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Abstract Purpose: To conduct a
multicenter, randomized, placebo-
controlled, double-blind, phase II
study of BAY41-6551
(NCT01004445), an investigational
drug–device combination of amika-
cin, formulated for inhalation, and a
proprietary Pulmonary Drug Delivery
System, for the treatment of Gram-
negative pneumonia in mechanically
ventilated patients. Methods: Sixty-
nine mechanically ventilated patients
with Gram-negative pneumonia, a
clinical pulmonary infection score
C6, at risk for multidrug-resistant
organisms, were randomized to
BAY41-6551 400 mg every 12 h
(q12h), 400 mg every 24 h (q24h)
with aerosol placebo, or placebo q12h
for 7–14 days, plus standard intrave-
nous antibiotics. The combined
primary endpoint was a tracheal
aspirate amikacin maximum concen-
tration C6,400 lg/mL (25 9 256 lg/
mL reference minimum inhibitory
concentration) and a ratio of area

under the aspirate concentration–time
curve (0–24 h) to minimum inhibi-
tory concentration C100 on day 1.
Results: The primary endpoint was
achieved in 50% (6/12) and 16.7% (3/
18) of patients in the q12h and q24h
groups, respectively. Clinical cure
rates, in the 48 patients getting
C7 days of therapy, were 93.8% (15/
16), 75.0% (12/16), and 87.5% (14/
16) in the q12h, q24h, and placebo
groups, respectively (p = 0.467). By
the end of aerosol therapy, the mean
number of antibiotics per patient per
day was 0.9 in the q12h, 1.3 in the
q24h, and 1.9 in the placebo groups,
respectively (p = 0.02 for difference
between groups). BAY41-6551 was
well tolerated and attributed to two
adverse events in one patient (mild
bronchospasm). Conclu-
sions: BAY41-6551 400 mg q12h
warrants further clinical evaluation.
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Introduction

Pneumonia originating in healthcare facilities, including
hospital-acquired pneumonia, ventilator-associated pneu-
monia (VAP), and healthcare-associated pneumonia

(HCAP), is a serious nosocomial infection, with crude
mortality rates in VAP patients of 20–80% [1] and although
early reports described an attributable mortality of 27–43%,
more recent analyses have suggested a substantially lower
percentage of deaths attributable to VAP [2]. Gram-
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negative pathogens, including multidrug-resistant organ-
isms, account for around 65% of pneumonia cases in the
intensive care setting [3].

Aminoglycosides have a suitable antimicrobial spec-
trum for the treatment of serious Gram-negative
infections [4]. However, their use in pneumonia is lim-
ited by the risks of nephro-, neuro-, and ototoxicity and
by poor penetration into infected lung tissues when
administered intravenously [5]. Direct pulmonary
administration might be effective by achieving high local
concentrations, multiple times above the minimum
inhibitory concentration (MIC) of even resistant patho-
gens. Previous studies of pulmonary antibiotic
administration in patients with VAP have been incon-
clusive and may have been hampered by poor drug
delivery, off-label use of nebulized intravenous antibiot-
ics, small sample size, and poorly defined patient
populations [6]. However, nebulized antibiotics have
demonstrated pharmacokinetic and microbiologic benefits
in animal models [7, 8].

BAY41-6551 (Bayer Schering Pharma/Nektar Thera-
peutics) is an investigational drug–device combination
consisting of amikacin specially formulated for inhalation
administered via a proprietary gasless vibrating mesh
nebulizer, the Pulmonary Drug Delivery System (PDDS)
Clinical device. The PDDS Clinical nebulizer integrates
with standard mechanical ventilation equipment (drug
administration occurs during inspiratory cycles only), or
is fitted to a handheld inhalation unit. In laboratory bench
models, both configurations of the PDDS Clinical deliv-
ered 50–70% of the nominal dose to the lower airways
[9]. The aerosol contains a high proportion of fine parti-
cles with a volume median diameter in the range of
3–5 lm, which is optimal for delivery to distal airways
[9]. We report a phase II dose-finding study conducted to
determine an appropriate BAY41-6551 dosing regimen
for phase III development and to define the clinical
impact of adjunctive aerosol therapy.

