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The present study investigated the pharmacokinetic/pharmacodynamic (PK/PD) relationships of a prototype biotin carboxylase
(BC) inhibitor, PD-0162819, against Haemophilus influenzae 3113 in static concentration time-kill (SCTK) and one-
compartment chemostat in vitro infection models. H. influenzae 3113 was exposed to PD-0162819 concentrations of 0.5 to 16�
the MIC (MIC � 0.125 �g/ml) and area-under-the-curve (AUC)/MIC ratios of 1 to 1,100 in SCTK and chemostat experiments,
respectively. Serial samples were collected over 24 h. For efficacy driver analysis, a sigmoid maximum-effect (Emax) model was
fitted to the relationship between bacterial density changes over 24 h and corresponding PK/PD indices. A semimechanistic
PK/PD model describing the time course of bacterial growth and death was developed. The AUC/MIC ratio best explained effi-
cacy (r2 � 0.95) compared to the peak drug concentration (Cmax)/MIC ratio (r2 � 0.76) and time above the MIC (T>MIC) (r2 �
0.88). Static effects and 99.9% killing were achieved at AUC/MIC values of 500 and 600, respectively. For time course analysis, the
net bacterial growth rate constant, maximum bacterial density, and maximum kill rate constant were similar in SCTK and che-
mostat studies, but PD-0162819 was more potent in SCTK than in the chemostat (50% effective concentration [EC50] � 0.046
versus 0.34 �g/ml). In conclusion, basic PK/PD relationships for PD-0162819 were established using in vitro dynamic systems.
Although the bacterial growth parameters and maximum drug effects were similar in SCTK and the chemostat system, PD-
0162819 appeared to be more potent in SCTK, illustrating the importance of understanding the differences in preclinical models.
Additional studies are needed to determine the in vivo relevance of these results.

Steadily increasing bacterial resistance to existing antibiotics
continues to be a major public health concern (3, 8). Because

most new antibacterial agents represent chemical modifications of
existing chemical classes of antibacterial agents (5), it is suspected
that the limited options of chemically distinct antibiotics have led
to extensive drug resistance among bacterial pathogens. There-
fore, it is of the utmost importance to identify novel, safe, and
effective antibacterial agents that work through unique antibacte-
rial biological mechanisms. The discovery of a new chemical class
of antibacterial compounds, the pyridopyrimidines, targeting
bacterial biotin carboxylase (BC), was recently reported (14, 15)
and offers the potential that this novel chemical class, targeting a
unique antibacterial mechanism, can be developed into drugs ef-
fective against multidrug-resistant bacteria.

Compared to the development of drugs from an existing
chemical class, the discovery of a novel class of compounds pres-
ents extra challenges (1, 5). The translation of pharmacokinetic/
pharmacodynamic (PK/PD) relationships between animal infec-
tion models and human patients has been well established for
several existing chemical classes across a variety of indications (1),
but for novel chemical classes, PK/PD relationships, and the trans-
lation of these relationships between in vitro systems, animals, and
humans, are not known. Moreover, the physicochemical and
pharmacokinetic properties of compounds at early stages of the
drug discovery process are often not optimized for extensive
concentration-response testing in animal models (21). Thus, as an
alternative, in vitro infection models offer a rapid and resource-
sparing method to determine PK/PD relationships. Building and
applying mathematical PK/PD models that quantitatively de-
scribe the time course of bacterial replication/death and drug ef-

fects enables the construction of a more efficient drug discovery
process. Furthermore, these quantitative PK/PD relationships de-
rived from in vitro data can inform future in vivo testing as to
optimal dose selection and dosing intervals and thereby reduce the
resources necessary to perform adequate in vivo experiments.
They can also provide the framework for understanding knowl-
edge gaps and for determining optimal drug properties (e.g., phar-
macokinetics) required for a successful drug candidate (6, 7, 9).

The present study investigated the PK/PD relationships of a
prototype BC inhibitor, PD-0162819, against Haemophilus influ-
enzae 3113 in static concentration time-kill (SCTK) and one-
compartment chemostat in vitro infection models. The objectives
of this study were to (i) establish a basic understanding of
concentration-response relationships in vitro for a prototype BC
inhibitor and (ii) use in vitro and mathematical modeling tools to
guide the drug discovery program by understanding the transla-
tion among in vitro infection models.

