inactive as sec-
ond-line therapy in patients who have failed bolus 5-FU.
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Introduction

UFT is composed of a 1:4 ®xed molar ratio of tegafur
(ftorafur) and uracil. Tegafur is a 5-¯uorouracil (5-FU)
prodrug, and uracil competes with 5-FU as a substrate
for dihydropyrimidine dehydrogenase, the rate-limiting
enzyme responsible for 5-FU catabolism. In preclinical
models, the antitumor activity of tegafur is enhanced by
uracil, with an increase in the ratio of 5-FU in tumor
compared to plasma or normal tissue [6, 7, 9]. Given its
excellent gastrointestinal absorption, UFT is potentially
attractive as an oral alternative to intravenous 5-FU.
Given clinical success with adding leucovorin (LV) to 5-
FU [15], UFT is being developed with oral LV as a
biochemical modulator. When UFT is administered
orally with LV on a 28-consecutive-day schedule, re-
sponse rates of 25±43% are observed in patients with
previously untreated advanced colorectal cancer [11, 13,
17]. In these studies, UFT and LV were administered
concurrently. However, it is not known whether the
bioavailability of UFT is a�ected by LV, and hence
whether this administration schedule is optimal. The
current study was undertaken to address the in¯uence of
concurrent administration on the pharmacokinetics of
UFT and LV. In addition, the utility of a protracted
schedule of oral UFT/LV in patients with colorectal
cancer who had failed therapy with intravenous bolus 5-
FU was assessed. This study population was chosen
based upon reports of antitumor responses with infu-
sional 5-FU in patients with colorectal cancer who fail
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initial 5-FU-based therapy [12, 19], and the potential of
daily oral UFT/LV to mimic the pharmacology of a
protracted venous infusion of 5-FU [14].

Methods

Patient eligibility

Eligible patients had histologically con®rmed colorectal adenocar-
cinoma that was either metastatic or locally advanced and
unresectable, with bidimensionally measurable disease. Patients
were at least 18 years old, with an ECOG performance status of 0±2
(ambulatory at least 50% of the time), and a life expectancy of at
least 12 weeks. Patients showed progressive disease (PD) with bolus
5-FU plus LV for advanced disease, and/or relapsed within 6
months of the completion of 5-FU-based adjuvant therapy. An
absolute neutrophil count ³ 1500/ll, platelet count ³ 100 000/ll,
bilirubin £ 1.5 mg/dl, and serum creatinine £ 1.5 mg/dl were re-
quired. Previous therapy with UFT or infusional 5-FU was not
permitted. This protocol was approved by the Institutional Review
Board at Roswell Park Cancer Institute and written informed
consent was obtained from all subjects.

Treatment program

Patients were treated with UFT 300 mg/m2 per day plus LV 90 mg
per day in three divided doses every 8 h, for 28 consecutive days
followed by a 1-week rest period (1 cycle � 35 days). This dose and
schedule was based upon phase I and II studies [11, 13]. UFT was
prepared as 100 mg (tegafur) capsules (containing 224 mg uracil).
Total daily dosage was rounded to the nearest 100 mg. If the
number of daily capsules did not evenly distribute over the three
daily administration times, the greater number of capsules were
taken in the morning and afternoon, and the smaller number of
capsules in the evening. Two 15-mg oral LV tablets were taken with
each UFT dose. UFT/LV was taken on an empty stomach (at least
1 h before or 2 h after food) with 8 oz of ¯uid.

National Cancer Institute Common Toxicity Criteria were used.
Treatment was held for grade 3±4 hematologic toxicity occurring
during a cycle, and resumed following recovery at the same dose
level to complete a 28-day treatment course. UFT was reduced to
250 mg/m2 per day in subsequent cycles for grade 3±4 hematologic
toxicity. For grade 2±4 nonhematologic toxicity during a cycle,
treatment was held until resolution, then reinstituted at full dose
for grade 2, or at UFT 250 mg/m2 per day for grade 3±4 toxicity.
For grade 0±2 nonhematologic toxicity no dose modi®cation was
required in the subsequent cycle; for grade 3 or 4 nonhematologic
toxicity, UFT was reduced to 250 and 200 mg/m2 per day, re-
spectively, in the subsequent cycle.