Methods

Study design and treatments

This was a multicenter, randomized, placebo-controlled,
double-blind, parallel-group, phase II study at 20 study
sites in France, Spain, and the USA (ClinicalTrials.gov
registration NCT01004445). Patients were assigned 1:1:1
to BAY41-6551 400 mg every 12 h (q12h regimen),
BAY41-6551 400 mg as the first daily dose followed 12 h
later with matching aerosol placebo (cycle repeated every
24 h; q24h regimen), or aerosol placebo q12h, for
7–14 days. If the patient was weaned prior to 7 days, an
off-ventilator nebulizer configuration was used to com-
plete up to 7 days of inhaled therapy. Each amikacin dose

consisted of 3.2 mL of a sulfite-free solution identical in
appearance to the aerosol placebo solution. Intravenous
antibiotics were administered according to American
Thoracic Society/Infectious Disease Society of America
guidelines [10]. Of aminoglycosides, only gentamicin or
tobramycin could be used. The study was approved by
study-site institutional review boards/independent ethics
committees; written informed consent was obtained for all
patients or their relatives.

Patients

Adults expected to be on mechanical ventilation for
C3 days were included if they had a clinical diagnosis of
Gram-negative hospital-acquired pneumonia (diagnosed
C48 h after hospital admission), VAP (diagnosed [48 h
after intubation), or HCAP (pneumonia in patients with a
recent stay in an acute or long-term care facility) [10]; had
a clinical pulmonary infection score (CPIS) of C6 (as
defined by Fartoukh et al. [11] excluding the microbio-
logic criteria therein); and at least one of four risk factors
for Gram-negative multidrug-resistant organisms (hospi-
tal stay of at least 5 days or an HCAP diagnosis;
antibiotic use in the past 2 weeks; and history of coloni-
zation or exposure to multidrug-resistant Gram-negative
pathogens) [10]. See supplemental material for exclusion
criteria.

Procedures and assessments

Clinical and safety assessments, blood tests, and tracheal
aspirate sample cultures (collected according to guidance
provided, with or without instilled saline, at the discretion
of the investigator) were conducted at baseline, at the end
of aerosol treatment (between day 1 and day 14), early
post-treatment (3 days after the last aerosol dose), test-of-
cure (TOC; 7 ± 1 days after the last dose), and late post-
treatment (28–31 days after the first dose). Daily assess-
ments during treatment included serum amikacin trough
levels 30 min before the first dose of the day, CPIS cal-
culation, hematology and blood chemistry, urine output,
ventilation parameters, chest X-ray, concomitant medi-
cations, and adverse events (AEs). Serum creatinine was
reviewed before repeat dosing within 12 h of the first
daily dose. Daily blood cultures were taken until clear.
Tracheal aspirate samples for Gram stain and semiquan-
titative culture were obtained before the first dose on day
1 and then every other day. Samples on day 1 and day 3
for pharmacokinetic (PK) analysis included tracheal
aspirate samples collected at 15 min and 1, 2, 4, 8, and
12 h after the first daily dose; blood collected at 5 min
and 1, 2, and 4 h; and all urine collected for 24 h after
administration of the first dose of the day. All amikacin
concentrations were determined using a validated assay at
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ICON laboratories (Farmingdale, NY, USA), and tracheal
aspirate amikacin concentrations were not corrected for
saline dilution.

Analysis populations

The safety population included all randomized patients
who received at least one dose of study drug. The PK
population comprised all treated patients who had
evaluable PK data for any of the three PK specimen types
(tracheal aspirate, serum, or urine). The efficacy popula-
tion was defined as all treated patients who met the
enrollment criteria for positive respiratory microbiology
and pathogen susceptibility. See supplemental material
for analysis populations when samples were missing.

Study endpoints

The primary endpoint was defined as the proportion of
patients in the PK-evaluable efficacy population achieving
both a tracheal aspirate amikacin maximum concentration
(Cmax) of C25 times a reference MIC for hospital-acquired
organisms of 256 lg/mL (i.e., C6,400 lg/mL) and an
aspirate area under the concentration–time curve from 0 to
24 h (AUC0–24h) to reference MIC ratio C100 on day 1.
The targets were based on prior studies of the PK and
pharmacodynamic characteristics of aminoglycosides [12–
14] and are consistent with the pivotal studies for tobra-
mycin solution for inhalation in cystic fibrosis [14]. We
chose a reference MIC of 256 lg/mL because this was the
highest amikacin MIC for Pseudomonas aeruginosa and
Acinetobacter spp. isolated from North American intensive
care units in a separate study [15].

