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ABSTRACT WCK 5222 is a combination of cefepime and the novel �-lactam en-
hancer (BLE) zidebactam. Zidebactam has a dual mechanism of action involving
high-affinity penicillin binding protein 2 (PBP2) binding as well as inhibition of Am-
bler class A and C enzymes. In the current study, we evaluated the effect of zidebac-
tam on the cefepime pharmacodynamic parameter target time above MIC (T�MIC)
exposure required for efficacy against a diverse group of carbapenem-resistant Enter-
obacteriaceae (CRE) strains secondary to metallo-�-lactamase (MBL) production.
Plasma and epithelial lining fluid (ELF) pharmacokinetic (PK) studies were performed
for both cefepime (6.25, 25, and 100 mg/kg of body weight) and zidebactam (3.125,
12.5, and 50 mg/kg) after subcutaneous administration to mice. Only total drug was
considered protein binding is �10%. The two drugs exhibited similar PK exposures,
including terminal elimination half-life (cefepime, �0.4 h; zidebactam, 0.3 to 0.5 h).
The penetration into ELF was concentration dependent for both drugs, reaching
50% and 70% for cefepime and zidebactam, respectively. Dose ranging studies were
performed in lung-infected mice with one of eight MBL-producing clinical strains.
WCK 5222 was administered in regimens of every 4 h (q4h) and q8h to adjust expo-
sures from 0% to 100% T�MIC. The results were modeled to evaluate the relation-
ship between the cefepime T�MIC (when zidebactam was coadministered) and ther-
apeutic effect. The results revealed a strong association between T�MIC and effect
(R2 � 0.82). Net stasis in organism burden occurred at cefepime T�MIC exposures
of only 18%. A 1-log kill endpoint was demonstrated for the group of organisms at
approximately 31% T�MIC. These target exposures for stasis and 1-log kill are much
lower than previously observed cephalosporin monotherapy PK/PD targets.
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Carbapenem-resistant Gram-negative infections are a global public health threat
with limited effective treatment options and result in significant health care costs

and mortality (1–5). Carbapenem-resistant Enterobacteriaceae (CRE) strains, whose re-
sistance is commonly conferred by plasmid-mediated carbapenemase production, have
significantly increased in prevalence in many areas of the world. However, the enzy-
matic mechanisms by which these bacteria are resistant are heterogeneous, challeng-
ing therapeutic efforts (6).

New �-lactamase inhibitors (BLI) have been developed in the past few years that are
effective against Ambler class A, B, and some D enzymes, including carbapenemases
within these classes. However, reports of resistance to these agents have been docu-
mented. Additionally, no �-lactam/BLI combination has been developed that is effec-
tive against all current classes of carbapenemases. Thus, novel therapies for CRE are
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urgently needed (7–13). Most notably, patients with infections with Gram-negative rods
(GNR) that carry class B metallo-�-lactamases (MBL), such as NDM, VIM, and IMP, have
extremely limited treatment options. Given this gap in therapy, we can expect ongoing
increases in the incidence of MBL-producing GNR infections and subsequent poor
outcomes. Indeed, a recent publication highlights the burgeoning issue of CRE in
Southeast Asia, where carbapenem resistance was noted in �5% of Klebsiella and
Escherichia coli isolates in almost 50% of nations with sufficient reporting, and in those,
NDM-mediated resistance was most common (14). Increased world population mobility
and antimicrobial pressure will undoubtedly disseminate these strains globally in a
manner similar to previous epidemic shifts of extended-spectrum-�-lactamase (ESBL)-
producing organisms.

