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ABSTRACT

The pharmacology of high-dose 1-(tetrahydro-2-furanyl)5-fluorouracil (FT) has been studied by radiochemical and
Chromatographie techniques in eight patients. Plasma
disappearance of FT was exponential, with a half-life of
8.8 hr. Plasma concentrations of 5-fluorouracil (FUra)
were sustained at 12.8 nmol/ml (1.7 /Â¿g/ml)for at least 48
hr after FT administration. The concentrations of FUra
derived from the administration of FT were considerably
greater than were those achieved by constant infusion of
FUra at the maximal tolerated dose of 1.1 g/sq m without
causing unacceptable mucositis. The cumulative urinary
excretion was 20% of the administered dose in 24 hr. FT
underwent in vivo biotransformation to 2 hydroxytetrahydrofuranyl-5-fluorouracil derivatives in addition to anabolites and catabolites of FUra. High concentrations of FT
and FUra were present in the cerebrospinal fluid, which
could account for the severe central nervous system
toxicity of FT at high doses. We conclude that the antitumor activity of FT is partially attributable to its slow
release of FUra.
INTRODUCTION

FT4 (NSC 148958) is the 1-(2-tetrahydrofuranyl) derivative
of FUra; its antitumor activity is attributed to the slow
release of the latter (14). FT is less hematotoxic (8) and less
lethal (9) to mice than is FUra. Pharmacology studies in the
rat indicate that, after administration of [2-14C]FT, plasma
radioactivity declines with a half-life of 5 hr (5). In another
study in the rat, however, plasma radioactivity followed
triphasic kinetics, with a terminal half-life of 13.6 hr (10). FT
and FUra were identified in the plasma of rats and mice
after the administration of FT (15), whereas only FT was
detected in the plasma of dogs and monkeys similarly
treated (6).
In the rat the majority of given radioactivity was excreted
in the expired air as 14CO2(5); the urinary radioactivity
consisted of FT, FUra, FdUrd, urea, and unidentified nucleotides. Although unchanged FT predominated in the
urine, the proportions of FUra and its metabolites did
increase with time. Similarly, FT, FUra, FdUrd, a-fluoro-/31 Supported by Contracts N01-CM-53773 and N01-CM-43801 and Grant
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ureidopropionic acid, and urea were identified in urine of
dogs treated with FT; however, FUra and its metabolites
were the major urinary excretion products.
In our studies (11, 12) in the dog, the plasma half-life of
FT was 6.2 hr and that of FUra derived from FT was 2.6 hr.
Further, in dogs with livers damaged by CCI., the plasma
half-lives of both drugs were increased, indicating the
importance of the hepatic metabolism of these agents.
These findings are consistent with reports that FT is de
graded by rat and mouse microsomal enzyme systems (1,
15).
Clinically, FT has a spectrum of antitumor activity similar
to that of FUra, being particularly effective against gastroin
testinal and breast cancers (9). At doses of 1 to 2 g/sq m for
5 days, gastrointestinal and central nervous system toxicities of FT were significant (16). The lack of myelosuppression of FT on this dose schedule is reminiscent of that
observed with continuous infusion of FUra (13). Clinical
pharmacological studies of FT were conducted during
Phase 1 trial of this agent at our institution. We now report
the results of these studies.
MATERIALS