Secondary endpoints included mean amikacin Cmax

and AUC0–24h in tracheal aspirates, serum amikacin PK,
and cumulative amikacin excretion in 24 h urine collec-
tions on day 1 and day 3. At the TOC visit, patients were
assessed for clinical cure (complete or partial resolution
of signs and symptoms of pneumonia, improvement or
lack of progression of all abnormalities on chest X-ray,
and no additional intravenous antibiotics since completion
of study treatment [16]); microbiologic eradication (con-
firmed eradication of the original pathogen or presumed
eradication in patients with complete or partial resolution
of pneumonia); new infections (clinical signs and symp-
toms of infection with a new pathogen isolated after
completing treatment); and superinfection (isolation of a
new pathogen during treatment). The total number of
systemic antibiotics per patient per day was recorded. An
exploratory analysis of CPIS failures was conducted using
post hoc scoring developed by the authors: criteria
for failure were a rise in CPIS score by C2 points on day
3, failure of the CPIS score to drop by C1 point on day 5,
or failure of the CPIS score to drop by C2 points on day 7.

AEs and serious AEs (SAEs) were classified by the
investigator as expected or unexpected for the critically ill
patient population. Events were considered treatment
emergent if they commenced on or after the first dose of
study drug and/or up to 3 days after the last dose.

Statistical methods

In October 2005, the study sponsor assessed that the
planned sample size of 108 gave inadequate power to
demonstrate the therapeutic noninferiority of BAY41-
6551. Recruitment was, therefore, stopped early for a
descriptive analysis of the PK data. Overall comparisons
between treatment arms were performed using a two-
sided Fisher’s exact test with a 0.05 significance level. No
adjustments for type I errors were made for multiple
endpoints. The primary endpoint was analyzed in the
efficacy population with evaluable PK using a 90% con-
fidence interval (CI). 90% CIs were also calculated for
secondary efficacy endpoints.

Results

Study population and patient characteristics

Patients were enrolled between May 2005 and June 2006
(Fig. 1). Baseline characteristics were generally balanced
across treatment groups (Table 1) with the exception of
mean weight. P. aeruginosa was the most frequently
isolated Gram-negative organism at baseline (24/55
[43.6%] patients), followed by Escherichia coli (14/55
[25.5%]) and Klebsiella spp. (10/55 [18.2%]). A. bau-
mannii, junii, lwoffii, and other Acinetobacter spp.
together were isolated in 7/55 (12.7%) of patients. The
extent of study drug exposure in the safety population
(mean [standard deviation; SD] treatment duration) was
6.6 (1.47), 6.0 (2.11), and 6.5 (2.61) days in the q12h,
q24h, and placebo arms, respectively. Four patients in
each group transitioned to the handheld configuration
because of weaning prior to day 7, and 9 were included in
the efficacy population who completed C7 days of ther-
apy (Fig. 1).

Pharmacokinetics

The primary endpoint of achieving both tracheal aspirate
amikacin concentrations C6,400 lg/mL and amikacin
aspirate AUC0–24h/256 C 100 at day 1 in the efficacy
population with evaluable PK was achieved in 50% (6/12)
of the q12h group and in 16.7% (3/18) of the q24h group
(90% CI for the difference -61.1 to -5.5; p = 0.102;
Table 2). Assessed separately in the efficacy population
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with evaluable PK, 66.7% of q12h patients and 38.9% of
q24h patients had tracheal aspirate amikacin
Cmax C 6,400 lg/mL and 75.0 and 33.3%, respectively,
had AUC0–24h/256 C 100.

Mean tracheal aspirate amikacin concentrations were
higher on day 3 than on day 1, peaked on both days
15–60 min after the end of aerosol administration, and
showed a time-dependent decline (Fig. 2 [all treated
patients]; Table 2 [PK-evaluable PK population]). Tra-
cheal aspirate concentrations of amikacin did not vary by
ventilator mode, with 71% receiving assist-control ven-
tilation and the remainder receiving pressure-support
mode. Corresponding serum amikacin Cmax values in the
PK-evaluable PK population remained below the

recommended maximal trough concentration (10 lg/mL)
for systemic amikacin administration (Table 3) [17, 18]
and were reached in a median 1–2 h. See supplemental
material for urinary pharmacokinetics.