Disease reevaluations were repeated every two cycles and
treatment continued until PD was documented or it was no longer
felt to be in the patient's best interests to continue. Complete re-
sponse (CR) was de®ned as total disappearance of all evidence of
disease, lasting at least 4 weeks. Partial response (PR) was ³ 50%
reduction in the sum of the products of the longest perpendicular
diameters of measurable lesions lasting at least 4 weeks, without
development of new lesions. Stable disease (SD) was <50% re-
duction or <25% increase in the sum of the products of the longest
perpendicular diameters of measurable lesions without develop-
ment of new lesions. PD was ³ 25% increase in the sum of the
products of the longest perpendicular diameters of measurable le-
sions or the development of new lesions.

Pharmacokinetics

UFT and LV pharmacokinetics were measured with the ®rst 18
patients on study. A three-treatment by three-period crossover
bioavailability comparison of oral LV 30 mg plus UFT 200 mg

versus either LV (30 mg) or UFT (200 mg) alone was scheduled for
the 8 days preceding the ®rst cycle of chemotherapy. Each patient
was randomized to one of six schedules as shown in Table 1.

Plasma samples were obtained at 0, 15, 30, 60, 90, 120, 180, 300,
and 480 min after drug administration for measurement of tegafur,
5-FU, uracil, LV, and 5-methyltetrahydrofolate (5-MTHF). Plas-
ma concentrations of tegafur were determined by a validated high-
performance liquid chromatographic (HPLC) assay method [10]
with a minor modi®cation in the mobile phase [methylene chlo-
ride-hexane-ethanol (80:20:1.2) was used instead of ethylene chlo-
ride-ethanol (24:1)]. A validated gas chromatographic-mass
spectroscopic (GC-MS) assay method [2] was used to quantitate 5-
FU in human plasma samples. The assay method was modi®ed to
include the simultaneous quantitation of uracil as reported by
Maranuka et al. [10]. Prior to analysis, interference from tegafur
was eliminated by passing the samples through two 200-mg C18
solid phase extraction columns; tegafur was retained on the col-
umns and the eluate from the second column was used for the
analysis of 5-FU and uracil. This procedure resulted in more than
99.9% removal of tegafur. LV and 5-MTHF were determined by
validated HPLC methods, which were modi®cations of previously
reported methods [3, 4]. LV and 5-MTHF were extracted from
plasma as described by Etienne et al. [4]. However, LV was resolved
from endogenous interferences using a gradient HPLC (mobile
phase A, 40% acetonitrile-50% methanol in 25 mM KH2PO4, pH
2.3; mobile phase B, 25 mM KH2PO4, pH 2.3) and 5-MTHF was
resolved from endogenous interferences by isocratic HPLC using a
mobile phase consisting of 5% acetonitrile-5% methanol in 25 mM
KH2PO4, pH 2.3.

Individual analytical runs were considered acceptable if they
met the following criteria: each run would include calibration
standards assayed in duplicate at six or more concentrations; the
predicted concentrations of at least three-fourths of all calibration
standards were within �15% (20% for 5-FU and uracil) of their
individual nominal concentrations; the predicted concentrations of
at least one of the duplicate lowest standard was within �20% of
the nominal concentration (25% for 5-FU and uracil); each ana-
lytical run would include low, medium, and high standards assayed
in triplicate; and the predicted concentrations of at least two-thirds
of the standards did not deviate by more than �15% (20% for 5-
FU and uracil) from the nominal concentrations. No internal
standards were used.

For tegafur, the standard curves were linear (R2 ³ 0.993) over
the concentration range 50 to 20 000 ng/ml. The between-run
precision and the within-run precision for analytical quality control
samples were no greater than 5% and 8% RSD, respectively, with
deviations of the mean observed concentrations from nominal
values of no more than 7%. For 5-FU the standard curves were
linear (R2 ³ 0.999) over the concentration range 1 to 500 ng/ml.
The between-run precision and the within-run precision for the
analytical and shipping quality control samples were no greater

