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Population pharmacokinetic analysis was conducted on cefditoren pivoxil 
(CDTR-PI), a third generation oral antibiotic to evaluate the effect of covariates on 
pharmacokinetic parameters. Plasma concentrations of cefditoren (CDTR, total 
number of sampling points: 2864) obtained from healthy adult subjects, elderlies, 
and subjects with renal dysfunction (287 subjects) after CDTR-PI administration as 
well as demographic data of those subjects were used for analysis. We conducted the 
population pharmacokinetic analysis of CDTR-PI using a nonlinear mixed effects 

CDTR-PI was demonstrated by population pharmacokinetic analysis. The absorption 
rate constant (ka: hr－1) of CDTR-PI decreased with age, total clearance adjusted by 
bioavailability (CL/F: L/hr/kg) increased with increasing creatinine clearance 
adjusted by body weight (Ccr: mL/min/kg) and volume of distribution adjusted by 
bioavailability (Vd/F: L/kg) decreased with increasing body weight (WT: kg). In 
addition, the lag time (Tlag: hr) depends on formulation (tablet or granule) of 
CDTR-PI and the absorption lag time of the tablet was longer than that of the 
granule.

We could obtain the population mean parameters of CDTR-PI together with 
interindividual variability and intraindividual residual variability after oral 
administration of CDTR-PI to adult subjects. In the future, this information will 
enable us to simulate the plasma concentrations of CDTR in subjects with various 

and safety of CDTR-PI.
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Introduction

Cefditoren pivoxil (CDTR-PI) is a third generation cephalosporin antibiotic synthesized by 
Meiji Seika Pharma Co., Ltd.1). It is an oral pro-drug for which gastrointestinal absorption has 
been enhanced by making pivaloyloxymethyl ester at the C4-carboxylic acid of cefditoren 
(CDTR) that has a broad spectrum and strong antibacterial activity2) against aerobic and anaero-
bic Gram-positive bacteria as well as Gram-negative bacteria3). After oral administration, this 
compound is absorbed from the gastrointestinal tract and its ester bond is immediately hydro-
lyzed by an esterase in the enteric canal walls. It is distributed in plasma and tissues as CDTR, an 
antibacterial active form1, 4～6). This compound was approved in Japan in 2005, and the dosing 
regimen for an adult is three times daily at 200 mg as maximum. As of March 2012, this com-
pound was approved and marketed in 29 countries including not only Asian nations such as 
Korea and China, but also European countries and the United States of America. One time dosage 
of 200 mg has been commonly used for adult patients.

Pharmacokinetics of this compound have been investigated in clinical trials in adult subjects 
and reported7～11), however, population pharmacokinetic analysis in adult has not been conducted 
yet.

In this analysis, population pharmacokinetics were investigated on CDTR-PI, using plasma 
concentrations obtained in several clinical pharmacological studies in Japan and the USA as well 
as demographic data of the subjects. As a result, the covariates that are related to pharmacokinetic 

PI administration. In addition, it would be also possible to simulate plasma concentrations of 
CDTR on the basis of hypothesized particular demographic data, which would contribute to eval-

Materials and Methods

Pharmacokinetic sampling
Plasma CDTR concentrations (total sampling points: 2864) obtained from 287 subjects in 5 

clinical trials (clinical pharmacology studies) that were conducted in Japan between 1987 and 
1997 and 6 clinical trials (clinical pharmacology studies)5, 8～10, 12) in the USA between 1998 and 
1999, and demographic data of those subjects were used for analysis (Table 1). These studies 
were all performed in accordance with the declaration of Helsinki, the ethics committee approval, 
and the informed consent of all subjects. CDTR-PI was administered at doses of 1.3 mg/kg～
5.9 mg/kg (100～300 mg/man: Japan) or 2.1 mg/kg～8.5 mg/kg (400 mg/man: USA). The plasma 
CDTR concentrations were measured with Bioassay method where Escherichia coli NIHJ JC-2 
was used as a test bacterial strain (quantitation limit, 0.025 g/mL)13), or HPLC-UV method 
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(quantitation limit, 0.05 g/mL)7, 14), or LC-MS/MS method (quantitation limit, 0.02 g/mL). The 
plasma concentrations of CDTR and demographic data of the subjects used for analysis were col-
lected retrospectively from medical records and clinical study reports.

