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Summary. 1-(3-O-Benzyl-2-deoxy-B-D-ribofuranosyl)-5-
trifluoromethyl-2,4(1H,3H)-pyrimidinedione (FTC-092),
a fluorinated pyrimidine derivative, appeared to be effec-
tive against various transplantable tumors in mice follow-
ing oral administration, and its activity was superior to that
of several other antitumor fluorinated pyrimidines. The
EDsg value for FTC-092 the dose effective in achieving
50% inhibition of tumor growth against the solid form of
sarcoma 180 was 13.3 mg/kg daily, whereas those for 5-
trifluoromethyl-2’-deoxyuridine (CF3dUrd), the parent
compound of FTC-092, for 1-(2-tetrahydrofuryl)-5-fluoro-
uracil (Tegafur, FT), the prodrug of 5-fluorouracil (FUra),
and for FUra were 64.1, 122, and 28 mg/kg daily, respec-
tively. The therapeutic indices (LD1o/EDsp) of FTC-092,
CFsdUrd, FT, and FUra were 4.39, 1.7, 1.35, and 1.65,
respectively. FTC-092 itself is not an active agent. After it
has been absorbed from the gastrointestinal tract, FTC-092
undergoes a gradual biotransformation, mainly via the ac-
tion of liver microsomes, releasing CF3dUrd over a long
period. The levels of CF3dUrd in the stomach and small
intestine of mice after the oral administration of FTC-092
were undetectable, whereas those following the adminis-
tration of CF3dUrd at the same dose were high for a period
of several hours. In contrast, the CF3dUrd level generated
in plasma after the administration of FTC-092 remained at
a high level for a longer period than did that observed on
the administration of CF3dUrd. The low levels of CF3dUrd
measured in stomach and small-intestine tissues and the
maintenance of CF3dUrd in blood over long periods after
the administration of FTC-092 are features that favor the
possible clinical application of FTC-092.

Abbreviations used: FIC-092, 1-(3-O-benzyl-2-deoxy-p-p-ribofura-
nosyl)-5-triflucromethyl-2,4(1H,3H)-pyrimidinedione; CF3dUrd, 5-tri-
fluoromethyl-2-deoxyuridine; FT, 1-(2-tetrahydrofuryl)-5-fluorouracil;
FUra, 5-fluorouracil; FsThy, S-trifluorothymine; ILS, increase in life
span

Offprint requests to: S. Takeda

Introduction

In previous reports [32—34], we have discussed the anti-
tumor potency of various newly synthesized O-acyl, N-
acyl, O-alkoxyalkyl, and O-alkyl derivatives of 5-tri-
fluoromethyl-2"-deoxyuridine (CF3dUrd). Among the
CF3dUrd derivatives investigated, FTC-092 [1-(3-O-
benzyl-2-deoxy-B-D-ribofuranosyl)-5-trifluoromethyl-2,4-
(1H,3H)-pyrimidinedione, -3’-O-benzyl-CF3dUrd] was
found to be the most active when given orally. CF3dUrd
was synthesized by Heidelberger et al. [15] as a thymidine
analog. CF3dUrd is known to inhibit thymidylate synthase,
to interfere with DNA metabolism [11, 22, 30], and to
exhibit antitumor activity against various cancer cells in
culture [29] and against some transplanted tumors in
mice [13]. However, the half-life of CF3dUrd in patients’
plasma is generally very short [8] due to its rapid conver-
sion into S-trifluorothymine (F3Thy), an inactive agent, by
thymidine phosphorylase [20]. As a result, the clinical
effect of CF3dUrd was unsatisfactory [1]. In an attempt to
overcome this difficulty, we synthesized many CF3dUrd
derivatives.

In the present study, the antitumor activity of FTC-092
following its oral administration to mice bearing sarcoma
180 or L1210 leukemia were compared with those of the
parent compound CF3dUrd, of 5-fluorouracil (FUra) and
of a FUra derivative, 1-(2-tetrahydrofuryl)-5-fluorouracil
(Tegafur, FT). FUra was first synthesized in 1957 [10] and
has been used extensively in the treatment of certain types
of cancer [5, 14, 24, 25]. It inhibits thymidylate synthase
and interferes with the metabolism of RNA and DNA [2, 4,
6,7,9,12,18,19, 21, 23, 26-28, 31]. Considerable efforts
have been made to find FUra derivatives that exhibit better
antitumor activity and lower toxicity. Among the FUra
derivatives, FT has been the subject of considerable inter-
est in experimental and clinical cancer chemotherapy [3].
This report describes the antitumor activity of FTC-092
and discusses the reason for its improved effectiveness.
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Fig. 1. Chemical structure of FTC-092

