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of inhaled aztreonam lysine

J Stuart Elborn & Noreen R Henig)r
YPAH and Respiratory Therapeutics, Gilead Sciences, Inc., 333 Lakeside Drive, Foster City,
CA 94404, USA

Importance of the field: Chronic endobronchial infection in cystic fibrosis (CF)
leads to progressive lung function loss and respiratory failure. Most adult CF
patients are infected with Pseudomonas aeruginosa, an important predictor
of mortality. Suppressing chronic P. aeruginosa infection with inhaled
antibiotics is standard of care for CF patients.

Areas covered in this review: This review describes the development
(2003 - 2010) of aztreonam lysine 75 mg powder and solvent for nebulizer
solution (AZLI; Cayston®), an aerosolized formulation of the monobactam
antibiotic aztreonam.

What the reader will gain: AZLI was studied in patients with CF and chronic
P. aeruginosa airway infection. In placebo-controlled trials, AZLI improved
respiratory symptoms, increased forced expiratory volume in 1 sec (FEV,),
decreased sputum P. aeruginosa density, and was well tolerated. An open-
label follow-on trial of nine ‘on/off’ courses showed that AZLI was safe and
the effect durable with repeated administration. AZLI was recently approved
for use in CF patients in Australia and the USA, and conditionally approved in
Canada and the European Union. AZLI is given three times daily for 28 days
(2 - 3 min/dose), followed by 28 days off-drug. AZLI is used only with the
Altera Nebulizer System™, which provides appropriate particle size and small
airway deposition, and has excellent portability.

Take home message: AZLl is a new therapy that is safe and effectively
improves respiratory symptoms and FEV, in patients with CF.

Keywords: aztreonam lysine, cystic fibrosis, inhaled antibiotics, Pseudomonas aeruginosa,

pulmonary exacerbations, respiratory
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1. Introduction

Cystic fibrosis (CF) is a severe, autosomal-recessive, multi-system disease character-
ized by chronic, progressive sino-pulmonary disease, malabsorption and male
infertility [1]. Abnormal concentrations of sodium and chloride in the airway surface
liquid impair mucociliary clearance, leading to inflammation, airway obstruction
and chronic bacterial infections. Progressive bronchiectasis due to chronic infection
is the primary cause of morbidity and early mortality [2-6]. Although there is no
therapy available to treat the underlying defect in CF, a better understanding of
the disease and advances in therapies have increased the median age of death
from < 5 years in the 1960s to the late 20s in 2007; however, age of death varies
widely between countries [2,6-8].

For individuals with CF, respiratory symptoms are frequent and include cough,
production of thick, purulent sputum, chest tightness or wheezing, and limitation
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Inhaled aztreonam lysine for CF

Box 1. Drug summary.

Drug name (generic)

Australia: Aztreonam for inhalation
Phase
Indication

emergence of bacterial resistance

Pharmacology
description/mechanism
of action

Route of
administration

Chemical structure

Pivotal trials AIR-CF1, AIR-CF2, AIR-CF3

European Union (EU): Aztreonam lysine 75 mg powder and solvent for nebulizer solution (AZLI)
Canada, USA: Aztreonam for inhalation solution

Marketed in the EU, Canada, Australia, and the USA

EU*: Indicated for the suppressive therapy of chronic pulmonary infections due to Pseudomonas
aeruginosa in patients with cystic fibrosis (CF) aged 18 years and older. The primary support

for this indication is based on two single 28-day course, placebo-controlled studies. The data to
support the sustainability of the observed short-term benefit over subsequent courses of treatment
are limited. Consideration should be given to official guidance on the appropriate use of

antibacterial agents. Multiple-course, controlled efficacy data are not yet available. Additional courses,
beyond the initial 28-day course, should be considered only at the discretion of the physician.

If additional courses are prescribed, a minimum of 28 days without AZLI is recommended

Canada*: Indicated for the management of CF patients with chronic pulmonary P. aeruginosa
infections. Demonstration of longer-term safety and efficacy of AZLI is limited to uncontrolled,
open-label clinical trial data obtained over nine cycles of therapy. Safety and efficacy have
not been demonstrated in patients with FEV, < 25 or > 75% predicted or in patients
colonized with Burkholderia cepacia complex. Sputum culture and susceptibility testing
performed periodically will provide information on changing microbial flora and the possible

