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Background.  The combination of piperacillin–tazobactam (PIP-TAZO) and 
vancomycin is associated with an increased frequency of acute kidney injury (AKI) in 
patients when compared with either agent alone. Like vancomycin, telavancin is also 
used for gram-positive infections and has been reported to cause AKI, but there is a 
paucity of data regarding the development of AKI with the combination of PIP-TAZO 
and telavancin. The purpose of this study was to compare the incidence of AKI in 
patients receiving PIP-TAZO with concomitant vancomycin or telavancin.

Methods.  This retrospective cohort study included patients admitted between 
November 2016 and March 2019 who received at least 2 days of either vancomycin or tela-
vancin in combination with PIP-TAZO. Patients were excluded if they had a baseline cal-
culated creatinine clearance of less than 20 milliliters per minute or were receiving renal 
replacement therapy. Any cases of AKI were defined as a serum creatinine increase of 0.3 mil-
ligrams per deciliter (mg/dL) or an increase in creatinine of 1.5 times baseline when observed 
within 7 days of the studied antibiotic combinations. Statistical analysis was performed to 
compare baseline characteristics and the development of AKI between the two groups.

Results.  Ninety-four patients with an average age of 55 years met the inclusion 
criteria. Forty-seven patients were included in both treatment arms. There were no 
statistically significant differences observed between study group baseline character-
istics. All patients received PIP-TAZO 3.375 grams every 8 hours as a 4-hour infu-
sion and the average telavancin dose was 7.5 mg/kg. Seventeen of 94 (18%) patients 
developed AKI, 8(17%) in the vancomycin and PIP-TAZO group and 9 (19%) in the 
telavancin and PIP-TAZO group (P = 1.0). No patients required dialysis.

Conclusion.  The development of AKI appears to be similar when comparing 
vancomycin and PIP-TAZO to telavancin and PIP-TAZO in our population. It is note-
worthy that PIP-TAZO was given as an extended infusion and telavancin dosing was 
lower than the manufacturer recommendations in this evaluation. Additional studies are 
warranted to further examine the occurrence of AKI with these antibiotic combinations.
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Background.  Nonclinical (animal and in vitro) models are commonly used 
during the development of antibacterial drugs. Pharmacokinetic (PK) and pharma-
codynamic (PD) data obtained from these nonclinical models are used to generate a 
PK-PD target, which can then be bridged to humans in a probability of PK-PD target 
attainment (PTA) analysis to support selection of the dose regimen for phase 3 trials 
and in vitro susceptibility testing criteria (breakpoints) to guide clinical usage.

Methods.  Two recently approved tetracycline antibacterial drugs, eravacycline 
(ERV) and omadacycline (OMD), were evaluated. PK-PD data from nonclinical mod-
els and clinical microbiological response were collected from each of the respective 
clinical pharmacology reviews and assessments published by FDA and EMA, respect-
ively. The highest MICs (minimum inhibitory concentrations) reflecting 80% success 
in the ability of the drug to inhibit growth in the target bacteria were identified from 
clinical and nonclinical data and termed the MIC cutoff. The nonclinical MIC cutoff 
was obtained from the PTA analysis using the PK-PD targets from animal studies. 
The clinical MIC cutoff was obtained from microbiological response (microbiological 
intent-to-treat population) data from clinical trial experience. The ratios of the clinical 
and nonclinical MIC cutoffs were calculated and used to evaluate potential discrepan-
cies between the animal model prediction and clinical trial experience.

Results.  The drug development programs for ERV and OMD included murine 
infection models and in vitro models to characterize PK-PD. The clinical to nonclinical 
MIC cutoff ratios ranged from 4 to 32. Higher values of the MIC cutoff signify that the 
drug can treat larger proportions of the bacterial population; therefore, high clinical to 
nonclinical MIC cutoff ratios signify that the drugs had more activity in reducing the 
bacterial population in clinical than in nonclinical studies.

Conclusion.  Thus, the nonclinical models for ERV and OMD under-predicted 
microbiological response and breakpoints. While nonclinical models are generally use-
ful, more characterization of translational factors may be needed to allow nonclinical 
models to be more predictive of clinical trial outcomes.
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Background.  Suvratoxumab (suvra), an extended half-life (~80  days), 
Staphylococcus aureus (SA) alpha toxin-neutralizing IgG monoclonal antibody, 
is under investigation for prevention of SA pneumonia in patients on mechan-
ical ventilation (MV). We characterized the serum PK of suvra using population 
pharmacokinetics (popPK) in both healthy volunteers and MV patients and quan-
tified the proportion of patients reaching the serum target of 211 μg/mL at 30 days 
post-dose.

