
Abstract. We developed a population pharmacokinetic (PPK)
model of S-1 including the cytochrome P450 (CYP) 2A6 geno-
type and then used this PPK model to assess the influence
of the CYP2A6 genotype on PK parameters of S-1 and the
relationship between toxicity and the individual maximum
concentrations (Cmax) or the area under the concentration-
time curve (AUC) of 5-fluorouracil (5-FU) in Japanese patients
with advanced cancer. Fifty-eight patients with advanced
cancer were assessed. A dose of 80 mg/m2/day of S-1 was
given orally. On the basis of the CYP2A6 genotypes (*1, *4,
*7 and *9), all patients were classified as having the wild-
type, 1 variant allele or 2 variant alleles. The PPK model
was established with plasma concentration data for tegafur
(FT), 5-chloro-2,4-performed dihydroxypyridine (CDHP)
and 5-FU. In patients with 2 variant alleles of CYP2A6, the
clearance of FT was 58% less than in patients with the wild-
type or 1 variant allele. The AUC of 5-FU correlated with the
AUC of CDHP, but not with the AUC of FT. Therefore, the
CYP2A6 genotype did not affect the AUC of 5-FU. The
individual AUC or Cmax of 5-FU did not differ significantly
between patients with grade 3 or 4 toxicities and patients
with grade 0-2 toxicities. In conclusion, the CYP2A6
genotype did not affect the AUC of 5-FU, although the
clearance of FT was lower in patients with 2 variant alleles
of CYP2A6 than in patients with the wild-type or 1 variant
allele.

Introduction

S-1 is an oral fluoropyrimidine agent that consists of tegafur
(FT), which is a prodrug of cytotoxic 5-fluorouracil (5-FU)
and two biochemical modulators, 5-chloro-2,4-dihydroxy-
pyridine (CDHP) and potassium oxonate in a molar ratio of
1:0.4:1 (1). CDHP competitively inhibits dihydropyrimidine
dehydrogenase (DPD), a key enzyme for 5-FU degradation,
and enhances the anticancer activity of 5-FU by increasing
its half-life. Potassium oxonate inhibits the phosphorylation
of 5-FU in the gut by inhibiting the enzymatic pyrimidine
phosphoribosyl transferase pathway and reduces the gastro-
intestinal toxicity of active 5-FU without interfering with its
antitumor activity (2). S-1 is active against cancers of the
gastric, colon, rectum, lung, pancreas and head and neck (3-5).
The principal toxicities of S-1 are myelosuppression and gastro-
intestinal toxicity (3-5).

Because anticancer drugs have narrow therapeutic windows,
interindividual variability in pharmacokinetics (PK) due to
inherited differences in metabolism and excretion may result
in unpredictable toxic effects (6). If drug metabolism could
be predicted in each patient, individualized doses could be
administered to optimize drug exposure and minimize unac-
ceptable toxicity. Therefore, understanding interpatient PK
variability is important for optimizing anticancer treatment.
A population pharmacokinetic (PPK) approach can be used
to estimate the parameters of mean, interindividual and
residual variability of PK of drugs and to identify the factors
that cause interpatient variability. The PPK model of S-1 in
Western cancer patients have been described by Comets et al
(7).

However, S-1 tolerance has ethnic differences. The maxi-
mum tolerated dose is substantially lower in Western patients
than in Japanese patients, and for comparable S-1 doses, the
area under the concentration-time curve (AUC) seem to be
higher for 5-FU and lower for FT in Western patients (8-11).
Additionally, PPK model by Comets et al did not include the
cytochrome P450 (CYP) 2A6 genotype. The biotransformation
of FT to 5-FU is catalyzed by the hepatic drug-metabolizing
enzyme CYP2A6 (12). CYP2A6 is a polymorphic enzyme
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whose activity shows considerable interindividual variability
(13). CYP2A6*1 is defined as the wild-type allele. CYP2A6*4
causes a lack of enzymatic activity (14,15). CYP2A6*7 is a
single nucleotide polymorphism (1412T➝C) causing an amino
acid change (I471T) that decreases enzymatic activity (16).
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 (17). Therefore, CYP2A6 genetic variability
may be an important factor in the incidence or severity of S-1
induced toxicity. Moreover, these CYP2A6 polymorphisms
are seen more frequently in the Japanese than in the
Caucasians (13,14).

