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S-1 is an oral anticancer agent composed of tegafur (FT), 5-chloro-
2,4-dihydroxypyridine (CDHP), and potassium oxonate. CDHP is
added to prevent degradation of 5-fluorouracil (5-FU) by inhibiting
dihydropyrimidine dehydrogenase. CYP2A6 is involved in the
biotransformation of FT to 5-FU. Thus, we prospectively analyzed
the effects of the CYP2A6 genotype, plasma level of CDHP, and
patient characteristics on the pharmacokinetic (PK) variability of
FT and 5-FU. Fifty-four Japanese patients with metastatic or
recurrent cancers who received S-1 were enrolled. The CYP2A6
polymorphisms (*4A, *7, and *9) with deficient or reduced activity
were analyzed. All subjects were classified into three groups
according to their CYP2A6 genotype: wild type (*1/*1), one-variant
allele (*1/any), or two-variant alleles (combination other than *1).
The PK of FT, 5-FU, and CDHP were measured on day 1 of treatment.
Multivariate regression analysis revealed that oral clearance of FT
was associated with the CYP2A6 genotype (analysis of variance
[ANOVA], P = 0.000838). The oral clearance of FT seen in patients
with the two-variant alleles was significantly lower than those in
wild type and the one-variant allele (95% confidence intervals 0.75–
2.41 and 0.41–1.82, respectively; Tukey-Kramer test). The area under
the time–concentration curve (AUC) of 5-FU was significantly
correlated with the AUC of CDHP (ANOVA, P = 0.00126). The AUC of
5-FU and CDHP were inversely correlated with creatinine clearance
(ANOVA, P = 0.0164 and P = 0.000762, respectively). Although the
CYP2A6 variants are the cause of the PK variability of FT, the AUC
of CDHP affected by renal function is the key determinant of the
variability in the PK of 5-FU. (Cancer Sci 2008; 99: 1049–1054)

S-1 (Taiho Pharmaceutical, Tokyo, Japan) is an oral
anticancer agent. This anticancer drug is currently one of the

most widely prescribed agents for treatment of gastric cancer
in Japan, as a standard option for chemotherapy.(1–3) S-1 is
a formulation of FT, CDHP, and Oxo in a molar ratio of
1:0.4:1.(4) FT is a pro-drug for cytotoxic 5-FU. The
biotransformation of FT to 5-FU is demonstrated to be catalyzed
by the liver drug-metabolizing enzyme CYP2A6.(5,6) The
addition of CDHP increases the plasma level of 5-FU, as CDHP
prevents degradation of 5-FU by competitively inhibiting
DPD,(7) which is a rate-limiting enzyme responsible for 5-FU
detoxification.(8) Oxo reduces the gastrointestinal toxicity
caused by the active 5-FU by blocking the orotate
phosphoribosyltransferase pathway, which relates to further
activation of 5-FU.(9,10)

CYP2A6 is a polymorphic enzyme that shows considerable
interindividual variability in its activity.(11–18) CYP2A6*1 is
defined as the wild-type allele. CYP2A6*4 is a complete dele-
tion of the CYP2A6 gene.(11–13) Among the CYP2A6*4 variants,
CYP2A6*4A is a major variant seen in the Japanese popula-
tion.(12,13) CYP2A6*7 is a single nucleotide polymorphism
(1412T>C) causing an amino acid change (I471T) that
decreases enzymatic activity.(14) CYP2A6*9 has a –48T>G
nucleotide substitution in the TATA box of the 5′ flanking region
of the CYP2A6 gene, which reduces the expression levels of
CYP2A6 mRNA and protein in human livers.(15,16) These
CYP2A6 polymorphisms are seen frequently in Japanese people
with allele frequencies of approximately 20% for CYP2A6*4A,
6% for CYP2A6*7, and 20% for CYP2A6*9.(13,17,18) Thus, it was
postulated that these CYP2A6 genetic polymorphisms in Japa-
nese people influenced the PK variability of FT and 5-FU and
susceptibility to adverse effects as well as S-1 anticancer activ-
ity. The results obtained by Daigo et al. partly support this
hypothesis.(19) They found that the four-fold higher AUC of FT
seen in one patient compared with four other patients was attrib-
uted to the simultaneous presence of CYP2A6*4A and
CYP2A6*11 (S224P), causing reduced catalytic activity in
the patient. This implies that CYP2A6 genetic polymorphisms
alter the PK of FT.

