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Abstract Purpose: To assess the pharmacokinetics of
Ftorafur (tegafur, FT), 5-fluorouracil (5-FU), and uracil
in 31 cancer patients who were enrolled in phase I
studies of oral uracil and FT (UFT). The correlation
between pharmacokinetic parameters and toxic effects of
UFT was evaluated. Methods: Uracil and FT were orally
administered in a 4:1 molar ratio at FT doses of 200—
400 mg/m? per day. Patients also received leucovorin at
150 mg/day. Daily doses were divided into three doses
and administered at 8-h intervals for 28 consecutive
days. Plasma FT concentrations were measured by high-
performance liquid chromatography, and plasma 5-FU
and uracil concentrations were determined using gas
chromatography-mass spectrometry. National Institutes
of Health Common Toxicity Criteria were used for as-
sessment of toxicity. Results: The concentrations of FT,
5-FU, and uracil showed wide interpatient variations.
Maximum plasma concentrations (Cppax) of all three
compounds were achieved in 0.3 to 4.0 h. At the various
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study doses, the terminal half-life (t;;,5) of FT ranged
from 3.9 to 5.9 h, the area under the concentration-
versus-time curve (AUCyg,) ranged from 16,220 to
52,446 (ng/ml)h, the total clearance (Clt) ranged from
100 to 175 ml/min, and the steady-state volume of dis-
tribution (Vdg) ranged from 18.3 to 28.7 1. The 5-FU
generated from FT had an apparent distribution half-life
(t1)2,) and an apparent elimination half-life (t;4) of 0.3~
1.3 h and 4.9-7.0 h, respectively. The AUC_¢}, of 5-FU
ranged from 120 to 325 (ng/ml)h. Uracil had a t;,, of
0.2-0.5 h and the level quickly returned to the endoge-
nous level. The AUC, g, for uracil ranged from 605 to
3764 (ng/ml)h, the Clt ranged from 3225 to 7748 ml/
min, and the Vdg ranged from 341 to 1354 1. The Cppmax
and AUC, g, of both FT and uracil were significantly
correlated with FT doses (P-values of 0.0244 and 0.0112)
and with uracil doses (P-values of 0.0346 and 0.0083),
respectively. In addition to interpatient variations, in-
trapatient variations were also observed in six patients
who had pharmacology studies done on days 1 and
26 £+ 2 at the same study dose. We found that the re-
peated treatment with UFT caused cumulative increases
in the values of Cppax, Cirougn, and AUC, ¢, of FT and
5-FU. The major toxic effects observed were diarrhea
and nausea and vomiting. The occurrence of these toxic
effects correlated significantly with the Cpp., and
AUCq4, of 5-FU. Conclusions: The pharmacology
studies showed that FT and uracil were readily absorbed
orally and that FT was rapidly converted to 5-FU. The
preliminary findings suggest that determination of
plasma levels of 5-FU after oral administration of UFT
may help predict subsequent toxic effects.
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Introduction

Ftorafur (tegafur, FT), a prodrug of 5-FU [6], has been
shown to have a broad spectrum of antitumor activity
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when administered intravenously [29] or orally [2, 28].
These studies have suggested that the clinical activity of
FT may be attributable to the slow release of 5-FU. One
of the actions of 5-FU is the inhibition of thymidylate
synthase by fluorodeoxyuridine 5’-monophosphate
(FAUMP), the active metabolite of 5-FU. The inhibition
requires a cofactor, 5,10-methylene tetrahydrofolate,
and subsequently interferes with DNA synthesis [17].
The cytotoxicity of 5-FU is enhanced by giving leu-
covorin (5-formyl tetrahydrofolate; LV), which is a
precursor to 5,10-methylene tetrahydrofolate and has
been used in clinical trials of advanced colorectal cancer
to modulate the anticancer activity of 5-FU [3, 22, 23].
LV is orally bioavailable [8, 16] and has been adminis-
tered orally in combination with 5-FU for the treatment
of advanced colorectal adenocarcinoma [9].

