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Cefditoren is a broad-spectrum, oral cephalosporin that is highly active against clinically relevant respira-
tory tract pathogens, including multidrug-resistant Streptococcus pneumoniae. This study described its phar-
macodynamic profile in plasma and epithelial lining fluid (ELF). Plasma and ELF pharmacokinetic data were
obtained from 24 patients under fasting conditions. Cefditoren and urea concentrations were determined in
plasma and bronchoalveolar lavage fluid by liquid chromatography-tandem mass spectrometry. Concentra-
tion-time profiles in plasma and ELF were modeled using a model with three disposition compartments and
first-order absorption, elimination, and transfer. Pharmacokinetic parameters were identified in a population
pharmacokinetic analysis (big nonparametric adaptive grid with adaptive �). Monte Carlo simulation (9,999
subjects) was performed with the ADAPT II program to estimate the probability of target attainment at which
the free-cefditoren plasma concentrations (88%) protein binding and total ELF concentrations exceeded the
MIC for 33% of the dosing interval for 400 mg cefditoren given orally every 12 h. After the Bayesian step, the
overall fits of the model to the data were good, and plots of predicted versus observed concentrations for plasma
and ELF showed slopes and intercepts very close to the ideal values of 1.0 and 0.0, respectively. In the plasma
probability of target attainment analysis, the probability of achieving a time for which free, or unbound, plasma
concentration exceeds the MIC of the organism for 33% of the dosing interval was <80% for a MIC of >0.06
mg/liter. Similar to plasma, the probability of achieving a time above the MIC of 33% was <80% for MIC of
>0.06 mg/liter in ELF. Cefditoren was found to have a low probability of achieving a bacteriostatic effect
against MICs of >0.06 mg/liter, which includes most S. pneumoniae isolates with intermediate susceptibility to
penicillin, when given in the fasting state in both plasma and ELF.

Lower respiratory tract infections remain the most common
infections observed in the community and among hospitalized
patients (1, 5, 6, 11, 32, 39, 41). In the community setting, lower
respiratory tract infections account for the largest number of
clinic visits and are the most frequent cause of antibiotic pre-
scriptions (5, 6, 39). During the past 2 decades, the emergence
of antibiotic resistance, particularly multidrug-resistant Strep-
tococcus pneumoniae, has resulted in new challenges in the
treatment of lower respiratory tract infections (1, 5, 8, 10, 22,
23, 44, 45, 48, 52). To ensure the highest probability of a
favorable clinical response, empirical therapy for lower respi-
ratory tract infections requires the prompt delivery of antibi-
otics with activity against the most likely pathogens, including
multidrug-resistant S. pneumoniae (5, 31).

A recent addition to the armamentarium against lower
respiratory tract bacterial infections is cefditoren pivoxil (4, 18,
51; Spectracef tablets, package insert [Purdue Pharmaceutical
Products]). Cefditoren pivoxil is a broad-spectrum, oral ceph-

alosporin antibacterial with enhanced stability against many
common �-lactamases. In vitro studies have demonstrated that
cefditoren is highly active against clinically relevant gram-pos-
itive and -negative lower respiratory tract organisms, including
�-lactamase-producing strains of Haemophilus influenzae and
Moraxella catarrhalis (12, 22, 24, 29, 40, 47–49). Cefditoren has
also been shown to have highly favorable in vitro activity
against penicillin-susceptible and penicillin-intermediate S.
pneumoniae (12, 22, 24, 25, 28, 29, 40, 47, 49). It is currently
approved in the United States and Europe for the treatment of
adults and adolescents with acute exacerbations of chronic bron-
chitis (AECB) and community-acquired pneumonia (CAP), two
of the lower respiratory tract infections most commonly encoun-
tered in clinical practice (9, 21, 50).

While the pharmacokinetics of cefditoren have been de-
scribed (30, 33–35, 38), its pharmacokinetic-pharmacodynamic
profile has not been detailed. More importantly, its ability to
penetrate into the lung and provide sufficient drug exposure at
the site of infection, measured by epithelial lining fluid (ELF)
concentrations, has not been well explored. The primary ob-
jective of this investigation, therefore, was to characterize the
pharmacodynamic profile of cefditoren in plasma and ELF
with population pharmacokinetic modeling and Monte Carlo
simulation against the array of MICs deemed susceptible, in-
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termediate, and resistant by Clinical and Laboratory Standards
Institute (CLSI) for respiratory tract pathogens.

