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Executive Summary  

· Aztreonam for inhalation solution (aztreonam inhalation) is a new inhaled formulation of the existing injectable monobactam antibiotic. It has been approved by the FDA for respiratory symptom improvement in cystic fibrosis patients with Pseudomonas aeruginosa in the lungs. Aztreonam inhalation requires reconstitution prior to use and is dosed at 75 mg three times daily using the Altera® Nebulizer System for cycles of 28 days on therapy followed by 28 days off therapy.
· Compared to placebo, 28-day courses of aztreonam inhalation produced statistically significant improvements in patient-reported respiratory symptoms, increases in FEV1, increases in time to use of additional antipseudomonal antibiotics for pulmonary exacerbations, and decreases in sputum P. aeruginosa density.  During the off-therapy periods of the dosing cycle, the effects of aztreonam inhalation diminished, often back to baseline.
· Aztreonam inhalation was generally well tolerated in clinical trials. Most adverse events were respiratory symptoms and possibly due to underlying cystic fibrosis disease. Combining results from two placebo-controlled phase 3 trials, cough (54%) was the most frequently reported treatment-emergent adverse event, followed by nasal congestion (16%), wheezing (16%), pyrexia (13%), and pharyngolaryngeal pain (12%). Except for pyrexia, no statistical difference in adverse event rates was found between aztreonam and placebo treated patients.  Most adverse events leading to clinical trial discontinuation were caused by pulmonary exacerbations.
· Aztreonam inhalation introduces an additional treatment option to the limited number of inhaled antibiotics available for cystic fibrosis patients.  
Introduction
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating aztreonam for inhalation solution (aztreonam inhalation) for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1,2,3,4
Aztreonam is a bactericidal monobactam antibiotic that binds to penicillin-binding proteins and inhibits bacterial cell wall synthesis. Pharmacokinetic parameters are presented in Table 1. Aztreonam does not accumulate in the sputum or plasma during a 28-day course of 75 mg inhaled three times a day (Table 2). Sputum and plasma concentrations are highly variable between patients. Mean peak plasma concentration after a single dose of 75 mg inhaled aztreonam (0.419 mcg/mL) is minimal compared to that achieved after a single dose of 1 g intravenous aztreonam (90 mcg/mL).
Table 1.  Plasma pharmacokinetics of aztreonam inhalation 75 mg single dose.3
	Pharmacokinetic Parameter
	Mean ± SD
	Median (range)

	Cmax (ng/mL)
	419 ± 155.32
	426 (198–692)

	Tmax (hrs) 
	0.99 ± 0.348
	0.97 (0.55–1.98)

	AUC(0-t)1 (ng · hr/mL)
	1,496 ± 494.86
	1,453 (786–2,456)

	AUC(0-∞) (ng · hr/mL)
	1,629 ± 521.73
	1,617 (857- 2,592)

	Elimination t1/2 (hrs)
	2.1 ± 0.32
	2.1 (1.5–2.4)

	Clearance (mL/hr)
	51,173 ± 18,693
	46,397 (28,930–87,530)


1Plasma area under the curve from pre-dose to last observed concentration
Table 2. Sputum and plasma aztreonam concentrations for aztreonam inhalation 75 mg three times a day.4
	Type of Sample
	Number of Samples
	Day of Treatment
	Median
	Range