In vitro studies have shown that uracil retards the
degradation of 5-FU by acting as a competitive inhibitor
of dihydropyrimidine dehydrogenase. In rodent tumors,
much higher and sustained levels of 5-FU have been
noted when uracil is coadministered with FU than when
5-FU is administered alone [5, 12]. Enhancement of
antitumor activity by administering FT with uracil
(UFT; Taiho Pharmaceutical, Tokyo, Japan; BMS-
200604, Bristol-Myers Squibb, Princeton, N.J.) has also
been reported [4, 5, 19]. Preliminary studies of the
pharmacokinetics of UFT [18, 19] and UFT plus LV [15,
20, 21] have previously been reported along with the
clinical studies. The clinical development and the po-
tential treatment of cancer with oral UFT and LV have
been reviewed [11]. In this study, we extended the
pharmacologic study of oral UFT plus LV in 31 patients
from The University of Texas M. D. Anderson Cancer
Center and Roswell Park Cancer Institute, and evalu-
ated the degree of correlation between the toxic effects
observed in these patients and the pharmacokinetic pa-
rameters of FT, 5-FU, and uracil. The pharmacology
of LV has been reported elsewhere [8, 15, 16].

Materials and methods

Drugs

UFT was supplied by Taiho Pharmaceutical Co. (Tokyo, Japan).
Each UFT capsule contained 224 mg uracil and 100 mg FT (uracil/
FT molar ratio 4:1). LV, a 6R,S-racemic mixture, was supphed as
15- -mg tdblets by Lederle LdbOI‘dtOI’ICS (Wayne, N. Y ). ['*N,]Uracil
and [°N,]5-FU were purchased from Merck Sharp & Dohme
Isotopes-Canada (Dorval, PQ, Canada).

Patients

A total of 52 patients took part in the phase I trial of oral UFT plus
LV for metastatic carcinoma, and 17 patients from M. D. Ander-
son Cancer Center and 14 patients from Roswell Park participated
in the pharmacology study. Written informed consent was obtained
from the patients according to institutional policies. To be eligible
for this study, patients had to be at least 18 years old with histo-
logic proof of metastatic solid tumor unsuitable for surgical
resection. Patients also had to have completed all previous treat-
ment at least 3 weeks earlier and had to show signs of recovery
from the toxic effects of previous treatment.

Protocol

Doses of UFT are expressed in terms of the FT doses. The starting
oral dose of UFT was 200 mg/m’ per day of FT, and the daily oral
LV dose was 150 mg. Doses were given every 8 h with 4-8 oz of
water for 28 consecutive days. In successwe patient cohorts, the
UFT dose was escalated to 400 mg/m? per day of FT in 50-mg
increments. Because UFT capsules contain 100 mg FT, the calcu-
lated UFT dose was rounded off to the nearest 100 mg. When the
daily UFT doses could not be divided evenly, the highest dose was
given in the morning. Patients consumed no food from 1 h before
to 1 h after medication was ingested.

Sample collection and preparation

Baseline heparinized blood samples were collected before treat-
ment. Additional samples were collected at 0.25, 0.5, 0.75, 1, 1.5, 2,
3,4, 5, and 6 h after the first dose on the first day of treatment.
Approximately the last day of treatment, a second 6-h pharma-
cology study was conducted in the morning on patients who were
able to return. Plasma was separated by centrifuging the blood for
15 min at 1000g at 4 °C, and 0.5-ml aliquots were frozen in glass
tubes at —70 °C and later assayed for 5-FU, uracil, and FT as
described below.

5-FU and uracil determinations

5-FU and uracil were assayed using the procedure of Marunaka
et al. [14]. The assay samples were prepared by adding 0.5 ml water
or 0.5 ml standards in water 0.5 ml patients’ or normal subjects’
plasma and 0.1 ml each of [**N,]Juracil (2.5 pg/ml) and ['°N,]5-FU
(0.5 pg/ml) in water. Additional water was added to a final sample
volume of 2 ml. After adding 50 pl 1 N HCI, the samples were
extracted four times with 15 ml chloroform. The aqueous layer
containing uracil and 5-FU was neutralized by the addition of 80 pl
1 N NaOH and ammonium bicarbonate to saturation and then
extracted with 40 ml ethyl acetate, which was evaporated under
nitrogen at room temperature. To the residue, 25 pl of pyridine and
75 ul  of  N-methyl-N-(¢-butyl-dimethyl-silyl)trifluoroacetamide
were added. The mixture was heated at 70 °C for 30 min, and the
concentrations of 5-FU and uracil were determined by gas chro-
matography-mass spectrometry using a Finnigan INCOS 50 mass
spectrometer (Finnigan Corporation, San Jose, Calif.) with an
electron impact ionization source. The mass fragment chromatog-
raphy analysis was made at m/z 301/303 for 5-FU/['°N,]5-FU and
at 283/285 for uracil/['>NJuracil. 5-FU standard concentrdtlons
were 0.005, 0.01, 0.05, 0.1, 0.2, and 0.25 pg/ml. The r* value for the
standard curve was 0.9991, and the extraction efficiency was 70%.
The uracil standard Concentrations were 0.01, 0.02, 0.1, 0.5, 1, 2, 4,
and 5 pg/ml. The 12 value was 0.9990. The extraction efficiency was
75%.