MATERIALS AND METHODS
Compound, microorganism, and susceptibility studies. PD-0162819
was synthesized by Pfizer chemists (14). Broth microdilution susceptibil-
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ity testing was performed using a BioMek FX robotic workstation
(Beckman-Coulter, Fullerton, CA). A �-lactamase-producing clinical iso-
late of H. influenzae, H. influenzae 3113, was tested using Haemophilus
Test Medium (HTM) (PML Microbiologicals, Wilsonville, OR) and in-
cubated at 35°C in an ambient atmosphere as described by the Clinical and
Laboratory Standards Institute (CLSI) (17).

SCTK experiments. In vitro SCTK testing was performed following
CLSI methodology (17). Specifically, testing was carried out in 10 ml of
HTM and incubated at 35°C with a 5% CO2 atmosphere. PD-0162819
concentrations ranged from 0.06 to 2 �g/ml (0.5 to 16� MIC; MIC �
0.125 �g/ml) and were determined by liquid chromatography-tandem
mass spectrometry (LC–MS-MS) to remain constant during the course of
the experiment. Serial medium samples (100 �l/sample) were collected at
time (t) � 0, 2, 4, 6, and 24 h. Postexposure MIC testing was performed,
and changes in MICs were not observed.

One-compartment chemostat infection model. In vitro dynamic
concentration studies were performed using a one-compartment chemo-
stat system as previously described (12, 23). The chemostat system con-
sisted of a 250-ml glass chamber with ports for the addition and removal
of test media via polyethylene tubes connected to peristaltic pumps, in-
jection of drug solution, and removal of medium samples. Single-dose
and dose fractionation experiments were performed. Prior to each exper-
iment, colonies from an overnight growth of H. influenzae 3113 on choc-
olate agar were added to the HTM as necessary to obtain a suspension of
108 CFU/ml. To produce a starting inoculum of �106 CFU/ml, 2.5 ml of
this suspension was added to each flask. A drug stock solution of PD-
0162819 was prepared at the start of each experiment, and this solution
was diluted with saline so that a dosing volume of 0.5 ml was added to each
flask via bolus dosing. To increase the solubility of PD-0162819, 3%
sulfobutyl ether–�-cyclodextrin was added to the dosing solution. Be-
cause PD-0162819 is projected to have a short half-life in vivo (data not
shown), the pump rates for all chemostat experiments were set to achieve
a drug elimination half-life of 4 h. A dose escalation study was performed
to determine the efficacious exposure range using an area under the
concentration-time curve over 24 h divided by the MIC (AUC/MIC ratio)
of 1 to 1,100 (MIC � 0.125 �g/ml). To determine the efficacy driver, a
dose fractionation study was performed using exposures corresponding
to the 20% effective dose (ED20), ED50, and ED80 from the dose escalation
study divided into 1 time/day (dosed at t � 0 h), 2 times/day (t � 0 and 12
h), or 3 times/day (t � 0, 6, and 12 h) dosing regimens. Medium samples
were collected at 0, 0.5, 1, 2, 4, 6, 12, and 24 h after dosing for analysis of
drug concentrations and determination of bacterial densities. Postexpo-
sure MIC testing was performed, and changes in MICs were not observed.

Determination of bacterial density. Medium samples were washed
with saline to remove any drug carryover. Samples were then reconsti-
tuted and diluted 10-fold, and 100 �l of diluted and undiluted samples
was plated onto chocolate agar. After 24 h of incubation, CFU (CFU/ml)
were counted and corrected for dilution. Because an undiluted 100-�l
sample was used for determining bacterial density in samples with low
bacterial counts, the limit of detection was 10 CFU/ml.

Drug concentration analysis. Medium samples were stored at �20°C
until analysis. A freeze-thaw study conducted during method develop-
ment indicated that PD-0162819 was stable at �20°C for �4 weeks and
that �5% degradation occurred after repeated freeze-thaw cycles. The
samples were thawed at room temperature, spiked with 200 �l of the
internal standard (200 ng/ml of PF-01135527 in acetonitrile), and vor-
texed for 1 min. Following centrifugation at 5,000 rpm for 5 min, 3 �l of
the supernatants was injected into a validated LC–MS-MS system. A Var-
ian Polaris C-18-A column (50 by 2.0 mm) was employed and run under
ambient reversed-phase conditions. The mobile phases were 100% water
with 0.1% formic acid (A) and 100% acetonitrile with 0.1% formic acid
(B). The gradient was programmed with a flow rate of 250 �l/min starting
at 10% mobile phase B to reach 70% mobile phase B in 1.5 min and 90%
mobile phase B in an additional 1 min. At the end of the program, the
analytical column was reequilibrated with 10% mobile phase B for 1 min.