	Sputum, 10 minutes after dose (mcg/g)
	74
	0
	530 
	8–6,010

	
	67
	14
	677 
	2–2,780

	
	63
	28
	451 
	1–2,800

	Plasma, 1 hour after dose (mcg/mL)
	72
	0
	0.495 
	0–1.62

	
	76
	14
	0.595 
	0.012–1.66

	
	68
	28
	0.603 
	0–1.74


Microbiology1,3,4,5,6,7
Aztreonam displays in vitro activity against Gram-negative bacteria but lacks activity against Gram-positives and anaerobes. Minimum inhibitory concentrations (MICs) for select isolates are presented in Table 3. The 609 isolates of P. aeruginosa were obtained at baseline from two placebo-controlled phase 3 trials while the multidrug-resistant P. aeruginosa and other bacterial isolates were obtained from the Cystic Fibrosis Foundation Therapeutics Development Network Core Microbiology Laboratory. The MIC trends of aztreonam for P. aeruginosa that were isolated in patients who completed up to nine 28-day treatment courses are shown in Table 4. During the study period, increases in MIC50 did not vary by more than 2-fold from baseline while transient 4-fold increases in MIC90 were seen twice, both at the end of a treatment course. The MIC90 increases were more common during the later courses and instances of no change from baseline occurred more frequently at the start, versus the end, of courses. Aztreonam therapy decreased P. aeruginosa density in sputum but generally did not eradicate the organism. Treatment did not lead to increased isolation of Staphylococcus aureus, Stenotrophomonas maltophilia, or Achromobacter xylosoxidans after one 28-day treatment course compared to placebo or after an open-label long-term follow-up study. Transient treatment-emergent isolation of Burkholderia species occurred in 3 out of 189 patients receiving aztreonam inhalation three times daily in the long-term follow-up study. 
Using parenteral susceptibility breakpoints, 39% of aztreonam inhalation three times daily patients in two placebo-controlled phase 3 trials had P. aeruginosa isolates resistant to aztreonam (MIC >8 mcg/mL) at baseline and 62% had multidrug-resistant P. aeruginosa isolates (resistant to 2 or more of aminoglycosides, beta-lactams, and quinolones). Aztreonam inhalation therapy in these patients was still associated with favorable clinical responses, comparable to those seen in patients without aztreonam- or multidrug-resistance. This may be attributed to the high aztreonam sputum concentrations achieved after inhalation (Table 2). 
Table 3. MICs of aztreonam for select sputum isolates from patients with cystic fibrosis.3,4,5
	Organism
	Number of Isolates
	MIC50 (mcg/mL)
	MIC90 (mcg/mL)
	MIC Range

	Pseudomonas aeruginosaa
	609
	≤1 to 4
	32 to 128
	≤1 to >2048

	Multidrug-resistantb Pseudomonas aeruginosa
	54
	8
	512
	≤2 to 2048

	Burkholderia cepacia complex
	43
	32
	1024
	≤2 to >2048

	Stenotrophomonas maltophilia
	20
	2048
	>2048
	128 to >2048

	Achromobacter xylosoxidans
	20
	1024
	2048
	16 to >2048


a  Baseline isolates from placebo-controlled phase 3 trials; all other organisms are laboratory isolates
b Resistant to 2 or more of aminoglycosides, beta-lactams, and quinolones 
Table 4. MICs of aztreonam for P. aeruginosa sputum isolatesa from aztreonam three times daily patients (n = 189).6
	Course
	MIC50 (mcg/mL)
	MIC50 Change from Baseline
	MIC90 (mcg/mL)
	MIC90 Change from Baseline

	Course 1 Start (baseline)
	8
	-
	256
	-

	Course 1 Endb
	8
	No change
	256
	No change

	Course 2 Start
	8
	No change
	256
	No change

	Course 2 End
	8
	No change
	512
	↑ 2-fold

	Course 3 Start
	8
	No change
	256
	No change

	Course 3 End
	16
	↑ 2-fold
	512
	↑ 2-fold

	Course 4 Start
	8
	No change
	256
	No change

	Course 4 End
	8
	No change
	512
	↑ 2-fold

	Course 5 Start
	8
	No change
	512
	↑ 2-fold

	Course 5 End
	8
	No change
	512
	↑ 2-fold

	Course 6 Start
	8
	No change
	256
	No change

	Course 6 End
	16
	↑ 2-fold
	1024
	↑ 4-fold

	Course 7 Start
	8
	No change
	512
	↑ 2-fold

	Course 7 End
	8
	No change
	512
	↑ 2-fold

	Course 8 Start
	8
	No change
	256
	No change

	Course 8 End
	8
	No change
	512
	↑ 2-fold

	Course 9 Start
	16
	↑ 2-fold
	512
	↑ 2-fold

	Course 9 End
	8
	No change
	1024
	↑ 4-fold

	28-day post-treatment followup
	8
	No change
	512
	↑ 2-fold


a Isolate with the highest MIC from each patient
b 28 days between end of each course and the start of the next course
FDA Approved Indication(s)1 

Aztreonam inhalation is indicated for respiratory symptom improvement in cystic fibrosis (CF) patients with P. aeruginosa in the lungs. The drug has not been studied in patients <7 years of age, with FEV1 <25% or >75% predicted, or colonized with Burkholderia cepacia.