Australia: Indicated for control of Gram-negative bacteria, particularly P. aeruginosa, in the respiratory
tract of patients with CF. The primary support for this indication is based on two single 28-day course,
placebo-controlled studies. The data to support the sustainability of the observed short-term

benefit over subsequent courses of treatment are limited

USA: Indicated to improve respiratory symptoms in CF patients with P. aeruginosa. Safety and
effectiveness have not been established in pediatric patients below the age of 7 years, patients

with FEV; < 25 or > 75% predicted, or patients colonized with Burkholderia cepacia. To reduce the
development of drug-resistant bacteria and maintain the effectiveness of AZLI and other antibacterial
drugs, AZLI should be used only to treat patients with CF known to have P. aeruginosa in the lungs
*Conditionally approved in Canada and the EU, pending the results of studies to verify clinical benefit

Monobactam bactericidal antibiotic; time-dependent killing of sensitive Gram-negative bacteria
Inhaled; 75-mg dose; administered 3 times/day

(2)-2-[[[(2-amino-4-thiazoly[[(2S,3S)-2-methyl-4-oxo-1- sulfo-3-azetidinyl]carbamoyl]
methylenelamino]oxy]-2-methylpropionic acid

com) and Citeline (http:/informa.citeline.com).

Pharmaprojects - Copyright to Citeline Drug Intelligence (an Informa business). Readers are referred to Informa-Pipeline (http://informa-pipeline.citeline.

of exercise capacity. Intermittent pulmonary exacerbations are
characterized by increased respiratory and systemic symptoms
and a reduction in FEV;, only some of which is recovered
with intensive treatment [6,9,10]. Pulmonary exacerbations
can occur many times a year, are more frequent as the disease
progresses, particularly in individuals chronically infected
with Pseudomonas aeruginosa and are the primary cause of
hospitalization for CF patients (6. In 2007, 38% of CF
patients in the USA experienced at least one acute pul-
monary exacerbation requiring treatment with a course of
intravenous (i.v.) antibiotics [2. Most CF patients in the
USA are hospitalized in response to a worsening of symp-
toms. By contrast, some CF care centers (e.g., Copenhagen)
hospitalize patients proactively even when symptoms are
unchanged, to administer parenteral antibiotics to reduce

bacterial load in the lung [11]. Individuals with CF can be
infected with a range of bacteria, viruses and fungi. There is
increasing evidence that infection is polymicrobial in the
majority of patients, but the infection most often associated
with reduced survival is P. aeruginosa (6,12-15).

Pseudomonas  aeruginosa is a Gram-negative, biofilm-
producing pathogen that occurs in more than 25% of US
CF patients by the age of 6 years and in approximately 70%
of patients over the age of 18 years [2]. Chronic P. aeruginosa
airway infections are rarely eradicated, although intensive
treatment of new infections seems to delay chronic
infection [16-19]. Many other pathogens also chronically infect
the airways of CF patients, including Haemophilus influenza,
Staphylococcus  aureus,  Stenotrophomonas maltophilia and
Burkholderia cepacia complex [12-14].
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2. Overview of antibiotic treatments for CF

Treatment of CF-related lung disease involves both chronic
maintenance therapy and treatment of exacerbations. Current
guidelines for chronic maintenance therapy include daily
airway clearance, mucolytics such as dornase alpha and hyper-
tonic saline, and anti-inflammatory medications such as daily
azithromycin [2021). In addition, recent US and European
guidelines strongly recommend the use of chronic inhaled
anti-pseudomonal antibiotics [20,21]. Treatment guidelines
for acute exacerbations differ from maintenance guidelines
by emphasizing the use of parenteral antibiotics for
exacerbations [22,23].

Inhaled antibiotics are a keystone of maintenance treat-
ment. The advantage of aerosolized antibiotics for the sup-
pression of chronic airway infection is delivery to the site of
infection in high concentrations and with minimal systemic
absorption. Potential disadvantages of aerosolized antibiotics
include an irritant effect on airways, uneven deposition in
the lungs, and the time involved in preparing and administer-
ing them. In the 1990s, tobramycin inhalation solution (TIS,
TSI, TNS, TOBI®; Novartis Pharmaceuticals Corp., East
Hanover, NJ, USA; Bramitob®; Trinity-Chiesi Pharmaceuti-
cals Ltd, Cheadle, UK) was introduced, accompanied by
significant data to support its use as chronic, intermittent
therapy when aerosolized via a jet nebulizer [24-27]. Colistime-
thate sodium (CMS; Colomycin®; Forest Laboratories, UK;
Promixin®; Profile Pharma Ltd, UK), an inactive prodrug
that is hydrolyzed to colistin, was approved in 2003 as an
inhaled formulation in the UK [28-30]. Aerosolization of
parenteral antibiotics such as gentamicin, ceftazidime or
carbenicillin is used occasionally despite lack of multicenter
studies to support this practice [31]. In recent months, aztreo-
nam lysine 75 mg powder and solvent for nebulizer solution
(AZLI, Cayst0n®; Gilead Sciences, Inc., Foster City, CA,
USA) was approved for use in patients with CF and chronic
P. aeruginosa infection in Australia and the USA and con-
ditionally approved in Canada and the European Union,
pending the results of studies to verify clinical benefit
(Box 1) [32-34].