The total cycle time for the assay was 3.6 min/sample. Molecular ion
precursor-product transitions of 393.7¡298.1 and 382¡271.1 were used
for PD-0162819 and the internal standard, respectively, in multiple-
reaction monitoring (MRM) mode. Data acquisition, integration of peak
areas, regression analysis, and sample quantification were performed us-
ing the standard quantitative-analysis package of Analyst 1.4 (Applied
Biosystems, Foster City, CA). A 12-point standard curve consisting of
PD-0162819 concentrations ranging from 5 to 10,000 ng/ml was used to
quantify PD-0162819 concentrations in samples. Where appropriate, me-
dium samples were diluted for analysis. The lower limit of quantitation
(LLOQ) was 5 ng/ml. Using standards of known concentration, accuracy was
determined to be �20%, and intraday and interday precision was �20%.

Endpoint efficacy driver analysis. Data collected using the one-
compartment chemostat system was used to determine the efficacy driver.
The change of bacterial density over 24 h (�log CFU/ml) was calculated
and plotted against corresponding endpoint PK/PD parameters (the
AUC/MIC ratio, the maximum concentration of drug in serum divided by
the MIC [Cmax/MIC ratio], and time above MIC [T�MIC]). The ob-
served drug concentration data were used to calculate the pharmacoki-
netic parameters. A sigmoid Emax model was fitted to the relationship
between �log CFU/ml and corresponding PK/PD indices. This model was
used to determine the endpoint PK/PD index that best explained efficacy
and the magnitude of each parameter to achieve bacterial killing ranging
from 0-log-unit to �3-log-unit killing.

Time course PK/PD data analysis. SCTK and chemostat PK/PD data
were modeled via a two-step process using NONMEM version V (Globo-
Max LLC, Ellicott City, MD). Based on a study to assess the chemical and
metabolic stability of PD-0162819 in HTM, drug concentrations were
determined by LC–MS-MS to be constant throughout the course of the
SCTK studies. Less than 5% degradation occurred over 24 h at 35°C. A
population pharmacokinetic one-compartment open model with first-
order elimination (kelim) and proportional error was used to fit the drug
concentration-time profiles. The population pharmacokinetic model in-
corporated interindividual (i.e., interflask) variability of clearance (CL)
and volume of distribution (Vd) to describe the observed drug concentra-
tion data in each flask. The pharmacokinetic parameters were then fixed
in the PK/PD model, and the bacterial density time course profiles were
modeled using a modified net effect mathematical model that is outlined
in Fig. 1. Similar mathematical models have been previously described
(e.g., see references 2, 10, 13, 16, 18, 20, and 22). In this model, changes in
drug concentrations over time were described using equation 1:

dCm

dt � �kelim � Cm (1)

where Cm is the PD-0162819 concentration in HTM. kelim is the first-
order drug elimination rate constant, which is determined by the pump
rate of the chemostat system. kelim can also be represented as CL/Vd. kelim

was 0 h�1 in SCTK because the drug was not flushed out of the system. In
the chemostat, kelim was approximately 0.17 h�1 to achieve a drug half-life
of approximately 4 h. For chemostat data, kelim was estimated using the
previously described population pharmacokinetic model.

The bacterial population was hypothesized to be composed of three bac-
terial populations of nonreplicating, replicating, and damaged bacterial cells.
To model the time course of bacterial density, equations 2 to 5 were applied:

dCFU1

dt � �CFU1� kkill � Cm
�

Cm
� � EC50

� � kglag � kflush� (2)

dCFU2

dt � CFU1(kglag) � CFU2�krep �
Nmax � CFUtotal

Nmax

�
kkill � Cm

�

Cm
� � EC50

� � kflush� (3)

dCFU3

dt � (CFU1 � CFU2)� kkill � Cm
�

Cm
� � EC50

��� CFU3(kdlag � kflush)