Materials and methods

Reagents. FTC-092 (Fig. 1) and FT were synthesized in our laboratory.
[2-C]-FTC-092 (sp. act., 9.23 mCi/mmol) was supplied by Daiichi
Pure Chemicals Co., Ltd. (Tokyo, Japan). CF3dUrd, FsThy and FUra
were purchased from Sigma Chemical Co. (St. Louis, Mo., USA). All
other chemicals were commercial products.

Evaluation of antitumor activity. Sarcoma 180 (S180) and 1.1210 leuke-
mia (L1210) were used as experimental tumor models. S180 (5 x 106
cells) was implanted s.c. into 5-week-old male ICR mice (Japan Clea
Inc., Tokyo, Japan), and L1210 (1 x 105 cells) was implanted i.p. into
7-week-old male CDF mice (Shizuoka Laboratory Animal Agricultural
Coop., Shizuoka, Japan). A group of seven mice was used for each dose
level. The compounds tested were suspended in 0.5% carboxymethyl
cellulose solution containing 0.1% Tween-80 and were given p.o. at a
volume of 0.1 ml/10 g mouse body weight.

The percentage of inhibition of the tumor growth of S180 was calcu-
lated by comparing the average tumor weight of drug-treated and control
animals (vehicle only) on day 12. The therapeutic index (LD1o/EDs0),
1. e., the relationship between the antitumor effect and the toxicity of each
drug, was determined, LD1o being the dose causing the death of 10% of
the animals and EDsg being the dose effective in producing 50% inhibi-
tion of the tumor growth. The percentage of increase in life span (ILS %)
for animals bearing L1210 was calculated from the mean survival of the
treated group as compared with that of the control group. The therapeutic
ratio was expressed as ILSmax/ILS30, where ILSmax is the dose achieving
the maximal ILS and ILS3p is the dose producing 30% ILS.

Cell culture. HeLa cells were grown in 6-cm petri dishes as monolayers
in Eagle’s minimum essential medium containing 10% calf serum. The
dishes were placed in a CO2 incubator at 37° C for 7 days. Cells that had
been harvested in their exponential phase of growth were seeded in the
culture medium in each plate at a density of 1 x 10* cells/4 ml on day 0.
On day 1, various concentrations of the compounds were added to the
cells in the dishes. The cell number was counted on day 7 following a
5-min incubation with 0.25% trypsin to disaggregate the cells.

Determination of the rate of chemical hydrolysis of FTC-092. At a final
concentration of 1x 10~* M, the drug solution was incubated at 37°C
under various pH conditions. FTC-092 and its hydrolysis products were
identified and measured by HPLC using an LC-3A liquid chromatograph
(Shimazn, Japan) equipped with a UV detector operating at 254 nm. For
HPLC, samples (10 pl) were applied to a column of (-Bondapak Cis
(Waters Associates; 300 x4 mm inside diameter). The mobile phase
consisted of 20 mm KH>PO4 and a linear gradient of ethanol (4%/min,
ranging from 0 to 100%) and was run at a flow rate of 1.5 ml/min.

Extraction and determination of CF3dUrd from plasma and various
tissues. Drugs were given orally at 30 mg/kg to male ICR/JCL mice that
had been starved overnight. At indicated intervals, tissue and blood
samples were collected. The tissue samples were homogenized with
3 vol. saline, and the homogenates were centrifuged at 9,000 g for
10 min. The plasma samples and tissue supernatants (500 ul each) were
deproteinized by the addition of 0.1 N HCI/MeOH (500 ! each) and the
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mixtures were centrifuged. Supernatants (10 pl) thus obtained were sub-
jected to HPLC analysis to determine the CF3dUrd concentration.