Potential Off-label Uses8
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM intranet site only).
At this time, clinical trials are being conducted on the management of chronic Burkholderia species infection in cystic fibrosis patients (ClinicalTrials.gov identifier: NCT01059565). The manufacturer is also planning to study aztreonam inhalation for the treatment of non-cystic fibrosis bronchiectasis with Gram-negative bacteria. Aztreonam inhalation may potentially be used as an adjunct to intravenous antibiotics for the treatment of pneumonia in non-cystic fibrosis patients; however, no efficacy and safety data are currently available for this potential use. Cystic fibrosis patients in the clinical trials that have been completed did not have active pneumonia at the time of enrollment. When considering off-label use of aztreonam inhalation, it is important to note that the medication has currently only been studied in patient populations much younger (average age in the late 20s) and with different comorbidities than the majority of the VA patient population.
Current VA National Formulary Alternatives
At this time, there are no aztreonam inhalation alternatives on the VA National Formulary. 
Dosage and Administration1
The recommended dosage regimen for adults and pediatric patients 7 years of age and older is 75 mg via inhalation three times a day using the Altera® Nebulizer System. The doses should be administered at least four hours apart and do not need to be adjusted for age or weight. Each course of therapy is 28 days, followed by 28 days off therapy.
Aztreonam inhalation is supplied in lyophilized form in 75 mg single-use vials with 1 mL ampules of sterile 0.17% sodium chloride diluent. Prior to use, aztreonam inhalation needs to be reconstituted by removing the metal ring and gray rubber stopper from the vial, twisting the tip off one diluent ampule and squeezing the diluent into the vial, replacing the gray rubber stopper on the vial, and swirling gently until the vial contents are completely dissolved. Aztreonam inhalation should be used immediately after reconstitution. Reconstituted aztreonam is poured into the nebulizer’s medication reservoir, the nebulizer is turned on, the mouthpiece is placed in the mouth, and the patient inhales and exhales normally through the mouth instead of the nose. Each dose takes 2 to 3 minutes of nebulization to administer. Aztreonam inhalation should not be administered using a nebulizer other than the Altera® Nebulizer System and should not be mixed with other drugs in the nebulizer. 
Patients should use a bronchodilator prior to each dose. Short-acting bronchodilators should be used 15 minutes to 4 hours before a dose and long-acting bronchodilators should be used 30 minutes to 12 hours before a dose. If using other inhaled therapies, bronchodilators should be administered first, followed by mucolytics, and lastly aztreonam inhalation. Aztreonam inhalation vials and diluent ampules should be stored in the refrigerator at 36°F to 46°F (2°C to 8°C) until use but may be stored at room temperature (less than 77°F (25°C)) for up to 28 days. Aztreonam inhalation cannot be used for intravenous or intramuscular administration.
Aztreonam inhalation is packaged in 28-day kits containing 84 aztreonam vials and 88 diluent ampules. Aztreonam inhalation and the Altera® Nebulizer System for outpatients are only dispensed from a specific specialty pharmacy. Inpatient orders are made through McKesson Plasma and Biologics. Refer to the Special Handling Drugs section of the PBM intranet site for details on obtaining the medication and nebulizer for both inpatient and outpatient use (http://vaww.national.cmop.va.gov/PBM/Special%20Handling%20Drugs/Forms/AllItems.aspx).
Efficacy4,5,6,9,10 