3. Aztreonam lysine 75 mg powder and
solvent for nebulizer solution (AZLI)

3.1 Chemistry and mechanism of action

The chemical formula of aztreonam is (Z)-2-[[[(2-amino-
4-thiazolyl)[[(2S,3S)-2-methyl-4-oxo0-1-sulfo-3-azetidinyl] car-
bamoyl]methylene]amino]oxy]-2-methylpropionic acid [35].
It is a white, crystalline, odorless powder with a molecular
weight of 435.4 and is essentially insoluble in water [36].
AZLI is lyophilized aztreonam lysine reconstituted with
sterile 0.17% saline diluent. The parenteral formulation of
aztreonam (Azactam®; Elan Pharmaceuticals, Inc., South
San Francisco, CA, USA) contains arginine; this was
substituted with lysine for AZLI because inhaled arginine

Elborn & Henig

results in severe cough and airway inflammation in patients
with CF [35,37].

Aztreonam binds to the penicillin-binding protein (PBP)-3
of aerobic Gram-negative bacteria, inhibits cell wall biosyn-
thesis, and demonstrates time-dependent killing of sensitive
Gram-negative bacteria [35,38-40]. Thus the speed or degree of
bacterial killing are not substantially improved by increasing
the concentration of aztreonam above the minimum inhibi-
tory concentration (MIC) for P. aeruginosa but are improved
by increasing the total time that bacteria are exposed to the
drug. Aztreonam does not induce chromosomally encoded
beta lactamases and is stable to hydrolysis by most bacterially
produced beta lactamases [41,42]. There is a low incidence of
allergic cross-reactivity with beta lactams such as penicillin,
cephalosporins or carbapenems, and immunogenic reactions
to aztreonam are rare [43].

As an aerosol, AZLI has a relatively mono-dispersed
particle spectrum well suited for lower airway drug deposition
(mass median diameter: 3.8 pM). Drug delivery time in
clinical trials averaged approximately 2 min for a 1-ml dose
(75 mg AZLI). Aerosolized drugs should be used in devices
in which they have been studied, as devices may differ in the
amount of drug delivered and the deposition pattern within
the airway [44].

3.2 Pharmacokinetics and metabolism

AZILI is delivered directly to the airways, where high con-
centrations are achieved in sputum. Systemic absorption is
low but occurs quickly. In pharmacokinetic studies, peak
aztreonam plasma concentrations were observed 0.6 - 2.0 h
after a 75-mg dose and plasma half-life was 2.1 h. Spu-
tum aztreonam concentrations were approximately 1000-fold
higher than the corresponding average plasma concentra-
tions, reflecting direct deposition of aztreonam to the lung.
Sputum concentrations exceeded the P. aeruginosa MICsq
(minimum concentration inhibiting 50% of P. aeruginosa
isolates) for at least 4 h [45]. The antimicrobial activity of
aztreonam was not inhibited by sputum. In the Phase III
placebo-controlled trials (AIR-CF1, AIR-CF2), the average
sputum level 10 min after a single dose of 75 mg AZLI
was 726 pg/g sputum; this was more than 10 times larger
than the aztreonam MICy, for all P. aeruginosa isolates
obtained at baseline from the AZLI treatment group
(64 pg/ml) (46,47).

There was no evidence of aztreonam accumulation in
sputum or plasma over 28 days of dosing; average peak
plasma concentrations achieved after 75 mg AZLI adminis-
tered three times daily were 0.55 pg/ml (day 0), 0.67 pg/ml
(day 14) and 0.65 pg/ml (day 28; study AIR-CF1) (46]. These
levels were much lower than those achieved after i.v. infusion
of the parenteral formulation of aztreonam arginine; peak
serum concentrations of 54 pg/ml (500-mg dose), 90 pg/ml
(1-g dose) and 204 pg/ml (2-g dose) were reported immedi-
ately after i.v. dosing [35]. Parenterally administered aztreonam
is primarily excreted in the urine (equal mix of active tubular

Expert Opin. Pharmacother. (2010) 11(8)
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secretion and glomerular filtration); in healthy subjects,
excretion is complete within 12 h after dosing [35].