FT determinations

To 0.5-ml samples of patients’ plasma or standard in plasma, 50 pl
thymidine at a concentration of 50 pug/ml (internal standard) was
added. Ethyl acetate (4 ml) was then added, and the mixture was
shaken for 10 min. The organic layer was removed after centrifu-
gation, and the aqueous layer was reextracted once with an addi-
tional 4 ml ethyl acetate. The combined ethyl acetate layers were
evaporated under nitrogen at 40 °C. The residue was reconstituted
in 200 pl of the mobile phase solvent (3% methanol in 10 mM
ammonium acetate, pH 4.2) used for high-performance liquid
chromatography analysis. Of the reconstituted residue, 20 pul was
injected for FT measurement at 265 nm, using a 10-cm Spherisorb
ODS [2] column (Phenomenex, Torrance, Calif.) with a 3 pm
particle size at a flow rate of 1 ml/min. The retention times for
thymidine and FT were 13 min and 24 min, respectively. FT
standards were 0.1, 0.5, 1, 5, 10, 20, and 30 pg/ml. The #* value was
0.9989, and the extraction efficiency was 79%.



Pharmacokinetics

FT, uracil, and 5-FU generated from FT were measured in patients
after oral administration of UFT. Half-lives of FT and uracil and
the apparent distribution half-life (t;/,) and elimination half-life
(ti2p) for 5-FU were calculated by biexponential curve-stripping
using RSTRIP (MicroMath, Salt Lake City, Utah). The linear
trapezoidal rule method was used to calculate AUC, ¢,,. For FT and
uracil, the AUC values were then used to calculate the total clear-
ance (CLt) [24] and the volume of distribution at steady state (Vds)
was calculated using the methods described by Rowland and Tozer
[25]. PHARM/PCR version 4.0, based on the methods of Tallarida
and Murray [27], was used for pharmacologic calculations. The
National Institute of Health Common Toxicity Criteria were used
for assessment of toxicity [1]. The GraphPad InStat program
(GraphPad Software, San Diego, Calif.) was used for statistical
analyses [13]. This program uses Student’s t-test for paired para-
metric analyses. Two-tailed P-values <0.05 were considered to be
statistically significant [26]. For statistical correlations of phar-
macokinetic parameters with toxicity, both Kruskal-Wallis
nonparametric ANOVA and Spearman’s rank nonparametric tests
were used [13, 26].

Results

The patients ranged in age from 38 to 76 years
(mean £ SD 59 £ 9 years). Tumor types were as fol-
lows: 24 adenocarcinomas (17 of the colon, 3 of the
rectum, | each of the appendix, stomach, cecum, and
lung); 2 squamous cell carcinomas (1 of the lung and 1 of
the esophagus); 1 adenoid cystic carcinoma; 1 large-cell
lung carcinoma; 1 renal cell carcinoma; 1 anaplastic
carcinoma; and 1 melanoma.

Pharmacokinetic studies

The pharmacologic study of 1 of the 31 patients was
discontinued approximately 2 h after the administration
of UFT due to poor vascular access for blood collec-
tions. Therefore, only the results of her Cp.x and Tpax
were included in the analyses of the data.