Because CDHP has been reported to be predominantly
excreted in the urine,(20) interindividual variability of the plasma
level of CDHP caused by renal function was expected to occur.
The variability in the plasma concentration of CDHP that thus
occurred was assumed to affect the PK of 5-FU. Ikeda et al. have
suggested this point with data obtained from four patients.(21)

Taking these considerations into account, the PK of 5-FU
were expected to be influenced by polymorphisms in the
CYP2A6 gene,(11–18) and the PK of CDHP. Therefore, in the
present study, the effects of CYP2A6 genotype and plasma
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CDHP levels on the PK variability of FT and 5-FU were exam-
ined prospectively.

Materials and Methods

Eligibility. All patients of 20 years or older with metastatic or
recurrent and histologically confirmed solid tumors who
received S-1, had a World Health Organization (WHO)
performance status of 0–3, and no history of chemotherapy or
radiotherapy within 4 weeks were eligible. Each patient was
confirmed to have adequate bone marrow function (neutrocyte
count, at least 1.5 × 109/L; platelet count, at least 100 × 109/L),
liver function (serum bilirubin level, less than 3.0 mg/dL;
transaminases, less than 2.0 times the upper limit of normal),
and renal function (serum creatinine level, less than 2.0 mg/dL).
All patients were asked for written informed consent for their
peripheral blood samples and medical information to be used for
research purposes. The study protocol was approved by the
Institutional Review Board of Saitama Medical University.

Treatment. S-1 was given per oral twice daily for 28
consecutive days, followed by 2 weeks of rest. The dose of S-1
was fixed based on the patients’ BSA according to the
manufacturer’s package insert as distributed in Japan. The dose
was 80 mg/day for patients with a BSA of less than 1.25 m2,
100 mg/day for those with a BSA of 1.25–1.5 m2, and 120 mg/
day for those with a BSA of more than 1.5 m2.

CYP2A6 genotyping.  Genomic DNA was extracted from
200 µL peripheral blood, which had been stored at –80°C until
analysis, with the use of a QIAamp Blood Kit (Qiagen, Hilden,
Germany). 

CYP2A6*4A was analyzed with the PCR restriction fragment
length polymorphism method described by Nakajima et al.(12)

CYP2A6*7 was analyzed with the allele-specific PCR-based
method described by Ariyoshi et al.(14) with some modifications.
Briefly, the first PCR was carried out with the following cycles.
After initial denaturation at 94°C for 15 min, amplification was
carried out by denaturation at 94°C for 1 min, annealing at 54°C
for 1 min, and extension at 72°C for 2 min for 32 cycles. The
product of the first PCR was diluted 10-fold with distilled water.
The diluted product was subjected to a second PCR. The reac-
tion mixture contained 0.25 mM dNTP in a final volume of
25 µL. After initial denaturation at 94°C for 15 min, amplifica-
tion was carried out by denaturation at 94°C for 20 s, annealing
at 60°C for 20 s, and extension at 72°C for 45 s for 13 cycles.

CYP2A6*9 was analyzed with the allele-specific PCR-based
method reported by Yoshida et al.(15) with minor changes. After
initial denaturation at 94°C for 15 min, PCR amplification was
carried out by denaturation at 94°C for 30 s, annealing at 64°C
for 30 s, and extension at 72°C for 25 s for 25 cycles.

Determination of FT and 5-FU. Blood samples for PK analysis
were obtained on the first day of treatment. Blood samples were
taken right before administration of S-1 and 0.5, 1, 2, 4, 8, and
24 h after the first administration. The second dose of S-1 on
that day was skipped for the 24 h of PK analysis of the first
dose. The samples were centrifuged immediately, and plasma
was stored at –80°C until analysis.