MATERIALS AND METHODS

Patient population. A total of 24 patients scheduled to undergo fiber-optic
bronchoscopy for diagnostic purposes were recruited for this study. The study
was started clinically in two centers of internal medicine with pulmonary units.
Each patient was randomly assigned to one of the three sampling time windows
(1 to 2 h, 2 to 3 h, or 3 to 4 h postadministration). The sampling time was defined
by a randomization code provided to the investigator prior to the study initiation.
There were 18 male and 6 female patients enrolled, all of them Caucasians. The
ages ranged from 35 to 78 years, with an arithmetic mean � standard deviation
of 59 � 12 years. The weights ranged from 59.8 to 94.9 kg (78.5 � 8.9 kg). The
heights ranged from 166 to 183 cm (173.1 � 5.0 cm).

The study was approved by the local ethics committee, was conducted accord-
ing to Good Clinical Practice guidelines (as defined by the International Con-
ference on Harmonisation), and followed all local and national regulatory re-
quirements. Informed consent was obtained from each patient in writing prior to
inclusion in the study by a well-qualified investigator.

Pharmacokinetic study design and sampling schedule. This study was an open,
noncontrolled, dual-center, phase I study to assess the concentrations of cefdi-
toren in plasma and ELF after a single oral 400-mg cefditoren dose. Patients
received study drug 1 to 2, 2 to 3, or 3 to 4 h prior to bronchoscopy. The subjects
received a total dose of 400 mg cefditoren as cefditoren pivoxil together with 240
ml of low-carbonated calcium-poor mineral water at room temperature. To avoid
complications of the bronchoscopic procedure, the study drug was administered
in the fasting state, after at least 10 h fasting. Blood and bronchoalveolar lavage
(BAL) samples (see below) were collected at the same time during the bron-
choscopic procedure. Plasma and BAL samples for drug assay were collected in
appropriately sized polypropylene tubes, immediately frozen on dry ice, and
stored at approximately �70°C.

BAL sampling. ELF was obtained by BAL (3, 20). During this procedure, 240
to 400 ml of warm isotonic saline was infused in four aliquots into the right
middle lobe. The aspirate from the first 50-ml aliquot contains mainly airway
fluid and was therefore discarded (46). The remaining three aliquots containing
ELF were pooled, the volume was recorded, and the pooled sample was centri-
fuged immediately (400 � g, 5 min). Immediately after centrifugation, the alve-
olar macrophages were separated from the supernatant to minimize the efflux of
drug from the alveolar macrophages. Determination of study drug concentration
in ELF was performed by employing urea as an endogenous marker (43). As urea
is an endogenous marker for total body water, we assumed that the concentration
of urea in plasma and in ELF is identical. One milliliter of the supernatant was
used for determination of urea concentration. The remainder of the supernatant
was freeze-dried, reconstituted in an appropriate volume of distilled water, and
used for the determination of cefditoren concentration in BAL. For the calcu-
lation of cefditoren concentration (C) in the ELF, the following formula was
used: CBAL(cefditoren) � [Cserum(urea)/CBAL(urea)].

Determination of cefditoren concentration in plasma by LC-MS/MS. All pipet-
ting steps were carried out at approximately 4°C. Human plasma (100 �l) sample
was deproteinized by addition of 0.200 ml of acetonitrile containing the internal
standard (cefotaxime). After thorough mixing, the samples were centrifuged for
approximately 10 min at 3,600 rpm at approximately 4°C. Twenty microliters of
each sample was chromatographed on a reversed-phase column, eluted with an
isocratic solvent system, and monitored by liquid chromatography-tandem mass
spectrometry (LC-MS/MS) with a selected reaction monitoring (SRM) method,
as follows: precursor 3 product ion for cefditoren, m/z 507 3 m/z 241, and
internal standard, m/z 456 3 m/z 396; both analyses were in positive mode.
Under these conditions, cefditoren and the internal standard were eluted after
approximately 1.8 min.