AND METHODS

Patients. Eight patients with metastatic adenocarcinoma
(primary tumors of colon, rectum, breast, and lung) were
studied after informed consent had been obtained; all had
normal liver and renal function as determined by serum
chemistries (SMA 12). FT at 5 g/sq m was administered i.V.
to 7 of these patients over a 2- to 3-hr period; the eighth
patient received 4 g/sq m. Four of these patients received
200 /Â¿Ciof [2-14C]FT. The radioactive FT was sterilized by
filtration through a 22-Â¿imMillipore filter after radiochemi
cal purity (98 to 99%) had been determined by radiochromatography as described below. Blood specimens of 10 ml
each, collected at designated intervals in tubes containing
heparin, were centrifuged at 2000 x g in a clinical centri
fuge to obtain plasma. Urine was collected as voided for
the first day of study and at daily intervals thereafter.
Samples of CSF were obtained from one patient by lumbar
puncture.
Chemicals. FT, FUra, FdUrd, FUrd, and [2-14C]FT (46.5
/iCi/mg) were supplied by the Drug Development Branch,
Division of Cancer Treatment, National Cancer Institute,
NIH, Bethesda, Md; 5-fluoro-2'-deoxyuridine 5'-monophosphate was obtained from Terra-Marine Bioresearch, La
Jolla, Calif. Other reagents and chemicals were purchased
from regular commercial suppliers.
Sample Preparation. Urine samples (5 ml) were lyophilized, reconstituted with water (1 ml), and chromatographed
on Dowex 1x8 formate resin (200 to 400 mesh, 1- x 20-cm
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column) with formic acid buffer as the eluent, as described
by Chadwick and Rodgers (3). Fractions of 5 ml each were
collected, and the radioactivity of 0.2-ml portions of each
fraction was determined by liquid scintillation counting (see
below). Those fractions that corresponded
to the radioac
tive peaks were lyophilized and dissolved in 0.7 ml of water.
Plasma samples were deproteinized by ultrafiltration
(Model
12 stirred ultrafiltration
cell, Diaflow type PM30 ultrafiltra
tion membrane; Amicon Corporation,
Lexington, Mass.).
Analytical Techniques. FT and its metabolites in biologi
cal fluids were identified and quantitated
by HPLC and
radiochromatography
as previously described (2). A Waters
Associates
ALC Model 202/401 liquid Chromatograph
equipped with a variable wavelength UV detector (Schoeffel
Instrument Corp., Westwood, N. J.) operating at 270 nm
was used. The separations were achieved with a Waters /nBondapak C1B column (30 cm x 4.0 mm inside diameter)
with filtered, deionized water as eluent at a flow rate of 2.0
ml/min. Peak areas were determined by a Columbia Scien
tific Model CSI 38 integrator. Peak areas and drug concen
trations were linearly correlated for both plasma and urine.
Urine samples of 10 fj.\ each and plasma ultrafiltrates of 50
fj.\ each were analyzed by HPLC. For radiochemical analysis
200-jixl samples of the fractions from column chromatography were applied to Whatman No. 1 paper, and the chromatogram was developed with ethylacetate/formic
acid/
water (65/5/5, v/v/v). The paper was cut into 2-cm strips
and placed in vials containing 11 ml PCS (Amersham Corp.,
Arlington Heights, III.), and the radioactivity was determined
by liquid scintillation
counting (Packard Tri-Carb 3855).

mixture

containing

filtered under 50 psi of nitrogen. The ultrafiltrate collected
after the first 10 min was discarded. The samples were
collected, and radioactivity was determined by liquid scin
tillation counting. The membrane showed no binding to FT.
Isolation and Degradation of HFT's. The HPLC effluent
corresponding
to the urinary HFT peak was collected and
divided into 5 aliquots, and each aliquot was evaporated to
dryness. The residues were redissolved in 2 ml of one of the
following: 0.1 M acetate buffer, pH 5; ultrafiltered plasma;
0.05 M carbonate buffer, pH 9; or deionized water. Each
solution was incubated for 4 hr, and 50 /Â¿Iwere analyzed by
HPLC.
In Vitro Metabolism of FT. Mouse (BALB/c x DBA/2 F,)
and rat (Sprague-Dawley)
livers were homogenized
in 2
volumes of 0.15 M KCI/0.05 M Tris/O.01 M MgCL buffer, pH
7.4, and the homogenate was centrifuged at 9750 x g for
20 min. The pellet was discarded, and the supernatant was
ultracentrifuged
at 105,000 x g for 60 min. The supernatant
was removed, and the pellet was resuspended in half the
volume of the above buffer containing 0.01 M EDTA and
recentrifuged
at 105,000 x g for 30 min. The pellet that
resulted was resuspended in the KCI/Tris/MgCU
buffer so
that each g wet weight of liver gave 1 ml of microsomal
suspension.
[2-14C]FT (0.2 mM) was incubated for 1 hr at 37Â°in a
3868
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RESULTS
Plasma FT concentrations
decreased slowly, as shown in
Chart 1. The plasma disappearance of FT was exponential
for the initial 48 hr after drug administration,
with a f,/2 of
8.8 hr. In 4 patients who received FT (5 g/sq m), drug
concentrations
reached a plateau at approximately
48 hr
and then slowly decreased but remained detectable at 94
hr. The apparent volume of distribution
of FT, estimated
from the exponential phase, is 0.66 liter/kg, about the D20
space in humans. In 5 patients the average plasma concen
trations of FUra derived from the FT remained nearly con
stant (Chart 1) despite large individual variations. No anabolites or catabolites of FUra were detected in the plasma.
The average cumulative urinary excretion of radioactivity
in 4 patients receiving [2-14C]FT amounted to 19.5% of the
administered dose in 24 hr, as shown in Chart 2. In 2 of
these patients, 20.8% of the administered radioactivity was
excreted in 48 hr. In the first 2 hr, the urinary radioactivity
was mostly in FT (RK 0.81); however, FUra (RK 0.50), FUrd