Plasma concentrations of FT and 5-FU were analyzed by a
HPLC method reported previously,(22,23) with modifications. A
250-µL plasma sample was mixed with 100 µL of 0.2 M phos-
phate buffer (pH 7.0) and 100 µL of 100 µM 5-bromouracil
(internal standard). After adding 4 mL ethyl acetate, the mixture
was shaken for 10 min and centrifuged at 2300g for 10 min.
The organic layer was transferred to another test tube. This
extraction step was repeated once. The organic layers were com-
bined and evaporated to dryness. The residue was dissolved in
0.3 mL of 20 mM NaClO4 (pH 2.5) and centrifuged at 20 630g
for 10 min. Then, a 100-µL portion of the supernatant was applied
to a HPLC system (Hitachi model 7000 series; Hitachi, Tokyo,

Japan), equipped with a Capcell Pak C18 SG120 analytical
column (4.6 × 250 mm; 5 µm; Shiseido, Tokyo, Japan). HPLC
was carried out at 35°C at a flow rate of 0.8 mL/min. The
mobile phase consisted of 20 mM NaClO4 (pH 2.5) (solvent A)
and acetonitrile (solvent B). A 20-min run was carried out with
a linear gradient of 100 to 87.5% for solvent A. The eluent was
monitored at 270 nm. Quantification of FT and 5-FU was
achieved by comparing the respective peak areas on a chroma-
togram with that of an internal standard, 5-bromouracil.

The quantification limits were 50 ng/mL (0.25 µM) for FT
and 16 ng/mL (0.125 µM) for 5-FU. The intra-assay and
interassay coefficients of variation were 5.15 and 8.93% for FT
and 6.41 and 6.31% for 5-FU, respectively.

Determination of CDHP. The plasma concentrations of CDHP
were determined with a gas chromatography-negative ion
chemical ionization mass spectrometry system (Falco Bio-
systems, Kyoto Japan) as described by Matsushima et al.(22) The
quantification limit of CDHP was 2 ng/mL (13.8 nM). The intra-
assay and interassay coefficients of variation were confirmed
to be less than 10%.

Pharmacokinetic parameters. The AUC (µM·h) of FT, 5-FU, and
CDHP were calculated with the linear trapezoidal rule (until the
peak plasma concentration) and linear-log trapezoidal rule (until
the last measurable concentration), using a computer program
(WinNonlin version 5.1 software; Pharsight Corporation, Mountain
View, CA, USA). The CL/F (L/h) of FT was also determined.

Statistical analysis. Allele and genotype frequencies for each
polymorphic allele in the CYP2A6 gene were determined using
SNPAlyze 5.1 (Dynacom, Yokohama, Japan). The significance
of deviations from Hardy–Weinberg equilibrium was tested with
the program SNPAlyze 5.1. Linkage disequilibrium analysis
to calculate the correlation coefficient r2 and disequilibrium
parameter (D′) between CYP2A6*7 and the CYP2A6*9 was also
carried out using SNPAlyze 5.1.

Correlations of the PK of FT or 5-FU with possibly related
factors were examined by ANOVA. Correlations were considered
statistically significant when the two-tailed P-value was less than
0.05. The Tukey–Kramer HSD test was used to examine the pos-
sible correlation between the CL/F of FT and the CYP2A6 geno-
types. The correlations were also analyzed by multivariate linear
least-squares regression analysis. The estimated model was con-
sidered to be significant when the two-tailed P-value obtained by
ANOVA was less than 0.05. Factors in the model were signifi-
cantly associated with a variable when the two-tailed P-value
was less than 0.05. All analyses were carried out with JMP
version 6 software (SAS Institute, Cary, NC, USA).