3.3 Dosing and administration

The dose of AZLI is 75 mg, three times daily for 28 days,
followed by 28 days off-drug [32-34). Doses of AZLI should
be separated by at least 4 h. Use of a bronchodilator is
recommended before AZLI administration [32-34]. The drug
is provided in powdered form, which is reconstituted immedi-
ately before use. AZLI is administered with the battery-pow-
ered, portable Altera Nebulizer System™ (PARI Innovative
Midlothian, VA, USA; PARI GmbH,

Munich, Germany), which uses a vibrating perforated mem-

Manufacturers,

brane to generate an aerosol. Total time for administration
is 2 - 3 min per dose.

4. Clinical efficacy of AZLI

4.1 Overview of AZLI clinical trials

Administration of AZLI has been studied in five placebo-
controlled and one open-label trial: two Phase I trials of safety
and pharmacokinetics (CP-AI-001 and CP-AI-002) (4548],
one Phase II trial of safety and efficacy (CP-AI-003) (491,
two Phase III trials of safety and efficacy (AIR-CF1
(CP-AI-007) and AIR-CF2 (CP-AI-005)) [46,471; and one
open-label follow-on trial that enrolled patients from both
Phase III placebo-controlled trials (AIR-CF3 (CP-AI-006))
(Table 1) [50-53].

4.2 Efficacy end points employed in AZLI
clinical trials
The Phase II and IIT AZLI clinical trials used the following

outcome measures.

e FEV;: In CF, forced expiratory volume in one second
(FEV)) is a measure that reflects the severity of airway
disease. Results are reported as percentage change from
baseline values (L), which are measured before study
drug initiation. Treatment effect is defined as the
difference between AZLI and placebo treatment groups.

e CFQ-R Respiratory Symptoms Score: The Cystic Fibro-
sis Questionnaire - Revised (CFQ-R) is a disease-
specific questionnaire measuring health-related quality
of life for children, adolescents and adults with
CF [54-56]. At present, it is the only validated patient-
reported outcome (PRO) measure for both child and
adult patients with CF [57]. It has been validated across
age groups, translated into more than 30 languages
and meets the FDA 2009 guidance for PRO tools [s8].
The CFQ-R has 12 scales that measure different aspects
of health-related quality of life, including respiratory
symptoms, physical functioning and vitality. The mini-
mal clinically important difference (MCID) is an indica-
tor of the clinical relevance of change on measurement
scales [59-64]. For the CFQ-R, a difference of four points

on the Respiratory Symptoms Scale was validated as the
MCID; a more conservative MCID of five points was
used to interpret the results of the placebo-controlled,
Phase IIT AZLI trials [46,47,65).

e Time-to-need for inhaled or i.v. antipseudomonal anti-
biotics: This end point was used in the AIR-CF2 trial,
which was an event-driven study [47]. Investigators used
the presence of one or more predefined symptoms
predictive of pulmonary exacerbation to decide if
patients needed additional symptoms
included decreased exercise tolerance, increased cough,

antibiotics;

increased sputum production/chest congestion or
decreased appetite [9]. The start day of additional inhaled
or i.v. antipseudomonal antibiotics defined the event.

o Pseudomonas aeruginosa bacterial density in sputum:
Pseudomonas aeruginosa bacterial density is calcula-
ted as the log; value for the number of P. aeruginosa
colony-forming  units  (CFUs) per gram of

expectorated sputum.

® Measures of safety and health: Safety data and general
health markers, such as weight, were collected.

4.3 Phase lll AZLI trials

4.3.1 AIR-CF1

AIR-CF1 (CP-AI-007) was a randomized, double-blind,
placebo-controlled, international study of 28 days’ treatment
with 75 mg AZLI or placebo, dosed three times daily
(Table 1) [46]. The primary end point was change in CFQ-R
Respiratory Symptoms score. Mean age of the 164 random-
ized patients was 30 years (range: 7 — 74) and baseline FEV,
was 55% of predicted. Patents were generally receiving
standard of care with two exceptions: TIS use in the previous
12 months averaged 1.8 courses rather than the expected
six courses, and patients on azithromycin were excluded
(see Table 1). At study entry, patients had stable disease and
had not received i.v., oral or inhaled antipseudomonal therapy
for the previous 14 days. At day 28, the treatment difference
(AZLI vs placebo) for mean change in CFQ-R Respiratory
Symptoms scores was 9.7 points (p < 0.001; Figure 1).
The treatment difference for mean percentage change in
FEV, (L) was 10.3%, and for change in sputum P. aeruginosa
density was -1.45 log;o CFU/g (each p < 0.001; Figure 1).
Increases in CFQ-R and FEV; were seen across subgroups
as defined by baseline disease severity, gender or age.
AZLI treatment resulted in improvements on other CFQ-R
scales (Table 2).