Table 1 Randomized schedules for pharmacokinetic sampling

Schedule Day )8 Day )5 Day )1

A UFT 200 mg LV 30 mg
+ UFT 200 mg

LV 30 mg

B UFT 200 mg LV 30 mg LV 30 mg
+ UFT 200 mg

C LV 30 mg LV 30 mg
+ UFT 200 mg

UFT 200 mg

D LV 30 mg UFT 200 mg LV 30 mg
+ UFT 200 mg

E LV 30 mg
+ UFT 200 mg

LV 30 mg UFT 200 mg

F LV 30 mg
+ UFT 200 mg

UFT 200 mg LV 30 mg
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than 6% and 4% RSD, respectively; the deviations of the mean
observed concentrations from nominal values were no more than
8%. For uracil, the standard curves were linear (R2 ³ 0.988) over
the concentration range 20 to 5000 ng/ml. The between-run preci-
sion and the within-run precision for the analytical quality control
samples were no greater than 11% RSD. Deviations of the mean
observed concentrations from nominal values were no more than
9%. For d,l-LV, the standard curves were linear (R2 ³ 0.998) over
the concentration range 50 to 2000 ng/ml. The between-run preci-
sion and the within-run precision for the quality control samples
were no greater than 7% and 6% RSD, respectively, with devia-
tions of the mean observed concentrations from nominal values of
no more than 8%. For 5-MTHF, the standard curves were linear
(R2 ³ 0.985) over the concentration range 50 to 2000 ng/ml. The
between-run precision and the within-run precision for the quality
control samples were no greater than 13% RSD. The deviations of
the mean observed concentrations of the quality control samples
from nominal values were no more than 3%.

Plasma disposition of the ®ve analytes of UFT and LV therapy
± tegafur, 5-FU, uracil, LV and 5-MTHF ± were summarized by
calculating the area under the plasma concentration versus time
curve from 0 to 8 h (AUC0±8), maximum concentration (Cmax), and
time to maximum concentration (Tmax) using standard noncom-
partmental methods [1].

Statistical considerations

The objectives of the study were (1) to evaluate the antitumor
activity of orally administered UFT plus LV in patients with co-
lorectal carcinoma resistant to bolus 5-FU-based therapy, and (2)
to determine whether oral LV alters the bioavailability of UFT,
and vice versa.

This was a phase II study with a two-stage design. A total of 18
evaluable patients were enrolled in the ®rst stage. If none or one of
the ®rst 18 patients achieved a CR or PR to therapy, the study
would be closed to further accrual, and the treatment concluded to
be inactive (reject Ha: response rate ³ 20%). If two or three patients
achieved a CR or PR in stage 1, a total of 33 patients would be
enrolled (15 patients in stage II). If four or more of the ®rst 18
patients responded to therapy, the study would be terminated with
signi®cant activity demonstrated (reject H0: response rate £ 5%).
At the end of stage II, at least ®ve responses would be required to
reject H0; otherwise Ha would be rejected, and the conclusion ob-
tained that this regimen would not be of signi®cant clinical utility in
this context. With this design, the probability of erroneously con-
cluding that the therapy was e�ective (rejecting H0) was 2.5% (type
I error), and the probability of erroneously concluding that the
therapy was ine�ective (rejecting Ha) was 20.6% (type II error),
using Fleming's one-sided multiple testing procedure [5].

The e�ect of concurrent administration on the pharmacokinetic
variables (Cmax, AUC(0±T), and Tmax) of each analyte was evaluated
by an analysis of variance appropriate for a three-treatment by
three-period crossover design with six sequences. Factors in the
analysis were sequence, period, treatment, and ®rst-order carry-
over. If carryover e�ects were not statistically signi®cant at the 5%
level, then treatment comparisons were based on a reduced model
without carryover e�ect. Cmax and AUC(0±T) were log-transformed
and Tmax was rank-transformed prior to analysis. Con®dence in-
tervals for the di�erences between the least square means on the
natural log scale were converted to con®dence intervals for the
ratio (combination/monotherapy) on the original scale. In order to
conclude lack of e�ect, we prospectively de®ned that the limits of
the observed 90% con®dence intervals for the ratio must fall within
the predetermined range of 0.75 and 1.33. Statistical analyses were
carried out using SAS STAT Version 6.07 (Cary, NC).