Software and algorithms
For standard pharmacokinetic analysis, Phenix Winnonlin (ver. 6.1) was used. For popula-

tion pharmacokinetic analysis, the non-linear mixed effects modeling program, NONMEM (Ver. 
VI, LEVEL 2.0, PREDPP Ver. V LEVEL 2.0) and Wings for NONMEM (Ver. 6) were used. The 

Digital Visual Fortran (Version 11.1, Intel Corporation) was used as compiler. Wings for NON-
MEM (Ver. 6) was used for model validation by bootstrap method, and Microsoft Excel 2003 

statistical parameters. The computer used for analysis was NEC MC-7 (CPU, Celeron 1.8 GHz; 
memory, 960 MB; OS, Windows XP Professional).

Population pharmacokinetic analysis
Population pharmacokinetic analysis was conducted using NONMEM to estimate the popu-

lation pharmacokinetic parameters (population mean parameter, interindividual variability, and 
intraindividual residual variability), and to estimate the pharmacokinetic parameters of each sub-
ject by Bayesian method.

-
ing (equation shown below). Pharmacokinetic parameters included in the model were absorption 

Table 1. Sources of plasma cefditoren concentration data collected in adult clinical trials

*; after administration
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rate constant (ka), total clearance adjusted by bioavailability (CL/F), volume of distribution ad-
justed by bioavailability (Vd/F), and lag time (Tlag). As there is a difference in weight between 
Americans and Japanese (Table 2), the dose was adjusted by body weight (mg/kg) and thus the 
parameters of CL/F and Vd/F were also adjusted by body weight.

C(t)＝ka*Dose / (Vd/F) / (ka－kel)*{EXP (－kel*(t－Tlag))－EXP (－ka*(t－Tlag))}
C(t): plasma CDTR concentration ( g/mL) at time after CDTR-PI administration
Dose: single dosage (mg/kg)
ka: absorption rate constant (hr－1)
F: bioavailability
Vd/F: volume of distribution adjusted with F (L/kg)
kel (＝(CL/F) / (Vd/F)): elimination rate constant (hr－1)
CL/F: total clearance adjusted with F (L/hr/kg)
Tlag: lag time for absorption (hr)

The exponential error model was used for determination of interindividual variability in 
pharmacokinetic parameters, and the proportional error model was used for determination of in-
traindividual residual variability.

Interindividual variability: Pi＝P×Exp ( i)

Intraindividual residual variability: Cpij＝Cpij+ ij

Pi: individual pharmacokinetic parameter
P: population mean of pharmacokinetic parameter
Cpij: individual plasma concentration
Cpij: estimated plasma concentration

i: error of interindividual variability in pharmacokinetic parameter (the normally dis-
tributed interindividual random effect of mean 0 and variance 2)

ij: error of intraindividual residual variability in plasma concentrations (the normally 
distributed intraindividual random effect of mean 0 and variance 2)

Firstly, population pharmacokinetic analysis was conducted using the basic model without 
any covariates. Bayesian method was used to estimate pharmacokinetic parameters for each sub-
ject, and then individual pharmacokinetic parameters and the demographic data of subjects (co-
variates) were plotted to investigate for any correlations between the parameters.

Covariate analysis
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The following steps were taken to establish a full model.
Step 1: Demographic data (age, weight: WT, creatinine clearance: Ccr) were sequentially re-

lated to the pharmacokinetic parameters (ka, CL/F, Vd/F, Tlag) in the basic model to build addi-

lower in accordance with X2

Demographic data were further sequentially related to the selected model in the above to 

built even though demographic data were sequentially related to any of pharmacokinetic parame-

Step 2: Bayesian estimates of individual pharmacokinetic parameters obtained in population 
pharmacokinetic analysis using the basic model and the demographic data were plotted. With ref-
erence to this result, if the relationship between them is well described by introducing a switch 
point into demographic values, such a compartment was adopted in constructing a model. A like-
lihood ratio test was carried out for the models with and without such a compartment (Final 
model at Step 1).