4.3.2 AIR-CF2

AIR-CF2 (CP-AI-005) was a randomized, double-blind,
placebo-controlled, event-driven study of 28 days’ treatment
with 75 mg AZLI or placebo given two or three times daily
followed by no antibiotic treatment for up to 56 days [47].
All patients received 28 days of TIS as a run-in to the study
(Table 1). The primary end point was time-to-need for
inhaled or i.v. antipseudomonal antibiotic therapy. Mean
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Figure 1. AIR-CF1 and AIR-CF2: change from baseline values for CFQ-R Respiratory Symptoms Scores, FEV, (L), FEV1%
predicted and Pseudomonas aeruginosa density in sputum.

*p < 0.05.

ip < 0.001 AZLI vs Placebo.

b.i.d.: Dosed twice daily; CFQ-R: Cystic Fibrosis Questionnaire - Revised; FEV;: Forced expiratory volume in 1 sec; PA: P. aeruginosa; t.i.d.: Dosed three times daily.
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Table 2. Summary of CFQ-R results in Phase Ill AZLI trials: change from baseline at day 28.

Elborn & Henig

CFQ-R Scale* AIR-CF1Y AIR-CF27
Placebo AZLI t.i.d. Placebo AZLI b.i.d. + t.i.d.
(n = 84) (n = 80) (n = 76) (n = 135)
Respiratory Symptoms? Adj. mean change -2.63 7.08 -0.66 4.34
Treatment difference (p value)* 9.71 (< 0.001) 5.01 (0.020)
Physical Functioning Adj. mean change -6.86 2.32 -3.28 0.61
Treatment difference (p value)® 9.18 (0.001) 3.88 (0.074)
Vitality Adj. mean change -4.35 3.64 -1.34 0.69
Treatment difference (p value)® 7.99 (0.005) 2.03 (0.370)
Emotional Functioning Adj. mean change -1.30 3.90 0.03 0.94
Treatment difference (p value)* 5.20 (0.005) 0.91 (0.539)
Eating Disturbances Adj. mean change -4.74 3.64 -1.83 -0.55
Treatment difference (p value)® 8.37 (< 0.001) 1.28 (0.470)
Health Perceptions Adj. mean change -4.83 4.99 0.23 -0.51
Treatment difference (p value)® 9.82 (< 0.001) -0.74 (0.719)
Role Limitations/School Adj. mean change -4.23 2.13 -2.18 1.63
Performance Treatment difference (p value)® 6.36 (0.014) 3.81(0.027)

*Responses to child and teen/adult versions of the CFQ-R were combined for analyses.
“The CFQ-R Respiratory Symptoms Scale was the primary efficacy end point in AIR-CF1 and an important secondary end point in AIR-CF2.
Treatment differences and p values are reported as parametric ANCOVA (analysis of covariance). Models include baseline values as predictors; disease severity is

also included in the model and for AIR-CF1.

YNo significant findings in either study for CFQ-R Treatment Burden, Social Functioning, Body Image, Weight Disturbances or Digestive Symptoms scales.
AZLI: Aztreonam lysine 75 mg powder and solvent for nebulizer solution; b.i.d.: Dosed twice daily; CFQ-R: Cystic Fibrosis Questionnaire - Revised;

t.i.d.: Dosed three times daily.

age of the 211 randomized patients who received AZLI or pla-
cebo was 26 years (range: 7 — 65) and baseline FEV; was 55%
of predicted. These patients were receiving more CF treat-
ments at study entry than the subjects in AIR-CF1; all
patients had used three or more courses of TIS in the
12 months before (mean 5.3) and ~ 70% were receiving azi-
thromycin. AZLI treatment increased median time-to-need
for additional antipseudomonal antibiotics for symptoms of
pulmonary exacerbation by 21 days, compared with placebo
(p = 0.007). By the end of the 84-day study period, 32% of
the AZLI-treated patients had an event leading to the use of
additional inhaled or iv. antpseudomonal antibiotics,
compared with 50% of placebo-treated patients. At day 28,
the treatment difference (pooled AZLI vs pooled placebo)
for mean change in CFQ-R Respiratory Symptom scores was
5.01 points (p = 0.02), for percentage change in FEV; (L) was
6.3% (p = 0.001), and for change in P. aeruginosa sputum den-
sity was -0.66 log;o CFU/g (p = 0.006; Figure 1). AZLI treat-
ment also resulted in improvements on other CFQ-R scales
(Table 2). The study was not powered to detect efficacy
differences between two- and three-times-daily dosing.

