
Table 1: Bacterial Strains Used in Murine Neutropenic Lung Model

Table 2: Summary of Murine Lung Dose Response Studies

Table 3: Plazomicin murine PK Parameters after single-dose administration

Figure 1: Plazomicin Murine Pharmacokinetics.  Single dose PK in male neutropenic P. aeruginosa-
infected ICR mice, closed symbols, dashed lines.  Multi-dose PK in female neutropenic P. aeruginosa-
infected ICR mice, open symbols, solid lines.

Table 4: Summary of PK/PD Target for Plazomicin by Bacterial Species
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Species Strain Source, Year Isolated
Plazo-
micin

GEN AMK IMP VAN LZD

AABA1047 FOCUS, 2006 1.5 >64 2.3 nd1 nd nd

AABA1088 JMI, 2006 8.7 3.0 3.0 nd nd nd

AABA1092 Walter Reed, 2006 1.3 >64 >64 12 nd nd

AABA1100 Walter Reed, 2006 1.3 >64 >64 12 nd nd

K. pneumoniae ATCC 43816 ATCC 0.25 0.21 0.83 0.13 nd nd

ATCC 27853 ATCC 1.2 0.39 1.6 1.0 nd nd

APAE1006 JMI, 2004 3.7 >64 43 6.7 nd nd

APAE1123 JMI, 2005 3.5 >64 2.9 6.7 nd nd

APAE1178 JMI, 2009 11 3.0 12 2.0 nd nd

ATCC 33591 ATCC 4.3 0.80 16 nd 1.5 1.5

ASAU1029 (USA300) JMI, 2001 0.38 0.13 4.3 nd 0.8 1.6

ASAU1103 Cepheid, 2009 0.56 >64 27 nd 0.5 4.0

MIC (μg/mL)

1nd – Not Determined

A. baumannii

P. aeruginosa

S. aureus

MIC
(μg/mL) Stasis 1-Log Kill 2-Log Kill

Plazomicin 1.5 8.6 19 36

Amikacin 2.3 5.1 25 256

Plazomicin 8.7 50 91 237

Amikacin 3.0 9.4 74 >256

Plazomicin 1.3 18 27 42

Imipenem 12 >256 >256 >400

Plazomicin 1.3 24 35 55

Imipenem 12 >256 >256 >400

Plazomicin 0.25 1.0 3.1 9.4

Gentamicin 0.21 2.1 2.2 2.5

Plazomicin 1.2 26 32 40

Gentamicin 0.39 8.9 16 31

Plazomicin 3.7 251 >256 >256

Imipenem 6.7 <50 <50 <50

Plazomicin 3.5 249 >256 >256

Amikacin 2.9 196 >256 >256

Plazomicin 11 133 164 240

Amikacin 12 137 172 212

Plazomicin 4.3 4.5 25 >256

Amikacin 16 43 >256 >256

Vancomycin 1.5 6.6 22 >128

Linezolid 1.5 4.2 25 >256

Plazomicin 0.38 3.4 6.1 13

Amikacin 4.3 73 92 >256

Vancomycin 0.80 34 39 >128

Linezolid 1.6 13 20 >256

Plazomicin 0.56 6.7 12 23

Amikacin 27 315 >512 >512

Vancomycin 0.5 53 112 >128

Linezolid 4.0 57 256 >256

K. pneumoniae

P. aeruginosa

S. aureus

AABA1047

AABA1088

AABA1092

AABA1100

ATCC 43816

ATCC 27853

APAE1006

APAE1123

APAE1178

ATCC 33591

ASAU1029
(USA300)

ASAU1103

Dose (mg/kg/day) to Achieve
Species Test ArticleStrain

A. baumannii

 

MIC
(μg/mL)

AABA1047 1.5 6.8 15 28

AABA1088 8.7 6.8 12 32

AABA1092 1.3 17 26 40

AABA1100 1.3 23 33 52

Average + SD 13 + 8 22 + 9.7 38 + 11

K. pneumoniae ATCC 43816 0.3 4.7 14.7 44.5

ATCC 27853 1.2 26 32 40

APAE1006 3.7 82 - -

APAE1123 3.7 84 - -

APAE1178 10.7 15 18 27

Average + SD 52 + 36 - -

ATCC 33591 4.0 1.3 7.4 -

ASAU1029 0.4 11 19 41

ASAU1103 0.6 14 25 47

Average + SD 8.8 + 6.6 17 + 8.9 -

All strains
  (n=12)

Average + SD 24 + 28 - -

Non P. aeruginosa
  (n=8)

Average + SD 11 + 7 19 + 8.4 41 + 8.4

A. baumannii

P. aeruginosa

S. aureus

Plazomicin

Species Strain
Stasis

AUCELF/MIC
2-Log Kill 

AUCELF/MIC
1-Log Kill

AUCELF/MIC

Dose AUC ELF/
(mg/kg) Plasma ELF Plasma ELF Plasma Ratio

1 1.5 1.1 1.1 2.2 2.0

4 6.3 6.9 3.8 8.1 2.1

16 25 29 21 35 1.7

64 115 60 80 74 0.9

Cmax (mg/L) AUCinf (mg/L*h)
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Abstract
Background:  Plazomicin (previously ACHN-490), a broad-spectrum aminoglycoside with differentiated activity 
against MDR Enterobacteriaceae, including those with KPC, is being developed as a treatment for resistant 
bacterial pathogens.  Plazomicin is differentiated from legacy aminoglycosides by its increased activity in the 
presence of modifying enzymes.  We determined the in vivo activity of plazomicin in a murine lung model to 
establish the relationship between MIC, PK, and bacterial killing in vivo.  A total of 12 strains from 4 species 
spanning a 40-fold range in plazomicin MIC were examined.