To our knowledge, a PPK model including the CYP2A6
genotype for S-1 has not previously been reported. Therefore,
we developed a PPK model of S-1 including the CYP2A6 geno-
type and then used this PPK model to assess the influence
of the CYP2A6 genotype on PK parameters of S-1 and the
relationship between toxicity and the individual maximum
concentrations (Cmax) or AUC of 5-FU in Japanese patients
with advanced cancer.

Materials and methods

Study participants. The criteria for study entry were: i)
histologically or cytologically confirmed solid malignancy;
ii) metastatic or recurrent disease; iii) age of 20 years or
older; iv) Eastern Cooperative Oncology Group performance
status of ≤3; v) no history of chemotherapy or radiotherapy
within 4 weeks; vi) adequate bone marrow function (neutrophil
count of 1500/μl or more and platelet count of ≥100000/μl),
renal function (serum creatinine levels <2.0 mg/dl), and
hepatic function (total serum bilirubin level <3.0 mg/dl, levels
of aspartate aminotransferease and alanine aminotransferase
less than or equal to twice the upper limits of the normal
ranges); and vii) written informed consent. The study protocol
was approved by the institutional review board of Saitama
Medical University.

Treatment protocol. S-1 was given orally twice daily for 28
consecutive days, followed by 14 days of rest. The dose of
S-1 was 80 mg/day for patients with a body surface area
(BSA) of <1.25 m2, 100 mg/day for those with a BSA of
1.25-1.5 m2, 120 mg/day for those with a BSA >1.5 m2. S-1
was administered at these doses, alone or in combination
with 60 mg/m2 of cisplatin on day 8.

CYP2A6 genotypes. Genomic DNA was extracted from 200 μl
peripheral blood, which had been stored at -80˚C until
analysis, with a QIAamp Blood kit (Qiagen, Hilden, Germany).
CYP2A6*4A was analyzed with the polymerase chain reaction
(PCR) restriction fragment length polymorphism method
described by Nakajima et al (15). CYP2A6*7 and CYP2A6*9
were analyzed with the allele-specific PCR-based method
described previously in detail (16,17). On the basis of the
CYP2A6 genotype, the patients were divided into 3 groups:
*1/*1 as wild-type; *1/*4A, *1/*7 and *1/*9 as 1 variant allele;
and *4A/*4A, *4A/*7, *4A/9, *7/*7, *7/*9 and *9/*9 as 2 variant
alleles.

Plasma concentrations of CDHP, FT and 5-FU. Blood
samples for PK analysis of CDHP, FT and 5-FU were
obtained on the first day of treatment. Blood samples were
taken immediately before S-1 was administered and 0.5, 1, 2,
4, 8 and 24 h after the first dose of S-1. The second dose of
S-1 on the first day was skipped for the PK analysis until 24
h after the first dose. The samples were centrifuged imme-
diately, and the plasma was stored at -80˚C until analysis.
The plasma concentrations of CDHP, FT and 5-FU were
determined with the method of Matsushima et al (18). Briefly,
FT and 5-FU were analyzed with a high-performance liquid
chromatograph and CDPH was analyzed with a gas chromato-
graphy-negative ion chemical ionization mass spectrometry
system.

PPK model building. The PPK analysis was performed with
the Nonlinear Mixed Effect Model (NONMEM) program
(double precision, version V, level 1.1) with the PREDPP
library and the NM-TRAN preprocessor on IBM Intelis-
tation. The Fortran compiler used was the Compaq Visual
Fortran version 6.5. The basic parameters were clearance
(CL), the distribution volumes (V), first-order absorption rate
constant (Ka) and first-order elimination rate constant (K).
Since all doses were given by oral administration, the para-
meters CL and V were interpreted as CL/F and V/F, respec-
tively, where F is bioavailability.