Results

Patient characteristics. A total of 54 Japanese patients at
Saitama Medical University were enrolled in the present study
from September 2005 through April 2007. The patient
characteristics are summarized in Table 1. Most of the patients
showed performance status 0 or 1. The median of the Ccr
calculated with the Cockcroft–Gault equation was 81.5 mL/min,
ranging from 39 to 174 mL/min. The most frequent tumor was
gastric cancer.

CYP2A6 genotypes. The allele frequencies of CYP2A6*4A, *7,
and *9 were 20.4, 20.4, and 17.6%, respectively. All of the
polymorphic alleles were in Hardy–Weinberg equilibrium
(P > 0.05). The allele frequencies of CYP2A6*4A and *9 were
similar to those reported previously,(13,17,18) whereas that of *7
was somewhat higher. The distribution of CYP2A6 genotypes
was as follows: *1/*1, 22.2%; *1/*4A, 14.8%; *1/*7, 7.4%;
*1/*9, 16.7%; *4A/*4 A, 5.6%; *4A/*7, 11.1%; *4A/*9, 3.7%;
*7/*7, 7.4%; *7/*9, 7.4%, and *9/*9, 3.7%. As linkage between
CYP2A6*7 and CYP2A6*9 was not observed (D′ = –1,
r2 = 0.0546), haplotype analysis was not carried out.
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Pharmacokinetic profiles of FT, 5-FU, and CDHP. The PK profiles
of FT, 5-FU, and CDHP are shown in Figure 1. The AUC0–∞ of
FT was calculated with time points from 0 to 24 h. The
mean ± SD for the AUC0–∞ of FT was 116 ± 51.2 µM·h. The
median was 106 µM·h (range, 35.1–297 µM·h). CL/F was
calculated from the AUC0–∞ and the dose of FT. The mean ± SD
for the CL/F was 2.76 ± 1.14 L/h. The median was 2.68 L/h
(range 0.99–7.13 L/h). In 51 out of 54 cases, the plasma
concentrations of 5-FU at 24 h were under the detection limit.
Because the elimination phase of 5-FU was not observed until
8 h, the AUC0–∞ of 5-FU could not be calculated in many cases.
Therefore, the AUC0–8 was calculated for 5-FU. The mean ± SD
for the AUC0–8 of 5-FU was 10.5 ± 3.70 µM·h. The median was

9.84 µM·h (range 4.16–20.8 µM·h). The AUC0–∞ of CDHP was
determined with time points of 0, 2, 4, 8, and 24 h. The
mean ± SD for the AUC0–∞ of CDHP was 8.35 ± 3.12 µM·h. The
median was 9.84 µM·h (range 4.16–20.8 µM·h). Thus, the PK
profiles of FT, 5-FU, and CDHP still varied among patients,
even if the S-1 doses were fixed by BSA.

Factors affecting the CL/F of FT. The effects of factors including
the CYP2A6 genotype, plasma level of CDHP, and patient
characteristics on the CL/F of FT were examined. As
mentioned, the variant CYP2A6 alleles were assumed to
generate transcripts possessing lower or no enzymatic activity.
Thus, all subjects in the present study were classified into three
groups according to CYP2A6 genotype: wild type (*1/*1), one-
variant allele (*1/*4A, *1/*7 or *1/*9), or two-variant alleles
(*4A/*4A, *4A/*7, *4A/*9, *7/*7, *7/*9 or *9/*9). The CL/F of
FT was found to be significantly associated with the CYP2A6
genotype (ANOVA, P = 0.0000333, R2 = 0.33) (Table 2). The
CL/F of FT seen in patients with the two-variant alleles was
significantly lower than those with wild type or one-variant
allele (95% confidence intervals 0.75–2.41 and 0.41–1.82,
respectively; Tukey-Kramer HSD test) (Fig. 2a). A significant
association between the CL/F of FT and the respective 10
CYP2A6 genotypes was also observed (ANOVA, P = 0.000363,
R2 = 0.48). Comparisons for all genotype pairs using the Tukey–
Kramer HSD test revealed that the CL/F of FT seen in patients
with *4/*4, *4/*7 or *7/*7, but not with *4/*9, *7/*9 or *9/*9,
was significantly lower than that seen in patients with *1/*1.
Multivariate regression analysis indicated that the CYP2A6
genotype could be a significant predictor of the CL/F of FT
(ANOVA, P = 0.000838, R2 = 0.40) (Table 3). The P-values for
the estimated parameters of the subjects carrying wild type and
two-variant alleles of the CYP2A6 genotypes were 0.00329 and
0.0000261, respectively.