(4)
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CFUtotal � CFU1 � CFU2 � CFU3 (5)

where, as illustrated in Fig. 1, CFU1, CFU2, and CFU3 represent the den-
sities of nonreplicating, replicating, and damaged bacterial cells, respec-
tively. CFUtotal is the sum of all bacterial cells in the system. For the drug
effect, kkill is the rate constant for maximal bacterial killing, the EC50 is the
drug concentration at which 50% of maximal killing occurs, and � is
the Hill coefficient corresponding to the degree of sigmoidicity of the
concentration-response curve. For the replication rate, krep is the net
growth rate constant and Nmax is the maximum number of bacteria in the
in vitro system. As CFUtotal approaches Nmax, the total bacterial popula-
tion reaches a stationary phase and was observed as a plateau of the bac-
terial density-time profile. Where appropriate, a bacterial-growth lag rate
constant (kglag) and a bacterial-death lag rate constant (kdlag) were incor-
porated into the model to describe lags in bacterial growth and death. For
the dynamic chemostat data, kflush is the rate constant associated with
flushing HTM, bacteria, and drug out of the in vitro system. Because
HTM, bacteria, and drug were flushed out of the system at a rate deter-
mined by the pump rate, kflush has the same magnitude as kelim. For mod-
eling SCTK data, kflush was excluded from the model because HTM, bac-
teria, and drug were not flushed out of the system. Best-fit parameters of
the PK/PD model were obtained using first-order conditional estima-
tion, and the goodness of fit of the models to the experimental data was
assessed by visual inspection of observed versus predicted plots, the
coefficient of determination, evaluation of weighted residuals (versus
time and concentration), and comparison of objective function values
for nested models.

RESULTS
SCTK of PD-0162819 against H. influenzae 3113. PD-0162819
demonstrated concentration-dependent killing, achieving 3-
log-unit killing after 6 h. PD-0162819 was bactericidal at con-
centrations of �2� the MIC. The PK/PD model (Fig. 1)
adequately described the observed bacterial density data (r2 �
0.91). Observed data and model-predicted fits to the data are
shown in Fig. 2A. The maximum bacterial net growth rate con-
stant in this system was 2.04 � 0.14 h�1, and the death lag rate
constant was 1.91 � 0.20 h�1. A growth lag rate constant was

not estimated due to the absence of data between 0 and 2 h. The
maximum number of bacteria in the system was estimated to be
108.80 � 0.15 CFU/ml. The maximum drug effect (kkill) was
2.53 � 0.14 h�1, and the EC50 of PD-0162819 against H. influ-
enzae 3113 was estimated to be 0.0456 � 0.0043 �g/ml. Model
parameter estimates and 90% confidence intervals are shown in
Table 1.

Dynamic concentration time-kill study in chemostat. The
PK/PD model outlined in Fig. 1 adequately described the observed
time course of bacterial density data (r2 � 0.98). Observed data
and model-predicted fits to the pharmacodynamic data are shown
in Fig. 2B. The maximum bacterial net growth rate constant in this
system was 1.80 � 0.10 h�1, and the death lag rate constant was
3.06 � 1.10 h�1. A growth lag was observed over the first hour of
the experiment, and the growth lag rate constant was estimated to
be 0.171 � 0.065 h�1. The maximum number of bacteria in the
system was estimated to be 109.28 � 0.04 CFU/ml. The maximum
drug effect (kkill) was 2.02 � 0.11 h�1, and the EC50 of PD-
0162819 against H. influenzae 3113 was estimated to be 0.340 �
0.041 �g/ml. Model parameter estimates and 90% confidence in-
tervals are shown in Table 1.

Efficacy driver analysis in chemostat. The one-compartment
chemostat system was used to determine the efficacy driver of
PD-0162819 against H. influenzae 3113. Although all three PK/PD

FIG 1 Schematic representation of the mathematical PK/PD model. The total
bacterial density (CFUtotal) is the combination of nonreplicating (CFU1), rep-
licating (CFU2), and damaged (CFU3) cells. Bacterial replication eventually
results in bacterial counts reaching a stationary phase, which is determined
by the total number of bacteria in the system (Nmax). The replication rate
(krep) is modified as bacterial counts increase {krep � [(Nmax � CFUtotal)/
Nmax]} and, ultimately, achieves a stationary phase. The maximum drug
effect (kkill), the drug concentration associated with 50% of the maximum
effect (EC50), the drug concentration in the medium (Cm), and the Hill
coefficient (�) determine the magnitude of the drug effect [kkill � Cm

�/
(Cm

� 	 EC50
�)]. Rate constants associated with a growth lag (kglag), a death

lag (kdlag), and flushing of bacteria out of the in vitro system (kflush) are also
included in the model. See Materials and Methods for equations and a
more complete description of the model.