Methods:  MICs were determined using broth microdilution assays following the method recommended by 
CLSI.  In vivo efficacy and PK were measured in a murine neutropenic pneumonia model.

Results:  Plazomicin had potent activity in vivo that generally correlated with MIC.  The plazomicin PK/PD target 
(AUCELF/MIC) for bacterial stasis for the 12 strains tested is 24 ± 28.  A sub-analysis excluding P. aeruginosa was 
performed because not all strains of this species reached multi-log reductions in bacterial burden.  The PK/PD 
targets for the subset of strains for stasis, 1-log kill, and 2-log kill are an AUCELF/MIC of 11 ± 7, 19 ± 8, and 
41 ± 8, respectively.

Conclusions:  Plazomicin efficacy generally followed in vitro susceptibility and correlated well with the activity 
of amikacin and gentamicin once differences in MIC were taken into account.  When plazomicin activity was 
compared across many strains, two strains required greater exposures and one strain required a lower exposure 
for in vivo activity than predicted by their MIC.  Differences in PK/PD target between species and strains within a 
species have been reported previously and may relate to the kinetics of onset of action of the antibiotic, variance 
in post-antibiotic effect, or the in vivo growth rate of a strain.  These results provide an estimated PK/PD target 
for S. aureus, K. pneumoniae and A. baumannii and support the need for further work to clearly define the PK/PD 
target for P. aeruginosa.

Introduction
Hospital-acquired pneumonia (HAP) is the second most frequent cause of hospital-acquired infections in the 
United States and the leading cause of mortality from hospital-acquired infections.  Recent years have seen a 
significant global increase in the prevalence of multi-drug resistant (MDR) pathogens causing HAP, particularly 
Klebsiella pneumoniae.  As a result, there is a need for new effective treatment options for HAP and other 
indications.

Plazomicin (previously ACHN-490) is a broad-spectrum aminoglycoside with differentiated activity against MDR 
Enterobacteriaceae, including those with Klebsiella pneumoniae carbapenemases (KPCs) and aminoglycoside-
modifying enzymes (AMEs)1-2 . Plazomicin is being developed as a first-line treatment for resistant bacterial 
pathogens and is currently in a Phase 2 study for complicated urinary tract infections. Plazomicin development in 
pneumonia is being explored.  We sought to determine the in vivo activity of plazomicin in a murine neutropenic 
lung model in order to further define the relationship between minimum inhibitory concentration (MIC), 
pharmacokinetics (PK), and dose-dependent bacterial killing in vivo. The panel of bacteria tested consisted of 12 
strains from 4 species and spanned a 40-fold range in plazomicin MICs.

Materials and Methods
Materials:  The sources and drug susceptibilities for each strain used in this study are shown in Table 1.  
Gentamicin (GEN), amikacin (AMK), and imipenem (IMP) were purchased from Sigma-Aldrich, Spectrum 
Chemical Corp., and Merck & Co., Inc., respectively.  Vancomycin (VAN) and linezolid (LZD) were purchased 
from Toronto Research Chemicals.

MIC Determinations:  MICs were determined using the broth microdilution method recommended by the 
Clinical and Laboratory Standards Institute (CLSI).

Murine Neutropenic Lung Model:  All aspects of this work including housing, experimentation and sacrifice 
of animals were performed in general accordance with the Guide for the Care and Use of Laboratory Animals 
(National Academy Press, Washington, DC, 1996).

A. baumannii and S. aureus Studies:  Groups of 5 BALB/c female mice (Charles River Laboratories) 
weighing 22 ± 2 g were used. Animals were immunosuppressed by two intraperitoneal injections of 
cyclophosphamide, the first at 250 mg/kg 4 days before infection and the second at 125 mg/kg 2 days before 
infection. Animals were inoculated intranasally with a target of 105 to 106 CFU/mouse suspended in 20 μL of 
Brain-Heart Infusion broth.  Plazomicin, gentamicin, amikacin, and imipenem were administered subcutaneously 
(SC) to test animals at 6-hour intervals 2 hours after bacterial inoculation for a total of 4 consecutive doses. 
Vancomycin and linezolid were dosed intravenously and orally, respectively, at 12‑hour intervals 2 hours after 
bacterial inoculation for a total of 2 consecutive doses.  Twenty-six hours after inoculation lung tissues were 
harvested from each of the test animals and homogenized in phosphate buffered saline (PBS) with a Polytron 
homogenizer. Serial dilutions of homogenates were plated on Nutrient agar for CFU (colony forming unit) 
determination. The lower limit of detection was 50 CFU/g of lung. An additional group of 5 animals was sacrificed 
at 2 hours after inoculation, just prior to treatment initiation to determine starting bacterial burden.