Assay for enzymic demasking of FTC-092. The hydrolytic activity of
tissue enzymes was estimated by measuring the amount of [2-14C]-
CFzdUrd that was released from [2-14C]-FTC-092. Tissue samples (1 g)
from male ICR/JCL mice were minced with scissors and homogenized in
an ultrasonic homogenizer with 3 vol. 50 mm TRIS-HCI buffer (pH 7.4)
containing 25 mM KCl, 5 mm MgCh and 0.1 mm ethylenedi-
aminetetraacetic acid (EDTA). The homogenates were centrifuged at
9,000 g for 30 min at 4°C, and the supernatants were used to determine
the rate and extent of the hydrolysis of FTC-092. The hydrolytic activity
in the serum was also determined. Tumor tissues were collected from
mice on day 10 after s. c. inoculation,

The reaction mixture consisted of 10 um [2-1#C]-FTC-092 (sp. act.,
9.23 mCi/mmol), 50 mym TRIS-HCI buffer (pH 7.4), 25 rom KCl, 5 mmM
MgCly, 0.1 mm EDTA, 5 mum reduced nicotinamide adenine dinucleotide
phosphate (NADPH), and 20% tissue homogenates in a final volume of
0.5 ml. After incubation at 37° C for 60 min, the reaction was terminated
by the addition of 0.1 N HCI/MeOH, and the [2-14C]-CFsdUrd released
was quantitated using thin-layer chromatography (TLC) on silica gel
(60 F7s4, Merck). A mixture of diethyl ether : acetone : chloroform : H>O
(50:50:40:1, by vol.) was used as the developing solvent. Ry values
(retardation factors) for FTC-092 and CFdUrd were 0.6 and 0.28, re-
spectively. CFsdUrd was eluted from the plate with 50% methanol, and
the radioactivity was measured following the addition of ACS-II (Amer-
sham, Japan) in a Packard 2,000 CA scintillation system.

Preparation of subcellular fractions. Normal male ICR/JCL mice were
starved overnight and killed by cervical dislocation. Their livers were
perfused in situ with a cold 0.9% NaCl solution and then excised.
Subcellular fractions were prepared at 0—4°C by the method of Imai et
al. [17]. In a total volume of 1 ml, the reaction mixture contained [2-14C]-
FTC-092 (sp. act., 58.7 mCi/mmol), 50 mm TRIS-HCI (pH 7.4), 25 mm
KCL, 5 mm MgCly, 0.1 mm EDTA, 5 mm NADPH, and a mouse-liver
subcellular fraction. The incubation was performed at 37°C for 10 min,
and the reaction was terminated by the addition of an equal volume of
methanol containing 0.1 N HCI. The protein that precipitated was re-
moved by centrifugation at 3,000 g for 10 min at 4°C. The amount of
CF3dUrd in the supernatant was measured using the TLC method de-
scribed above.

Results

Effect of FTC-092 administration at various schedules on
tumor growth in mice

The antitumor activity of FTC-092 given to mice on differ-
ent treatment schedules is shown in Table 1. FTC-092
appeared to be active against S180, a locally growing solid
tumor, and its activity showed a significant schedule de-
pendency. The oral administration of FTC-092 produced
the highest antitumor activity when carried out consecu-
tively from day 1 to day 9 at a dose lower than that used for
a single administration on day 1 or for intermittent treat-
ments on days 1, 5, and 9. The antitumor activity of
CF3dUrd, FT, and FUra also displayed schedule depend-
ency. The consecutive administration of these drugs were
most effective (data not shown). On the basis of these
observations, we decided to assess the antitumor activity of
FTC-092 and other fluorinated pyrimidines using consecu-
tive administration.
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Table 1. Influence of the FT'C-092 treatment schedule on sarcoma 180 in
male ICR mice

Table 3. Inhibition of Hel.a cell growth by derivatives of CF3dUrd

Compound Concentration (ug/mi)
Treatment  Dose Body wt. Tumor wt. Inhi-
schedule change bition 10 1 0.1 0.01 ICo0
(mg/kg daily)2 (g, days 0—12) (g, mean = SD) (%) (ug/ml)
Control - +10.2 6.16+1.56 FTC-092 54 % 5.3% 5.3% -3.1% >10
Day 1 900x1 (900) +10 4.02+£1.55% 35 CFsdUrd 99.8% 98.8% 96.3% 48.7% 0.07
4501 (450) +10.7 5.18+1.87 16 FsThy 70.1% 25.8% 16.4% 1.2% >10
Days 1,5,9 300x3 (900) + 79 4.27£0.73%*% 31 FUra 99.8% 98.9% 81.8% 21 % 0.32
150x3 (450) + 8.6 5.34+1.79 13
Days 1-9 309 (270) + 5.1 248 +0.69%*% 60 Hela cells were cultivated in petri dishes containing Eagle’s minimum
15%9 (135) + 7 2.81+0.79%%% 54 essential medium plus 10% calf serum. Each value represents the aver-