Step 3: Using the model selected in Steps 1 and 2 by incorporating the demographic data, the 
effects of factors such as the location where the clinical trial was conducted (Japan or the USA) , 
formulation of drug product (tablet or granule), and the effect of the gender were examined with 
the likelihood ratio test to build a full model.

2 distribution.

in the above.

Model evaluation

plots shown below:
—  Correlation between predicted concentrations based on population mean parameters 

(Cpred_mean) and observed concentrations in plasma (Cobs)
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—  Correlation between predicted concentrations based on Bayesian estimates (Cpred_indiv) and 
observed concentrations in plasma (Cobs)

—  Distribution of predicted concentrations based on population mean parameters (Cpred_mean) 
and conditional weighted residuals (CWRES)

hundred data sets ware reconstructed by resampling the subjects from the original dataset. Suc-

mean, standard error (SE), minimum value (Min), median value (Median), maximum value 

Results

Demographic data
The demographic data of the subjects used for analysis are shown in Table 2, and the rela-

tionship among them are shown in Fig. 1. The data for analysis included gender, age (years), 
body weight (WT; kg), creatinine clearance adjusted by body weight (Ccr; mL/min/kg) converted 
from creatinine clearance (Ccr; mL/min) that was calculated with the Cockcroft-Gault method15) 
from serum creatinine concentration (Scr; mg/dL), the country where a clinical trial was con-
ducted (Japan or the USA), and formulation (FM; tablet or granule) of drug product. As for clini-
cal trials conducted in Japan, the subjects were all Japanese. On the other hand, as for clinical 
trial conducted in the USA, the subjects included Blacks, Caucasians, and Hispanics. The total 
number of subjects enrolled were 287, among which 111 subjects were from studies conducted in 
Japan (72 subjects administered with tablets, and 39 subjects administered with granules) and 176 
subjects from the study conducted in the USA (all administered with tablets). When categorized 
by gender, there were 209 males and 78 females. The average dose was 3.75±1.85 mg/kg (mean
±S.D.), and the minimum, median and maximum values of doses were 1.30, 3.60, and 8.47 mg/
kg, respectively. When the demographic data of the subjects were plotted, age was related with 

patients’ demographic data (Fig. 1).

Plasma CDTR concentrations
The plasma concentrations of CDTR measured in all the clinical trials are shown in Fig. 2. 

From the results, it was found that CDTR was eliminated mono-exponentially from the plasma.
Concerning a structure model, a model with or without lag time and a transit compartment 

model for one-compartment model and two-compartment model were evaluated (data not 
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shown). Considering the presence or absence of the convergence of calculations in NONMEM 
-

sidered the most suitable structure model for population pharmacokinetic analysis of CTDR-PI.

Population pharmacokinetic analysis
Population mean parameters obtained in the basic model were as follows: ka (hr－1)＝1.04, 

CL/F (L/hr/kg)＝0.337, Vd/F (L/kg)＝0.67, Tlag (hr)＝0.89, interindividual variability:  (ka)＝

Fig. 1. Relationships in patient demographic data

Table 2. Demographic data of the subjects

FM: formulation



56 （ 56） THE JAPANESE JOURNAL OF ANTIBIOTICS  67―1  Feb. 2014

84.0%,  (CL/F)＝46.6%,  (Vd/F)＝29.4%, intraindividual residual variability: ＝0.465 g/mL. 
Interindividual variability of Tlag was not estimated.