Calibration standards were prepared by adding the appropriate amount of stan-
dard solution of cefditoren or the higher-concentration calibration standard to drug-
free human plasma. For control of interassay variation, spiked quality controls of
cefditoren in human plasma were prepared by adding defined amounts of the stock
solution or the spiked control of higher concentration to defined amounts of tested
drug-free plasma. No interferences were observed in plasma for cefditoren and the
internal standard. Calibration was performed by weighted (1/concentration) linear
regression. The linearity of the cefditoren calibration curves in plasma was proven
between 0.0100 and 10.0 mg/liter. The quantification limits were identical with the
lowest calibration levels. The interday precision and the analytical recovery of the
spiked quality control standards of cefditoren in human plasma ranged from 3.4 to
8.9% and were 3.4% (8.00 mg/liter), 4.0% (2.00 mg/liter), 6.6% (0.200 mg/liter), and
8.9% (0.0200 mg/liter). The analytical error in the plasma assay ranged from �7.5 to

3.8% and was 0.3% (8.00 mg/liter), 3.8% (2.00 mg/liter), �7.5% (0.200 mg/liter), and
3.6% (0.0200 mg/liter). The intraday precision of the plasma assay ranged between
1.5 and 3.9% and was 2.3% (8.00 mg/liter), 2.1% (2.00 mg/liter), 1.5% (0.200
mg/liter) and 3.9% (0.0200 mg/liter). The analytical error of the plasma assay ranged
from �0.8 to 3.7% and was 0.3% (8.00 mg/liter), �0.8% (2.00 mg/liter), 1.2% (0.200
mg/liter) and 3.7% (0.0200 mg/liter).

Determination of cefditoren concentration in BAL by LC-MS/MS. Human
BAL (1 ml) was mixed with 100 �l methanol. A 20-�l portion of each sample was
chromatographed on a reversed-phase column, eluted with an isocratic solvent system,
and monitored by LC-MS/MS with an SRM method as follows: precursor3product ion
for cefditoren, m/z 507 3 m/z 241, and internal standard, m/z 456 3 m/z 396; both
analyses were in positive mode. Under these conditions, cefditoren and the internal
standard (cefotaxime) were eluted after approximately 1.2 min.

Calibration standards were prepared by adding the appropriate amount of
standard solution of cefditoren or the higher-concentration calibration standard
to a buffer solution. For control of interassay variation, spiked quality controls in
a buffer solution of cefditoren were prepared by adding defined amounts of the
stock solution or the spiked control of higher concentration to defined amounts
of buffer solution. No interferences were observed for cefditoren and the internal
standard. Calibration was performed by weighted (1/concentration) linear re-
gression. The linearity of the cefditoren calibration curves in buffer solution was
proven between 0.00100 and 0.400 mg/liter. The quantification limits were iden-
tical with the lowest calibration levels. The interday precision and the analytical
recovery of the spiked quality control standards of cefditoren in human plasma
ranged from 4.0 to 6.6% and were 4.0% (0.800 mg/liter), 4.6% (0.200 mg/liter),
6.2% (0.0200 mg/liter), and 6.6% (0.00200 mg/liter). The analytical error in the
bronchoalveolar fluid assay ranged from �4.3 to 6.6% and was 6.6% (0.800
mg/liter), 4.9% (0.200 mg/liter), �4.3% (0.0200 mg/liter), and 3.3% (0.00200
mg/liter). The intraday precision of the bronchoalveolar fluid assay ranged be-
tween 2.3 and 7.9% and was 2.3% (0.800 mg/liter), 6.9% (0.200 mg/liter), 7.9%
(0.0200 mg/liter) and 5.2% (0.00200 mg/liter). The analytical error of the bron-
choalveolar fluid assay ranged from �5.0 to 4.7% and was 4.7% (0.800 mg/liter),
1.0% (0.200 mg/liter), �3.4% (0.0200 mg/liter) and �5.0% (0.00200 mg/liter).