Clinical outcomes

Clinical cure rates at the TOC visit (efficacy population)
were 93.8% (15/16), 75.0% (12/16), and 87.5% (14/16) in
the q12h, q24h, and placebo groups, respectively
(p = 0.467).

In each arm, intravenous antimicrobial use occurred
predominantly in the first 7 days and the total number

• Termination from study 
drug/placebo (n=3)

• Termination from study 
(n=8)

Safety population 
• Received at least one 

dose (n=21) 

Screened and 
randomized (n=69) 

• Termination from study 
drug/placebo (n=7)

• Termination from study 
(n=11)

• Termination from study 
drug/placebo (n=6)

• Termination from study 
(n=8)

Safety population 
• Received at least one 

dose (n=22) 

Placebo (n=22)BAY41-6551 400 mg q12h (n=21)

Did not meet criteria for positive respiratory microbiology and pathogen susceptibility 
n=5      n=4     n=3 

PK populations 
• PK population (n=21) 
• PK population evaluable 

for tracheal aspirate PK 
analysis (n=14) 

• PK population evaluable 
for serum PK analysis 
(n=21)

PK populations 
• PK population (n=24) 
• PK population evaluable 

for tracheal aspirate PK 
analysis (n=20) 

• PK population evaluable 
for serum PK analysis 
(n=24) 

PK populations 
• PK population (n=22) 
• PK population evaluable 

for tracheal aspirate PK 
analysis (NA) 

• PK population evaluable 
for serum PK analysis 
(NA)

Efficacy populations 
• Efficacy population (n=16) 
• Efficacy population 

evaluable for tracheal 
aspirate PK analysis 
(n=12) 

• Efficacy population 
completing 7 days’ study 
drug/placebo (n=16) 

• Completing 7 days’ study 
+ transitioning to handheld 
device (n=2)

Efficacy populations 
• Efficacy population (n=20) 
• Efficacy population 

evaluable for tracheal 
aspirate PK analysis 
(n=18) 

• Efficacy population 
completing 7 days’ study 
drug/placebo (n=16) 

• Completing 7 days’ study 
+ transitioning to handheld 
device (n=4) 

Efficacy populations 
• Efficacy population (n=19) 
• Efficacy population 

evaluable for tracheal 
aspirate PK analysis (NA) 

• Efficacy population 
completing 7 days’ study 
drug/placebo (n=16) 

• Completing 7 days’ study 
+ transitioning to handheld 
device (n=3) 

Safety population 
• Received at least one 

dose (n=24) 

BAY41-6551 400 mg q24h (n=26)

Fig. 1 Patient disposition.
a Data for termination from the
study used the derived numbers
according to the statistical
analysis plan. Data for study
drug termination were taken
directly from the termination
sections of the clinical report
forms and direct cross-
referencing of these data is not
possible. The primary reasons
for termination from study drug
treatment were absence of
Gram-negative isolate on initial
tracheal aspirate culture
(n = 5); AEs/toxicity,
including AEs considered
unrelated to study medication
(n = 3); patient withdrawal
(n = 2); investigators’
discretion (n = 1); and other
(n = 5). AE adverse event, NA
not applicable, PK
pharmacokinetic, q12h every
12 h, q24h every 24 h. Patients
who weaned prior to 7 days, but
completed a full course of
therapy by transitioning to the
handheld configuration are
shown in the figure
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of antimicrobials used per patient from baseline to the
TOC visit (efficacy population) was similar in each
group: 3.7 (q12h), 4.4 (q24h), and 4.8 (placebo). A
post hoc exploratory analysis of variance (ANOVA)
(using a = 0.10) showed a gradual but consistent
decline in daily per patient intravenous antimicrobial
use with amikacin treatment during the aerosol treat-
ment period. The mean number of antibiotics per
patient per day for the q12h, q24h, and placebo
groups, respectively, was 1.4, 1.5, and 1.6 at day 1