A one compartment liner model with first-order absorp-
tion (PREDPP library, subroutine ADVAN2, TRANS2) with
or without absorption lag time (Tlag) was used to describe
the PK of CDHP. When the Ka of CDHP was not fixed, the
computation was not converged. Thus the Ka of CDHP was
fixed at 1.2 according to the report of Comets et al (7). As
the introduction of Tlag did not improve the model fitting, Tlag

was not included in the model.
To find an optimal model for the PK of FT, one or two

compartment models with Ka and K, with or without Tlag,
were tested. A one-compartment model was more suitable
than a two-compartment model for FT. Therefore, a one-
compartment liner model with first-order absorption
(PREDPP library, subroutine ADVAN2 and TRANS2) was
used to describe the PK of FT.

We, then described the PK of 5-FU, including FT and the
inhibition of 5-FU elimination as a function of the time-
dependent concentration of CDHP (CCDHP) on 5-FU
catabolism, using the individual PK parameters of the FT
concentration and individual Bayesian predictions of the
CDHP concentration according to the following equations:

where Dose is the dose of FT, Ka is the Ka of FT and t is the
time. K = K(0)/(1+CCDHP/Ki), where K (0) is the rate constant
of 5-FU elimination in the absence of CDHP and Ki is the
inhibition constant by CDHP.

The interindividual variability was assumed to obey a
log-normal distribution and described for each parameter
as follows: ıj = ı• exp (Ëj), where Ëj is the random effect for
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the individual j, ı is the population mean parameter and Ë is
a random variable with mean zero and variance ˆ2. Residual
variability was described by a proportional error model:
Cpi,j = Cpi,j exp (Âi,j), where Cpi,j is the i-th model-predicted
concentration for patient j and Âi,j denotes the residual intra-
individual random error.

Demographic variables, such as the CYP2A6 genotype,
patient age, gender, BSA, history of gastrectomy and creati-

nine clearance (Ccr) calculated with the Cockcroft-Gault
equation, were examined to determine whether these variables
could account for the substantial interindividual variability
observed. Demographic variables were included one at a time
by stepwise selection, based on the likelihood ratio test.
Potentially significant covariates were identified as those
factors that, when added to the basic model individually,
resulted in a decrease in the objective function of 3.84 points
or more (the p-value was <0.05). The leave-one-out method
or bootstrap method was applied as an internal validation of
the developed model.

Toxicity evaluation. Toxicities were assessed and graded
according to the National Cancer Institute Common Toxicity
Criteria version 2.0. All patients who received at least 1 cycle
of chemotherapy of S-1 monotherapy were assessable for
toxicity. The ¯2 test or correlation coefficient was used to assess
the significance of findings; differences with a p-value <0.05
were considered significant.

Results

Patient characteristics. From September 2005 through
September 2007, 58 Japanese patients with solid tumor were
enrolled for PK analysis (Table I). Of 58 patients, 17 (29%)
patients with gastric cancer underwent gastrectomy before
being enrolled in this study: 10 patients underwent total
gastrectomy and 7 patients underwent partial gastrectomy.
Of the 58 patients, 56 patients received S-1 monotherapy and
2 received the combination of cisplatin and S-1. Two patients
had Ccr of <50 ml/min.

CYP2A6 genotypes. In 1 patient the CYP2A6 genotype was
not examined. The distribution of CYP2A6 genotypes was as
follows: *1/*1 in 12 patients (21%), *1/*4A in 9 patients
(16%), *1/*7 in 4 patients (7%), *1/*9 in 10 patients (17%),
*4A/*4A in 3 patients (5%), *4A/7 in 6 patients (10%), *4A/9
in 3 patients (5%), *7/*7 in 4 patients (7%), *7/*9 in 4 patients

ONCOLOGY REPORTS  24:  529-536,  2010 531

Table I. Patient characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––
Total no. of patients 58

Gender (M/F) 37/21

Age in years (range) 61 (33-85)

Performance status (0/1/≥2) 31/25/2

Creatinine (mg/dl) 0.67 (0.43-1.2)

Creatinine clearancea (ml/min) 80.5 (39-174)

Tumor location
Stomach 35
Colon 9
Breast 6
Other 8

S-1 dose (mg/body/day)
80 2
100 26
120 30

Gastrectomy
Yes 17
No 41

–––––––––––––––––––––––––––––––––––––––––––––––––
aCcr, Cockcroft-Gault equation.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Estimated parameters of population pharmcokinetic model.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Compound Parameter Population mean Interindividual variability (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CDHP Ka (h-1) 1.2 174.6