Determination of urea in BAL by LC-MS/MS. To 1 ml of each human BAL
sample, 100 �l of the internal standard solution in Milli-Q-water and 1 ml
methanol were added. A 10-�l portion of each sample was chromatographed on
a reversed-phase column, eluted with an isocratic solvent system, and monitored
by LC-MS/MS with an SRM method as follows: precursor 3 product ion for
urea, m/z 157 3 m/z 114, and internal standard, m/z 160 3 m/z 115; both
analyses were in positive mode. Under these conditions, urea and the internal
standard were eluted after approximately 2.3 min.

Calibration standards were prepared by adding the appropriate amount of
standard solution of urea or the higher-concentration calibration standard. For
control of interassay variation, spiked quality controls of urea were prepared by
adding defined amounts of the stock solution or the spiked control of higher
concentration. No interferences were observed for urea and the internal stan-
dard. Calibration was performed by weighted (1/concentration) linear regression.
The linearity of the urea calibration curves was proven between 0.208 and 8.00
mg/liter. The quantification limits were identical with the lowest calibration
levels. The interday precision and the analytical recovery of the spiked quality
control standards of urea in human plasma ranged from 0.3 to 0.9% and were
0.3% (8.00 mg/liter), 0.9% (1.60 mg/liter) and 0.3% (0.400 mg/liter). The ana-
lytical error was �1.4% (8.00 mg/liter), 4.2% (1.60 mg/liter), and 8.6% (0.400
mg/liter).

Population pharmacokinetic modeling methods. All data were analyzed in a
population pharmacokinetic model using the big nonparametric adaptive grid
with adaptive � (BigNPAG) program of Leary, Jelliffe, Schumitzky, and van
Guilder (29a). The pharmacokinetic model was parameterized as a four-com-
partment model with first-order absorption from the absorption compartment
and with elimination and transfer from the central compartment modeled as
first-order processes.

The general differential equations for the model are as follows: dX(1)/dt � �ka � X(1);
dX(2)/dt � ka � X(1) � [(CL/VC) � k23� k24) � X(2) � k32 � X(3) � k42 � X(4)]; dX(3)/dt
� k23 � X(2) � k32 � X(3); dX(4)/dt � k24 � X(2) � k42 � X(4). ka is the absorption rate
constant (per hour); X(1) is the amount of drug in the absorption compartment (in
milligrams); X(2) is the amount of drug in the central compartment (in milli-
grams); X(3) is the amount of drug in the peripheral compartment (in milli-
grams); X(4) is the amount of drug in the ELF compartment (in milligrams);
CL/F is the apparent clearance from the central compartment (liters per hour);
k23, k32, k24, and k42 are first-order intercompartmental transfer rate constants
(per hour); and VC/F is a scalar term and represents the apparent volume of the
central compartment (in liters). F is the extent of absorption after oral dosing.
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Not shown is VELF/F, which is a scalar term and is the apparent volume of the
ELF.

The inverse of the estimated assay variance was used as the first estimate for
weighting in the pharmacokinetic modeling. Weighting was accomplished by
making the assumption that total observation variance was proportional to assay
variance. Assay variance was determined on a between-day basis.

Upon attaining convergence, Bayesian estimates for each patient were obtained
using the “population of one” utility within BigNPAG. The mean, median, and
modal values were employed as measures of central tendency for the population
parameter estimates and were evaluated in the Bayesian analysis. Scatter plots were
examined for individual patients and for the population as a whole. Goodness of fit
was assessed by regression with an observed-predicted plot, coefficients of determi-
nation, and log likelihood values. Predictive performance evaluation was based on
weighted mean error and the bias-adjusted weighted mean squared error.