4.3.3 AIR-CF3

AIR-CF3 (CP-AI-006) was an open-label, follow-on study
of patients who had participated in either AIR-CF1 or
AIR-CF2; the study evaluated the safety and effect on
disease-related end points of repeated exposure to 75 mg
AZLI administered two or three times daily and included up
to nine 28-day courses (on/off cycles) [50-53]. Mean age of

the 274 enrolled patients was 29 years (range: 8 - 74).
Mean baseline FEV; was 56% of predicted. Patients received
the same dosing regimen that they had been assigned in their
previous study (AIR-CF1 or AIR-CF2) [46,47]. Low hospitali-
zation rates were observed during this 18-month study
and the adverse events were generally consistent with CF
disease [50,53,66]. During each of the nine 28-day courses of
AZLI, FEV; values and CFQ-R Respiratory Symptom scores
improved and sputum P. aeruginosa density decreased, return-
ing to near baseline values during the 28-day off-
treatment periods (Figure 2). Patients had increases in weight
(gain ~ 1.6 kg) over the 18 months, a favorable outcome in
patients with CF. There was no evidence for the development
of antibiotic resistance or the emergence of other pathogens.
Adherence to treatment was approximately 90% and
remained high across the 18-month study.

5. Safety and tolerability of AZLI

The adverse event profile for AZLI was dominated by respira-
tory adverse events and was consistent with the signs and
symptoms of CF. There were no statistically significant differ-
ences between treatment groups in any individual study for
the proportion of patients reporting most categories of adverse
events (i.e., drug-related adverse events, serious adverse events,
severe adverse events, or adverse events resulting in withdrawal
of study drug) [46,47.50,53]. Bronchospasm, defined as a reduc-
tion of 2 15% in FEV, immediately following administration
of study medication at a study visit, was observed for 3% of
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Figure 2. AIR-CF3: effect of multiple AZLI cycles on change from baseline values for CFQ-R Respiratory Symptoms scores,
FEV, (L), FEV,% predicted and Pseudomonas aeruginosa density in sputum.

AZLI: Aztreonam lysine 75 mg powder and solvent for nebulizer solution; b.i.d.: Dosed twice daily; CFQ-R: Cystic Fibrosis Questionnaire - Revised; FEV: Forced
expiratory volume in 1 sec; PA: P. aeruginosa; t.i.d.: Dosed three times daily.
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Table 3. Adverse drug reactions adjusted for study duration: comparison of pooled AZLI placebo-controlled trials,
AIR-CF1 and AIR-CF2, and the open-label AZLI trial, AIR-CF3.

Preferred term**

No. of occurrences per patient-month

Pooled AIR-CF1 and AIR-CF2 placebo-controlled trials”

AIR-CF3 open-label trial”

Placebo (n = 160)
(275 patient-months)

AZLIS (n = 274)
(4128 patient-months)

AZLIS (n = 215)
(442 patient-months)

Cough 0.356
Chest discomfort 0.040
Wheezing 0.065
Nasal congestion 0.073
Rhinorrhoea¥ 0.040
Pharyngolaryngeal pain 0.062
Pyrexia 0.036
Rash 0.011
Vomiting® 0.025
Abdominal pain® 0.029

0.387 0.279
0.059 0.032
0.072 0.029
0.097 0.045
0.041 0.034
0.068 0.051
0.088 0.055
0.009 0.007
0.032 0.021
0.041 0.013

“The numbers of adverse drug reactions per patient-month are shown. Patient-months were calculated by summing study duration (days) for all patients and

dividing by 28.

fAdverse events were coded with the Medical Dictionary for Regulatory Activities, Version 8.0.

%Includes patients receiving AZLI two or three times daily.

YNot included in the list of common adverse reactions in the US prescribing information [34].

#Not included in the list of common adverse reactions in the European summary of product characteristics, the Canadian product monograph, or the Australian
product information [32,33]. Events of crackles lung, dysphonia, dyspnea, productive cough, throat irritation, hemoptysis, respiratory tract congestion, arthralgia,
and headache were also considered by study investigators as possibly or probably related to study medication, and were included in the list of the most common

adverse reactions in the Canadian product monograph [32].
AZLI: Aztreonam lysine 75 mg powder and solvent for nebulizer solution.

AZLl-treated patients and 4% of placebo-treated patients in
the double-blind studies, and for 8% of AZLI-
treated patients in the 18-month open-label study. Adverse
drug reactions (ADRs) were identified in the Phase III
placebo-controlled trials; these events occurred for a higher
percentage of AZLl-treated patients than
treated patients, and the association of these events with use
of AZLI was considered biologically plausible. Table 3 shows
the incidence of ADRs in the pooled, placebo-controlled
Phase IIT studies (AIR-CF1, AIR-CF2) compared with the
open-label, follow-on study (AIR-CF3). The incidence of
ADREs is presented as the number of occurrences per patient-
month in order to adjust for differences in study length. Pyrexia
was the only ADR that showed a statistically significant differ-
ence between the AZLI and placebo arms in the placebo-

placebo-

controlled studies, and the incidence of pyrexia decreased
with subsequent re-exposure in the open-label study.