CL/F (l/h) (5.86+0.025*Ccr)*BSA 22.8
V/F (l) 42.7*BSA 27.4
Residual variability (%) 25.6

FT Ka (h-1) (no gastric resection) 1.39 115.3
Ka (h-1) (gastric resection) 1.62*1.39
CL/F (l/h) (CYP2A6: no/one variant allele) 2.02*BSA 29.1
CL/F (l/h) (CYP2A6: two variant alleles) 0.58*2.02*BSA
V/F (l) 23.5*BSA 19.7
Residual variability (%) 20.3

5-FU K (h-1) 1.44/(1+CCDHP/0.0127) 0.0015
V/F (l) 38.8 24.6
Residual variability (%) 38.6

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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(7%) and *9/*9 in 2 patients (3%). Therefore, 21% of patients
had the wild-type genotype, 40% had 1 variant allele and
38% had 2 variant alleles.

PK analysis of CDHP. The CYP2A6 genotype, patient age,
gender and the history of gastrectomy did not affect to the
individual CL, V and Ka of CDHP. The individual CL of
CDHP was proportional to the Ccr. In addition, the indi-
vidual CL and V of CDHP were proportional to the BSA.
The estimated population mean and variance of the PK
parameters of CDHP are shown in Table II. The individual
Bayesian predictions of CDHP concentrations based on the
developed PPK model were in good agreement with the
observed concentrations data (Fig. 1A), with residual errors
uniformly distributed.

PK analysis of FT. The patient age, gender and Ccr did not
affect to the individual CL, V and Ka of FT. The individual
CL and V of FT were proportional to the BSA. In patients
with 2 variant alleles of CYP2A6 genotype, the CL of FT was
58% less than that in patients with wild-type or 1 variant allele
of CYP2A6 (Fig. 2A). In addition, in patients with a history
of gastrectomy, the Ka of FT was 62% higher than in patients
without a history of gastrectomy (Fig. 2B). Moreover, in
patients with a history of total gastrectomy, the Ka of FT was
higher than in patients with a history of partial gastrectomy,

although the highest Ka of FT was in patient with the history
of partial gastrectomy. The estimated population mean and
variance of the PK parameters of FT are shown in Table II.
The individual Bayesian predictions of FT concentrations
based on the developed PPK model were in good agreement
with the observed concentrations data (Fig. 1B), with residual
errors uniformly distributed.

PK analysis of 5-FU. One compartmental structural kinetic
model was suitable to describe the current 5-FU data. The
inhibitory effect of CCDHP on 5-FU catabolism was modeled
according to the following equation derived from the com-
petitive enzymatic inhibition model: K = K (0)/(1+CCDHP/Ki).
The estimated population mean and variance of the PK para-
meters of 5-FU are shown in Table II. The individual Bayesian
predictions of 5-FU concentrations based on the developed
PPK model were in good agreement with the observed
concentrations data (Fig. 1C), with residual errors uniformly
distributed.

Model validation. Results of the validation >95% were con-
verged. The differences between the final model estimate and
validation mean were <19.3%. The results of validation indi-
cated reliability and robustness of the parameter estimates.
Thus, our population pharmacokinetic model is acceptable.
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Figure 1. A plot of the Bayesian predicted concentrations versus the observed
concentrations for 3 compounds: (A) 5-chloro-2,4-dihydroxypyridine
(CDHP), (B) tegafur (FT) and (C) 5-fluorouracil (5-FU). The line in the
panel represents the line of unity.
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Factors influencing the AUC of 5-FU. The AUC of 5-FU
based on this PPK model correlated with the AUC of CDHP
(p<0.0001; Fig. 3A), whereas the AUC of 5-FU did not
correlate with the AUC of FT (p=0.37; Fig. 3B). Therefore,
the CYP2A6 genotype and the history of gastrectomy did not
affect the AUC or Cmax of 5-FU.

Exposure-toxicity analysis for 5-FU. Of the 58 patients, 56
patients administered S-1 monotherapy were analyzed for the
relationship of toxicity and the AUC or Cmax of 5-FU on the
basis of the developed PPK model. Table III lists the
maxmum toxicities experienced during S-1 administration.
The most frequent toxicity was myelosuppression, especially
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Figure 2. (A) The relationship between the CYP2A6 genotype and crearance (CL) of tegafur (FT). (B) The relationship between a history of gastrectomy and
the first-order absorption rate constant (Ka) of FT.