Factors influencing the AUC of 5-FU. Next, factors that might
influence the variability of the AUC of 5-FU were examined.
The AUC0–8 of 5-FU was correlated significantly with the AUC0–∞
of CDHP (ANOVA, P = 0.0000211, R2 = 0.30) (Table 2; Fig. 3).
Even when the relationship was analyzed by excluding the data
from a patient who showed the highest AUC of 5-FU and
CDHP, a statistically significant correlation between the AUC of
5-FU and CDHP was still observed (ANOVA, P = 0.0191,
R2 = 0.17). The AUC0–8 of 5-FU did not correlate with other
factors including CYP2A6 genotype (Table 2; Fig. 2b). No
association between the AUC0–8 of 5-FU and the respective 10

Table 1. Patient characteristics

Characteristic Number of patients

Age (years)†

61 (33–85) 54
Sex

Male 34
Female 20

Performance status
0 29
1 23
2≤ 2

Creatinine (mg/dL)†

0.67 (0.43–1.2) 54
Creatinin clearance (mL/min)†‡

81.5 (39–174) 54
Total bilirubin (mg/dL)†

0.5 (0.2–1.5) 54
Tumor type

Stomach 32
Colon 9
Breast 6
Other 7

Prior chemotherapy regimens
0 32
1 12
2 10

†Values are expressed as medians, with ranges in parentheses.
‡Creatinine clearance was calculated with the Cockcroft–Gault 
equation.

Fig. 1. Pharmacokinetic profiles of tegafur (FT), 5-fluorouracil (5-FU),
and 5-chloro-2,4-dihydroxypyridine (CDHP) in 54 patients. (™), FT; (—),
5-FU; (¢), CDHP. Data points and bars represent the mean and SD,
respectively.

Table 2. Relationship between the pharmacokinetics of tegafur (FT)
or 5-fluorouracil (5-FU) and possible factors

R2 P

CL/F of FT
AUC0–∞ of CDHP 0.0039 0.655
BSA 0.0024 0.727
Age 0.024 0.265
Total bilirubin 0.0051 0.609
CYP2A6 genotype 0.33 0.0000333
Sex 0.038 0.159

AUC0–8 of 5-FU
AUC0–∞ of CDHP 0.30 0.0000211
BSA 0.0036 0.666
Age 0.0039 0.656
Total bilirubin 0.041 0.140
CYP2A6 genotype 0.026 0.515
Sex 0.0020 0.748

AUC, area under the concentration–time curve; BSA, body surface area; 
CDHP, 5-chloro-2,4-dihydroxypyridine; CL/F, oral clearance.
The respective relationships were analyzed by ANOVA.
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CYP2A6 genotypes was also observed (ANOVA). Multivariate
regression analysis suggested that the AUC0–∞ of CDHP was a
good predictive factor of the AUC0–8 of 5-FU (ANOVA,
P = 0.00126, R2 = 0.39) (Table 3). The P-value for the estimated
parameter of AUC0–∞ of CDHP was 0.0000129. When the
multivariate regression analysis was carried out without the data
from a patient who showed the highest AUC of 5-FU and
CDHP, the P-value obtained by ANOVA was 0.073. It was not
clear whether total bilirubin was a significant factor related to
the AUC0–8 of 5-FU (Tables 2,3).

