ABSTRACT

Background: In order to treat bacterial pneumonia, antibiotics must
maintain antimicrobial activity in the presence of pulmonary surfactant,
a complex mixture of lipids and proteins. It has previously been reported
that the activity of daptomycin, an antibiotic with Gram-positive activity,
was inhibited in the presence of surfactant. Plazomicin (previously
ACHN-490), a broad-spectrum aminoglycoside, is being developed to
treat resistant bacterial pathogens. The in vitro activity of plazomicin and
6 comparator antibiotics was examined in the presence of varying levels
of surfactant.

Methods: MICs were determined for plazomicin, amikacin,

gentamicin, tobramycin, cefepime, and levofloxacin against 10 Gram-
positive (Staphylococcus aureus) and 10 Gram-negative (5 each of
Pseudomonas aeruginosa and Klebsiella pneumoniae) strains in the
presence of 1%, 5%, and 10% bovine-derived lung surfactant, beractant
(Abbott). Daptomycin and vancomycin were tested against S. aureus
strains.

Results: The activity of plazomicin and comparator aminoglycosides
against the 20 strains tested was not measurably affected by the addition
of up to 10% surfactant (fold changes in MIC upon surfactant addition
ranged from 0.25 to 4). The remaining antibiotics tested showed no
consistent changes in potency with addition of surfactant causing 0.5-
to 2-fold changes in MIC. In contrast, the activity of daptomycin against
the S. aureus strains decreased from 16- to 32-fold in the presence of

1% surfactant and decreased at least 32-fold with 5% or 10% surfactant.

Conclusions: There was no surfactant-dependent decrease in
plazomicin activity when either Gram-positive or Gram-negative bacteria
were tested. With the exception of daptomycin, the activity of the
comparator antibiotics was similarly unaftected by the presence of this
surfactant.

Range of Fold Change in MIC with Surfactant

Antibiotic Gram-Positive Gram-Negative
Plazomicin 0.25-4 0.5-2
Daptomycin 16 - >64 N/A
Aminoglycosides (Amikacin, 0.95 - 4 0.95 - 4
Gentamicin, Tobramycin) ' '

Cefepime 05-2 05-2
Levofloxacin 0.5-2 1-2
Vancomycin 0.5-2 N/A
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Pseudomonas aeruginosa and Klebsiella pneumoniae). A total of 6 comparators representing 4 antibiotic classes
were tested in parallel. These agents are frequently used either alone or in combination therapy to treat HAP and
VAP. Additionally, the lipopeptide, daptomycin, was used as a positive control.

METHODS

Bacterial Strains: 10 Gram-positive strains including S. aureus ATCC 29213 and 9 clinical isolates. 10 Gram-negative
strains composed of 5 P aeruginosa (ATCC 27853 and 4 clinical isolates) and 5 K. pneumoniae clinical isolates.

Antibiotic sources: Plazomicin was supplied by Achaogen. Amikacin, gentamicin, tobramycin, vancomycin, and
levofloxacin were purchased from Sigma. Cefepime and daptomycin were acquired from Bristol Myers Squibb and
ProClinical Inc., respectively.
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Quality control (QC) of antibiotic stocks was established using CLSI QC ranges and CLSI recommended ATCC QC
strains, S. aureus ATCC 29213 and E. coli ATCC 25922.

Changes in antimicrobial activity in the presence of surfactant were expressed in MIC fold change and were calculated
by dividing the surfactant MIC by the control (non-surfactant) MIC of the same isolate.