Methods.  The popPK analysis included 1,368 serum samples from two early 
phase studies (NCT02296320; EudraCT 2014-001097-34): (1) Phase 1 study in 26 
healthy adults receiving single IV suvra doses ranging from 0.225g to 5g, with PK sam-
pled up to 360 days; and (2) Phase 2 study in MV patients with PCR-confirmed SA 
colonization of lower respiratory tract receiving one suvra IV dose of 2g (n = 15) or 5g 
(n = 96), with PK sampled up to 100 days.

Results.  A  two-compartment linear model with weight-based scaling of 
the PK parameters adequately described the serum PK data (Figure 1). MV 
status, number of days on MV, and age impacted the PK of suvra. A moderate 
between-subject variability (<45% CV) was estimated for key PK parameters. 
An estimated two-fold increase in MV patients’ volume of distribution param-
eters compared with healthy volunteers explained the observed Cmax differences 
between the two groups (1145±369 μg/mL vs. 1783±396 μg/mL) (Figures 2 and 
3). Although age, MV status and days on MV post-dose appeared to be associ-
ated with higher systemic clearance (CL) in the model, this estimate could be 
biased due to limited PK data available for only one half-life (~90 days) of the 
drug in MV patients (Figure 2). More patients achieved suvra levels above the 
PK target following the 5 g (73.5%; 50/68) vs. 2 g dose (7.6%; 1/13) at 30 days 
post-dose.

Conclusion.  MV status, post-dose duration on MV, body weight, and age were 
identified as statistically significant covariates influencing the PK of suvra. Serum 
PK and popPK analyses support the 5g dose for future studies with suvra in MV 
patients.
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Background.  Posaconazole is approved in adults for prophylaxis and treatment 
of invasive fungal disease. Two formulations that offer weight-based dosing—intra-
venous (IV) and oral powder for suspension (PFS)—are being evaluated in children. 
A population pharmacokinetic (popPK) approach was used to characterize and pre-
dict the PK exposure of posaconazole PFS and IV formulations in children to identify 
dosages associated with achieving a target PK of 1200  ng/mL as the mean Cavg and 
individual Cavg ≥500 ng/mL and <2500 ng/mL in ~90% of patients.

Methods.  A popPK model was developed through nonlinear mixed-effects mod-
eling using data obtained from a trial in children with neutropenia (ClinicalTrials.
gov, NCT02452034; Merck protocol, MK-5592-097). Three dose cohorts (3.5, 4.5, 
and 6  mg/kg/day [≤300  mg/day]) were studied in two age groups (2–<7  years and 
7–17 years). Posaconazole IV was administered twice on day 1 then once daily through 
at least day 10, followed by PFS once daily through day 28 at clinician discretion. 
A compartmental model, including both formulations, was fit to the data. Model se-
lection was based on the Log-Likelihood Criterion, goodness-of-fit plots, and scientific 
plausibility. Significance of the covariates was assessed in a stepwise forward inclusion/
backward procedure. An additional assessment characterized the impact of different 
food covariates on bioavailability.

Results.  An open one-compartmental PK model with first-order absorption 
and estimated bioavailability, as well as allometrically scaled effects of body weight 
on clearance and volume, adequately described the PK of posaconazole IV and PFS 
formulations. Model predictions are shown in the Table. Effects of the different food 
covariates were not statistically significant. Simulations indicated that for the 6-mg/
kg/d dose, model-predicted Cavg generally met PK targets. Model-predicted Cavg was 
≥500 ng/mL in >90% of subjects in all cohorts. The 1200-ng/mL target geometric mean 
Cavg was achieved for all but the 2–<7 years cohort receiving the PFS formulation.

Conclusion.  This popPK-based analysis demonstrated that the 6-mg/kg/d dose 
of IV or PFS posaconazole formulation (≤300  mg/days) is appropriate for children 
(2–17 years) and that PFS can be administered without regard to food.
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Background.  Ampicillin-ceftriaxone β-lactam therapy has become the standard 
of care for treating serious Enterococcus faecalis infections. Alternative regimens are of 
interest due to ceftriaxone’s association with C. difficile infections and VRE coloniza-
tion, and ampicillin’s instability and inconvenient dosing schedule.