Figure 3. (A) The area under the plasma concentration-time curve (AUC) of 5-fluorouracil (5-FU) and AUC of 5-chloro-2,4-dihydroxypyridine (CDHP). (B)
The AUC of 5-FU and the AUC of tegafur (FT).
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anemia. The most frequent non-hematologic toxicity was
fatigue, followed by gastrointestinal toxicity. The individual
AUC or Cmax of 5-FU did not differ significantly between
patients with grade 3 or 4 hematologic or non-hematologic
toxicities and patients with grade 0-2 toxicities (Fig. 4). On
the other hand, a patient with colon cancer and 1 variant allele

of CYP2A6 gene died 5 days after starting S-1 administration
because of severe stomatitis and diarrhea, and as a conse-
quence dehydration. The pretreatment serum creatinine and
Ccr of this patient were 1.2 and 45 ml/min, respectively. In
this patient, the plasma concentration, AUC and Cmax of
5-FU were the highest of all enrolled patients.
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Table III. Toxicity of S-1 monotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

National Cancer Institute-Common Toxicity Criteria Grade
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Toxicity 1 2 3 4 3 or 4 (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Leukopenia 5 3 5 0 8.9
Neutropenia 7 4 3 1 7.1
Thrombocytopenia 6 1 1 2 5.4
Anemia 20 18 10 1 19.6
Nausea 14 7 5 0 8.9
Diarrhea 10 4 1 1 5.4
Anorexia 9 5 7 0 12.5
Infection 7 5 5 0 8.9
Elevation of serum creatinine 0 0 1 0 1.8
Elevation of transaminase 9 0 3 1 7.1
Fatigue 14 11 8 1 16.1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. (A and B) Relationship between the individual the area under the plasma concentration-time curve (AUC) of 5-FU and toxicity: (A) hematologic
toxicity, (B) non-hematologic toxicity. (C and D) Relationship between the individual the individual maximum concentrations (Cmax) values of 5-FU and
toxicity: (C) hematologic toxicity, (D) non-hematologic toxicity.
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Discussion

We developed PPK model of S-1 including the CYP2A6 geno-
type and investigated the influence of the CYP2A6 genotype
on PK parameters of S-1 because the biotransformation of FT
to 5-FU is catalyzed by the hepatic drug-metabolizing enzyme
CYP2A6 (12). In our study, the CL of FT was 58% lower in
patients with 2 variant alleles of CYP2A6 than in patients with
the wild-type genotype or 1 variant allele. Therefore, our
results show that the presence of 2 variant alleles of CYP2A6
is associated with an interindividual variation of CYP2A6
activity.

We included gastrectomy in the PPK model of FT because
after gastrectomy the retentive function of the stomach is lost
or reduced, and FT rapidly enters the small intestine after
ingestion and is absorbed there. In the present study, in patients
with a history of gastrectomy, the Ka of FT was 62% higher
than in patients without a history of gastrectomy. Moreover,
in patients with a history of total gastrectomy, the Ka of FT
was higher than in patients with a history of partial gastrec-
tomy. Kochi et al have reported (19) that the Cmax and AUC
of FT is higher in patients with a history of total gastrectomy
but not in patients with a history of partial gastrectomy.

In the present study, the AUC of 5-FU did not correlate
with the AUC of FT, whereas the AUC of 5-FU correlated
with the AUC of CDHP. Therefore, neither the CYP2A6 geno-
type nor a history of gastrectomy had an effect on the AUC
of 5-FU. This finding indicates that the CL of FT is affected
by CYP2A6 genotype and the absorption rate of FT is increased
by gastrectomy, but that the amount of the active metabolite
5-FU does not change. Our findings were contrary to those
of a previous study, which Cmax of 5-FU were significantly
lower in patients with the CYP2A6*4C allele than in patients
without the CYP2A6*4C allele (20). Until now, the relationship
between the CL of FT to 5-FU and the AUC of 5-FU has been
controversial (7,8). Ajani et al have reported that the CL of
FT to 5-FU is higher in whites than in Asians; thus, 5-FU
achieves a higher AUC in whites than in Asians (8). On the
other hand, Comets et al have reported that the CL of FT
to 5-FU is higher in whites than in Asians, but the AUC of
5-FU differs only slightly between whites and Asians (7).
Because 90% of administered 5-FU is rapidly catabolized into
inactive metabolites by DPD in the liver, the plasma concen-
tration of 5-FU cannot increase without an inhibitory effect
of CDHP on DPD (21,22). A previous study found that the
concentration of 5-FU is more strongly correlated with the
concentration of CDHP than with the concentration of FT
(19). Therefore, we believe that 5-FU exposure is affected
primarily by the concentration of CDHP rather than the bio-
transformation of FT.