Monte Carlo simulation. The median parameter vector and major diagonal from
the population pharmacokinetic model were embedded in subroutine PRIOR of the
ADAPT II package of programs of D’Argenio and Schumitzky (17). The median
parameter vector was selected as the measure of central tendency because it pro-
vided the best goodness of fit. The full covariance matrix could not be employed
because it did not have symmetric positive definite properties. The population
simulation without process noise option was employed. A 9,999-subject Monte Carlo
simulation (maximum number allowed by program) was performed for cefditoren
(400 mg orally every 12 h). Both normal and log normal distributions were evaluated,
and these were discriminated on their ability to recreate the original mean parameter
values and corresponding standard deviations from the population analyses. The
median parameter values from the population pharmacokinetic model were em-
ployed to simulate steady-state concentrations (48 h after the start of dosing) and to
generate plasma and ELF concentration-time curves. The plasma pharmacokinetic
data for cefditoren were adjusted for 88% protein binding to reflect unbound drug
concentrations in the data analysis (Spectracef package insert; Purdue Pharmaceu-
tical Products). The ELF pharmacokinetic data were not adjusted for protein bind-
ing because the protein binding of cefditoren in the ELF is currently unknown. The
fraction of simulated subjects who achieved times for which plasma concentration
exceeded the MIC of the organism for both plasma (free drug) (fT	MIC) and ELF
(total drug) (T	MIC) of 33% and 50 to 70% of the dosing interval was calculated
for the range of MICs from 0.006 mg/liter to 1 mg/liter. This range of MICs was
examined because the objective of this analysis was to examine the probability of
target attainment in relation to the current CLSI breakpoints for S. pneumoniae and
H. influenzae: susceptible, �0.125 mg/liter; intermediate, 0.25 mg/liter; and resistant,
�0.5 mg/liter. The T	MIC pharmacodynamics endpoints of 33% and 60 to 70%
were selected because they have been identified as the targets for bacteriostasis and
bactericidal killing (13–16). Additionally, a T	MIC of 50% was examined because
this endpoint is used by the CLSI to assess cephalosporin susceptibility breakpoints.

Monte Carlo simulation was used to calculate the mean and median ELF-to-
plasma penetration ratios by estimating the area under the concentration-time
curves for ELF and plasma from zero to infinity (AUCELF0-
 and AUCplasma0-
)
after a single simulated dose and computing the ratio. The penetration ratio derived
from the mean parameter vector from the population model was also calculated.
Systat for Windows (version 10.2) was used for all data transformation.

RESULTS

Pharmacokinetic results. Summary statistics for the plasma
and ELF concentrations are displayed in Table 1. Arithmetic
mean concentrations of cefditoren in ELF were 38.1 � 50.1%
of the plasma concentrations within the 1- to 2-h sampling
interval, 23.2 � 18.1% within the 2- to 3-h interval, and 31.8 �
19.2% within the 3- to 4-h interval. It is important to note that

the mean and standard deviation for each interval were calcu-
lated separately for plasma and ELF. At each interval, the ratio
was also calculated. Thus, the mean of the ratios would not be
expected to be the same as the ratio of the means.

Population pharmacokinetic modeling. The population
parameter estimates identified by BigNPAG for the pharma-
cokinetic model are displayed in Table 2. Using the population
median parameter values as the measure of central tendency,
the overall fit of the model to the data was good and the
observed-predicted plots for plasma and ELF after the Bayes-
ian step were highly acceptable. For plasma, r2 was 0.98 and the
observed-predicted plot showed the following best-fit regres-
sion line: observed � 1.04 � predicted � 0.0045 (Fig. 1A). The

FIG. 1. Observed versus predicted plots in plasma (A) and
ELF (B).

TABLE 1. Summary statistics of cefditoren plasma and ELF
concentrations after a single oral administration of 400 mg

cefditoren as cefditoren pivoxil

Collection interval (h)
Concn (mg/liter) in:

Ratio (%)
Plasma ELF

1.0–2.0 1.78 � 1.27 0.39 � 0.21 38.1 � 50.1
2.01–3.0 1.33 � 0.95 0.34 � 0.25 23.2 � 18.1
3.01–4.0 1.03 � 0.51 0.30 � 0.18 31.8 � 19.2

TABLE 2. Population phamacokinetic parameters obtained
by BigNPAG

Calculation VC/F
(liters)

CL/F
(liters/h)

k23
(h�1)

k32
(h�1)

k24
(h�1)

k42
(h�1)

VELF/F
(liters)

Ka
(h�1)

Mean 36.13 61.70 16.69 14.26 10.43 18.03 65.24 3.80
Median 43.32 42.99 16.48 9.24 7.20 17.83 72.71 1.35
SD 13.86 25.39 8.88 8.87 7.66 7.97 28.59 2.86

VOL. 52, 2008 ANALYSIS OF ELF PENETRATION BY CEFDITOREN 1947



mean weighted error (measure of bias) for plasma was �0.01
mg/liter, and the bias-adjusted weighted mean squared error
(measure of precision) was 0.45 (mg/liter)2. For ELF, r2 was
0.93, and the observed-predicted plot showed the following
best-fit regression line: observed � 0.94 � predicted � 0.0031
(Fig. 1B). The mean weighted error (measure of bias) for ELF
was �0.08 mg/liter, and the bias-adjusted weighted mean
squared error (measure of precision) was 0.19 (mg/liter)2.