WCK 5222 is an antibiotic in development that combines a currently approved
cephalosporin, cefepime, with a novel �-lactam enhancer (BLE), zidebactam. The
combination of cefepime with zidebactam has been shown to improve potency over
the use of cefepime alone against drug-resistant GNR, including Enterobacteriaceae,
Pseudomonas aeruginosa, and Acinetobacter baumannii (15–19). Against organisms that
produce Ambler class A and C enzymes, the improved efficacy can, in part, be explained
by the ability of zidebactam to inhibit the �-lactamase enzyme. However, zidebactam
also exhibits an additional mode of action against GNR by selectively binding to
penicillin binding protein 2 (PBP2) (16, 17, 20). The complementary binding of multiple
PBPs by cefepime (potently for PBP3 and to a lesser extent for PBP1a and PBP2) and
zidebactam (potently for PBP2) has been shown to be responsible for the enhanced
spectrum of activity against GNR pathogens (16, 17, 20). This complementary binding
profile also leads to demonstrable efficacy against MBL producers, despite zidebactam
having no inherent inhibition activity against class B enzymes (18, 20). Given the
relative lack of effective treatment options and limited studies examining pharmaco-
dynamic (PD) optimization of therapy for MBL-producing Enterobacteriaceae, we eval-
uated the pharmacodynamic activity of WCK 5222 against a diverse group of MBL-
producing CRE strains, including determining target cefepime exposures in the
presence of the BLE zidebactam.

RESULTS
Organisms and in vitro susceptibility testing. Eight (2 E. coli and 6 Klebsiella

pneumoniae) MBL-producing CRE strains were utilized and are listed in Table 1. The
genotypic mechanism of resistance and the phenotypic MIC results for cefepime,
zidebactam, and WCK-5222 are also listed for each strain. The resistance mechanisms
included 6 NDM, 2 VIM, and 1 IMP. The cefepime MIC ranged from 4 to 256 mg/liter,
whereas the MIC values for WCK 5222 were 0.125 to 2 mg/liter, a decrease of �128-fold
in the presence of zidebactam.

Pharmacokinetics. The time courses of plasma and epithelial lining fluid (ELF)
pharmacokinetics (PK) for cefepime and zidebactam are shown in Fig. 1. After subcu-
taneous administration of cefepime at 100, 25, and 6.25 mg/kg of body weight, the

TABLE 1 Strains utilized in the mouse pneumonia model, including MBL resistance genotype and susceptibility testing resultsa

Organism Genotype

MIC (mg/liter)

Control growth
at 24 h (log10 CFU/lungs)

WCK 5222
(FEP/ZID, 1:1) Cefepime Zidebactam

E. coli BAA-2452 NDM-1 0.25 16 256 2.74
E. coli 2671 VIM-2 0.125 4 0.125 2.65
K. pneumoniae NCTC 13443 NDM-1 2 256 256 2.43
K. pneumoniae BAA-2146 NDM-1 1 128 1 2.08
K. pneumoniae 53816 NDM-1 0.25 32 0.125 2.27
K. pneumoniae 1104866 VIM-1 0.25 64 256 2.28
K. pneumoniae 2693 NDM-1 1 256 2 2.53
K. pneumoniae 2697 IMP-4 0.125 8 0.125 2.33
aAlso shown is the control growth in untreated animals, demonstrating equivalent levels of fitness in the model. FEP, cefepime; ZID, zidebactam.
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Cmax values were 95.7, 32.1, and 7.48 mg/liter, respectively, and the values for the area
under the concentration-time curve from time 0 to ∞ (AUC0-∞) were 79.0, 22.7, and
6.58 mg * h/liter, respectively. Both the Cmax values and the AUC0-∞ values observed
over the dose range were linear (R2 � 0.999 and 0.993, respectively). Finally, the
elimination half-life (t1/2) values for cefepime were also similar across the dose range
(0.37 to 0.40 h). The values presented above were used to calculate time above MIC for
all dosing regimens. Interestingly, very similar pharmacokinetics, calculated on a
milligram-per-kilogram basis, were observed for zidebactam in mice. Because WCK
5222 is dosed at a cefepime-to-zidebactam ratio of 2:1, each of the three doses in the
zidebactam pharmacokinetic studies was one-half that of cefepime on a milligram-per-
kilogram basis. For both Cmax and AUC0-∞ (see Fig. 1C), the value for zidebactam was
approximately 50% that of cefepime. The range of zidebactam half-life was also very
similar to that of cefepime, i.e., 0.38 to 0.54 h. In the ELF, both drugs had concentration-
time curves similar to those measured in plasma (see Fig. 1B and D), with
concentration-dependent penetration into the ELF (see Table 2) and similar elimination

