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Abstract

In patients with impaired renal function, S-1-related toxicities increase due to higher
exposure of 5-fluorouracil (5-FU). Our previous pharmacokinetic study in 16 cancer
patients with various renal functions developed an S-1 dosage formula based on indi-
vidual creatinine clearance (CLcr) and body surface area (BSA). To evaluate and refine
the formula, this prospective study was conducted. Thirty-three patients with vari-
ous renal functions received S-1 for 4 weeks at doses determined by the nomogram
derived from the previously developed formula. A series of blood samples were col-
lected after the first dose to calculate the area under the concentration-time curve
(AUC) of 5-FU. Thirty patients with BSA of 1.14-1.84 m? and CLcr of 23.8-96.4 mL/min
were assessable for pharmacokinetics. The observed daily AUC ranged from 712.6
to 2868.7 ng-h/mL, and 18 patients achieved the target AUC (1447.8 + 545.4 ng-h/
mL). Three patients experienced S-1-related grade 3 adverse events during the first
course. In the population pharmacokinetic analysis from the combined data of 46
patients in this study and the previous study, sex was identified as a statistically sig-
nificant covariate for 5-FU clearance. Hence, the refined formula includes sex as an
additional factor: Recommended daily dose = target AUC x (14.5 + 8.23 x SEX [0
for female and 1 for male] + 0.301 x CLcr) x BSA. Revised nomograms for recom-
mended daily doses derived from the refined formula can be used in clinical practice
to achieve the target AUC ensuring efficacy and safety of S-1.
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1 | INTRODUCTION

An oral anticancer drug S-1 was first approved in Japan in 1999
and has been widely used in Asia and Europe. S-1 contains tegafur,
a 5-fluorouracil (5-FU) prodrug; 5-chloro-2,4-dihydroxypyridine
(CDHP); and potassium oxonate.”> CDHP contributes to maintain-
ing high concentration of 5-FU by inhibiting dihydropyrimidine de-
hydrogenase (DPD), which is a rate-limiting enzyme catabolizing
5-FU. Potassium oxonate is distributed in the epithelium of the in-
testine that inhibits 5-FU phosphorylation to reduce gastrointesti-
nal toxicity. The approved dose of S-1 in its monotherapy is 40 mg/
m? as tegafur, twice daily, for 4 weeks, followed by 2 weeks rest in
Asia:®* while in Europe the dose is 25 mg/m2 as tegafur, twice daily,
for 3 weeks, followed by 1 week rest in combination with cisplatin
at 75 mg/m? every 4 weeks, but its monotherapy is not approved.®
S-1-containing regimens have been reported to improve clinical out-

6-10

comes of various cancers including gastric cancer,”" non-small cell

1113 colorectal cancer,*** breast cancer, pancreatic

8

lung cancer,
cancer,' and biliary tract cancer.!

As >50% of CDHP is excreted in the urine,” renal dysfunc-
tion increases exposure of CDHP leading to excessive inhibition of
DPD, and results in a sustained high concentration of 5-FU.2021 A
postmarketing survey on S-1 demonstrated that the incidences of
adverse reactions were high in patients with impaired renal func-
tion.?? Therefore, S-1 is contraindicated to patients with severe
renal impairment (creatinine clearance [CLcr] <30 mL/min). The
European summary of product characteristics (SmPC) of S-1 indi-
cates a reduced dose for patients with moderate renal impairment
(CLcr = 30-50 mL/min) from a Monte Carlo simulation of virtual pa-
tients with renal dysfunction.5 In contrast, the Asian package insert
of S-1 does not refer to any dose modification for patients with renal
impairment. Hence, no reliable recommendation on S-1 dose reduc-
tion for patients with renal dysfunction has been provided.

Our previous pharmacokinetic study in 16 cancer patients with
various degrees of renal function developed a population pharma-
cokinetic (PPK) model and proposed an S-1 dosage formula based
on renal function and body surface area (BSA): Recommended daily
dose = target AUC x (21.9 + 0.375 x CLcr) x BSA, where AUC is the
area under the concentration-time curve.?! We also proposed no-
mograms for the recommended daily dose of S-1 to achieve the tar-
get AUC (1447.8 in Asia'? and 1177.2 ng-h/mL in Europe?®) according
to individual BSA and CLcr by taking into account the approved dos-
age strengths (20 and 25 mg as tegafur in Asia, 15 and 20 mg as tega-
fur in Europe). As the next step, this prospective pharmacokinetic
study in cancer patients with various renal functions was conducted

to evaluate and refine the formula.