6. Microbiological effects of AZLI

6.1 Sputum Pseudomonas aeruginosa density

The treatment difference (AZLI vs placebo) for mean sputum
P. aeruginosa density was -1.45 log;o CFU/g (p < 0.001) in
AIR-CF1 and -0.66 logyo CFU/g (p = 0.006) in AIR-CF2
(Figure 1) [46.47). Effects on sputum P. aeruginosa density
were maintained across nine 28-day courses (on/off cycles)
in AIR-CF3 (Figure 2) (50,51,53]. The difference between the
placebo-controlled trials was probably due to previous

antibiotic use; in AIR-CF1, patients had been off antipseudo-
monal antibiotics for at least 14 days, and in AIR-CF2
patients had just completed a 28-day course of T1IS.

6.2 Isolation of treatment-emergent pathogens

AZ1Ll-treatment, compared with placebo, did not result in
the acquisition of new pathogens or the emergence of a
co-infecting pathogen [67]. Prevalence of co-pathogens such
as S. aureus, Achromobacter xylosoxidans or S. maltophilia in
the study populations was consistent with published literature

(Gilead, data on file).

6.3 Changes in Pseudomonas aeruginosa
susceptibility

There were no clinically meaningful changes in the MICsq
or MICy of aztreonam for P. aeruginosa in the AIR-CFI,
AIR-CF2 and AIR-CF3 studies [46,47,52,53]. There were
also no notable increases in the MICs, or MICyq values for
P. aeruginosa of any other antibiotics tested, including beta
lactams, aminoglycosides, and quinolones. Patients infected
with P. aeruginosa isolates that seemed ‘resistant’ to aztreonam
(with MIC values that exceeded the parenteral breakpoint)
also had a meaningful clinical response to AZLI [s8].

7. Conclusions

AZLI therapy has demonstrated clinically important changes
in respiratory symptoms (CFQ-R), FEV; and additional
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antibiotic use in people with CF. There was also a measurable
decrease in the bacterial density of P. aeruginosa in sputum.
There were positive benefits on other CFQ-R scales and an
increase in weight. Patients in subgroups defined by baseline
disease severity, gender or age all demonstrated therapeutic
benefit from therapy with 75 mg AZLI, administered
three times daily. No change in the overall susceptibility of
P. aeruginosa to aztreonam or other antibiotics was observed
with 75 mg AZLI dosed three times daily, and no trends
were observed in the treatment-emergent isolation of other
organisms. AZLI is safe and generally well tolerated, and
represents an important new therapy for patients with CF. It
is administered with an aerosol device that provides appropri-
ate particle size and small airway deposition, and has excellent
portability and convenience for people with CF.

8. Expert opinion

The introduction of aztreonam lysine 75 mg powder and sol-
vent for nebulizer solution (AZLI) is a welcome alternative to
tobramycin inhalation solution (TIS) and colistin, which are
at present the most commonly used inhaled antibiotics in
the treatment of cystic fibrosis (CF) [69]. Compared with
TIS and colistin, AZLI represents a different class of anti-
biotic with a different mechanism of antimicrobial action
that is complementary to the antibiotics now available.
Aztreonam inhibits cell wall biosynthesis and demonstrates
time-dependent bactericidal activity against susceptible
organisms [35,38-40]. Therefore, the total time during which
sputum aztreonam concentrations remain above a particular
susceptibility breakpoint is most likely to be relevant in pre-
dicting clinical response to AZLI. Aminoglycosides such as
TIS, by contrast, inhibit protein synthesis and demonstrate
concentration-dependent bactericidal activity. Peak sputum
aminoglycoside concentration is most likely to be relevant in
predicting clinical response to TIS and other aminoglyco-
sides. Inhaled antibiotic therapy is used in 60 - 80% of CF
patients chronically infected with Pseudomonas aeruginosa,
and it is likely that AZLI will play a major role in the chronic
suppression of P. aeruginosa in CF patients [2.8].