FIG 1 Plasma and ELF drug concentration-time curves for cefepime (A and B, respectively) and zidebactam (C and D, respectively). Groups of three mice per
time point were administered single subcutaneous doses of cefepime or zidebactam. At 7 different time points, plasma and BAL fluid samples were collected
and assayed by liquid chromatography-tandem mass spectrometry (LC-MS/MS) techniques. ELF concentrations were determined using the urea correction
method. Each symbol represents the mean � standard deviation (SD) of results from three animals. The maximum concentration (Cmax), the area under the
drug concentration from 0 h to infinity (AUC), and the elimination half-life (T1/2) are shown for each dose.
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half-lives. In sum, these two partner drugs exhibited similar and linear pharmacokinetics
in the mouse model.

Relationship between cefepime PK/PD parameter percent time above MIC
(%T>MIC) and efficacy. The in vivo dose-response curves are shown in Fig. 2. As
mentioned in Materials and Methods, the WCK 5222 dosing studies were carried out
using two different dosing intervals (with dose administration every 4 h [q4h] and q8h)
over a wide dose range (0.39 to 150 mg/kg) in order to ensure cefepime %T�MIC
exposures of 0% to 100% for all strains. The q8h regimens in general produced
cefepime T�MIC exposures ranging from 0% to 35%, whereas the q4h regimens
resulted in 35% to 100% T�MIC. Untreated control groups showed net bacterial growth
of 2.07 to 2.74 log10 CFU/lungs over 24 h (see Table 1). There was, in general, net
growth at very low WCK 5222 doses, and as doses were increased, therapeutic efficacy
increased (see Fig. 2). It is interesting that for many strains there was a plateauing of
effect at high doses in the q4h regimen, which would be expected given the time-
dependent nature of �-lactam activity. Modeling all of the combination treatment data
relative to cefepime T�MIC, there was a strong relationship between this pharmaco-
kinetic/pharmacodynamic (PK/PD) index and treatment effect, with an R2 value of 0.82
(see Fig. 3). The individual PK/PD targets in terms of %T�MIC are shown in Table 3. The
mean values corresponding to the cefepime T�MIC necessary for net stasis and 1-log
kill, in the combination with zidebactam, were only 17.9% (standard error, 4.3) and
30.0% (standard error, 6.9), respectively.

TABLE 2 Plasma and ELF pharmacokinetic results for cefepime and zidebactam in the
mouse model

Drug Dose (mg/kg)

AUC0-∞ (mg * h/liter)
% plasma drug
penetration into ELFPlasma ELF

Cefepime 6.25 6.58 1.16 17.7
25 22.71 6.59 29.0
100 79.0 39.97 50.6

Zidebactam 3.125 2.81 0.74 26.3
12.5 9.81 3.70 37.7
50 32.23 22.73 70.5

FIG 2 Dose-response curves for WCK 5222 (cefepime/zidebactam) in the neutropenic mouse pneumonia model against 8 MBL-producing Enterobacteriaceae.
Each point is the mean � SD of the net change in bacterial burden from the start of therapy (0 h) to the end of therapy (24 h) for six mice. Two different studies
dosing studies were performed, one with q8h dosing (A) and one with q4h dosing (B), to ensure a range of cefepime T�MIC exposures from 0% to 100% for
all strains.
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DISCUSSION

The relationship between pharmacokinetic exposures, MIC, and treatment outcome
is the foundation of antimicrobial PK/PD studies. The association between the duration
of time that free drug concentrations exceed the MIC and therapeutic effect for
�-lactams was first observed in the 1950s by Harry Eagle and colleagues (21, 22). Over
the next several decades, pharmacodynamic studies refined these early observations,
culminating in the current PK/PD description of �-lactams as exhibiting time-
dependent bactericidal activity that is best described by the PK/PD relationship time
above MIC (T�MIC) (23–26). Multiple in vivo animal model studies have demonstrated
that net bacterial stasis is typically observed when free drug concentrations of ceph-
alosporins exceed the MIC for approximately 40% to 50% of the dosing interval for
Enterobacteriaceae (23–27).