(p = 0.91 for the difference between groups); 1.3, 1.6,
and 2.0 at day 3 (p = 0.06); 1.1, 1.4, and 1.7 at day 5
(p = 0.05); and 0.9, 1.3, and 1.9 by the end of aerosol
therapy (p = 0.02). We observed that in the first
7 days, antibiotics were added (escalated) in 14, 38,
and 58% of the patients in the q12h, q24h, and pla-
cebo groups, respectively, while the remainder in each
group had antibiotics either stopped or subtracted (de-
escalated). Cumulative CPIS failures occurred earlier
and in more patients in the placebo compared with the

Table 1 Baseline patient characteristics (all randomized patients)

Characteristics BAY41-6551
400 mg q12h
(n = 21)

BAY41-6551
400 mg q24h
(n = 26)

Placebo
(n = 22)

Total
(n = 69)

Age (years), mean (SD) 56.1 (17.6) 62.8 (15.0) 62.0 (15.3) 60.5 (15.9)
Sex, n (%)
Male 15 (71) 22 (85) 14 (64) 51 (74)
Female 6 (29) 4 (15) 8 (36) 18 (26)

Height (cm), mean (SD) 169 (9.4) 172 (6.9) 171 (9.5) 171 (8.6)
Weight (kg), mean (SD) 69.7 (12.7) 83.6 (24.8) 74.6 (12.5) 76.6 (19.0)
APACHE IIa score, mean (SD) 15.7 (4.5) 16.7 (7.0) 16.4 (5.2) 16.3 (5.7)
APACHE IIa score categories, n (%)
\25 21 (100) 22 (85) 21 (96) 64 (93)
C25 0 (0) 4 (15) 1 (4) 5 (7)

CPIS, mean (SD) 6.8 (1.1) 6.8 (1.3) 7.0 (1.2) 6.9 (1.2)
Risk factors for Gram-negative, multidrug-resistant

organisms, n (%)
Hospitalized for at least 5 days (VAP, HAP)

or a diagnosis of HCAP
19 (90.5) 25 (96.2) 18 (81.8) 62 (89.9)

Antibiotic use within the past 2 weeks 18 (85.7) 22 (84.6) 19 (86.4) 59 (85.5)
Known history of respiratory colonization/respiratory

infection with multidrug-resistant Gram-negative pathogens
3 (14.3) 7 (26.9) 2 (9.1) 12 (17.4)

Institutional history of VAP due to resistant organisms 8 (38.1) 11 (42.3) 8 (36.4) 27 (39.1)

CPIS clinical pulmonary infection score, HAP hospital-acquired
pneumonia, HCAP healthcare-associated pneumonia, q24h every
24 h, SD standard deviation, VAP ventilator-associated pneumonia

a APACHE II, acute physiology and chronic health evaluation II;
this score was obtained for the 24 h period immediately preceding
the administration of the first dose of study drug treatment

Table 2 Tracheal aspirate amikacin pharmacokinetic parameters (pharmacokinetic-evaluable pharmacokinetic and efficacy populations)

Parameter Day 1 Day 3

BAY41-6551
400 mg q12h

BAY41-6551
400 mg q24h

BAY41-6551
400 mg q12h

BAY41-6551
400 mg q24h

PK-evaluable PK population, n 14 20 14 20
Tmax (h), median (range) 0.25 (0.3–8.0) 1.00 (0.3–4.1) 0.25 (0.3–4.1) 0.25 (0.3–2.1)
Cmax (lg/mL), mean (CV %) 11,903 (99) 6,083 (58) 16,212 (85) 6,893 (95)
AUC0–12h (lg h/mL), mean (CV %) 24,034 (52) 20,101 (58) 39,484 (88) 17,332 (93)
AUC0–24h (lg h/mL), mean (CV %)* 41,991 (60) 25,284 (77) 61,908 (51) 25,216 (85)
PK-evaluable efficacy population, n 12 18 12 18
Patients with Cmax C 6,400 lg/mL and AUC0–24h/

256 C 100, % (90% CI)*
50.0 (24.5–75.5) 16.7 (4.7–37.7) Not reported Not reported

Evaluable is defined as those patients that did not have three or
more samples missing, both the 8- and 12-h post-treatment samples
missing, or more than two early post-treatment samples (i.e.,
15 min, 1 h, or 2 h samples) missing
AUC0–12h area under the concentration–time curve from 0 to 12 h,

AUC0–24h area under the concentration–time curve from 0 to 24 h,
Cmax maximum concentration, CV coefficient of variation,
q12h every 12 h, q24h every 24 h, Tmax time to reach Cmax

* p = 0.102 for overall comparison between treatment groups was
based on a two-sided Fisher’s exact test
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treatment arms, although this did not reach statistical
significance (Table 4).