FIG 2 PK/PD modeling of PD-0162819 against H. influenzae 3113 in SCTK
(A) and the chemostat system (B). The symbols represent observed data. The
lines represent model predictions.
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indices exhibited relationships with efficacy (Fig. 3), the AUC/
MIC ratio was the best predictor of antibacterial efficacy (r2 �
0.95) compared to the Cmax/MIC ratio (r2 � 0.76) and T�MIC
(r2 � 0.88). A static effect over 24 h was achieved at an AUC/MIC
value of 500. An AUC/MIC magnitude of 600 was required to
achieve 3-log-unit killing (i.e., 99.9% killing) against H. influenzae
3113.

DISCUSSION

The data and modeling presented in this report represent initial
studies to characterize the PK/PD relationships of PD-0162819, a
prototype BC inhibitor. Using two different in vitro infection sys-
tems and mathematical modeling tools, a basic understanding of
endpoint efficacy driver and time course concentration-response
relationships was established for this novel compound, which
works through a unique mechanism of action. The results of this
study indicate there is a significant need to understand the quan-
titative translation of these data from in vitro systems to in vivo
systems and, ultimately, to humans.

In this study, both endpoint efficacy drivers and time course
PK/PD relationships were evaluated. Typically, endpoint efficacy
driver approaches have been utilized for understanding antibac-
terial PK/PD (4). However, endpoint data often minimize the im-
portance of the time course of drug effects. Endpoint efficacy
driver studies typically assess the change in bacterial densities be-
tween t � 0 h and t � 24 h, which essentially ignores the time
course of drug effects over the 24-h period. By understanding the
drug effects of the entire time course of the experiment, a more
thorough understanding of PK/PD relationships can be achieved.
Even so, endpoint efficacy driver analyses are traditionally used

for developing an understanding of PK/PD relationships for anti-
bacterial agents. Thus, this study was designed to enable analysis
of both the endpoint efficacy driver and time course
concentration-response relationships.

Efficacy driver analysis results indicate that all three PK/PD
indices exhibit some trend with efficacy. However, based on visual
inspection of the plots and the coefficient of determination, the
AUC/MIC ratio appears to be a better predictor of efficacy than
the Cmax/MIC ratio and T�MIC. Although T�MIC exhibits a
strong coefficient of determination, it is not likely that T�MIC is
a good predictor of efficacy due to the observed variation of ap-
proximately 5 log units of bacterial killing among the different
dosing regimens that achieved 100% T�MIC.

The mathematical model presented in Fig. 1 is the most parsi-
monious model that was fitted to the observed data. It is similar to
previously published models (2, 10, 13, 16, 18, 20, 22), but the
basic structure of the model is most similar to the net effect model
(2). Comparisons of the different mathematical models showed
that potency estimates produced by the various mathematical
models were similar (analysis not shown). An additional compart-
ment was added to the basic net effect model to more accurately
describe the apparent growth lag phase over the first hour of the
chemostat experiments but was not incorporated for SCTK data
due to lack of data in this early phase. This growth lag phase is
hypothesized to be the result of nonreplicating cells during the
initial stages of the experiments. After this early phase, the cells are
assumed to begin replicating. In addition, an extra compartment
was added to describe the apparent death lag, hypothesized to be
caused by damaged cells, that was more obvious in SCTK experi-

TABLE 1 PK/PD modeling results of the time course effects of PD-0162819 against H. influenzae 3113 in SCTK and chemostat systems

Parameter Unit

Value

Static concentration time-killa Dynamic concentration time-killa

krep h�1 2.04 � 0.14 (1.8–2.3) 1.80 � 0.10 (1.6–2.0)
Nmax CFU/ml 108.80 � 0.15 (108.6–109.0) 109.28 � 0.04 (109.2–109.3)
kkill h�1 2.53 � 0.14 (2.3–2.8) 2.02 � 0.11 (1.8–2.2)
EC50 �g/ml 0.0456 � 0.0043 (0.039–0.053) 0.340 � 0.041 (0.27–0.41)
� 1.80 � 0.15 (1.6–2.1) 1.88 � 0.42 (1.2–2.6)
kglag h�1 0.171 � 0.065 (0.07–0.28)
kdlag h�1 1.91 � 0.20 (1.6–2.2) 3.06 � 1.10 (1.2–4.9)
r2 0.91 0.98
a NONMEM estimate � standard error (90% confidence intervals are shown in parentheses).