Methods.  E.  faecalis wild-type strain JH2-2 was utilized in a 48-hour in vitro 
pharmacodynamic model with a starting inoculum of 106 colony-forming units 
(CFU)/mL. Models were performed in duplicate to triplicate. Simulated doses of ertap-
enem 1g every 24 hours (fCmax 12.2 μg/mL; half-life 4 hours; MIC 4 μg/mL), ceftriax-
one 2 g every 12 hours (fCmax 28.5 μg/mL; half-life 6.5 hours; MIC 512 μg/mL), and 
ceftaroline 600 mg every 8 hours (fCmax 27.1 μg/mL; half-life 2.7 hours; MIC 2 μg/mL) 
were tested. Ertapenem was also combined with ceftriaxone or ceftaroline. Bacterial 
counts were obtained at 0, 4, 8, 24, 32, and 48 hours. Bactericidal activity was defined 
as ≥ 3-log10 CFU/mL reduction from the initial inoculum. MICs were assessed at 0, 
24, and 48 hours using E-tests in accordance with CLSI.

Results.  Ertapenem plus ceftriaxone, and ertapenem plus ceftaroline demon-
strated bactericidal activity at 24 hours, but bacterial regrowth was observed at 48 
hours (Table 1). An ertapenem MIC increase was only noted in one set of the ertape-
nem plus ceftriaxone models to 16mcg/mL at 48 hours, from 4mcg/mL at 0 hours. All 
other models did not have an increase in MIC.

Conclusion.  Bactericidal activity of ertapenem-based dual β-lactam com-
binations may prove to be an alternative treatment for severe E.  faecalis infections. 
Mechanistic understanding of penicillin-binding protein (PBP) saturation and opti-
mization of antimicrobial pharmacodynamics must be explored.
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Background.  GEP, a first in class novel triazaacenaphthylene bacterial topo-
isomerase inhibitor, inhibits bacterial replication and has in vitro activity against key 
pathogens implicated in a range of infections, including drug-resistant strains of E. coli 
associated with acute cystitis.

Methods.  PK and PD studies were conducted in murine (male CD-1 mice) thigh 
and kidney infections. The administered doses ranged from 1 to 200 mg/kg SC every 6 
hours starting 1-hour post-infection. Infected tissues were evaluated for bacterial burden 
at 24-h post-infection (baseline controls at 1-hour post-infection). Plasma and tissue sam-
ples (kidney or thigh homogenates) were collected at 15, 30, 60, 120, 240 and 360 minutes. 
A population PK (PopPK) model was built in NONMEM using plasma exposures. Efficacy 
was determined against E. coli ALL, 997577, ATCC25922, IR5 and NCTC13441 (MICs of 
1 to 4 µg/mL) in thigh-infected neutropenic (I-) mice and against E. coli ALL in kidney-in-
fected immunocompetent (I+) and I- mice. The PopPK model was used to determine 
GEP exposures associated with efficacy. PK-PD analyses were conducted using Phoenix 
WinNonLin 6.3 (Pharsight). The change in log10 colony-forming units (CFU) from baseline 
were correlated with free drug (f) AUC:MIC using an inhibitory model from the Phoenix 
library, and model parameter values for each isolate were used to calculate the plasma fAU-
C:MIC associated with stasis, 1- or 2-log10 reductions in CFU.

Results.  Plasma PK data were best fit by a 1-compartment IV model with first-order 
elimination and were similar in I+ vs. I- and thigh- vs. kidney-infected mice. The AUC0-6 
of GEP in kidney was approximately 4- to 5-fold higher than in plasma while the AUC0-6 in 
thigh was approximately half of plasma. In the I- thigh model, median plasma fAUC:MIC 
ratios for stasis, 1- or 2-log10 reductions in CFU were 11, 16, and 25 (ranges 3–17, 4–25 
and 7–40), respectively. Efficacy vs. E. coli ALL was similar in I- mice infected in thigh or 
kidney. In I+ mice, the PK-PD target was reduced by half.

Conclusion.  Median plasma fAUC:MIC targets ranged from 11 to 25. Higher 
drug levels in kidney vs. plasma or thigh did not translate into improved efficacy in 
pyelonephritis vs. thigh-infection models.
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