2 | PATIENTS AND METHODS

This study consists of two stages. In part |, a prospective pharma-
cokinetic study in cancer patients with various degrees of renal

function was conducted at seven institutions in Japan. In part Il,

the formula was refined by PPK analysis using the combined data
of the current and previous studies. Study procedures were in ac-
cordance with the ethical standards of the Declaration of Helsinki.
Written informed consent was obtained from each patient before
enrollment. This study does not fall under the specified clinical tri-
als of the Clinical Trials Act. Therefore, the study was approved by
the institutional review board at each institution and registered at
the University Hospital Medical Information Network Clinical Trials
Registry (UMIN0O00023880).

21 | Partl
2.1.1 | Study design and patients

The primary endpoint in part | was to evaluate the observed daily
AUC of 5-FU in patients receiving S-1 at doses determined by our
previously developed formula. The secondary endpoint was the tox-
icity during the first course (6 weeks).

The eligibility criteria for part | were as follows: histologically
confirmed solid tumor in patients planned to receive S-1 monother-
apy, CLcr estimated by the Cockcroft-Gault equation®* 215 mL/min,
age 220 years, Eastern Cooperative Oncology Group performance
status 0-1, adequate organ function except for renal function (white
blood cell count 3500-12 000/mm?, neutrophil count 22000/mm?,
platelet count 2100 000/mm?, total bilirubin <1.5 mg/dL, aspartate
transaminase [AST] and alanine transaminase [ALT] concentrations
<100 U/L), and ability to take oral medications.

2.1.2 | Treatment

Patients received S-1 for 4 weeks at doses determined by the nomo-
gram derived from our previously developed formula for the Asian-
approved daily dose of 80 mg/m?2.2* Accordingly, S-1 was given at 80,
70, 60, 50, and 40 mg twice daily (morning and evening) when the
determined daily dose was 280 mg, or at 60 and 50 mg once daily
(morning) when the daily dose was <60 mg. On the first day, S-1 was
administered only in the morning (within 30 minutes after breakfast)
to assess pharmacokinetics over 24 hours following a single dose.
Adverse events were graded by the US National Cancer Institute

Common Terminology Criteria for Adverse Events version 4.0.%

2.1.3 | Pharmacokinetic sampling and assay

Blood samples were collected before and 2, 4, 7, 12, and 24 hours
after the first administration of S-1. Peripheral blood (3 mL) was
drawn into heparinized tubes at each sampling time and was centri-
fuged at 3000 rpm for 10 minutes at room temperature. Plasma was
frozen and stored at -20°C until analysis. 5-FU in collected samples
was protected from ex vivo catabolism by DPD?® because of exist-
ing CDHP.
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Plasma concentrations of 5-FU were determined using an ul-
traperformance liquid chromatography (UPLC)-tandem mass spec-
trometry method developed specifically for this study as previously
reported,?! according to the US Food and Drug Administration

Guidance for Industry Bioanalytical Method Validation.?’

2.1.4 | Evaluation of the previously
developed formula

The AUC of 5-FU following a single dose of S-1 was calculated using
the linear trapezoidal rule. The observed daily AUC of 5-FU was ob-
tained by doubling the actually calculated AUC of 5-FU following a sin-
gle dose in patients whose determined daily dose was 280 mg because

of receiving S-1 at half of daily dose in the morning on the first day.

2.2 | Partll
2.2.1 | Population pharmacokinetic analysis

To refine the formula, PPK analysis was performed using the com-
bined data of 30 patients in this study and 16 patients in the previ-
ous study with Phoenix NLME (version 7.0; Certara LP) on Microsoft
Windows 7. As a pharmacokinetic structural model for 5-FU, one-
compartment linear model with first-order absorption (subroutines
ADVAN2 and TRANS2) with the absorption lag time was used.
Moreover, the first-order estimation method (FO) was used for the
analysis. The basic pharmacokinetic parameters of 5-FU following
administration of S-1 included clearance (CL), distribution volume
(V), first-order absorption rate constant (K,), and absorption lag time
(Tlag)' The CL and V were interpreted as the ratio of clearance to
bioavailability (CL/F) and the ratio of the distribution volume to bio-
availability (V/F), respectively.