Monte Carlo simulation. A 9,999-subject Monte Carlo sim-
ulation was performed for both the plasma and ELF data to
estimate the target attainment probabilities in both the plasma
and ELF. Log normal distributions were selected for the pop-
ulation simulation based on their ability to recapitulate the
original mean parameter values and corresponding standard
deviations.

The results of probability of target attainment analysis in
plasma and ELF for cefditoren (400 mg orally every 12 h) is
displayed in Fig. 2. In plasma, the probability of achieving an
fT	MIC of 33% was 	90% for MICs of �0.03 mg/liter. For a
MIC of 0.06 mg/liter, there was an 89.48% probability of
achieving an fT	MIC of 33%. For an fT	MIC of 50%, the
probability of target attainment was 90.82% at a MIC of 0.03
mg/liter, and the probability of target attainment was signifi-
cantly less for higher MICs. The probability of achieving
fT	MIC of 60 to 70% was �90% for MICs of �0.03 mg/liter
(Fig. 2A).

The probability of target attainment in ELF was similar to
plasma (Fig. 2B). The probability of achieving a T	MIC of
33% was 	90% for MICs of �0.03 mg/liter. For a MIC of 0.06
mg/liter, the probability of achieving a T	MIC of 33% was
82.95%. For a T	MIC of 50%, the probability of target at-
tainment was 86.51% at a MIC of 0.03 mg/liter and was sig-
nificantly less for higher MICs. The probabilities of achieving
T	MIC of 60% and 70% were 90.26% and 86.65%, respec-
tively, at a MIC of 0.0125 mg/liter and were significantly less
for higher MICs.

The mean (standard deviation) AUCELF0-
 and AUCplasma0-


were 4.15 (7.72) mg � h/liter and 12.64 (7.55) mg � h/liter, respec-
tively. The mean � standard deviation AUCELF/AUCplasma pen-
etration ratio was 0.33 � 0.48. The median (25th and 75th per-
centile) AUCELF0-
 and AUCplasma0-
 were 1.97 (0.88 to 4.40)
mg � h/liter and 10.83 (7.48 to 15.74) mg � h/liter, respectively.
The median AUCELF/AUCplasma penetration ratio was 0.18, and
the 25th and 75th percentiles were 0.09 and 0.38, respectively. The
average value for the Monte Carlo simulation is skewed because
of outliers, as is evident when one examines the median value of
the penetration ratio of 0.18, the mean ratio of 0.33, and the large
standard deviation of 0.48. The AUCELF/AUCplasma penetration
ratio derived from the mean parameter vector from the popula-
tion model was 0.24 and further reflects the influence of outliers
on the mean penetration ratio from the Monte Carlo simulation.

DISCUSSION

Treatment of lower respiratory tract infections has been
compromised by the development of resistance, particularly
multidrug resistance in S. pneumoniae. Over the past 20 years,
rates of penicillin resistance in S. pneumoniae have dramati-
cally increased. Many of these penicillin-resistant strains are
often cross-resistant to many other classes of antibiotics (1, 5,

8, 10, 22, 23, 44, 45, 48, 52). Cefditoren is a new broad-spec-
trum oral cephalosporin with good activity against respiratory
tract pathogens, including penicillin-susceptible and -interme-
diate strains of S. pneumoniae (12, 22, 24–29, 40, 47–49). Its
bacterial activity, measured by MIC, is similar or superior to
that of many other commonly used cephalosporins (12, 22, 24,
25, 28, 29, 40, 48).