Thus, the inhibitory effect of CDHP on DPD should be
considered for the PPK modeling of S-1. We performed a
separate analysis of the PK of CDHP and included the time-
dependent plasma concentration of CDHP with competitive
enzymatic inhibition for the PK analysis of 5-FU. Because
the PK of CDHP is independent of the PK of FT, and CDHP
acts through an inhibitor on 5-FU catabolism, the present
sequential fitting approach is appropriate. We estimated the
Ki to be 0.0127 mg/l. The Ki has been reported 0.04 mg/l in
Western cancer patients (7), and in vitro the inhibition constant

of CDHP has been reported to be 0.05 mg/l (23). Therefore,
our estimated Ki is comparable to previously published
clinical and preclinical data.

In the present study, the individual CL of CDHP was
proportional to Ccr. Because most CDHP is excreted into the
urine in an unchanged form, renal function is an important
factor in the plasma CL of CDHP (8). The CL of CDHP is
prolonged in the presence of renal impairment, leading to a
longer half-life and higher AUC of 5-FU (22). As a result, renal
impairment may lead to severe adverse events. A nationwide
survey of S-1 in Japanese patients with advanced gastric
cancer found that hematological toxicities of grade 3 or worse
occurred significantly more often in patients with impaired
renal function (24). Additionally, Kong et al reported patients
with the lower Ccr level developed the higher incidence of
grade 2 or more nausea, vomiting, anorexia, fatigue, or other
gastrointestinal toxicity (25). We cannot make any definitive
conclusions about patients with impaired renal function in this
study, because only 2 patients had a Ccr of less than 50 ml/
min before treatment. However, 1 patient who died of the
toxic effects of S-1 had a pretreatment Ccr of 45 ml/min.
Therefore, administering S-1 to patients with impaired renal
function may need individualized dosing and PK monitoring.

In the present study, a patient who died from the toxic
effects of S-1 had the highest plasma concentration, AUC
and Cmax of 5-FU of all enrolled patients. However, the
individual AUC and Cmax of 5-FU did not differ signifi-
cantly between patients with grade 3 or 4 toxicities and
patients with grade 0-2 toxicities. Several reasons for this
lack of difference can be considered. First, the pretreatment
characteristics of the patients in this study were variable.
These variable pretreatment characteristics and laboratory
values may have influenced the frequency and severity of the
toxicity as well as the PK profiles. Second, we examined the
PPK of the only first dose of S-1, although S-1 was given for
consecutive 28 days. The relation between the AUC of 5-FU
and toxicity has been controversial (8-11,20). Some previous
studies have reported that the toxicity and the antitumor
activity of 5-FU are not correlated with the AUC or Cmax of
5-FU (9,20). On the other hand, some studies have reported
that the toxic effects, such as the severe diarrhea of 5-FU, are
correlated with the AUC of 5-FU (8,10,11).

In conclusion, we developed the PPK model of S-1
including the CYP2A6 genotype in Japanese patients with
advanced cancer. The presence of 2 variant alleles of CYP2A6
decreased the CL of FT by 58% compared with the wild-type
or 1 variant allele. However, the AUC of 5-FU was correlated
with the AUC of CDHP but was not correlated with the AUC
of FT. Therefore, the CYP2A6 genotype did not affect the
AUC of 5-FU. Further large prospective studies including
measurement of CYP2A6 genotype and renal function are
needed to confirm our findings and clarify the correlation
between the PK of 5-FU and the response or toxicity.
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