Uracil, FT, and the generated metabolite of FT, 5-
FU, were rapidly measurable in the plasma of patients
following oral administration of UFT (Fig. 1). At all
time-points, the plasma FT concentrations were highest,

Fig. 1A-C Plasma levels of FT
(O), uracil (A), and 5-FU (@) in
three patients after oral admin-
istration of UFT (A 100 mg/m?
per study dose, B 150 mg/m?>
per study dose, C 125 mg/m>
per study dose)

ng/mil
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and the plasma 5-FU concentrations were lowest. 5-FU
levels appeared to parallel uracil levels (Fig. 1). Tax
differed from patient to patient. For example, the T.x
of patient B (Fig. 1B) was approximately eight times
longer than those of patients shown in Fig. 1A,C (4 h vs
0.5 h). However, in individual patients, all three com-
pounds usually had the same T,... After reaching
CpPmax, the initial 5-FU and uracil concentrations
declined rather rapidly and then declined more slowly.
5-FU concentrations stabilized at low trough levels, and
uracil decreased to its endogenous levels (Fig. 1). Wide
interpatient variations were observed among the three
patients (Fig. 1A-C). The Cppax and AUC ¢4, for FT
were higher in patient C [1012 ng/ml and 517 (ng/ml)h],
respectively than in patient A [129 ng/ml and 105 (ng/
ml)h] or patient B [134 ng/ml and 163 (ng/ml)h].

Table 1 summarizes the pharmacokinetic data for
FT, 5-FU, and uracil in all the patients studied. Signif-
icant correlations between FT and uracil doses and their
Cpmax and AUC were found (P-values of 0.008 to
0.0346). For simplicity, the results are presented in four
different dose groups in Table 1. In addition to the wide
interpatient variations reflected in the large standard
deviations (Tables 1 and 2), intrapatient variations were
also observed in six patients who had pharmacology
studies done on days 1 and 26 £+ 2 at the same study
dose. Comparison of day-1 and day-26 values in each
individual patient suggested that the effects of UFT on
the values of Cpmax, Cirough, and AUCy ¢, of FT and
5-FU were cumulative (Table 2).

The major toxic effects observed were nausea and
vomiting, and diarrhea. As shown in Table 3, significant
correlations were observed between the Cp,., and
AUC( ¢, of 5-FU and the occurrence of diarrhea or
nausea and vomiting (P-values ranged from <0.001 to
0.033).

Discussion

Comparison of pharmacokinetics on days 1 and 26 + 2
in each individual patient suggested that the repeated
treatment with UFT caused cumulative increases in the