While the MIC is a useful quantitative determination of in
vitro antibacterial activity, it suffers from many notable limita-
tions. For example, the MIC does not account for the follow-
ing: time course of antimicrobial activity (drug concentrations
change during dosing interval), rate of bacterial killing, dose-
kill response relationship, and postantibiotic effect. For anti-
microbials, integration of pharmacokinetic parameters and
MIC surmounts many of the limitations of the MIC and has
been shown to be a more reliable predictor of clinical and
microbiologic outcomes (13–15, 19, 42). For �-lactams, in vitro
and animal studies have demonstrated that the fT	MIC ap-
pears to be the best predictor of bacterial killing and outcomes
(13–15). The free beta-lactam concentrations in plasma do not
have to remain above the MIC for the entire dosing interval,
and the fraction of the dosing interval required for maximal
bacterial effect varies for the different types of beta-lactams.
Although the precise fT	MIC varies for different drug-bacte-
rium combinations, cephalosporins achieve a static effect when
the free (unbound) concentration remains above the MIC of
the organisms for 30 to 40% of the dosing interval, and a
near-maximal bactericidal effect is achieved for an fT	MIC of
60 to 70%. These endpoints are slightly lower for the penicil-
lins and carbapenems (13–15, 19).

Population pharmacokinetic modeling and Monte Carlo
simulation were used to describe the pharmacodynamic profile
of cefditoren in the both plasma and ELF. Since antibiotic
delivery to the site of infection is imperative for optimal ther-
apy, it is extremely important to be able to accurately estimate
the ability of drugs to penetrate the infected site and achieve
sufficient concentrations for the desired endpoint. For extra-
cellular respiratory tract pathogens like S. pneumoniae and H.
influenzae, determination of drug concentration in ELF is cur-
rently the best estimate for ascertaining the degree of drug
exposure for these organisms.

Most often, analysis of ELF penetration data is limited to
obtaining ratios of drug concentrations in the ELF to those
determined simultaneously in plasma. As the drug has to pen-
etrate from plasma to ELF, these ratios will change as a func-
tion of time, as observed in this study (Table 1). This phenom-
enon, known as system hysteresis, makes examination of
single-time-point penetration ratios suboptimal, because the
estimates of drug penetration will strongly depend on the sam-
pling time, as is the case here, where the penetration ratios
changed from 23.2 to 38.1%. Population pharmacokinetic
modeling is able to surmount this limitation because of its
ability to estimate population pharmacokinetics and their as-
sociated dispersions for subjects with minimal sampling times.
Once the population pharmacokinetics are estimated, Monte
Carlo simulation can be used to estimate the ability of a drug
to penetrate the site of infection and to characterize its ability
to achieve the desired pharmacodynamic endpoint at that site.

The results indicate that cefditoren penetrates reasonably
well into the ELF, as defined by the mean AUCELF/AUCplasma
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penetration ratio. Specifically, the AUCELF/AUCplasma pene-
tration ratio (mean � standard deviation) was 0.33 � 0.48, and
the median AUCELF/AUCplasma penetration ratio was 0.18
(25th and 75th percentile values were 0.09 and 0.38, respec-
tively). When one considers that the plasma protein binding of
cefditoren is approximately 88%, the total-drug AUC in ELF
was higher than the free-drug AUC in plasma. Part of the

explanation for this finding is that we employed total-drug
AUC for ELF. It is currently unknown what the protein bind-
ing would be in ELF, but this could help explain this finding.
The overall probability of target attainment in plasma and
ELF, however, was suboptimal. The probability of achieving a
bacteriostatic effect (fT	MIC, 33%) was �90% in both plasma
and ELF for a range of MICs considered susceptible by CLSI;

FIG. 2. Target attainment analysis of cefditoren (400 mg orally every 12 h) for plasma (free drug) (A) and ELF (total drug) (B).
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the CLSI breakpoint for susceptibility is �0.125 mg/liter. More
importantly, the probability of achieving a T	MIC of 50%,
which is the current pharmacodynamic target used by the CLSI
in the assessment of cephalosporin susceptibility breakpoints,
was �90% in both plasma and ELF for MICs of 	0.03 mg/
liter.