Efficacy Measures

Efficacy data on aztreonam inhalation for the improvement of respiratory symptoms in cystic fibrosis patients harboring P. aeruginosa in the sputum was obtained from three published clinical trials. Two phase 3 trials (AIR-CF1 and AIR-CF2) compared aztreonam inhalation to placebo. A follow-up open-label trial (AIR-CF3) enrolled AIR-CF1 and AIR-CF2 patients and studied long-term use. Additionally, an open-label, randomized, phase 3 trial has been conducted comparing aztreonam inhalation to tobramycin inhalation (TOBI®). Preliminary results have been published only in abstract form and will not be reviewed in this monograph.
AIR-CF1 assessed the primary efficacy endpoint of change from baseline of the Cystic Fibrosis Questionnaire-Revised (CFQ-R) Respiratory score. The CFQ-R Respiratory score ranges from 0 to 100, with a higher score indicating fewer symptoms. A study of the CFQ-R Respiratory scale determined the minimal clinically important difference (MCID), or smallest detectable change in symptoms, to be 5 points. Secondary efficacy endpoints included change from baseline of FEV1, FEV1 % predicted, sputum P. aeruginosa density, number of patients hospitalized, and days of hospitalization.  
AIR-CF2 measured the primary efficacy endpoint of time to addition of other antipseudomonal IV or inhaled antibiotics to treat pulmonary exacerbation symptoms, which were predefined as decreased exercise tolerance, decreased appetite, increased cough, or increased sputum production/chest congestion. Secondary efficacy endpoints included change from baseline of CFQ-R Respiratory score, FEV1, FEV1 % predicted, sputum P. aeruginosa density, time to first hospitalization, and median number of days hospitalized.
AIR-CF3 assessed the efficacy endpoints of change from baseline of CFQ-R Respiratory score, FEV1, FEV1 % predicted, and sputum P. aeruginosa density. Based on a more recent study, the CFQ-R Respiratory scale MCID was modified to 4 points. Other efficacy endpoints included time to first respiratory hospitalization and time to first IV antipseudomonal antibiotic use. 
Summary of Efficacy Findings 

· Aztreonam inhalation appeared be superior to placebo for improving cystic fibrosis disease measures.
· In the AIR-CF1 trial, aztreonam inhalation three times daily led to statistically significant increases in CFQ-R Respiratory scores at the end of a 28-day treatment. Scores had declined by two weeks after treatment end (day 42) but remained above baseline. In contrast, scores reported by the placebo group declined from baseline at day 28 and continued to decline at day 42. The same response at day 28 and day 42 occurred for FEV1 when comparing the aztreonam and placebo groups. In the aztreonam group, sputum P. aeruginosa density decreased at day 28 and returned to baseline levels at day 42. Sputum P. aeruginosa density remained close to baseline for the placebo group throughout the study. 
· In the AIR-CF2 trial, aztreonam inhalation two or three times daily both led to an increase in time to the addition of other antipseudomonal IV or inhaled antibiotics to treat pulmonary exacerbation symptoms when compared to placebo. Similar to the AIR-CF1 trial, aztreonam patients had increased CFQ-R Respiratory scores, improved FEV1, and decreased sputum P. aeruginosa density than did placebo patients. A dose-dependent response between the aztreonam two times daily and three times daily groups was not seen. 
· The AIR-CF3 trial assessed open-label aztreonam inhalation two times daily and three times daily over 18 months (9 courses of 28 days on therapy followed by 28 days off therapy).  Both the two and three times daily patients demonstrated increases from baseline in CFQ-R Respiratory scores, FEV1, and FEV1 % predicted. Both groups also showed decreases in sputum P. aeruginosa density. The effects of aztreonam therapy diminished in the 28 days off therapy. The three times daily group demonstrated a greater response to therapy than the two times daily group. Median time to first respiratory hospitalization and median time to IV antipseudomonal antibiotic use were similar between the two treatment groups (p-values not provided).
For further details on the efficacy results of the clinical trials, refer to Appendix: Clinical Trials (page 8).
Adverse Events (Safety Data)1,4,5,6,7
Placebo-controlled trials AIR-CF1 and AIR-CF2 assessed adverse events of aztreonam three times daily in 146 patients versus 160 patients receiving placebo. The most commonly reported adverse events that occurred more frequently in aztreonam patients are shown in Table 5. With the exception of pyrexia, rates of adverse events were similar between aztreonam and placebo patients (p-values not provided). Pyrexia occurred in 6% of the 160 placebo patients and 12% of the aztreonam patients (includes both three and two times daily dosing), p = 0.0474. Aztreonam three times daily was also assessed in 189 patients for up to nine 28-day courses in the open-label follow-up study AIR-CF3. The types of treatment-emergent adverse events reported in AIR-CF3 were similar to those reported in the placebo-controlled trials. Most adverse events were pulmonary in nature and could be attributed to underlying CF disease. Adverse events that were possibly aztreonam-related included cough, chest discomfort, nasal congestion, pharyngolaryngeal pain, pyrexia, rhinorrhea, wheezing, and rash.
Common Adverse Events
Table 5. Adverse eventsa in placebo-controlled trials occurring in >5% of patients receiving aztreonam inhalation three times daily and occurring more frequently than in placebo patients.1 
	Adverse Event
	Placebo, n = 160, n (%)
	Aztreonam 75 mg inhaled three times daily, n = 146, n (%)