WCK 5222 is an antibiotic in development that combines a currently approved
cephalosporin, cefepime, with a novel �-lactam enhancer (BLE), zidebactam. Zidebac-
tam is the first member of the bicyclo-acyl hydrazide (BCH) group, the members of
which are derived from diazabicyclooctanes (DBOs). DBOs are, in general, effective
inhibitors of class A, C, and some D �-lactamases. However, BCHs, such as the afore-

FIG 3 Relationship between treatment effect and cefepime T�MIC under conditions of coadministration
of cefepime and zidebactam in the neutropenic mouse pneumonia model against 8 MBL-producing
Enterobacteriaceae strains. The y-axis data represent the change in bacterial burden from the start of
therapy (0 h) to the end of therapy (24 h). Each point represents the mean burden from six mice. The
x-axis data represent the PD parameter cefepime T�MIC. The curved line is the best-fit line based on the
Hill equation. Also shown are the PD parameters maximal effect (Emax), 50% maximal effect (ED50), slope
of the curve (N), and coefficient of determination (R2).

TABLE 3 Cefepime time above MIC targets for each organism in the neutropenic mouse
pneumonia model under conditions of coadministration of cefepime and zidebactam

Organism MIC (mg/liter)

Cefepime plasma concn
(24-h %T>MIC)

Stasis 1 log

E. coli BAA-2452 0.25 9.83 19.72
E. coli 2671 0.125 10.84 16.22
K. pneumoniae NCTC 13443 2 3.61 10.15
K. pneumoniae BAA-2146 1 8.53 12.70
K. pneumoniae 53816 0.25 27.75 49.10
K. pneumoniae 1104866 0.25 37.49 61.81
K. pneumoniae 2693 1 30.24 47.56
K. pneumoniae 2697 0.125 15.17 26.66

Mean 17.93 30.49
Median 13.0 23.19
SD 12.23 19.58
SE of the mean 4.3 6.9

WCK 5222 PK/PD against MBL-Producing Enterobacteriaceae Antimicrobial Agents and Chemotherapy

December 2019 Volume 63 Issue 12 e01648-19 aac.asm.org 5

https://aac.asm.org


mentioned zidebactam, were developed because they not only exert �-lactamase
inhibition but also have a direct antibacterial effect via high-affinity binding to PBP2
(16, 17, 20). The combination of agents that target PBP3 (cefepime) and PBP2 (zide-
bactam) has been shown to exhibit enhanced in vitro and in vivo activity compared to
cefepime alone (15–20, 28–31). In fact, despite the fact that zidebactam possesses no
direct inhibitory activity against MBL enzymes, potent activity against MBL-producing
organisms has been demonstrated for cefepime with zidebactam, due to the comple-
mentary PBP binding activity (15, 16, 18, 20).

The current report adds to the understanding of cefepime T�MIC targets for
combinations of cefepime with the BLE zidebactam, and the data have important
implications for dosing regimen design. We observed activity of the combination of
cefepime and zidebactam (WCK 5222) against a diverse group of MBL-producing
Enterobacteriaceae isolates. Given that zidebactam is unable to inhibit MBL enzyme
activity and that cefepime is otherwise ineffective with respect to MBL-producing
organisms, we speculate that the activity is likely attributable to dual PBP binding. In
combination with zidebactam, the cefepime T�MIC for net stasis was only �18% and
for 1-log kill was �30% T�MIC. These are 50% lower than the targets observed in
previous studies of cephalosporins (23, 24). The significant aspects of our findings are
severalfold. First, WCK 5222 may be the first agent to have been developed with activity
against all current Ambler class enzymes. Second, a lower T�MIC target exposure could
lead to the dose of cefepime necessary to meet threshold exposures for a given MIC
value being reduced. Third, if the level of cefepime dosing with WCK 5222 stays the
same as that used in current cefepime dosing regimens, a lower T�MIC target would
mean that a higher MIC breakpoint could be met. Finally, lower T�MIC thresholds
could be conducive to widening the dosing interval, for example, by utilizing a q12h
regimen instead of a q6h or q8h regimen. The latter factor could lead to decreased
complications (i.e., less line intervention), decreased line time, and/or a logistically
improved outpatient antibiotic therapy (OPAT) option in comparison to many current
�-lactams.