The low probability of target attainment is most likely re-
lated to its apparent clearance, protein binding, and extent of
absorption. In this study, the median apparent clearance was
42.99 liters/h. While this estimate initially appears to be high, the
mean plasma AUC0-
 after a 400-mg cefditoren dose, calculated
from the simulated plasma concentration, was 12.64 � 7.55
mg � h/liter, and this is highly consistent with prior estimates of
average AUC0-12 for cefditoren (30, 33–35, 37, 38). Previous
estimates of plasma AUC0-
 have ranged from 10 to 15 mg � h/
liter.

Another factor for the low observed probability of target
attainment in plasma is its high protein binding. The mean
binding of cefditoren to plasma protein is 88% (Spectracef
package insert; Purdue Pharmaceutical Products). While the
relationship between protein binding and microbiological ac-
tivity has been highly debated, there are considerable data
demonstrating that protein binding adversely impacts microbi-
ological outcomes and that only free or unbound drug is mi-
crobiologically active (7, 36; Spectracef package insert; Purdue
Pharmaceutical Products). Based on these studies, only free
drug in plasma was studied. Total drug was studied in ELF,
because the influence of protein binding in ELF has not been
studied. Further study is needed to delineate the influence of
protein binding in ELF. The presence of protein binding in
ELF would result in lower observed probability of target at-
tainment in ELF.

Another explanation for the low probability of target attain-
ment is that the cefditoren pharmacokinetics samples were
obtained under fasting conditions. The present study had to be
performed in the fasting state, since bronchoscopy must not be
performed in the fed state, particularly after a high-fat meal.
The absolute bioavailability of cefditoren under fasting condi-
tions is approximately 14% (Spectracef package insert; Purdue
Pharmaceutical Products). The administration of cefditoren
after a high-fat meal is associated with a very strong increase in
maximal plasma concentration and maximal AUCplasma 50%
and 70% increases, respectively (30; Spectracef package insert;
Purdue Pharmaceutical Products). Therefore, administration
with food would improve the observed probability of target
attainment estimates by approximately 1 dilution and thus pro-
vide higher probabilities of target attainment for the range of
MICs deemed susceptible by the CLSI (�0.125 mg/liter).

Given the low probability of target attainment for MICs of
�0.125 mg/liter, one would expect low clinical success rates.
This, however, has not been the case, and cefditoren has per-
formed extremely well in AECB and CAP clinical trials (9, 21,
50). In these trials, the majority of the organisms recovered
had MICs of �0.125 mg/liter, and the probability of target
attainment analysis suggests that cefditoren has a high proba-
bility of achieving a T	MIC of 33% in both plasma (free-drug
concentration) and ELF (total-drug concentration). In addi-
tion, administration with a high-fat meal would provide high
probabilities of target attainment for the range of MICs
deemed susceptible by the CLSI (�0.125 mg/liter). Currently,

there are insufficient clinical data to determine if cefditoren is
effective against higher-MIC pathogens. It is also important to
note that the pharmacodynamic targets for bacteriostasis
(T	MIC, 30 to 40%) and bactericidal activity (T	MIC, 60 to
70%) were originally developed in neutropenic-animal models
(14), and restoration of granulocytes has been shown to de-
crease the magnitude of exposure necessary for bacteriostatic
and/or bactericidal effect (2). One could postulate that in im-
munocompetent humans, like the patients studied in the cefdi-
toren clinical trials, the patients’ intact immune systems can
assist in clearing the infection, and the drug exposure require-
ments would be less than targets derived from neutropenic-
animal models.

In summary, cefditoren penetrated well into the ELF but
had a suboptimal probability of target attainment profile in
both plasma and ELF. The probability of achieving a bacteri-
ostatic response was �90% for MICs of 	0.03 mg/liter in both
plasma and ELF. An increased extent of absorption under the
influence of food would increase this MIC cutoff value,
whereas protein binding in ELF would decrease it. This finding
is cause for concern, given the currently used CLSI breakpoint
of 0.125 mg/liter. Despite these findings, cefditoren has per-
formed reasonably well in AECB and CAP clinical trials. It is
important to note that these studies involved immunocompe-
tent adults, and pathogens recovered from these studies had
low MICs. Currently, there is insufficient clinical data to de-
termine if cefditoren is effective against higher-MIC patho-
gens. Further study is needed to determine its activity against
higher-MIC pathogens in humans.
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