	Cough 
	82 (51%) 
	79 (54%)

	Nasal congestion 
	19 (12%) 
	23 (16%)

	Wheezing 
	16 (10%) 
	23 (16%)

	Pharyngolaryngeal pain 
	17 (11%) 
	18 (12%)

	Pyrexia 
	9 (6%) 
	19 (13%)

	Chest discomfort 
	10 (6%) 
	11 (8%)

	Abdominal pain 
	8 (5%) 
	10 (7%)

	Vomiting 
	7 (4%) 
	9 (6%)


a Adapted from prescribing information
Other Adverse Events

Bronchospasm, defined as FEV1 decrease of ≥15% within 30 minutes after treatment, occurred in 7 patients (3.3%) of the aztreonam groups (which included both two times daily and three times daily dosing) and 7 patients (4.4%) of the placebo groups over one 28-day treatment course. No patients had to withdraw from the studies due to bronchospasm. Bronchodilators were administered prior to each dose.
Deaths and Other Serious Adverse Events 

One death occurred in the aztreonam two times daily group in AIR-CF3 but was determined to be unrelated to the study drug. A second death occurred 1.5 months after the patient withdrew from the aztreonam three times daily group in AIR-CF3, but this was also determined to be unrelated to the study drug. No anaphylaxis was reported in AIR-CF1 and AIR-CF2. Hospitalizations were most commonly due to pulmonary exacerbation. Combining AIR-CF1 and AIR-CF2, hospitalizations occurred in 7 (4.8%) of the aztreonam three times daily patients and 4 (2.5%) of the placebo patients.

Tolerability

In AIR-CF1 and AIR-CF2, 32% (46/146) of the aztreonam three times daily groups and 43% (69/160) of the placebo groups withdrew from the studies. A majority of patients discontinued the studies due to requiring additional antipseudomonal antibiotics. In AIR-CF3, the discontinuation rate for the aztreonam three times daily group was 31% (51/189). Twelve patients (6.3%) in the aztreonam three times daily group left the study due to study drug intolerance or adverse event related to the study drug.
For further details on the safety results of the clinical trials, refer to Appendix: Clinical Trials (page 8).
Contraindications1
Aztreonam inhalation is contraindicated in patients with known aztreonam hypersensitivity.
Warnings and Precautions1
Allergic Reactions: Allergic reactions involving facial rash, facial swelling, and throat tightness occurred in aztreonam inhalation clinical trials. According to the prescribing information, there may be a risk for cross-reactivity in patients allergic to beta-lactam antibiotics. 
Bronchospasm: Bronchospasm can occur after nebulized therapies. FEV1 decreased by ≥15% immediately after aztreonam inhalation in 3% of patients pretreated with a bronchodilator.
Decreases in FEV1 After 28-Day Treatment Cycle: Clinical trial patients whose FEV1 increased during aztreonam therapy were sometimes treated for pulmonary exacerbations when the FEV1 decreased in the period off therapy. The change from baseline FEV1 and presence of clinical symptoms should be considered before treating for a pulmonary exacerbation.
Development of Drug-Resistant Bacteria: Patients who are not harboring P. aeruginosa are unlikely to benefit from aztreonam inhalation. Its use may place these patients at higher risk for developing drug-resistant bacteria.
Pregnancy: Aztreonam inhalation is a pregnancy category B drug.
Nursing Mothers: Aztreonam concentrations in human milk are less than 1% of maternal serum concentrations after intravenous aztreonam administration. Since peak serum concentrations after aztreonam inhalation are approximately 1% of peak serum concentrations after 500 mg intravenous aztreonam, inhaled aztreonam is unlikely to pass into breastmilk at concentrations that will be harmful to infants.
Sentinel Events1
No sentinel events have been reported for aztreonam inhalation.
Look-alike/Sound-alike (LA/SA) Error Risk Potential
As part of a Joint Commission standard, LA/SA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LA/SA information from four data sources (Lexi-Comp, USP Online LA/SA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LA/SA confusion:

LA/SA for generic name aztreonam for inhalation solution: azidothymidine, azithromycin, aztreonam injection
LA/SA for trade name Cayston®: Calan®, Capoten®
Drug Interactions