-
tions coincided relatively well with individual estimates calculated from population mean param-
eters, and such individual estimates and CWRES were almost equally distributed in the upper and 
lower sides with the distribution centered around zero (data not shown). When Bayesian esti-
mates for pharmacokinetic parameters (ka, CL/F, Vd/F) and demographic data (age, WT, Ccr, 
gender) were plotted, the following tendencies were noted: a negative correlation between Bayes-
ian estimate of ka and age, a negative correlation between Bayesian estimate of CL/F and age, 
and a positive correlation between Bayesian estimate of CL/F and Ccr. In addition, a negative 
correlation was found between Bayesian estimate of Vd/F and WT (Fig. 3-A). On the other hand, 

The development process of the full model is shown in Table 3.
As Step 1, likelihood ratio test where each subjects’ demographic data is sequentially in-

cluded as a covariate into pharmacokinetic parameter, with reference to the results of plotting in 
the basic model, was repeated to construct an additive model. Based on the plots of the Bayesian 
estimates of pharmacokinetic parameters versus the demographic data (Fig. 3) as well as general 
knowledge on the relationship between Ccr and CL/F, CL/F was considered to have leveled off 
along with an increase in Ccr. 

Therefore, as Step 2, a switch point for Ccr (0.75, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5 mL/min/kg) 
was introduced into the model selected in Step 1 for investigation. As a result, ΔOBJ was found 

＜0.01, drgree of freedom(df)＝2, likelihood ratio test) 

The plasma concentrations of cefditoren obtained from healthy adult subjects, elderlies, and subjects with renal 
dysfunction (287 subjects) after oral administration of cefditoren pivoxil (1.30～8.47 mg/kg).
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Fig. 3. Relationship between demographic data (A: Age, WT and Ccr, B: Gender) and un-
normalized apparent pharmacokinetic parameters (ka, CL/F and Vd/F) of cefditoren 
estimated by Bayesian method using the basic model

B: IQR; interquartile range, Dotted line; median, solid line; average, Box＝25 and 75th percentile.



58 （ 58） THE JAPANESE JOURNAL OF ANTIBIOTICS  67―1  Feb. 2014

when a switch point for Ccr at 1.25 mL/min/kg was included in CL/F .
As Step 3, when the effect of product form (FM: formulation) on each pharmacokinetic pa-

＜
0.001, df＝1, likelihood ratio test). Additionally, the effect of the clinical trial location on each 

Table 3. Covariate model building

1) Reference model
2)   2-test (df=1): ΔOBJ＞3.84 (p＜0.05), 2-test (df=2): ΔOBJ＞5.99 (p＜ ＜

0.05, Backward criteria: p＜0.001
3) FM: 0=tablet, FM: 1=granule

Table 4. Population pharmacokinetic parameters of cefditoren pivoxil

FM: 0=tablet, FM: 1=granule
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pharmacokinetic parameters (full model).
Since there was no gender difference in the subjects’ demographic data, gender difference 

was not examined (Fig. 3-B).
Finally a reduced model was developed on the basis of the full model, and ΔOBJ was deter-

pivoxil

A: Population predicted concentrations versus observed concentrations.
B: Individual predicted concentrations versus observed concentrations.
C: Population predicted concentrations versus conditional weighted residual.
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Model evaluation

Table 5. Results of the bootstrap analysis

Criterion for success of calculation: “Minimization successful” only
Successful rate of calculation=86% (172/200)
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Observed plasma concentrations were coincided well with the individual estimates calcu-
lated from Bayesian estimates, t and the individual estimates calculated from the population mean 
parameters and CWRES were almost equally distributed in the upper and lower sides with the 
distribution centered around zero. The results of model validation using bootstrap method are 
shown in Table 5. Eighty-six percentage of calculations (172 runs out of 200 runs) completed 
successfully. Mean value or median value of each parameter calculated by the bootstrap method 

the bootstrap method. Accordingly, the population pharmacokinetic parameters shown in Table 4 
were judged to be appropriate.

Discussion

Population pharmacokinetic parameters of CDTR-PI were determined using plasma CDTR 
concentrations (2864 points) when CDTR-PI was orally administered to 287 subjects at 1.3～
8.5 mg/kg after meals. The location where a clinical trial was conducted did not affect any of the 
pharmacokinetic parameters.