Our report also verifies earlier in vitro and in vivo work with WCK 5222. For example,
Moya and colleagues demonstrated, both in vitro and with an in vivo murine thigh
infection model, that the administration of cefepime or zidebactam alone against
MBL-producing Enterobacteriaceae resulted in net increases in bacterial burden of at
least 2 log10 CFU compared to start of therapy (20). However, administered in combi-
nation at the same doses as those used in the monotherapy experiments, the two drugs
showed significant synergy, with 1 to 3 log10 CFU kill compared to the starting burden.
We observed a similar net killing effect, as WCK 5222 achieved 1 to 3 log kill against all
MBL-producing Enterobacteriaceae isolates. Additional studies have demonstrated com-
parable responses in mouse models utilizing the thigh and lung infection models with
other GNR, including A. baumannii and P. aeruginosa (28–30). Similarly to the present
study involving strains expressing enzymes that zidebactam do not inhibit (MBL),
Almarzoky et al. and Avery et al. demonstrated a potent zidebactam-mediated enhanc-
ing effect on cefepime efficacy against MDR A. baumannii expressing zidebactam
noninhibitable carbapenem-hydrolyzing class D enzymes (29, 30).

However, each of the aforementioned in vivo studies, while useful to demonstrate
the enhancing effect of zidebactam via its complementary PBP binding, did not
evaluate efficacy from a pharmacodynamic standpoint. In addition to our current study,
a single previous study quantified the pharmacodynamic effect of zidebactam coad-
ministration on cefepime T�MIC targets (31). Given the complementary PBP binding
noted for WCK 5222 and PK/PD studies that have demonstrated lower targets of �20%
T�MIC for the carbapenem class (32, 33), which bind multiple PBPs (34), it was
hypothesized that the cefepime T�MIC target, under conditions of coadministration
with zidebactam, would be similar to that observed with carbapenems. This was first
shown by Bhagwat et al. using 5 strains of A. baumannii in the neutropenic mouse
pneumonia model (31). After pharmacodynamic modeling of the exposure-response
data, the cefepime T�MIC associated with net stasis was approximately 31% for
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cefepime monotherapy experiments, whereas in the presence of zidebactam, the
cefepime T�MIC for stasis was less than 10%. In the current study, we similarly
demonstrated lower T�MIC targets for net stasis at �18%, which, interestingly, does
correlate well with previous studies in this model with carbapenems that exhibit similar
dual PBP binding characteristics (32). Note a few differences between these two
pharmacodynamic studies of WCK 5222. First, the previous study used A. baumannii
strains, which are certainly quite different in many respects from Enterobacteriaceae,
for example, in their cellular and growth characteristics, pathogenicity, and antibi-
otic efficacy. Second, the strains used in the Acinetobacter study were non-
carbapenemase producing strains. Third, the exposure of zidebactam was fixed
between cefepime dosing groups in the previous study, whereas the ratio of
cefepime to zidebactam was held constant at 2:1, which is the planned dosing ratio
in patients, in the current study. Finally, given that this has been demonstrated with
only a single BLE with cefepime, it will be important to investigate this effect with
future BLEs and other �-lactam partners to verify these results and determine the
optimal T�MIC target for partner drugs.