Effects of Ccr on the AUC of 5-FU or CDHP. As shown in
Figure 4, the AUC0–8 of 5-FU correlated inversely with Ccr
(ANOVA, P = 0.0164, R2 = 0.11). The inverse correlation
between the AUC0–∞ of CDHP and Ccr was also observed
(ANOVA, P = 0.000762, R2 = 0.20). One patient with a low Ccr
(45 mL/min) showed the highest AUC0–8 of 5-FU and AUC0–∞ of
CDHP. It should be noted that the patient suffered from grade 3
stomatitis, fatigue, and diarrhea and died after 5 days of S-1
treatment (Figs 3,4).

Discussion

In the present study, we found that the plasma level of CDHP,
but not the CYP2A6 genotype, is the key rate-limiting step in

the S-1 disposition. It seems likely that CDHP makes the
degradation of 5-FU by DPD the rate-limiting step through
competitive inhibition, compared to the formation of 5-FU from
FT by CYP2A6.

Of interest, the tolerable dose of S-1 has been known to
be substantially higher in Japanese patients than in Western
patients.(24–27) So far, ethnically different distributions in
CYP2A6 genetic polymorphisms have been thought to be

Fig. 2. Pharmacokinetics of tegafur (FT) or 5-fluorouracil (5-FU) and
the CYP2A6 genotype. (a) Oral clearance (CL/F) of FT and the CYP2A6
genotype. The mean ± SD of the CL/F observed in patients with wild
type, one-variant allele, and two-variant alleles was 3.56 ± 1.36,
3.10 ± 0.89, and 1.98 ± 0.69 L/h, respectively. (b) Area under the time–
concentration curve (AUC) of 5-FU and the CYP2A6 genotype. The
mean ± SD of the AUC of 5-FU seen in patients with wild type, one-
variant allele, and two-variant alleles was 11.5 ± 4.21, 10.5 ± 3.81, and
9.98 ± 3.32 µM·h, respectively.

Table 3. Relationship between the pharmacokinetics of tegafur (FT)
or 5-fluorouracil (5-FU) and possible factors estimated by multivariate
regression analysis

Term
Estimated 
parameter

P

CL/F of FT Intercept 4.2 0.0908
(R2 = 0.40, P = 0.000838) CYP2A6 genotype†

Wild 0.67 0.00329
One-variant 0.22 0.233
Two-variants –0.89 0.0000261

AUC0–∞ of CDHP –0.038 0.397
BSA –0.26 0.828
Age –0.012 0.418
Sex†

Male 0.27 0.120
Total bilirubin 0.18 0.745

AUC0–8 of 5-FU Intercept 5.2 0.513
(R2 = 0.39, P = 0.00126) CYP2A6 genotype†

Wild 0.84 0.244
One-variant –0.72 0.235
Two-variants –0.12 0.853

AUC0–∞ of CDHP 0.71 0.0000129
BSA –0.18 0.963
Age –0.036 0.471
Sex†

Male –0.028 0.960
Total bilirubin 3.8 0.0431

AUC, area under the concentration–time curve; BSA, body surface area; 
CDHP, 5-chloro-2,4-dihydroxipyridine; CL/F, oral clearance.
†The summation of estimated parameters for each category of nominal 
term was calculated to be one (JMP version 6).

Fig. 3. Area under the time–concentration curve (AUC) of 5-
fluorouracil (5-FU) and 5-chloro-2,4-dihydroxypyridine (CDHP)
exposure. *The patient showed grade 3 stomatitis, fatigue, and
diarrhea and died after 5 days of S-1 treatment. The mean ± SD of
the AUC of 5-FU and CDHP was 10.5 ± 3.70 and 8.35 ± 3.12 µM·h,
respectively.
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involved in the difference in the average PK of 5-FU and dis-
cordant outcomes between Japanese and white people.(24,26)