Results

Of 19 patients enrolled in this study, 18 were evaluable
for response, toxicity and pharmacokinetics. One patient

developed a bowel obstruction following the pharma-
cokinetic portion of the study, before receiving treat-
ment doses of UFT/LV. Another patient underwent
only 2 days of pharmacologic sampling. The study was
concluded after the ®rst stage, as there were no antitu-
mor responses observed. The mean age was 62 years
(range 37±80 years), with 13 men and 6 women. Of the
19 patients, 16 had liver metastases, and only 3 patients
had a single site of metastasis. All patients had received
bolus 5-FU plus LV previously, except for three patients
who were treated with 5-FU plus levamisole in the ad-
juvant setting. The toxicity of UFT/LV is shown in
Table 2. Grade 3±4 toxicities were generally gastroin-
testinal, including diarrhea, pancreatitis, nausea/vomit-
ing, and hyperbilirubinemia. Severe fatigue was also
observed in two patients. These toxicities were reversible
in all patients. All treated patients received two courses
of UFT/LV, except one patient who had PD after a
single cycle. Including all patients, the median percent of
the planned dose received was 99.5% (mean 96.9%) in
cycle one and 99.0% (mean 80.2%) in cycle two. The
best responses were SD in two patients, with PD in 16
patients.

Table 3 compares pharmacokinetic parameters of
UFT when administered either alone or with LV. For all
UFT analytes, the geometric means (derived from the
least square means), ratios of the means, and the 90%
con®dence intervals for Cmax and AUC are listed. Fig-
ure 1 shows uracil, tegafur, and 5-FU plasma concen-
trations over time. LV had no e�ects on tegafur Cmax

and AUC. The 90% con®dence intervals for the ratios of
the treatment means were within the predetermined
limits of 0.75 and 1.33 for concluding lack of e�ect.
Treatment e�ects were not statistically signi®cant for
uracil or 5-FU Cmax and AUC (P > 0.05). However,
the 90% con®dence intervals for the ratios were not
within the predetermined limits for concluding lack of
e�ect. The median time to peak tegafur concentration
was shorter with UFT alone (0.5 h) than with concur-
rent LV administration (0.75 h; P � 0.03), although the
ranges were the same for both treatments (0.25, 3.0). For
UFT alone, the median (range) time to peak uracil and

Table 2 UFT toxicity over two cycles of treatment (n = 18)

Grade

1 2 3 4

Anemia 0 3 0 0
Anorexia 6 1 0 0
Diarrhea 5 1 1 2
Fatigue 9 0 2 0
Hyperamylasemia/clinical
pancreatitis

0 0 0 1

Hyperbilirubinemia 0 0 2 1
Nausea/vomiting 11 3 1 0
Neutropenia 1 0 0 0
Paresthesia 2 0 0 0
Rash 2 0 0 0
Stomatitis 6 1 0 0
Thrombocytopenia 1 0 0 0
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5-FU concentration was 0.75 h (0.5, 3.0) and 0.5 h (0.25,
3.0), respectively, and for concurrent LV administration
was 1.0 (0.25, 2.0) for both analytes. There were no
statistically signi®cant treatment e�ects for either anal-
yte. There were no signi®cant sequence, period, or car-
ryover e�ects for any of the UFT pharmacokinetic
variables analyzed.

LV and 5-MTHF plasma pharmacokinetics when
30 mg LV was administered either alone or with 200 mg
UFT are shown in Table 4. The plasma levels of LV and
5-MTHF over time are shown in Fig. 2. There were no
statistically signi®cant di�erences in LV Cmax and AUC
when LV was given with or without UFT. However,
again the ratio of the means did not fall within the a
priori accepted range to conclude no e�ect. Likewise,
there was no statistically signi®cant treatment di�erence
for MTHF AUC, but the 90% con®dence interval for
the ratio was not within the predetermined levels for
concluding lack of e�ect. A carryover e�ect was ob-
served for 5-MTHF AUC (P � 0.007), and this was
included in the analysis of variance. For LV, the median
(range) time to peak concentration was 2 h (1.5, 5.0) for
all treatments. For 5-MTHF, the median (range) time to
peak concentrations was 2 h (1.5, 3.0) for LV alone, and
2 h (1.5, 5.0) for concurrent UFT administration.