In sum, WCK 5222 is a novel therapeutic agent that provides the dual activity of
zidebactam as a BLI of many �-lactamases and BLE via complementary binding of PBPs
when paired with cefepime. From a BLI perspective, it contains inhibitory activity against
many of the class A and C enzymes (15, 18, 19). This is important with respect to its
coformulated cephalosporin, cefepime, as the extended-spectrum �-lactamase (ESBL)
CTX-M, which hydrolyzes cefepime effectively, has spread globally and now represents the
most common ESBL mechanism worldwide (35–37). Thus, zidebactam would protect the
activity of cefepime against organisms containing this and/or many of the other class A and
C enzymes. Additionally, we have demonstrated that, even in the absence of inhibitory
action against �-lactamases, the combination is highly effective in vivo against these
organisms and zidebactam enhances the activity of cefepime, resulting in lower T�MIC
target exposures for Enterobacteriaceae. Certainly, the dynamics of drug resistance do not
ensure that this combination would provide adequate coverage for all possible
�-lactamases, nor do they imply that other resistance mechanisms such as combinations of
porin mutations (efflux pumps) would not emerge that, alone or in combination, would
lead to resistance to this novel agent as well. However, in the current landscape of CRE,
WCK 5222 is a promising agent. Further clinical studies, incorporating the pharmacody-
namic targets observed in this study, are warranted, including optimizing clinical dosing
regimens and setting preliminary clinical breakpoints.

MATERIALS AND METHODS
Organisms, media, and antibiotic. Eight MBL-producing CRE strains were used, including 2 E. coli

and 6 K. pneumoniae strains (see Table 1). Strains were chosen that differed in their patterns of genotypic
and phenotypic resistance to cefepime and that were similarly pathogenic in the animal model based on
log10 CFU growth in untreated controls. All organisms were grown, subcultured, and quantified using
Mueller-Hinton broth (MHB) and agar (Difco Laboratories, Detroit, MI). The drug compounds used for in
vitro and in vivo studies were supplied by Wockhardt Bio AG.

In vitro susceptibility studies. The MICs for cefepime, zidebactam, and cefepime-zidebactam (1:1)
against each strain were determined using Clinical and Laboratory Standards Institute microdilution
methods (38). All MIC assays were performed in duplicate on three separate occasions. The median MIC
of replicate assays is reported and was utilized in PK/PD analysis.