A log-normal distribution was assumed for an interindividual

variability of pharmacokinetic parameters as follows:

6 =0 x exp (n;),

where n; is the random effect for individual j, 0 is the population mean
parameter, and n is a random variable with mean zero and variance 2.
Residual variability was described by a proportional error model

as follows:

Ci,j = Cpredu (1+ Si,j)’

where C, .4, denotes the concentration predicted by ith model for
patient j, Ci,j denotes the measured concentration, and &) denotes
the residual intraindividual random error. Demographic variables
of age, sex, serum albumin level, AST, ALT, total bilirubin, chemo-
therapy setting (advanced or adjuvant), and history of gastrectomy
were examined to identify whether these variables could explain

the observed substantial interindividual variability. They were
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included one at a time through as stepwise selection based on the
likelihood ratio test. The minimum value of the NLME objective
function was used as a statistic to choose suitable models during
the model-building process. The potentially significant covariates
affecting the CL were identified as factors that, when added to the
basic model individually, resulted in decreased objective function
of 23.84 (P < .05).

To evaluate the validity and robustness of the current developed
PPK model, a nonparametric bootstrap resampling method was used.
A total of 1000 bootstrap resampled datasets were generated, each
containing the same number of patients as the original dataset, and
each of them was individually fitted to the final PPK model. The con-
sistency between the median values and 95% confidence intervals
for parameter estimates calculated by bootstrap and parameter esti-

mates obtained from the original dataset was assessed.

2.2.2 | Estimation of the AUCs of 5-FU in patients
receiving S-1 at determined doses

Because the pharmacokinetics of 5-FU following S-1 administration
was reported to be linear,?® the daily AUC in each 30 patients receiv-
ing a certain dose can be estimated using their actually observed
daily AUC in part I. Accordingly, the AUCs at doses determined by
the refined formula and by BSA (approved doses) in these patients
were estimated.

2.3 | Statistical analyses

Statistical analyses were performed using Stata/SE 12.1 for Mac
(StataCorp). Mann-Whitney U test was used to assess the correla-
tion between observed daily AUC and occurrence of neutropenia.
Wilcoxon's signed-rank test was used to compare absolute devia-
tions of observed or estimated AUCs from the target AUC in 30
patients receiving S-1 at determined doses. A P-value of <.05 was
considered indicative of statistical significance.

3 | RESULTS

3.1 | Partl: Prospective evaluation of the previously
developed dosage formula

3.1.1 | Patient characteristics

Between March 2017 and February 2018, 33 patients were enrolled.
Three patients were excluded: two patients because of incorrect
dosing and one patient because of an outlier (observed daily AUC of
5-FU, 108.4 ng-h/mL). Characteristics of the remaining 30 patients
in this prospective evaluation study are shown in Table 1. Two, nine,
sixteen, and three patients had normal renal function (CLcr = 80 mL/

min), mild dysfunction (CLcr = 60-79 mL/min), moderate dysfunction
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TABLE 1 Characteristics of patients

Formula Prospective
establishment® evaluation (This
Characteristics (Previous study) study)
Number 16 30

CLcr, mL/min

Median (range) 63.0 (15.9-108.8) 51.4 (23.8-96.4)

BSA, m?
1.66(1.18-2.02)

Median (range) 1.52(1.14-1.84)

Sex
Male 11 23
Female 5 7
Age,y

Median (range) 65.5 (45-78) 74.5 (52-92)

Serum creatinine, mg/dL
Median (range) 1.01(0.48-1.66) 0.89 (0.52-1.39)

Height, cm
Median (range) 167.5(148.0-177.4)  160.8 (139.9-181.4)

Weight, kg

56.3(30.2-87.0)

ECOG performance status

Median (range) 51.3(32.7-70.9)

0 12 18
1 2 12
2 2 0
Cancer type
Gastric 11 11°
Pancreatic 0 9b
Esophagus 0 6
Esophagogastric 0 3
Lung 2 1
Biliary tract 1 1
Colorectal 1 0
Thymic 1 0
Gastrectomy
Yes 9 12
No 7 18

Chemotherapy setting
Adjuvant 7 16
Advanced 9 14
Abbreviations: BSA, body surface area; Clcr, creatinine clearance

estimated by the Cockcroft-Gault equation.

#Pharmacokinetic sampling times were before and 1, 2, 4, 7, 12, and
24 h after administration of S-1.

POne patient had double cancer of stomach and pancreas.