Drug interaction data for aztreonam inhalation was not found in the prescribing information or a review of the published literature.
Acquisition Costs

Table 6 lists the costs of the comparable inhaled antibiotic available.
Table 6. Comparison of costsa for inhaled antibiotics.
	Drug
	Dose
	Cost/Day ($)
	Cost/28-Day Course ($)
	Price Type

	Aztreonam 75 mg/vial solution for inhalation
	75 mg via nebulizer 3 times a day x 28 days 
	115.98
	3,247.52
	Federal Supply Schedule

	Tobramycin 300 mg/5 mL ampule solution for inhalation
	300 mg via nebulizer 2 times a day x 28 days
	85.07
	2,381.94
	BIG 4


a Prices obtained October 2010
Pharmacoeconomic Analysis
A pharmacoeconomic analysis of aztreonam inhalation was not found in a review of the published literature.
Conclusions

Aztreonam inhalation appears to be efficacious and safe for the improvement of respiratory symptoms in cystic fibrosis patients harboring P. aeruginosa in sputum.  Therapeutic effects tend to return to baseline while off treatment.  Overall, aztreonam inhalation appears to be well tolerated and the most common treatment-emergent adverse events seen in clinical trials could be attributed to baseline disease. Among other pathogens known to colonize the lungs of cystic fibrosis patients, Burkholderia was the only organism with increased isolation (<2% of patients) during 18 months of treatment. Aztreonam inhalation introduces an additional treatment option to the limited number of inhaled antibiotics available for cystic fibrosis patients.  
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Appendix: Clinical Trials

A literature search on PubMed using the search terms aztreonam inhalation, aztreonam lysine, and Cayston® identified two phase 3 clinical trials and a follow-up trial enrolling phase 3 trial patients. The two phase 3 trials compared aztreonam inhalation to placebo and the follow-up trial used an open-label design to study long-term use. The results of these clinical trials are summarized in the tables below.
Aztreonam inhalation clinical trial: AIR-CF1.3,11 

	Citation
	Retsch-Bogart GZ, Quittner AL, Gibson RL, Oermann CM, McCoy KS, Montgomery AB, Cooper PJ. Efficacy and safety of inhaled aztreonam lysine for airway pseudomonas in cystic fibrosis. Chest. 2009 May;135(5):1223-32.

	Study Goal
	To determine the short-term efficacy of aztreonam inhalation for improving respiratory symptoms and function in P. aeruginosa (PA) infected patients who were not receiving the guideline recommended maintenance medications

	Methods
	Study Design 

· Prospective, randomized, double-blind, placebo-controlled, multicenter, international study

· Clinic visits occurred at baseline (day 0), day 14, treatment end (day 28), and study end (day 42)
Treatment 

· Active drug: 75 mg aztreonam inhaled three times daily x 28 days
· Placebo: 5 mg lactose inhaled three times daily x 28 days
· Beta2-agonist administered before doses
· Use of other antipseudomonal antibiotics or azithromycin not allowed, unless necessary to treat worsening symptoms
Randomization

· Patients stratified by disease severity prior to randomization: FEV1 >50% to ≤75% predicted versus FEV1 ≥25% to ≤50% predicted
Primary Efficacy Endpoint

· Change in clinical symptoms as measured by the age-appropriate Cystic Fibrosis Questionnaire-Revised (CFQ-R) Respiratory Symptom Scale
· Adolescent/adult: 6 questions answered using 4-point Likert scale (i.e. always, often, sometimes, never)

· Child: 4 questions answered using 4-point Likert scale (i.e. always, often, sometimes, never)
Secondary Efficacy Endpoints

· Pulmonary function changes, hospitalizations, non-respiratory CFQ-R scales, PA density, aztreonam minimum inhibitory concentration (MIC) for PA, the presence of PA with aztreonam MIC >8 mcg/mL, and the presence of other pathogens
Data Analysis

· Included all randomized patients who received at least one dose 
· Sample size of 140 based upon 77% power to detect 8-point change in CFQ-R Respiratory score
· α = 0.05