Discussion

Phase II studies have shown that oral UFT plus LV is an
active and well-tolerated regimen in patients with pre-
viously untreated colorectal cancer [9, 11, 13, 17]. The
standard dosing schema for this regimen calls for con-
current administration of UFT and LV. However, it was
previously not known whether absorption of these
agents was optimal with concurrent administration. We
therefore undertook this bioavailability study, as iden-
ti®cation of drug interactions could have important
implications for dosing. In addition, prior pharmacoki-
netic analyses have shown that 5-FU plasma levels with
a 28-day UFT schedule are similar to those obtained
with protracted venous infusions of 5-FU [14]. Given the
paucity of e�ective second-line approaches in advanced
colorectal cancer, and the observation that some pa-
tients who fail bolus 5-FU therapy respond to continu-
ous 5-FU infusions [12, 19], we also sought to determine
the response rates and toxicity of daily oral UFT/LV in
patients who have shown 5-FU resistance.

The pharmacokinetic data presented show that con-
current administration does not have a statistically sig-
ni®cant impact on the gastrointestinal absorption or
plasma pharmacokinetics of LV. The only e�ect of

Table 3 UFT pharmacokinetic
parameters (n = 18) (LV leu-
covorin; Cmax mean maximum
concentration, ng/ml; AUC
mean area under the con-
centration ´ time curve,
ng ´ min/ml)

UFT alone UFT + LV Two-sided
P-value

Point
estimate

90% con®dence
interval

Tegafur
Cmax 6237.1 6031.1 0.594 0.967 0.868, 1.078
AUC(0±T) 24220.5 26362.1 0.076 1.099 1.007, 1.176

Uracil
Cmax 2112.7 1691.7 0.444 0.801 0.488, 1.315
AUC(0±T) 1714.3 1276.9 0.161 0.745 0.525, 1.057

5-FU
Cmax 110.2 71.1 0.068 0.645 0.437, 0.953
AUC(0±T) 103.1 80.7 0.079 0.783 0.623, 0.983

Fig. 1A±C Plasma concentrations of uracil, tegafur, and 5-FU
following oral administration of UFT 200 mg alone or concur-
rently with LV 30 mg (A tegafur, B uracil, C 5-FU; solid lines UFT
alone, dashed lines UFT + LV; Error bars show standard
deviations, wider bar for combination)
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coadministration on UFT pharmacology is a longer time
to achieve tegafur peak concentrations. It is unlikely that
this e�ect will be clinically meaningful, given that
tegafur Cmax and AUC are una�ected by LV, and
maximum LV concentration is not achieved until after
that of both tegafur and 5-FU. It is notable that several
treatment comparisons did not meet our a priori criteria
for concluding lack of e�ect, although di�erences did
not reach statistical signi®cance. There was a trend
suggesting a decrease in 5-FU bioavailability when UFT
was administered with LV. The mean 5-FU Cmax was
35% lower, and the mean 5-FU AUC was 22% lower
when UFT was coadministered with LV. These results

suggest that this study lacked su�cient power to identify
small di�erences in parameters with wide interpatient
variations that may or may not be clinically important.
A larger pharmacokinetic trial would be required to
identify such di�erences, and a randomized study in
previously untreated patients would be necessary to
compare the impact on response and survival of con-
current versus delayed combination therapy.

The dose of LV used in this study (30 mg every 8 h)
was chosen based upon saturable absorption at higher
doses [18]. Although we did not achieve plasma con-
centrations de®ned as optimal in preclinical studies [16,
20], clinical trials of 5-FU biochemical modulation have
not clearly demonstrated a dose-dependent e�ect [15].
Given prolonged folate half-life, it is likely that higher
plasma concentrations than measured in this single-dose
study would result from ongoing treatment three times
daily. The mean plasma levels of 5-FU obtained in this
trial were also lower than previously reported with
similar UFT regimens [11, 14]. Whether these ®ndings
represent population di�erences or variation related to
assay methodology cannot be determined from our data.
There was great interpatient variability in 5-FU phar-
macology, as is also typically observed with intravenous
dosing.

Our data con®rm the tolerability of oral UFT/LV in
a heavily pretreated patient population. Unfortunately,
this oral regimen did not show antitumor activity in
patients who had previously shown 5-FU resistance.
Phase II studies have suggested that oral UFT plus LV
has similar antitumor activity to intravenous 5-FU plus
LV as front-line therapy in advanced colorectal cancer
[8, 11, 13, 17]. Results from completed comparative
phase III studies will soon be available, and will further
de®ne the optimal role of this regimen in patients with
advanced colorectal cancer.
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