K. pneumoniae and P. aeruginosa Studies:  Methods follow identical procedures to those described above 
with the following exceptions.  Male and female ICR mice (Charles River Laboratories) weighing 22 ± 2 g were 
used.  Animals were immunosuppressed by two intraperitoneal injections of cyclophosphamide, the first at 150 
mg/kg 4 days before infection and the second at 100 mg/kg 1 day before infection.

Plazomicin Murine Pharmacokinetics in P. aeruginosa Infected Mice:  Two PK studies in lung-
infected mice were performed.  In the first study, male ICR mice were rendered neutropenic and infected according 
to the procedures described above.  A single dose of plazomicin was administered SC 2 hours post infection at 1, 
4, 16, or 64 mg/kg.  At designated time points, mice were anesthetized with propofol, cannulated tracheally with 
a polyethylene tube (1/0.5mm OD/ID). Then two 0.5mL volumes of PBS were instilled to the lungs and retrieved 
as bronchoalveolar lavage fluid (BALF). The BALF samples were combined, centrifuged then the supernatant 
transferred to a new tube. From the same mouse blood was collected by cardiac puncture and harvested to 
plasma.   Plasma and bronchoalveolar lavage fluid (BALF) were analyzed for plazomicin and urea concentration 
by LC-MS/MS.  The concentration of plazomicin in the epithelial lining fluid (ELF) was determined using a urea 
correction method3.

In the second PK study, female ICR mice were rendered neutropenic and infected according to the procedures 
described above.  A single dose level (4 mg/kg) was administered 2 hours after infection up to 4 times in 6 hour 
dosing intervals to mimic the dosing schedule used in the efficacy studies.  At the designed time points samples 
were collected using the same procedures described above.

Results
Strains chosen for this study include standard ATCC strains as well as recent clinical isolates that 
spanned a range of plazomicin MICs.  Each strain had variable susceptibility to GEN or AMK.	

cONCLUSIONS
•	 The results from this study support the hypothesis that plazomicin in vitro 

MICs are predictive of in vivo potency in the mouse lung model.
•	 The plazomicin PK/PD targets for bacterial killing were consistent across 

three key HAP pathogens (A. baumannii, K. pneumoniae and S. aureus).  
Additional studies are needed to further define the PK/PD target for 
P. aeruginosa which exhibited higher variability.

The pharmacokinetics (PK) of plazomicin in P. aeruginosa lung-infected male mice after 
single-dose administration exhibited a dose-dependent linearity in plasma Cmax and AUCinf.  
For the four doses tested, the AUCELF was generally greater than the AUCplasma at lower doses 
and similar at the highest dose (Table 3).  

The combination of the dose response studies and the supporting PK information enabled 
the calculation of PK/PD targets for plazomicin efficacy (Table 4).  The PK/PD target for 
bacterial killing varied with species where P. aeruginosa required the highest exposure.  To 
achieve stasis, a target AUCELF/MIC of 13, 4.7, 52, or 8.8 was required for A. baumannii, 
K. pneumoniae, P. aeruginosa and S. aureus, respectively.  This results in a mean (± standard 
deviation (SD)) target of 24 ± 28.  The predominant drivers of this variation are two 
P. aeruginosa strains (APAE1006 and APAE1123) that demonstrated intermediate MICs, 
but were difficult to eradicate in vivo with plazomicin as well as AMK.  Interestingly, strain 
APAE1178, which had the highest MIC of all the P. aeruginosa strains tested, was more 
readily eradicated than APAE1006 or APAE1123.    

Since multi-log reductions in bacterial burden were not achieved with all P. aeruginosa 
strains, a sub-analysis excluding P. aeruginosa was performed.  The mean (+ SD) PK/PD 
targets for the three remaining species (A. baumannii, K. pneumoniae and S. aureus) 
for stasis, 1-log kill, and 2-log kill were an AUCELF/MIC of 11 ± 7, 19 ± 8, and 41 ± 8, 
respectively.

The PK of plazomicin in P. aeruginosa lung-infected female mice after multiple-dose 
administration exhibited PK similar to that observed after a single dose in male mice (Figure 1).  

The dose response results are summarized in Table 2.  Where possible, plazomicin was compared 
to a currently marketed aminoglycoside (AMK or GEN).  In the event the strain was resistant to 
both AMK and GEN, IMP was utilized as a comparator.  Doses were tested either to the limits 
of solubility (IMP and LZD) or the approximate human equivalent dose.  Aminoglycoside 
PK parameters (e.g., plasma protein binding, distribution and clearance) are well conserved 
throughout the class4; therefore, we hypothesized that plazomicin activity would be comparable 
to the legacy aminoglycosides, AMK and GEN, when results were normalized to in vitro 
susceptibility.  The results illustrated in Table 2 support this hypothesis and suggest that in vitro 
MIC measurements are indicative of in vivo potency in the mouse model.
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