Male ICR/JCL mice were implanted subcutaneously on day 0 with
5% 106 sarcoma 180 cells, The test compounds were given orally on
several schedules. For the control, vebicle (0.5% carboxymethyl cel-
lulose solution containing 0.1% Tween-80) was given orally on days
1-9. The percentage of inhibition of tumor growth was evaluated on day
12. Difference from the corresponding control group at *P <0.05,
**P <0.01, and ***P <0.001

a Values in parentheses represent the total dose

Comparison of the antitumor activity of FTC-092,
CF3dUrd, FT, and FUra

The antitumor activity and the therapeutic index of FTC-
092 against S180 were compared with those of CF3dUrd,
FT, and FUra (Table 2). Although FTC-092 is a prodrug of
CF3dUrd, it exhibited marked activity at doses lower than
those of CFzdUrd. The EDsp value for FTC-092 was
13.3 mg/kg daily, whereas those for CF3dUrd, FT, and
FUra were 64.1, 122, and 28 mg/kg daily, respectively.
The therapeutic indices (LD1o/EDso) of FTC-092,
CF3dUrd, FT, and FUra were 4.39, 1.7, 1.35, and 1.65,
respectively. The therapeutic index of FTC-092 was thus
>3-fold that of the parent compound CF3dUrd. In contrast,
the therapeutic indices of FUra and its prodrug FT were
quite similar to each other.

The effect of FTC-092 on the survival of mice bearing
L1210 was compared with that of CF3dUrd, FT, and FUra.
The IL.S30 value for FTC-092 was 15.7 mg/kg daily, which
was about half that of CF3dUrd. The therapeutic ratio
observed for FTC-092 was 3.82, showing its superiority to
FT and FUra. The ILSmax (%) data also indicated the
superiority of FTC-092.

age of 3 tests. In the untreated control dishes, 1x 104 cells that had been
seeded on day O had proliferated logarithmically to 6.9 x 10° cells by
day 7

Effect of FTC-092 on HeLa cells cultured in vitro

The growth-inhibitory activity of FTC-092 and its metabo-
lites against Hela cells is shown in Table 3. The ICoo value
(the concentration producing 50% inhibition of cell
growth) found was 0.07 pg/ml for CF3dUrd and >10 pg/ml
for FTC-092. Thus, in terms of direct cytotoxicity, the
activity of FTC-092 was very low, whereas CF3dUrd was
highly active. F3Thy, the base of CF3dUrd, showed only
weak activity corresponding to an ICoq value of >10 pg/ml.

CF3dUrd levels in the blood and organs of mice after
oral administration of FTC-092 and CF3dUrd

Mice were given FTC-092 or CF3dUrd orally at 30 mg/kg,
and the concentration of CF3dUrd in the plasma and organ
tissue samples was determined at 0.5, 1, 2, 4, and 8 h after
administration (Fig. 2). Following the administration of
CF3dUrd, the maximal plasma concentration of CF3dUrd
(3.13 ug/ml) was reached at 0.5 h and the level rapidly
decreased within the first 2 h. Following treatment with
FTC-092, the concentration of CF3dUrd measured in
plasma at 0.5 h was lower than that observed after oral
dosing with CF3dUrd, but the level decreased more slowly
and remained detectable for 4 h. The concentrations of
CF3dUrd measured in the stomach and small intestine after

Table 2. Comparison of the therapeutic index and the ratios of FTC-092 and fluorinated pyrimidines against sarcoma 180 and L1210 in mice

Drug Sarcoma 180 (solid type) L1210 (ascites type)

EDso LD1o Therapeutic index ILS30 ILSmax Therapeutic ratio
(LD1o/EDso) (TL.Smax/TLS30)

(mg/kg daily) (mg/kg daily)

FTC-092 133 58.4 4.39 15.7 60 (86)2 3.82

CFsdUrd 64.1 108.9 1.7 332 120 (48)2 3.61

FT 122 165.1 1.35 71 120 (52)2 1.69

FUra 28 46.1 1.65 17.2 30 (45 1.72

The antitumor activities of FTC-092 and other fluorinated pyrimidines were assessed following consecutive administration from day 1 to day 9. LD1o
was calculated from the number of survivors on the 30th day after the first of nine consecutive daily oral doses
2 TLSmax (%) for L1210 cells; the mean survival of the control group was 8.5:£0.5 days
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Fig. 3. Activation of FTC-092 to CFsdUrd in subcellular fractions of
mouse liver. FTC-092 (1 x 10-5 M) was incubated with mouse-liver sub-
cellular fractions at 37°C for 10 min in the presence of NADPH. The
reaction was linear with time to 10 min

oral administration of CFsdUrd were 33.71 and 9.57 ug/g
tissue, respectively, at 0.5 h, whereas those determined in
these organs following the administration of FTC-092
were <0.05 LLg/g tissue throughout the entire observation
period.