Study design for antibiotic studies in patients with CF has
become complex. Since a chronic suppressive strategy of
patients cycling ‘on’ and ‘off’ treatment with TIS is standard
of care, it makes prospective studies difficult. The study
design has to consider when a new investigative therapy is
being commenced with regard to the antibiotic cycling and
whether the study subject has grown to expect antibiotic relief
with some regularity. Study design is further compounded by
lack of sufficiently sensitive, meaningful, primary outcome
measures. Measurements of airway physiology such as FEV,
do not change sufficiently quickly to allow for studies much
less than 6 months in duration. Event-driven studies such as
those in which the occurrence of a pulmonary exacerbation
or a hospitalization are the end point are more challenging,
since improving care of patients with CF has led to a decrease

in the total numbers of these events. In addition, the defini-
tion of pulmonary exacerbation, physician treatment prefer-
ences, and patient social situations and expectations can
heavily influence the results of an event-driven study. Despite
these concerns, AIR-CF2 showed a positive delay in need for
additional antibiotics. Improvement of symptoms as captured
by patient-reported outcome (PRO) measurements is clearly
of importance to patients and is increasingly attractive as a
clinically meaningful primary outcome measure in antibiotic
studies in CF. Although the PRO CFQ-R has been used in
more than 50 studies, AIR-CF1 is the first pivotal study of a
new therapy to use it as a primary outcome measure. There-
fore, while AZLI had positive benefit on a number of out-
come measures, the significant and clinically meaningful
improvement in patients’ symptoms is noteworthy.

AZLI has clearly been shown to improve key outcomes that
are important for an antibiotic therapy in CF: i) it has an anti-
microbial effect; ii) it improves a measure of lung function,
FEVy; iii) it reduces patients’ symptoms; and iv) it reduces
the frequency of pulmonary exacerbations experienced by
patients. These results were seen in CF patients with both
heavy use of existing therapies (AIR-CF2) as well as those
with less use of existing therapies (AIR-CF1). While these
were shorter studies, the long-term, open-label, follow-on trial
AIR-CF3 showed continued efficacy in patients with repeated
use. AZLI will be particularly valuable in patients who can tol-
erate neither TIS nor colistin due to airway hypersensitivity
and is likely to become the primary treatment for such
individuals. For individuals with CF who cannot tolerate the
month-off cycle of TIS because of the severity of their disease,
the use of AZLI in the ‘off month is an attractive option.
Although the current studies were not designed to determine
how AZLI might be used when combined with inhaled amino-
glycosides, the run-in phase of AIR-CF2 showed incremental
benefit when AZLI was added immediately following a course
of TIS. Also of interest, during AIR-CF3 some patients used
TIS or other inhaled antibiotic therapy during the ‘off month,
yet still experienced a decline in FEV, and/or CFQ-R Respira-
tory Symptoms scores during the off-fAZLI periods. More
exploration is needed to understand better the role of AZLI
in combination with other inhaled antibiotics.

While AZLI is likely, initially, to be used to complement
the current treatments, it may also have potential as part of
the treatment strategy of eradication [16-19]. No studies have
been reported using AZLI for the treatment of new isolates
of P. aeruginosa. The strategy of aggressive therapy for new
isolates is now well established, and efficacy has been shown
for colomycin and ciprofloxacin in combination and for TIS
used as a single agent. The use of AZLI in this context will
be important to establish, as this initial treatment often sets
the scene for long-term treatment in those individuals where
first-line eradication treatment has failed. There is an attrac-
tive possibility that AZLI may also be effective in colistin
and ciprofloxacin or TIS failures. Additional studies on this
issue will be very helpful.
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While the CF medical community has largely accepted the
need and udility of frequent antibiotic use, there is concern
that inhaled antibiotics, especially when used repeatedly,
may contribute to driving up bacterial resistance to antibiot-
ics. Inhaled tobramycin has been on the market in the USA
and in Europe for approximately 10 years, and the rates
of tobramycin resistance in P. aeruginosa isolates from
demographically similar patients with CF have increased
from 5.4% in 1998 to 20.0% in 2008 [70]. Although in vitro
breakpoints cannot be extrapolated to sputum, AZLI is shown
to have clinical benefit even when the MIC exceeds the
parenteral breakpoint. It is hoped that the availability of
an antibiotic class in addition to the aminoglycosides and
colistin may decrease selection pressure that contributes to
antibiotic resistance, while providing CF patients beneficial
antibiotic therapy.

There is now a range of other inhaled antibiotics under
investigation, including ciprofloxacin, levofloxacin and ami-
kacin [71]. Ciprofloxacin, colistin and tobramycin are being
developed as dry powder inhalers, which would be attractive
as it would negate the need to use a nebulizer. Each inhaled

Elborn & Henig

antibiotic will have a unique profile with respect to mecha-
nism of action, tolerability profile and ease of use, which
will help inform how it will be best used in the treatment of
CF. How these different antibiotics might be used with cur-
rent treatments remains to be seen, but it is likely that the
future of antibiotic therapy will be in cycling different classes
of antibiotics in patients with CF who have chronic infection
with P. aeruginosa.
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