FIG 3 Efficacy driver analysis of PD-0162819 against H. influenzae 3113 in the chemostat system. The circles represent observed data, and the lines represent
model-predicted values.
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ments. Because bacterial death was delayed relative to drug con-
centrations, application of a transit compartment model was use-
ful for describing this observation (19). This model assumes that
bacterial cells are damaged by the drug, lower their proliferation
rates, and eventually die. In addition, because bacteria were con-
stantly being flushed out of the chemostat system, a parameter
(kflush) was added to the model to account for this. Without this
parameter, the potency would have been overestimated. This pa-
rameter was not needed when modeling the SCTK data because
bacteria were not flushed from the SCTK system.

Even though H. influenzae 3113 replication rates were similar
in the two infection systems, PD-0162819 was �7 times more
potent in SCTK than in the chemostat system. Differences in ex-
perimental conditions between the two study designs can account
for this finding. In the chemostat system, nutrients are replenished
via fresh media, while drug, wastes, and old media are being re-
moved from the system. This differs from the SCTK design, where
less optimal growth conditions exist (i.e., nutrients are fixed and
used up during the course of the experiment). Because the che-
mostat system provides more optimal bacterial growth conditions
than SCTK, it is not surprising that PD-0162819 appears less po-
tent in the chemostat.

Rebound of bacterial counts over the course of the experi-
ment was not observed in SCTK studies. Although collecting
more extensive samples between 6 and 24 h would allow a more
definitive determination of potential resistance development
in SCTK studies, the lack of resistant subpopulations was sup-
ported by the low frequency of resistance (�1 resistant cell in
�108 cells) (14), which is well above the starting inoculum of
106 CFU/ml used in these studies. Thus, the observed experi-
mental data did not warrant the inclusion of additional “sub-
populations” of resistant bacteria in the mathematical model,
which have been incorporated into previously published mod-
els (e.g., 2, 13, 20, 22). In addition, the pyridopyrimidine in-
hibitors are the only antibacterial agents known to target BC,
and therefore, no preexisting clinical resistance is expected.
Although rebound was observed in the chemostat studies, this
rebound was likely caused by reductions in drug concentra-
tions over the course of the experiments and not by the emer-
gence of resistant bacterial subpopulations.

Although this study focused on in vitro PK/PD relationships,
simply understanding the in vitro PK/PD of a compound is not
sufficient. To be useful, the in vivo relevance, and ultimately the
clinical relevance, of in vitro relationships need to be determined.
In addition, only one bacterial isolate was tested in this study. The
AUC/MIC exposure targets presented in this report will likely be
modified when additional clinical isolates are taken into consid-
eration (11). At this point, the results of this study have been used
to guide the discovery project team in the process of synthesizing
a more optimal compound. Attempts to optimize the molecule
have included improving the physicochemical properties, po-
tency, pharmacokinetics, and other parameters.

In conclusion, mathematical modeling of data generated in
in vitro infection systems was successfully employed to evaluate
the PK/PD relationships of a novel BC inhibitor early in the
drug discovery program. Although H. influenzae 3113 replica-
tion rates were similar in the two systems, PD-0162819 was �7
times more potent in SCTK than in the chemostat system, il-
lustrating the importance of understanding differences in pre-
clinical models when making decisions about drug exposures

required for efficacy. Thus, the results of this study indicate
that PK/PD relationships need to be interpreted with respect to
the system in which the data are generated. Different in vitro
and in vivo systems are likely to produce different results,
which underscores the importance of understanding the quan-
titative translation of these systems to humans. The relevance
of this modeling approach can be enhanced by translating this
approach to in vivo systems. Thus, additional studies with ad-
ditional strains of bacteria are required to determine the in vivo
relevance of these results.
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