Hydrolysis of FTC-092 in aqueous solution

In 0.1 N HCI at 37°C, FTC-092 remained completely
stable for 24 h. At a neutral pH of 7, only 23% of the
compound was hydrolyzed within 24 h. In the HPLC anal-
ysis of the hydrolysis, the product was eluted at a retention
time of 15.5 min (see Materials and methods for the experi-
mental conditions), whereas FTC-092 and CF3dUrd ex-
hibited retention times of 18.9 and 10.9 min, respectively.
This hydrolysis product has been tentatively identified as
being a 5-COOH derivative of FTC-092 based on mass
spectrometry {(data not shown). Under conditions that
mimic the gastrointestinal tract and tissues, FTC-092
seems to be highly stable.
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Small intestine

Fig. 2. Comparison of the plasma and tissue
levels of CF3dUrd after oral administration
of FTC-092 (30 mg/kg) and CF3dUrd

(30 mg/kg) to ICR/JICL mice

Organ distribution of the hydrolyzing activity

The enzymic conversion of FTC-092 to CF3dUrd in mice
was examined. The liver homogenate exhibited sufficient
activity to convert FTC-092 to CF3dUrd to an extent of
2.8% following 60 min incubation under the conditions
used (see Materials and methods). No significant activity
was detected in the other tissues evaluated, including lung,
stomach, small intestine, thymus, spleen, kidney, heart,
brain, muscle, tumor (S180), and plasma. The conversion
of FTC-092 into inactive F3Thy or 3-O-benzyl-deoxyri-
bose was not observed in any of the samples investigated.

Conversion of FTC-092 to CF3dUrd by the microsomal
fraction of mouse liver

Hydrolyzing activity was exhibited mainly by the micro-
somal fraction (Fig. 3). About 50% of the total activity was
found in the microsomal fraction, which also displayed the
highest specific activity among the subcellular fractions
examined.

Discussion

FTC-092, which had been selected as the best candidate
among our new CF3dUrd analogs, could successfully be
given by the oral route. FTC-092 exhibits properties that
are quite different from those of the parent compound
CF3dUrd.

First, a much higher degree of antitumor activity is
observed for FTC-092, even at lower doses level. Second,
the range between the minimal effective dose and the max-
imal tolerated dose is wide enough to enable the safe use of
FTC-092. Third, the amount of CF3dUrd that is released
following the oral administration of FTC-092 is retained in
the blood for a long period. This is especially important
because the achievement of levels of CF3dUrd (the parent
compound) that are sufficient to produce an antitumor
effect requires the use of more complicated treatment
schedules (every 3 h daily for 8—13 days or continuous
infusion in clinical use) [1]. Fourth, FTC-092 is resistant to
the inactivating enzyme thymidine phosphorylase, which
degrades CFadUrd to F3Thy, and it remains stable under
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both acidic and physiological pH conditions. These proper-
ties seem to be important, since gastric juice is acidic and
the thymidine phosphorylase activity of the small intestine
is higher than that of other organs [16]. Finally, the levels
of CF3dUrd measured in the stomach and small intestine
after the oral administration of FTC-092 were significantly
lower than those found after CF3dUrd administration.
Since the gastrointestinal toxicity of CF3dUrd seems to be
related to its concentration in the stomach and small in-
testine, it is important that the concentration of this drug be
kept low in these organs.

In the present study, we found that FTC-092 itself is a
nonactive agent, but during its gradual biotransformation
by the microsomal fraction of the liver, it releases CF3dUrd
as an active compound over a long period. The long-lasting
effect of the CF3dUrd would confer sufficient therapeutic
advantages on the former compound. In preliminary stud-
ies on the antitumor spectra of FTC-092, the compound
was found to be effective against murine solid tumors,
including colon adenocarcinoma 38 and melanoma B16,
against tumor xenografts of human breast cancer MX-1
and gastric cancer SC-2 in nude mice, and also against
various FUra-resistant tumors.
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