	Criteria
	Inclusion criteria
· Cystic fibrosis patient ≥6 years of age, FEV1 ≥25% to ≤75% predicted, arterial oxygen saturation ≥90% on room air, PA isolated from airway at screening or twice within the previous year with one time being within the previous 3 months
Exclusion criteria
· Use of antipseudomonal antibiotics, azithromycin, or aerosolized hypertonic saline in previous 4 weeks; >10 mg of prednisone equivalent daily oral dose; B. cepacia complex isolated from airway in previous 2 years; supplemental oxygen during the day or >2 L/min at night; hypersensitivity or intolerance to monobactams or short-acting beta2-agonists; recent changes in antimicrobials, bronchodilators, antiinflammatories, corticosteroids, or physiotherapy technique/schedule; lung transplantation; new findings on chest radiograph at screening or in the previous 90 days; aspartate aminotransferase or alanine aminotransferase more than five times the upper limit of normal at screening; serum creatinine more than two times the upper limit of normal at screening; pregnancy; lactation; medical or psychiatric illness interfering with study participation as determined by the investigator

	Results
	· 164 patients: 80 in the aztreonam group, 84 in the placebo group
· Baseline characteristics not significantly different except for mean age: 27.4 years (range 7–54) in aztreonam group versus 31.7 years (range 11–74) in placebo group, p<0.05
· Compliance: 92% of patients received ≥80% of doses

Efficacy

Change from Baseline   

Difference

95%CI    

p-value                     

Aztreonam  
Placebo     
Primary Endpoint
Day 28 mean CFQ-R Respiratory Score            

7

1

-2.6

9.7          

4.3-15.1     
<0.001
Secondary Endpoints
Day 42 mean CFQ-R Respiratory Score                

0.6
-5.7
6.3         
1.2-11.4       
0.015
Day 28 mean FEV1 (% change from baseline)                                                   

7.9
-2.4
10.3   
6.3-14.3
<0.001
Day 42 mean FEV1 (% change from baseline)                                                                                                        

3.1
-2.6
5.7     
2.1-9.4    
0.002
Day 28 mean PA sputum density (log10 cfu/g)                  

-1.384
0.069
-1.453      
-2.1- -0.8    
<0.001
Day 42 mean PA sputum density (log10 cfu/g)                 

-0.078
-0.010
-0.069
not reported
0.822
· Percent of patients hospitalized: aztreonam 5%, placebo 14%, p = 0.064

· Mean days hospitalized: aztreonam 0.5, placebo 1.5, p = 0.049
Safety

· No statistical difference in treatment-emergent adverse events between groups except productive cough greater in placebo group (25%) versus aztreonam group (12.5%), p = 0.047
Microbiology

· MIC50 and MIC90 for PA isolates after one treatment course
· Placebo: no change greater than 2-fold for MIC50 or MIC90
· Aztreonam: no change greater than 2-fold for MIC50, transient 4-fold increase in MIC90 at day 14

· No change in the proportion of patients with aztreonam-resistant PA isolates
· Use of aztreonam inhalation did not increase the isolation of  S. maltophilia, S. aureus, or A. xylosoxidans more frequently than placebo

	Conclusions
	Compared to placebo, aztreonam inhalation improved patient-reported respiratory symptoms, increased FEV1, decreased sputum PA density, and decreased reports of productive cough in patients who were not receiving guideline recommended maintenance medications. Aztreonam inhalation therapy was well tolerated.

	Critique
	Strengths

· Prospective, randomized, double-blind, placebo-controlled, multicenter trial
Limitations

· Short-term study
· Primary endpoint

· Subjective

· Increase in score from baseline in aztreonam group only 2.1 points above minimal clinically important difference of 5 points
· Extensive list of inclusion/exclusion criteria may limit external validity
· Study limited to patients who were not receiving guideline recommended maintenance medications
· Did not differentiate between non-mucoid and mucoid P. aeruginosa
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	Study Goals
	To determine the short-term efficacy of aztreonam inhalation for improving respiratory symptoms and function in P. aeruginosa (PA) infected patients who were receiving the guideline recommended maintenance medications

	Methods
	Study Design 

· Prospective, randomized, double-blind, placebo-controlled, multicenter United States study
Treatment 

· Day -28 to Day 0: All patients received open-label run-in tobramycin inhalation 300 mg two times daily x 28 days 

· Day 0 to Day 28 Treatment Groups
· 75 mg aztreonam inhaled three times daily x 28 days
· 5 mg lactose placebo inhaled three times daily x 28 days
· 75 mg aztreonam inhaled two times daily x 28 days
· 5 mg lactose placebo inhaled two times daily x 28 days
· Bronchodilator administered before doses
· Day 28 to Day 84: post-treatment follow-up