Microbiology

Microbiologic eradication/presumed eradication rates at
the TOC visit were 68.8% in both BAY41-6551 groups
combined and 62.5% in the placebo group (both study
drug groups p [ 0.999 vs. placebo). Although initially the
microbiologic diagnosis of pneumonia was made by
bronchoscopy in about half of all patients, and by tracheal
aspirate in the remainder, all cultures to define eradication
were performed on either tracheal aspirate or sputum

samples. See supplemental material for additional
microbiologic data.

Safety and tolerability

BAY41-6551 was relatively well tolerated. In the safety
population, 34 patients (50.7%) reported 76 unexpected
treatment-emergent AEs. The majority of AEs (80.3%)
were mild or moderate in severity. Fifteen severe AEs
were reported in six BAY41-6551 400 mg q24h and two
placebo patients, of which the most common were septic
shock (n = 3) and convulsions (n = 2). Five AEs in four
patients were considered possibly or probably related to
study drug treatment: three in placebo recipients and two
episodes of mild bronchospasm in a patient randomized to
BAY41-6551 400 mg q12h.

Twenty-five SAEs were reported in 20 patients; of
these, three were possibly treatment related (toxic epi-
dermal necrolysis, acute renal failure, and renal failure in
three patients) but occurred in placebo recipients. Three
SAEs led to treatment discontinuation: a septic shock
event in a patient receiving BAY41-6551 400 mg q24h
and renal failure in two placebo recipients.

No group differences were observed in ventilation
parameters. Mean serum creatinine levels in all groups
remained within the normal range (0.5–1.2 mg/dL).
Twelve deaths occurred during the study: three patients in
the BAY41-6551 q12h group due to septic shock, throat
carcinoma bleeding, and respiratory failure (1 case of
each); seven in the BAY41-6551 q24h group due to
respiratory arrest, ventricular fibrillation, irreversible
secondary subarachnoid hemorrhage, progressive anoxic

Fig. 2 Tracheal aspirate amikacin concentrations (mean ± stan-
dard error) over time on day 1 and day 3 (all treated patients).
Values are for all treated patients with tracheal aspirate amikacin
concentrations at the relevant time point. q12h every 12 h,
q24h every 24 h

Table 3 Amikacin serum pharmacokinetic parameters (pharmacokinetic-evaluable pharmacokinetic population)

Parameter Day 1 Day 3

BAY41-6551
400 mg q12h

BAY41-6551
400 mg q24h

BAY41-6551
400 mg q12h

BAY41-6551
400 mg q24h

n 21 24 21 24
Tmax (h), median (range) 1.00 (0.1–4.0) 2.00 (0.1–4.5) 1.00 (0.1–2.0) 1.00 (0.1–2.3)
Cmax (lg/mL), mean (CV %) 1.81 (39) 1.28 (65) 3.16 (74) 2.27 (88)

Cmax maximum concentration, CV coefficient of variation, q12h every 12 h, q24h every 24 h, Tmax time to reach Cmax

Table 4 Cumulative number of failures by clinical pulmonary infection score

n (%) BAY41-6551
400 mg q12h (n = 19)

BAY41-6551
400 mg q24h (n = 19)

Placebo (n = 21)

Day 3 0 (0) 0 (0) 0 (0)
Day 5 0 (0.0) 1 (5.3) 2 (9.5)
Day 7 1 (5.3) 2 (10.5) 6 (28.6)

q12h every 12 h, q24h every 24 h
p = 0.0565 for the difference between three clinical failures by day 7 in the BAY41-6551 groups and six in the placebo group
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encephalopathy (one case of each), and three cases of
septic shock; and two in the placebo group due to septic
shock and toxic epidermal necrolysis (one case each).
Only the toxic epidermal necrolysis death in a pla-
cebo patient was considered to be possibly treatment
related.