-FU.
4>
an in are
s ar
of F]j[ionhere s in
aria T ce se
Co*é}t1 va U. ererf1 theal
AU tien 5'FDlﬁe “diumn -
nd aPer nd ns. aus y ddehys
,a'ntr'l, c-‘ti(.) rc db e lize
ch d 1 acl ria aJO S€ .dln bO hat
Cirou o o o - caﬁimlcata g
S r- 5 C e y t AW _ t
aX-ntefF f su be be Opha ho 5 a
pmlo o ste dr t eSU’st,
es f.e a alsof zy 1. O's ion r
alu Iso Okl%le Ccanht a 0 en ot %ons'tyl atio we y
: hanm e elim o se W m o
o p er. bs T the te- [7] ou na la S har d 8 Cl
S sev a S.. ra il inu ge ra lue p an his ide
y.S g.on in c ti ro fo a r a t wid
= g dfu.at} ns the ura con d 0 v Ou' .m. of e 18
E § gé Va;;atlc‘;se’ andivinfe deilt}llldyAU[(; 8]n 8 dﬂ‘ectfor tl;tCZint
53 W g'% V?ogeg-Fgrefen tIn amegna'ngtweethe ;tiolg)arilsnp I;t:y 12
b el : et : be nat ich iv v
+'<ro[— dthcnwmhctd nglatlcctlha
H a 51; o« Z [ bO ati 'dk 3 p t na te izl Xp .ne hl ac d nd
082 g,:;_) inp ped ose’ha t'dr. imleeokle,win ul a -
§ b §£ leVelS' anT dm ’tys S mlnsslbmac nas.dellyn C()S-F[il 0%
“o st = ok la-mUF6p1Wd of Pohar 0gewl tio of omsFe
ZeS < -ns E—E 6 le t a_n er dr.s ia_ S -'d
2 o—: N 2 Py :<Z: Z. Z o g g :I 2 (E] Sinier awerfengi')lo.tcl)ln lndle)hyva,rsle va;atlol’?licsr(i)t tt}?e w1
S = igh - ; " Thi i
o 253 i . g gg htlfdle:he ;&eariaﬂidlniivjﬁr Tl:jegﬁlve;vertfortersn thi
o od - i g ' .
= N&E SEEd =2 : ith-an ent Vyr-lmthe [10 the'ty o COtionan[.lents 1s "Al
= < "8 £8 V;rdl atledrolf n als m tivi anlana paratle den . Ar'
= o ree 23 fntifﬁihzlanéfvlié‘ncfﬁe - fb‘;éstif o
) =3 c , . . A ible :
i 5 2z L e 53 thddomt lndl.ﬂi lnxylasslb acok amtum(r) me o o in-
= i SR S ceg RS pre renth‘? Chvdro Dharm s, live FU to © 1h
g a8 cag H 29 & 7 diﬁeed aria hyther phaerentypt of 5- Sorpts Wto last
el = T = o 8 = = E Cauzil. VhichanonS il; dlfrfnorxten J theg aztienfore thehave
g = D% HN\O“ e5 aWt-ontu eterulo'ben r
= vgg +|‘_§m gz; urse,. ye~at1 ato nd ec d h h ee ot fo
) mmm o:N 5 8 ida is rlemt ,a affon ugl tw n h i
3 3 s 8 S\g Ego]fe nt Zawegspecentﬁav‘}oodn tl;fomal bf' Y Sxperin
[} et .
. 3 3 e 33 L‘Q"D'O“ patlTherith trreagzllldt Ofr e‘flgodiﬂteriZ trlsa lOIrllf'j‘r}ti UFTSig_
N . w ‘ i i
e 5@ = 24 W 227 W tudy df“tgi)rs Ceier'?act(r)ne timein tt};kerglinﬁse Oield: thd}
& o — N -
HE 433 =5 5513 o fae been ions?hfatii“cagur ora ?ghzi r“tiogui
£ o L - 2 S re, ion. * t i n s
= oo H<** ‘\!OH Eg the Oe to on is o an er s az
it H A PR rm,V t st1 1n,us h. Vi th- q p
N g’ = i 23 he ha no edm ca ac 1nngU is ( Iso
HO\.-:'? e +|+|_‘r-° B tsO ed inga betomsteroo -F Thally a e
,2_:\ o a o ~ g j z “ 2 2 < % é zsitlructer(ligdruOgugltll’le dsmlnied lsf Ofdzlta)(;linlc o buetd ti‘/’
= “ = < 8= r not n Vv c .
< H S 5 te an e it a € € d d o n p
= +| 233 22 E‘ g afeal ldongtrans tha;ts da lel‘ifshe lore ted a,t;ﬂueexan:l II:
PR 252 + 3 E m en to WedtO rlasm ub eXp cite ve IFOr ho\jv fals
223 S 2 H j?N' = g beod shoing er p unging torit h?:U' re Sed iive);
5 < :<Zﬂ - oA < H < o é = foentsorn hlgh(HO’ b 1’1)1 fac lg d 5- Its aield ela Is o
i‘:\ <ZC > < O':_; 1 ° i; — ;"; n;le m tly fed noxatl‘zuiors fnanresuhis ythe rleVeymez
» = S =2 S 2 8 an is ivi il, t : z i
332 2 = f|zie ;ifg‘{,e;;;ct n;mu?ndgl fairaios%ng) af;dhlgfi e;iab‘%y
> ) 22 =.—c ohehe T,Wd, a .de
= \DO_H'HO— m-I-I mC«S hadelc t t F t e Zth oly m]e v
B 57 =2 3 B q;.%”cv o a ly of of ien rb (l'e dr he tai hae
) ngﬂ ) +|+'o gg‘é fosononns ics at bsoT.athY Tde 0 th,
— ; r : 1 . F ic . Is .
g 2 2o Yo 3 Sole By 2 pe Nb(;;atlﬁineihei(ﬁy o Ofs inﬁlble[@ 30]21ni1d il Onn o
A ~ 5 vfﬂw EVE o ap -11~n OET o ac tmoun
= g fg —Hwoo N 2 BE Omma S 1 ra lf tio S F -ew. ur Sh o Ire
é a ZSE " :\ - xe 2 E;E Chardlfugwerest hgntra antc“irom revt tiVItznd artier alr?s aw
4 e <3 £ACA 25 the 1 fion-cdas"FUbeen . E;CFUsu“Smalres“re °
E = ©na — o —_ & io. 1 - a b c S (S
3 5 2 = A3 i JE i T TFUI ated ﬁaveogenls hose but ahosels "
3 s \omg Nm%—l v@: w-oo Tha 5 ara dr ve h w ve
“ 5 g e SMH Y 5“53 igh e FTehyhletwidly’tS il le
% : e G 3 o 154 & 5 2 8 h iC.roly ge of wd higatienrapatienracl
= 9 2 SIS " == £z E n,;pld ays LOO thﬁe prbe(ile phe !
- = rathw[qedtntbsontc T
g = = N — = =2 m 1 a 1 .
z g a S S it 2 £ S I()}retlrlbl,cllnd’ w"ﬂ‘ihanand
E £ 8§m~ o %‘5% conthTed 1A
g 2 - o 3373 S ; othe IB’Sobeig
§ Ug —w D.E%}D %_ég Waown
% csa;): -« DDE&HD EE% sh
2 S S s @ - E 5
s S g ) = e N 3 £ o
i:% - s VU: ’ 50 'B.E‘ ’
AaE EEE d 2857
M _ rean;
Bl & 2hy7
- = o= -
] — 2o ©=
= > Vﬁ
") E) Q Q
- e 4 =4 —
~ = ° csa
&3 - > e
— “H'?
) = 7
= =)
=