Murine model. Animals were maintained in accordance with the Association for Assessment and
Accreditation of Laboratory Animal Care International (39). All animal studies were approved by the Animal
Research Committees of the William S. Middleton Memorial VA Hospital and the University of Wisconsin—
Madison. Six-week-old, specific-pathogen-free, female ICR/Swiss mice (Harlan Sprague-Dawley, Indianapolis,
IN) weighing 24 to 27 g were used for all studies. Mice were rendered neutropenic (�100 neutrophils/
mm3) by injecting cyclophosphamide (Mead Johnson Pharmaceuticals, Evansville, IN) subcutaneously at
4 days (150 mg/kg of body weight) and 1 day (100 mg/kg) before lung infection. Broth cultures of freshly
plated bacteria were grown to the logarithmic phase overnight to an absorbance of 0.3 at 580 nm
(Spectronic 88; Bausch and Lomb, Rochester, NY). After a 1:10 dilution into fresh Mueller-Hinton broth,
50 �l of inoculum (7.96 � 0.27 log10 CFU/ml) was administered into the nares of isoflurane-anesthetized
mice. Mice were simultaneously held upright to allow for aspiration into the lungs. Therapy with WCK
5222 was initiated 2 h after induction of infection, and therapy continued for 24 h, at which point the
treatment groups and controls were sacrificed for CFU enumeration. Organism burden was quantified by
CFU counts from dilutions of whole-lung homogenates.
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Drug pharmacokinetics. Single-dose plasma pharmacokinetics of cefepime and zidebactam were
determined in mice. Dose levels of 6.25, 25, and 100 mg/kg of cefepime were administered subcutane-
ously. Groups of three mice were sampled for drug concentration determination at 0.25, 0.5, 1, 2, 4, 6,
and 8 h. The same schema was used for zidebactam; however, doses were half those used for cefepime
(i.e., 3.125, 12.5, and 50 mg/kg). In both experiments, plasma and bronchoalveolar lavage (BAL) fluid were
obtained for pharmacokinetic analysis. Plasma was obtained from each animal by centrifugation of
anticoagulated blood obtained by cardiac puncture. BAL fluid was obtained by instillation of 1 ml of
sterile saline solution into the lungs of each animal, followed by immediate removal. The BAL fluid was
centrifuged to remove blood and cellular debris, and the supernatant ELF was collected. Plasma and
BAL fluid supernatant were stored at – 80°C. All drug concentrations were determined using liquid
chromatography-tandem mass spectrometry methods by Wockhardt Bio AG, Switzerland. ELF concen-
trations were calculated from BAL fluid concentrations by urea correction methodology according to the
following formula: [drug]ELF � [drug]BAL fluid � ([urea]plasma/[urea]BAL fluid). Pharmacokinetic parameters
(means � standard deviations), including the elimination half-life (t1/2), AUC0 –∞, and Cmax, were calcu-
lated using a noncompartmental model with mean concentration values from each group of mice. The
half-life was determined by linear least-squares regression. The AUC was calculated from the mean
concentrations using the trapezoidal rule. Pharmacokinetic estimates for dose levels that were not
directly measured were calculated using linear interpolation for dose levels between those with
measured kinetics and linear extrapolation for dose levels above or below the highest and lowest dose
levels with kinetic measurements. The levels of protein binding of both cefepime and zidebactam
(Wockhardt Bio AG, Switzerland; data on file) are �10% in the mouse; thus, only total drug concentra-
tions were considered in the analysis.

Relationship between cefepime PK/PD parameter percent time above MIC (%T>MIC) and
efficacy. In vivo treatment studies were performed in the murine pneumonia model for each strain.
Groups of six mice per dosing regimen and control group were utilized. All WCK 5222 doses were
administered by the subcutaneous route, and the cefepime-to-zidebactam ratio for each dose was held
constant at 2:1. The specific dosing regimens utilized for each organism were designed on the basis of
the pharmacokinetic studies described above and the susceptibility results to adjust the cefepime
exposure from 0% to 100% T�MIC for each organism. This scheme resulted in the utilization of at least
8 different WCK 5222 dosing groups per organism with cefepime dosages that ranged from 0.39 to
150 mg/kg (zidebactam dosage range, 0.19 to 75 mg/kg) and intervals that were either q4h or q8h. The
dose-response effect was determined as described above by measurement of CFU in lung homogenates.
The correlation between efficacy and the PK/PD parameter %T�MIC was determined by nonlinear
least-squares multivariate regression (SigmaPlot version 13; Systat Software, San Jose, CA). The mathe-
matical model used was derived from the Hill equation, i.e., E � (Emax � DN)/(ED50

N – DN), where E is the
effector, in this case, the log change in CFU per lung between treated mice and untreated controls after
the 24 h period of study, Emax is the maximum effect, D is the 24 h %T�, ED50 is the %T�MIC required
to achieve 50% of the Emax, and N is the slope of the dose-effect curve. The values for the indices Emax,
ED50, and N were calculated using nonlinear least-squares regression. The coefficient of determination
(R2) was used to estimate the variance that might be due to regression with the PK/PD parameter
%T�MIC.

Target %T>MIC exposures for cefepime in combination with zidebactam resulting in net stasis
and kill endpoints. Using the sigmoid Emax model described above, the doses required to produce a net
static effect (static dose) and 1 log kill compared to the start of therapy were calculated for each
drug-organism combination. The plasma and ELF pharmacokinetic results were then used to estimate
the %T�MIC exposure associated with each of the endpoints for each organism. The associated 24-h
%T�MIC target exposures for plasma and ELF were calculated for each organism, and summary statistics
(i.e., mean, median, and standard deviation) were determined for the group.
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