This model showed lowered ka (absorption rate) of CDTR-PI with age. In general, the intes-
16～21), which 

may result in lowered absorption rate. The physicochemical properties of CDTR-PI itself, how-
ever, can be a causative factor as well. The solubility of CDTR-PI in water has been reported to 
be as low as ca. 80 μg/mL22). In addition, the solubility of CDTR-PI is relatively high in the 
acidic region (pH1～2), while it is lowered to 1/10～1/100 at pH3 or higher23). Since gastric pH 
in the elderly is generally higher than that in young adults16), the solubility of CDTR-PI in the 
stomach may get lowered with age. The relationship between gastric pH and absorbance was ex-
amined in an in vivo study using dogs, which showed decreases in both the absorbed amount and 
absorption rate along with an increase in pH24). Moreover, a clinical trial revealed that concomi-
tant use of CDTR-PI with antacid tablets lowered the absorbed amount and absorption rate of this 
compound12) 16), and 
thus the solubility of CDTR-PI may become lowered with age due to the factors of pH and water 
contents. It would contribute to lowered absorption rate of CDTR-PI. Finally, the population 
pharmacokinetic analysis results were considered not to be contradictory to the discussion men-
tioned in the above.

Next, Ccr affected CL/F of CDTR, and CL/F was reduced along with decreased Ccr (deteri-
oration of the renal function) in this model. These results seem to be reasonable, since CDTR-PI 
is mainly excreted via the kidney25). When the renal function was within the normal range (Ccr＞
1.25 mL/min/kg), the effect of Ccr was rather mild. The renal function is known to deteriorate 
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with age in general, and the average GFR in 
the subjects whose renal function is normal at 
respective age is expressed in the following 
equation26).

GFR (mL/min/1.73 cm3)
＝－1.163×(Age)＋157.0

Using this equation, GFR for each age 
was calculated in the range from 25 to 85 years 
old, and the population mean pharmacokinetic 
parameters in case of body weight at 70 kg are 
shown in Table 6. GFR was assumed to be ap-
proximated by Ccr. Plasma concentrations of 
CDTR after single or repeated oral administra-
tion of CDTR-PI at 1.5 mg/kg (ca. 100 mg/
man) to adult subjects were simulated at each 
age using the population mean parameters 
(Fig. 5-A, E). As a result, ka decreased with 
age in the absorption process, and CL/F de-
creased along with age-dependent degrease in 
GFR in the elimination process. Vd/F was, 
however, constant regardless of age, and thus 
T1/2 was prolonged. In other words, Cmax of 
CDTR was decreased and AUC tended to in-
crease with age after oral administration of 
CDTR-PI to adult subjects with normal renal 
function. On the other hand, when CDTR-PI 
was administered repeatedly three times a day, 
the plasma CDTR concentration level reached 
a steady state immediately after administration, 
and there was no accumulation at any age.

According to the population mean param-
eters of CDTR-PI obtained in this study, Ccr at 
the age of 65 was decreased by 36% compared 
to that at the age of 25; however there was 
only 11% decrease in the comparison of CL/F 
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Fig. 5. Simulated plasma concentrations of cefditoren after oral administration of cefditoren 
pivoxil at 1.5 mg/kg (ca. 100 mg/man) to adult subjects at each age using the population 
mean parameters

A; Single dose: 1.5 mg/kg (ca. 100 mg/man). Black bold solid line: Age: 25, WT: 70 kg, Ccr: 1.83 mL/min/kg. Black dashed 
line: Age: 45, WT: 70 kg, Ccr: 1.50 mL/min/kg. Gray bold solid line: Age: 65, WT: 70 kg, Ccr: 1.16 mL/min/kg. Black solid 
line: Age: 85, WT: 70 kg, Ccr: 0.83 mL/min/kg.