355

Table 2 FT and 5-FU

pharmacokinetic parameters Egtlent (szlL}l;dy Cpmax (ng/ml) C(trough) (ng/ml) AUCq ¢n (ng/ml)h
compared in patients receiving ’
UFT on day 1 vs day 26 FT 5-FU FT 5-FU FT 5-FU
1 1 3,800 16 1,480 5 15,275 62
26 7,310 18 6,890 17 39,346 84
2 1 6,550 156 2,660 4 17,393 216
26 7,570 177 3,370 13 27,158 248
3 1 4,790 25 2,770 11 18,160 64
26 7,610 122 4,810 23 32,963 224
4 1 4,890 351 1,680 37 16,579 454
26 23,230 149 15,510 29 112,363 475
5 1 7,130 39 4,200 6 25,518 80
26 20,610 81 11,200 13 80,100 190
6 1 6,000 70 2,830 4 26,880 143
26 5,770 140 4,510 11 22,747 185

Table 3 5-FU pharmacokinetic parameters in relation to diarrhea
and nausea/vomiting grade in patients receiving UFT (numbers in
parentheses are the numbers of patients)*. The Cpyax and AUCy_gp

values were correlated with diarrhea and nausea/vomiting grade
(P-values ranging from <0.001 to 0.033)

Parameter Diarrhea grade Nausea/vomiting grade
0 1 2 3 0 1 2 3
CPmax 97 + 74 (16) 208 &+ 140 (4) 378 £375(7) 211 + 141 (4) 100 + 70 (13) 2254212 (12) 176 + 130 (5) 1019 (1)
Al(Jn(%éinm? 140 + 91 (16) 152 +£86 (4) 290 + 227 (7) 559 + 286 (3) 149 + 103 (13) 231 + 195 (12) 349 + 338 (4) 528 (1)
(ng/ml)h?*
“(ng/mbh

initially in the baseline range, which indicates that uracil
had not been absorbed and/or that the activity of de-
hydrogenase, which catabolizes uracil as soon as it is
absorbed, was too high. This could also partially explain
the fact that the 5-FU concentrations in this patient were
very low. An additional explanation for the low 5-FU
levels could be that not enough liver microsomal oxidase
was available to convert the prodrug FT to 5-FU. At
present, no explanation can be offered as to why the
concentrations of the three compounds significantly
increased at 4 h (Fig. 1B).

The 28-day oral UFT plus LV regimen causes neither
neutropenia nor oral mucositis [15, 18, 21] that often
occur with intravenous 5-FU treatment. The observed
major toxic effects in this current oral UFT study —
nausea and vomiting, and diarrhea — correlated signifi-
cantly with 5-FU Cpy,.x and AUC values. Similar results
have been reported with intravenous 5-FU [6]. These
preliminary results suggest that measuring plasma 5-FU
levels after oral UFT administration may assist in
identifying individuals at risk for toxic effects. Further
studies are needed to substantiate this finding.
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