RESULTS

Table 1: MICs of Plazomicin and Comparator Antibiotics vs. S. aureus Strains in the Presence of Varying
Amounts of Pulmonary Surfactant
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MIC (pg/mL)
Organism Code % Surfactant Plazomicin Daptomycin  Amikacin  Gentamicin Tobramcyin Vancomycin Levofloxacin Cefepime
0 0.5 0.25 2 0.25 0.25 1 0.125 2
1 0.5 8 4 1 0.25 1 0.06 2
ATCC 29213 5 1 >16 1 0.5 0.25 1 0.06 2
10 0.5 >16 4 0.25 0.25 1 0.06 2
0 0.25 0.5 0.5 0.125 0.125 2 0.125 >16
1 0.25 16 0.5 0.125 0.125 2 0.125 >16
ASAUTO14 5 0.25 >16 0.5 0.125 0.125 2 0.125 >16
10 0.125 >16 1 0.125 <=0.06 2 0.125 >16
0 1 0.25 2 0.25 0.25 1 0.06 4
1 0.5 8 2 0.25 0.25 1 0.06 2
ASAU1018 5 0.5 >16 1 0.25 0.25 2 0.06 2
10 0.25 >16 1 0.125 0.125 1 0.06 8
0 1 0.25 2 0.25 0.25 1 0.125 2
1 0.5 8 1 0.25 0.25 1 0.125 2
ASAUT020 5 0.5 >16 2 0.25 0.25 1 0.125 2
10 0.5 >16 1 0.25 0.25 1 0.06 2
0 1 0.25 2 0.5 0.25 1 0.06 2
1 0.5 8 2 0.5 0.25 1 0.06 2
ASAU1025 5 0.5 >16 4 0.5 0.25 1 0.06 2
10 0.5 >16 2 0.25 0.25 1 0.06 2
S- aureus 0 05 0.25 i 0.25 0.25 1 0.06 >16
1 0.5 8 2 0.5 0.25 1 0.06 16
ASAU1034 5 2 >16 1 0.125 0.25 0.5 0.06 >16
10 0.5 >16 2 0.25 0.25 1 0.06 >16
0 1 0.5 4 1 1 1 0.06 16
1 1 16 2 1 2 1 0.06 8
ASAUT051 5 2 >16 2 2 1 1 0.06 8
10 1 >16 2 0.5 0.5 1 0.06 >16
0 1 0.5 2 1 0.25 1 0.125 2
1 1 8 2 0.5 0.25 1 0.125 2
ASAU1058 5 0.5 >16 2 0.5 0.25 1 0.125 1
10 0.5 >16 2 0.5 0.25 1 0.25 1
0 1 0.25 2 1 0.25 1 0.25 >16
1 1 8 2 0.25 0.25 1 0.25 >16
ASAU1065 5 0.5 >16 1 0.25 0.25 1 0.25 >16
10 0.5 >16 1 1 0.25 1 0.5 >16
0 0.25 0.5 1 0.125 0.125 2 2 >16
1 0.25 16 2 0.125 0.25 2 2 >16
ASAU1066 5 0.25 >16 2 0.25 0.25 2 2 >16
2 2 2

Table 2: MICs of Plazomicin and Comparator Antibiotics vs. Gram-Negative Strains in