B; Single dose: 1.5 mg/kg (ca. 100 mg/man). Black bold solid line: Age: 25, WT: 70 kg, Ccr: 1.83 mL/min/kg. Black dashed 
line: 95% Confidence interval of plasma concentrations at 25 years old. Gray bold solid line: Age: 65, WT: 70 kg, Ccr: 
1.16 mL/min/kg. Gray dashed line: 95% Confidence interval of plasma concentrations at 65 years old.

C; Single dose: 1.5 mg/kg (ca. 100 mg/man). Black bold solid line: 95% Confidence interval of plasma concentrations at 
25 years old. Gray solid line: Plasma concentrations of simulated 100 subjects (Age: 25, WT: 70 kg, Ccr: 1.83 mL/min/kg).

D; Single dose: 1.5 mg/kg (ca. 100 mg/man). Black bold solid line: 95% Confidence interval of plasma concentrations at 
65 years old. Gray solid line: Plasma concentrations of simulated 100 subjects (Age: 65, WT: 70 kg, Ccr: 1.16 mL/min/kg).

E; Repeated administration, 1.5 mg/kg (ca.100 mg/man) x 3 times/day. Black bold solid line: Age: 25, WT: 70 kg, Ccr: 
1.83 mL/min/kg. Black dashed line: Age: 45, WT: 70 kg, Ccr: 1.50 mL/min/kg. Gray bold solid line: Age: 65, WT: 70 kg, 
Ccr: 1.16 mL/min/kg. Black solid line: Age: 85, WT: 70 kg, Ccr: 0.83 mL/min/kg.
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tion is not largely involved in the renal excretion of CDTR, and instead active transport systems 
such as secretion play a role27). Actually, the results of clinical trial on CDTR-PI in concomitant 
use of probenecid suggested an involvement of secretion in the renal excretion of CDTR11, 25). 
That is, CL/F of CDTR is affected by the factor of age in adult subjects with normal renal func-

the effect of age on pharmacokinetics was examined after oral administration of CDTR-PI, both 
Cmax and AUC of CDTR were reportedly increased with age8, 28). This is because the renal clear-
ance (CLr) in the elderly subjects aged 65 or higher was 3.2 L/hr, which was 24% lower than 
4.2 L/hr in young adult subjects aged between 25 and 40. This elderly subject group included 
those with renal dysfunction (personal communications), whose decrease in CL/F was so large 
that the impact of decreased CL/F on the increase in Cmax obviously exceeded the effect of age-
dependent decrease in ka.

Next, Monte Carlo simulation was repeated 100 times on the basis of the plasma concentra-

and 65 years as well as interindividual variability determined in population analysis. Fig. 5-B, C, 
-

max was 1.07～4.29 for the age of 25 and 
0.40～ ～31.15 
for the age of 25 and 2.37～41.22 for the age of 65, indicating the estimates were also largely 
overlapping with each other. This suggests that Cmax and AUC are likely to be affected by age; 
however the plasma concentrations of CDTR after oral administration of CDTR-PI in both age 
groups may be comparable when you consider interindividual variations. Accordingly, it was 
judged there would be no need of dosage adjustment depending on ages in oral administration of 
CDTR-PI to adult subjects with normal renal function based on the fact that CL/F of CDTR is not 
largely affected by the age as well as the interindividual variability of plasma concentrations.

Conclusion

Population pharmacokinetic parameters of CDTR-PI were obtained using plasma CDTR 
concentrations for oral administration of CDTR-PI after meals to adult subjects.

-
lation (tablet or granule), respectively.

The ka decreased with age, CL/F increased with increasing Ccr and Vd/F decreased with in-
creasing WT. In addition, the Tlag depends on formulation of CDTR-PI and the lag time in ab-
sorption of the tablet was longer than that of the granule.

As mentioned above, we could obtain the population mean parameters of CDTR-PI together 
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with interindividual variability and intraindividual residual variability after oral administration of 
CDTR-PI to adult subjects. In the future, this information will enable us to simulate the plasma 
concentrations of CDTR in subjects with various demographic backgrounds, which contributes to 
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