(CLcr = 30-59 mL/min), and severe dysfunction (CLcr < 30 mL/min),
respectively. Median BSA was 1.52 m? (range, 1.14-1.84 m?). All pa-
tients including off-label use were treated with S-1 under health in-
surance, based on evidence demonstrating its effectiveness to each

specified cancer type.

3.1.2 | Evaluation of the observed daily AUC of 5-FU

Daily S-1 doses were 50 mg in one, 60 mg in two, 80 mgin 12, 100 mg
in eight, 120 mg in five, and 140 mg in two patients. Figure 1 shows the
plasma 5-FU concentration-time profiles following a single dose of S-1
on the first day in 30 patients. The observed daily AUC ranged from
712.6 to 2868.7 ng-h/mL, and 18 patients (60%) achieved the target
range (1447.8 + 545.4 ng-h/mL). ¥ Eleven patients had higher AUC, and
one patient had lower AUC than the target range (Figures 2 and 4B).

3.1.3 | Toxicity

No patients experienced S-1-related grade 24 adverse events during
the first course. The most frequent S-1-related adverse events were
white blood cell decreased, neutrophil count decreased, and anorexia
(13 patients, 43.3%), and anemia (11 patients, 36.7%) as shown in
Table 2. Four patients discontinued S-1 because of grade 3 neutro-
penia (Patient 30), grade 3 erythema multiform (Patient 6), grade 3
anorexia (Patient 18), and grade 2 anorexia (Patient 8), respectively.
Exposure-toxicity analysis demonstrated that higher AUC of 5-FU was
significantly associated with the occurrence of neutropenia (grade O in
17 patients vs grade 1/2/3 in 13 patients, P = .025) (Figure S1).

3.2 | Partll: Refinement of the dosage formula
3.2.1 | Population pharmacokinetic analysis

Sex was identified as a statistically significant covariate (P < .05) for
CL with female patients having lower CL in the PPK analysis from
the combined data of 46 patients, whereas age, serum albumin level,
AST, ALT, total bilirubin, chemotherapy setting, and history of gas-
trectomy did not affect the CL (Table S1). Therefore, the estimated
population mean and variance of the pharmacokinetic parameters
including K, V, and CL were described as shown in Table 3.

In the bootstrap resampling for the PPK model validation, >99%
of the generated datasets were successfully converged. The me-
dian values for bootstrap simulation were very consistent with the
final parameter estimates obtained from the dataset of 46 patients.
It demonstrated that the final model is robust and reliable for de-
scribing the pharmacokinetics of 5-FU following S-1 administration.
A good liner correlation was shown between observed concentra-

tions and predicted concentrations by the final model (Figure S2).

3.2.2 | Refinement of the S-1 dosage formula

The 5-FU clearance was described as related to ClLcr, BSA, and sex
(Table 3);

CL/F(L/h/m?) = (14.5 + 0.301 x CLcr + 8.23 x SEX) x BSA, (1)
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FIGURE 1 Plasma concentration-time
profiles of 5-FU after a single dose of S-1
on the first day (A) in 27 patients receiving
S-1 at half of daily dose (daily dose

>80 mg) and (B) in three patients receiving
S-1 at full daily dose (daily dose <60 mg)

FIGURE 2 Observed daily area under
the concentration-time curve (AUC) of
5-FU. Body surface area (BSA), creatinine
clearance estimated by the Cockcroft-
Gault equation (CLcr), and daily dose in
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Target AUC

1.2 38 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

BSA (m?)

Cler (mL/min)

Daily dose (mg)

TABLE 2 Adverse events related to S-1

White blood cell decreased
Neutrophil count decreased
Anemia

Platelet count decreased
Anorexia

Nausea

Diarrhea

Fatigue

Mucositis oral
Pigmentation

Watering eyes

Erythema multiforme

AST increased

ALT increased

Creatinine increased

Total bilirubin increased

Abbreviations: ALT, alanine aminotransferase; AST, aspartate

aminotransferase.

where SEX is O for female and 1 for male.
As AUC = F x Dose/CL, Equation (1) was rearranged to

Dose /AUC = (14.5 + 0.301 x CLcr + 8.23 x SEX) x BSA.  (2)

145 1.59 1.33 1.71 141 1.74 1.46 143 1.70 1.51 1.65 1.77 1.49 158 1.28 1.39 1.41 1.63 1.84 1.68 1.19 1.52 1.74 1.52 1.59 148 1.14 1.35 1.48 1.60