Discussion

These results demonstrate that BAY41-6551 400 mg
q12h achieves microbiologically relevant amikacin con-
centrations in the pulmonary secretions of mechanically
ventilated patients with Gram-negative pneumonia. Peak
serum amikacin concentrations remained several orders of
magnitude below those in respiratory secretions and
within accepted upper trough concentration limits for
systemic amikacin [18], despite the presence of pneu-
monia, which might enhance drug absorption across the
airway surfaces. Peak tracheal aspirate amikacin con-
centrations were approximately 800 times higher than
serum concentrations reported after intravenous amikacin
administration in patients with pneumonia, and 4,000
times higher than the concentrations achieved in bron-
chial secretions after intravenous amikacin administration
[19]. These findings are consistent with the literature on
inhaled aminoglycosides [20] and suggest limited poten-
tial for systemic drug accumulation after multiple
BAY41-6551 administrations. The results apply to a study
population in which a creatinine level more than 2 mg/dL
or urine output less than 0.5 mL/kg/h for 2 consecutive
hours was an exclusion criterion; the PK of BAY41-6551
in patients with renal impairment are reported elsewhere
[21, 22]. Both BAY41-6551 regimens were well tolerated.
The higher number of deaths in the treatment arms
compared with the placebo arm was not attributable to the
study drug or device and may reflect the limitation of
small study populations of critically ill patients inherently
at risk of the type of fatalities recorded.

The primary endpoint in this study presupposed that, as
with systemic aminoglycosides for Gram-negative infec-
tions, optimal treatment outcomes are associated with high
ratios of peak concentration to MIC [23]. Moreover, in
patients with cystic fibrosis sputum concentrations greater
than 25 times the laboratory MIC are needed for reliable
eradication of P. aeruginosa [24]. Consequently, we chose
a stringent primary PK endpoint, targeting 25 times the
MIC of 256 lg/mL [25]. Our finding of clinical success
rates that exceeded the percentage of patients achieving our
primary PK endpoint indicates that this endpoint may have
been too stringent and not predictive of clinical efficacy,
particularly because these patients also received systemic
antibiotics. Thus we do not believe that a higher dose of
inhaled drug is needed. Although we did not demonstrate a
statistically significant difference between the two BAY41-

6551 regimens on the primary PK outcome, the numerical
difference favoring 400 mg q12h (50 vs. 16.7%) suggests it
is an appropriate dose for further investigation. For con-
centration-dependent antibiotics, additional potential
advantages of the high respiratory concentrations achieved
include reduced likelihood of treatment-emergent resis-
tance and potential activity against pathogens with MICs
indicating resistance to systemic therapy on the basis of
clinical breakpoints [26].

Although the study was not powered to demonstrate
superiority or noninferiority on clinical or microbiologic
endpoints, we did observe a potential for clinical benefit
of adjunctive aerosol therapy, because of the reduction in
systemic antimicrobial use at the end of BAY41-6551
therapy and the lower rate of failure, as defined by CPIS
criteria. Collectively, if confirmed, these data suggest a
potential role for BAY41-6551 in avoiding both early
clinical failure and prolonged use of systemic antibiotic
therapy in the treatment of VAP.

Key limitations of this study are the modest sample
size, the relatively broad definition of clinical cure at
TOC visit, and the allowance of intravenous antibiotic de-
escalation, which may have contributed to the lack of
differences in clinical cure or microbiologic eradication
rates. Amikacin concentrations in suctioned tracheal
aspirates probably reflect conditions at the site of infec-
tion less accurately than those in epithelial lining fluid
samples, which cannot usually be collected serially [27].
Amikacin concentrations in epithelial lining fluid in a
different study of BAY41-6551 400 mg q12h in
mechanically ventilated patients with Gram-negative
pneumonia were lower than those in tracheal aspirates in
our study, but still almost four times our 256 lg/mL MIC
threshold [28].

In conclusion, adjunctive amikacin delivered via the
PDDS Clinical device in mechanically ventilated patients
with Gram-negative pneumonia may offer efficacy ben-
efits over systemic antibiotics alone. BAY41-6551
400 mg q12h warrants investigation in larger studies.
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