1000

Quenching was determined by the automatic external stan
dard ratio method; the counting efficiency for 14Cwas 83%.
Protein Binding. The binding of FT to human plasma was
determined by a rapid ultrafiltration
method with an Amicon
Diaflow Model 52 ultrafiltration
cell equipped with a UM-2
membrane. A fresh 10-ml plasma solution of [2-14C]FT was

NADP'

(5.0 mM), glucose 6-phosphate dehydrogenase
(0.6 units/
ml), and 1 ml of microsomal suspension in a total volume of
5 ml. Protein was precipitated
by the addition of 2 ml of
20% trichloroacetic
acid. After centrifugation
to remove
protein, the supernatant was analyzed by HPLC and radi
ochromatography.
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Chart 1. Plasma concentrations of FT and FUra after administration of FT,
4 to 5 g/sq m. FT (â€¢).
average of 8 patients; FUra (A), average of 5 patients.

Chart 2. Cumulative 24-hr urinary excretion of radioactivity after adminis
tration of [2-"C]FT. 5 g/sq m. Average of 4 patients.
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(RK 0.21),

FdUrd

monophosphate

(RK 0.38),

5-fluoro-2'-deoxyuridine

5'-

(RK 0.04), urea (RK 0.30), a-fluoro-ÃŸ-urei-

dopropionic
acid (RK 0.50), and an unknown metabolite (RK
0.63) were also observed (Chart 3). Identification was made
by comparison
of Chromatographie
RK values and, when
applicable, retention times with those of authentic samples.
By 24 hr only 25% of the radioactivity resided in FT, with
significant increases in the percentage of excretion of all
the metabolites except FdUrd.
The unknown metabolite, which predominated at 24 hr,
was isolated by HPLC. It liberated FUra when incubated in
plasma or buffer, pH 9; however, there was no conversion
when the metabolite was incubated in buffer, pH 5, or
deionized water (Chart 4).
Although the metabolite appeared as a single peak on
HPLC, thin-layer chromatography
on silica gel (CHCI:i/
MeOH/NH4OH, 3/1/0.04) showed 2 spots (RK0.37 and 0.43).
The 2 components were isolated by preparative thin-layer
chromatography
and were identified by mass spectrometry
and nuclear magnetic resonance spectroscopy as 3'- and
4'-hydroxyftorafur.
The details of detection, isolation, and

tion time (850 sec) as the HFT urinary metabolite.
In one patient high concentrations
of FT and FUra were
observed in the CSF (Chart 5). By 8 hr the FT content of the
CSF had surpassed that of the plasma. The FUra concentra
tions in the CSF were also high but never exceeded those
of the plasma.
In the range of 6.25 to 100 /Â¿g/ml, FT was 30 to 50%
bound to human plasma protein.
DISCUSSION
FT is thought to owe its antitumor activity to the slow
release of FUra, and therefore it should mimic the constant
infusion of FUra. Current Phase 1 clinical trials of FT consist
of the daily infusion of 1.0 to 2.5 g/sq m for 5 days. Our
pharmacology
studies were undertaken
to determine
whether intermittent high doses (4 to 5 g/sq m) of FT would
give sustained, therapeutic plasma concentrations
of FUra.

40

identification
by spectral interpretation are to be published.
For determination
of the mode of formation of the HFT
metabolites,
[2-'4C]FT was incubated with rat and mouse
hepatic microsomal enzymes. Rat microsomes caused a 2%
decrease in FT, whereas those from mice degraded FT by
about 10%. The products were FUra and a component with
the same paper Chromatographie
RK(0.64) and HPLC reten-
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Plasma pH 9
37Â°
37Â° 25Â°

pH5
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37Â°

Chart 4. Percentage of conversion of a mixture of HFT metabolites
to
FUra after incubation for 4 hr in plasma, buffer (pH 9), buffer (pH 5), and
H20.
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Chart 3. Normalized percentage of distribution of urinary FT and metabo
lites in 4 patients after FT, 5 g/sq m. FdUMP, 5-fluoro-2'-deoxyuridine
5'-monophosphate; FUPA, a-fluoro-/3-ureidopropionic
acid.
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Chart 5. Plasma and CSF concentrations of FT (â€¢,plasma;
FUra (A. plasma; A, CSF) in one patient after FT. 5 g/sq m.

O, CSF) and
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The apparent plateau in FT plasma concentrations after large apparent FT distribution and slow conversion to FUra
the initial rapid plasma clearance suggests the slow exit of allow for prolonged release of the parent drug.
FT from body compartments. This is consistent with its
distribution in total-body water, including poorly permeated ACKNOWLEDGMENTS
tissue from which prolonged release is expected.
We thank Mary Myers for her capable technical assistance.
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