Because the frequency of the mutant CYP2A6 alleles is higher
in Japanese people than in white people,(13,17,18) it is reasonable
to postulate that the average catalytic activity of CYP2A6 to
metabolize FT is lower in Japanese people. Therefore, when a
comparable dose of S-1 is administered to both ethnic groups,
the average plasma level of 5-FU in Japanese people may be
lower than in white people. However, because the CYP2A6 gen-
otype was not associated with the AUC of 5-FU (Table 2;
Fig. 2b), the lower average formation of 5-FU from FT might
not be the cause for the lower average AUC of 5-FU in Japanese
people. From the results that the AUC of 5-FU significantly cor-
related with the AUC of CDHP (Fig. 3), another hypothesis is
possible. If a comparable dose of S-1 (mg/m2) is administered to
Japanese and white people, the average AUC of CDHP seen in
Japanese people might be lower than that seen in white people,
as the average BSA of Japanese is lower.(28,29) The average actual
dose of CDHP (mg/body) is probably lower in Japanese people
than in white people. The average lower plasma level of CDHP
in Japanese people might result in the lower inhibition of DPD,
causing higher degradation of 5-FU and leading to a higher
average dose of S-1. Further studies with Western patients are
needed.

Because CDHP has been reported to be predominantly
excreted in the urine,(20) renal function might be a key factor
determining the PK of CDHP as well as 5-FU.(21) Our results
showed that impaired renal function caused the high plasma
concentrations of CDHP and 5-FU. As shown in Figures 3 and
4, a patient with low Ccr (45 mL/min) showed the highest
AUC0–8 of 5-FU and AUC0–∞ of CDHP. Of particular impor-
tance, the patient suffered from grade 3 stomatitis, fatigue, and
diarrhea and died after 5 days of S-1 treatment. It is necessary

to clarify the relationship between renal function (Ccr) and S-1-
induced toxicity.

In the present study, each S-1 dose was adjusted based on
BSA (40–60 mg/body twice daily). However, the AUC0–8 of 5-
FU still varied (Fig. 1). This implies that BSA-based dosing is
not sufficient to reduce the interpatient variability in the AUC0-8
of 5-FU. Because the AUC0–8 of 5-FU was inversely correlated
with Ccr (Fig. 4), the conventional BSA-based dosing would be
compensated by Ccr to reduce the interindividual PK variability
of 5-FU.

We extrapolated the AUC of FT and CDHP to AUC0–∞ from
the plasma concentration data obtained from time 0–24 h. This
extrapolation seemed to be reasonable as we obtained similar
relationships shown in Tables 2 and 3 by using the AUC0–24 of
FT and CDHP (data not shown).

According to the results obtained by Hirata et al. the elimina-
tion phase of 5-FU was observed until 8 h in 11 of 12 patients.(20)

Considering their results, we decided to calculate the AUC0–∞ of
5-FU from the plasma concentration data obtained at 0, 0.5, 1, 2,
4, 8, and 24 h. However, in the present study, we could not nec-
essarily observe the elimination phase of 5-FU until 8 h. Most
patients enrolled in this study showed a PK profile of 5-FU sim-
ilar to one patient reported in Hirata’s study whose elimination
phase of 5-FU was observed after 8 h.(20) Therefore, we calcu-
lated the AUC0–8 of 5-FU, instead of the AUC0–∞.

Diasio et al.(30) demonstrated that a heritable defect in DPD,
which is a rate-limiting drug-metabolizing enzyme involved in
the detoxification of 5-FU,(31) can cause 5-FU-related severe tox-
icity. Some polymorphisms in DPYD have been shown to be
associated with reduced DPD activity and 5-FU toxicity. In the
present study, DPYD*11 and DPYD*12, previously found in
Japanese and related to severe 5-FU-related toxicity,(32) were not
found. As expected, DPYD*2 and DPYD*3, which were also
reported to be related with severe toxicity of 5-FU in white
people,(33) were not found.

The present study might be regarded as exploratory as the
sample size was relatively small and the results have not been
corrected for multiple comparisons. Further studies with large
sample sizes need to be carried out to confirm the results shown
in this study. In conclusion, we propose that CYP2A6 genotype
analysis might be useful to evaluate the variability in the plasma
levels of FT, whereas measurement of the total exposure of
CDHP, which is in part affected by Ccr, is critical to determine
the PK of 5-FU.
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