46.3 63.7 23.8 64.2 44.8 747 60.7 66.2 59.5 489 48 86.2 41.1 38 50.7 52.7 67.9 67.8 52.5 96.4 514 44.1 754 43.6 39.8 312 27.7 29.8 69.2 514

80 100 60 120 80 120 100 100 100 80 100 140 80 80 80 80 100 120 120 140 80 80 120 80 80 80 50 60 100 100

Equation (2) was further rearranged to

Any grade Grade 3
N (%) N (%) Dose = AUC x (14.5 + 0.301 x CLcr + 8.23 x SEX) x BSA. (3)
13 (43.3) 0
13(43.3) 1(3.3) Hence, the recommended daily dose as tegafur to achieve the
11 (36.7) 0 target AUC was provided as follows:
7(23.3) 0 Recommended daily dose
4
13(43.3) 1383) =target AUCx (14.5+0.301x CLcr+8.23 x SEX) x BSA. )
5(16.7) 0
7(23.3) 0 Nomograms for the recommended daily dose to achieve the tar-
5(16.7) 0 get AUC of 1447.8 ng-h/mL in Asia’® and 1177.2 ng-h/mL in Europe®
1(3.3) 0 were derived from Equation (4) by taking into account the approved
3(10) 0 dosage strengths (Figure 3).
2(6.7) 0
1(3.3) 1(3.3)
3(10) 0 3.2.3 | Prediction of the AUCs of 5-FU in
2(6.7) o patients receiving S-1 at doses determined by the
7(23.3) 0 refined formula
4(13.3) 0

The estimated AUCs at doses determined by the revised nomo-
grams derived from the refined formula (Figure 3A,B) in these pa-
tients ranged from 712.6 to 2403.2 ng-h/mL, which were expected
to achieve the target range in 20 patients (Figure 4C). Furthermore,
the estimated AUCs at doses determined by BSA (approved doses)
in these patients ranged from 890.8 to 4550.8 ng-h/mL, which were
expected to achieve the target range in 16 patients (Figure 4A). The
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TABLE 3 Estimated population mean and variance of the
pharmacokinetic parameters of 5-FU

Interindividual
variability (as

Parameter Population mean variance ®?)
K, (™ 0.548 1.42
V/F (L/m?) 290 x BSA 0.638
CL/F (L/h/mz) (14.5+0.301 x CLcr +8.23 x  0.0714

SEX [0 for female and 1 for

male]) x BSA
Tiag (h) 0.489 2.94
Residual 37.3

variability (%)

Abbreviations: BSA, body surface area; CL, clearance; Clcr, creatinine
clearance; F, bioavailability; K, first-order absorption rate constant; T,
absorption lag time; V, distribution volume.

lag’

absolute deviations of the observed or estimated AUCs from the
target AUC (1477.8 ng-h/mL) in 30 patients were calculated. The ab-
solute deviations of the estimated AUCs at doses determined by the
refined formula were found to be significantly lower than those of
the observed AUCs at doses determined by the previous formula in
part | (mean, 424.6 ng-h/mL vs 548.0 ng-h/mL; P = .028) and those
of the estimated AUC determined by BSA (859.2 ng-h/mL; P =.002).
Similar tendency was observed in female patients (at doses deter-
mined by the previous formula, P = .043; at doses determined by

4 | DISCUSSION

In a previous pharmacokinetic study in 16 cancer patients with CLcr in
the range of 15.9-108.8 mL/mL, an S-1 dosage formula based on individ-
ual CLer and BSA values was developed.?! For practical application, this
study was conducted to evaluate and refine the formula. The numbers of
patients in our studies were defined by referring to the development of
a carboplatin dosage formula by Calvert et al.?® They derived the initial
formula from a retrospective analysis of carboplatin pharmacokinetics in
18 patients with various renal functions and evaluated it prospectively
in 31 patients. The Calvert formula refined by the combined data of 49
patients has been used worldwide in the clinical practice.

Of 31 patients receiving S-1 at doses determined by the nomo-
gram derived from the previously developed formula, one patient
with the observed daily AUC of 108.4 ng-h/mL was regarded as an
outlier. Although the reason for this extraordinary value, such as
wrong dose or inappropriate procedure, was not identified, it was
considered appropriate to exclude this outlier to evaluate and refine
the formula. In the remaining 30 patients, the received dose of S-1
was higher, equal, and lower compared with the doses determined
by BSA (approved dose) in five, 10, and 15 patients, respectively.
Although S-1 at a lower dose than the approved dose was given to
10 patients, only one of them had lower observed daily AUC than
the target range. This demonstrates that our previous formula did not
propose excessive dose reduction.