the Presence of Varying Amounts of Pulmonary Surfactant

MIC (pg/mL)
Organism Code % Surfactant Plazomicin  Amikacin  Gentamicin Tobramcyin Levofloxacin Cefepime
0 2 2 0.5 0.25 2 2
1 2 2 0.5 0.25 2 1
ATCC 27853 5 2 2 0.5 0.25 2 2
10 2 2 0.5 0.25 2 1
0 2 2 1 0.25 0.5 2
1 2 2 1 0.25 0.5 2
APAE1004 5 2 2 1 0.5 0.5 2
10 2 2 1 0.25 0.5 2
0 2 2 1 0.5 0.5 2
. 1 2 2 1 0.25 0.5 2
P. aeruginosa  APAE1019 5 4 4 ’ 0.5 ] ]
10 2 2 2 0.5 1 1
0 4 2 0.5 0.5 1 1
1 4 4 1 0.25 1 1
APAET021 5 2 4 1 0.25 1 1
10 2 4 0.5 0.25 1 1
0 2 2 1 0.25 4 4
1 2 2 1 0.25 4 4
APAET026 5 2 2 1 0.25 4 4
10 2 2 1 0.25 4 4
0 1 2 0.5 0.5 0.06 0.06
1 0.5 2 0.5 0.5 0.06 0.06
AKPNT021 5 0.5 2 0.5 0.25 0.06 0.03
10 1 2 0.5 0.5 0.06 0.06
0 0.25 1 0.25 0.25 0.5 2
1 0.25 2 0.25 0.25 1 1
AKPNTO3T 5 0.25 1 0.25 0.25 1 2
10 0.25 2 0.25 0.25 0.5 4
0 0.125 0.5 0.125 0.125 8 0.06
, 1 0.125 2 0.25 0.125 8 0.06
K. pneumonias  AKPNT034 5 0.125 05 0.125 0.125 8 0.06
10 0.125 1 0.125 0.125 8 0.06
0 0.25 2 0.25 0.25 >16 0.125
1 0.25 2 0.25 0.25 >16 0.06
AKPN1040 5 0.25 2 0.5 0.25 >16 0.06
10 0.25 1 0.25 0.25 >16 0.125
0 0.25 4 0.25 0.25 0.125 0.06
1 0.5 1 0.5 0.25 0.125 0.06
AKPNTO46 5 0.5 2 0.5 0.25 0.25 0.06
10 0.25 1 0.5 0.25 0.125 0.03

Table 3: Fold Change in the MIC of Plazomicin and Comparator Antibiotics vs. S. aureus Strains in the
Presence of Varying Amounts of Pulmonary Surfactant Relative to the MIC in the Absence of Pulmonary
Surfactant (MICsurfactant/MICno surfactant)
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Table 4: Fold Change in the MIC of Plazomicin and Comparator Antibiotics vs. Gram-

Negative Strains in the Presence of Varying Amounts of Pulmonary Surfactant Relative to
the MIC in the Absence of Pulmonary Surfactant (MICsurfactant/MICno surfactant)

Organism

Code

% Surfactant Plazomicin

MIC Fold Change
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Gentamicin Tobramcyin Levofloxacin  Cefepime
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10 1
1 0.5
AKPN1021 5 0.5 0.5 0.5
10 1 1 1
1 1 1 0.5
AKPN1031 5 1 1 1
10 1 1 2
1 1 1 1
K. pneumoniae AKPN1034 5 1 1 1
10 1 1 1 1
1 1 1 N/A 0.5
AKPN1040 5 1 1 N/A 0.5
10 1 0.5 1 N/A 1
1 2 0.25 1 1 1
AKPN1046 5 2 0.5 1 2 1
10 1 0.25 1 1 0.5
MIC Fold Change Range 0.5-2 0.25-4 1-2 0.5-2 1-2 0.5-2

N/A = Not applicable

Figure 1: MIC Distribution of Plazomicin and Daptomycin with Increasing Concentrations of Pulmonary Surfactant
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» Using an /n vitro model with bovine-derived lung extract to mimic the lung environment, there was
no pulmonary surfactant-related decrease in plazomicin activity when tested at concentrations up to
10% against Gram-negative and Gram-positive organisms.

» Daptomycin, previously shown to be inactivated by this pulmonary surfactant, showed a
marked decrease in activity in the presence of surfactant, demonstrated by MIC fold shifts from
160- to 64-fold in the presence of 1% surfactant, the lowest concentration tested.

* None of the 6 comparators (amikacin, gentamicin, tobramycin, cefepime, levofloxacin or
vancomycin) tested showed a surfactant-related decrease in potency.

» The range of MIC fold change for plazomicin was from 0.25- to 4-fold and was the same as the
range for the 3 comparator aminoglycosides in the 20 strain panel.

» The persistence of the antimicrobial activity of plazomicin in the presence of pulmonary surfactant
along with its broad spectrum activity warrants consideration for clinical development for the
treatment of serious respiratory tract infections.
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