Our concept of developing an S-1 dosage formula was to achieve

BSA, P =.028). the target AUCs of 5-FU, which had been observed at the approved
(A) 120 AV ) 7@0\ (B) 120 %
X 7 N
100 N \",,) % 100 N 0/70
\ %, © \ \ \ 7,
—~ 80 N\ \ % _ 80 N\ q
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3 4 \ 3 % \
E 60 NC Y K E 60 NG ~]
5 © \ 5 ’7)0
- 6 -
° \0» ° Sb”? \
f .
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15 N 0\ \ N 15 NSRS strengths. BSA, body surface area; Clcr,
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doses in Asia and Europe, ensuring efficacy and safety confirmed in
the pivotal registration studies of 5-1,"”23 as well as the concept of the
Calvert formula for carboplatin. Goto et al?? reported the pharmaco-
kinetics following administration of S-1 in patients with impaired renal
function at modified doses based on BSA and the renal function of
glomerular filtration rate (GFR) estimated by the Japanese GFR equa-
tion. They compared the pharmacokinetic parameters including AUC
of 5-FU between four groups classified by renal function (normal, mild,
moderate, severe), but did not apply the concept of the target AUC.
The 5-FU clearance has a large interindividual variability, which
cannot be reduced by drug dosing only based on BSA.%° The clearance
of injected 5-FU has been reported to be lower in females than that in

males, 3133

although the mechanism of this sex-specific elimination of
5-FU is unclear. Our PPK analysis from the combined data of 46 pa-
tients comprising 34 males and 12 females also identified that sex was

a significant covariate for 5-FU clearance with female patients having

lower clearance. It suggests that higher observed daily AUC in female
patients was attributed to not including sex as a factor in the previous
formula. The refined formula significantly reduced the deviations of
the estimated AUC from the target AUC; accordingly, the number of
patients achieving the target range increased (Figure 4B,C). The eval-
uation and refinement of the previously developed formula were per-
formed for the Asian-approved daily dose of 80 mg/m2 only; however,
the recommended daily doses for male patients proposed by the nomo-
gram in Europe (Figure 3C) are consistent with the reduced doses for
the approved daily dose of 50 mg/m? stated in the European SmPC.°
The package insert of S-1 in Asia states that the approved daily
dose of 80 mg/m2 is 80 mg for patients with BSA of <1.25 m?, 100 mg
for those with BSA of <1.25 to <1.50 m?, and 120 mg for those with
BSA of 21.50 m?, according to BSA with only three classifications. In
contrast, the European SmPC describes that the approved daily dose

of 50 mg/m? is classified into seven doses according to BSA (s1.29 m?,
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60 mg; 1.3-1.49 m?, 70 mg; 1.5-1.69 m?, 80 mg; 1.7-1.89 m?, 90 mg;
1.9-2.09 m?, 100 mg; 2.1-2.29 m?, 110 mg; 22.30 m?, 120 mg). Asian
oncologists are concerned about undertreatment due to insufficient
dose in patients with larger BSA (21.75 m?) and normal renal function,
as previously reported.3* The revised nomograms in Asia (Figure 3A,B)
propose maximum daily doses of 160 mg for male and 140 mg for
female patients, whereas the approved maximum daily starting
dose is 120 mg in Asia. Hence, it is expected that the revised nomo-
grams in Asia can also improve the efficacy of S-1 for these patients.
Furthermore, the revised nomograms recommend doses even for pa-
tients with severe renal impairment (CLcr < 30 mL/min) for whom S-1
is contraindicated. It is also expected that the revised nomograms can
provide a new treatment option for patients with severe renal impair-
ment. However, close monitoring for toxicity due to change in pharma-
codynamics of S-1 affected by renal impairment is required.

In conclusion, of 30 patients receiving S-1 at doses determined
by the previously developed formula on the basis of individual BSA
and renal function, 18 patients achieved the target range. The re-
fined formula includes sex as an additional factor based on PPK anal-
ysis using the combined data of this study and the previous study.
The revised nomograms for recommended daily doses derived from
the refined formula can be used in clinical practice to achieve the

target AUC ensuring efficacy and safety of S-1.
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