Primary Efficacy Endpoint

· Time to addition of other antipseudomonal antibiotics, either inhaled or IV, to treat pulmonary exacerbation symptoms (decreased exercise tolerance or appetite or increased cough or sputum production/chest congestion)
Secondary Efficacy Endpoints

· Change in clinical symptoms as measured by the Cystic Fibrosis Questionnaire-Revised (CFQ-R) Respiratory Symptom Scale, pulmonary function changes, time to and number of hospitalizations, weight, PA density, aztreonam minimum inhibitory concentration (MIC) for PA, and the presence of other pathogens

Safety

· Patients who developed predefined pulmonary exacerbation symptoms (decreased exercise tolerance or appetite or increased cough or sputum production/chest congestion) were withdrawn from the study

Data Analysis

· Included all randomized patients who received at least one dose 
· Sample size of 210 based upon 90% power to detect difference in time to additional antipseudomonal antibiotic use
· α = 0.05

	Criteria
	Inclusion criteria
· Cystic fibrosis patient ≥6 years of age, FEV1 ≥25% to ≤75% predicted, arterial oxygen saturation ≥ 90% on room air, PA isolated from airway at screening, use of three or more tobramycin inhalation courses within the past year, ability to perform reproducible pulmonary function tests, chronic azithromycin use if regimen unchanged in the previous 3 months plus additional antipseudomonal therapy required after starting azithromycin
Exclusion criteria
· Identical to AIR-CF1 except use of antipseudomonal antibiotics, azithromycin, or aerosolized hypertonic saline was permitted

	Results
	· 211 patients: 69 in the aztreonam two times daily group, 66 in the aztreonam three times daily group, 76 in the placebo group

· Baseline characteristics similar between groups 
· Mean age (range): aztreonam two times daily 26.5 (10-50), aztreonam three times daily 24.1 (7-50), aztreonam pooled 25.3 (7-50), placebo 27.9 (10-65)
Efficacy
Primary Endpoint

Aztreonama  

Placeboa     

Difference

95%CI    

p-value                     

Median time to additional antipseudomonal antibiotics for pulmonary exacerbation (days)
92
71
21
not reported
0.007
Secondary Endpoints
Change from Baseline   

Difference

95%CI    

p-value                     

Aztreonama  
Placeboa     
Day 28 mean CFQ-R Respiratory Score                

4.34
-0.66
5.01
0.81-9.21
0.020
Day 28 mean FEV1 (% change from baseline)                                                

3.9
-2.4
6.3
2.5-10.1
0.001
Day 28 mean PA sputum density (log10 cfu/g)                  

-0.434
0.225
-0.659 
-1.13- -0.19
0.006
a Combination of two times daily and three times daily regimens 

· Patient responses to two times daily and three times daily dosing were similar. Three times daily dosing decreased sputum PA density more than two times daily dosing at day 14 but the two regimens showed similar changes from baseline by day 28.
· No significant differences between groups in time to first hospitalization or median days hospitalized
Safety

· No statistical difference in treatment-emergent adverse events between groups 

Microbiology

· MIC50 and MIC90 for PA isolates after one treatment course
· Placebo and aztreonam two times daily: no change greater than 2-fold
· Aztreonam three times daily: transient 4-fold increases at day 14

· Increases in the proportion of patients with aztreonam-resistant PA isolates in the aztreonam two and three times daily groups but not in the placebo group
· Use of aztreonam inhalation did not persistently increase the isolation of  S. maltophilia, S. aureus, or A. xylosoxidans

	Conclusions
	Compared to placebo, aztreonam inhalation lengthened time to use of additional antipseudomonal antibiotics for pulmonary exacerbations, improved patient-reported respiratory symptoms, increased FEV1, and decreased sputum PA density in patients receiving guideline recommended maintenance medications. Aztreonam inhalation therapy was well tolerated. A dose-dependent response was not noted.

	Critique
	Strengths

· Prospective, randomized, double-blind, placebo-controlled, multicenter trial
· Study patients were receiving guideline recommended maintenance medications
Limitations

· Short-term study 
· Extensive list of inclusion/exclusion criteria may limit external validity

· All study patients completed a course of tobramycin inhalation prior to starting aztreonam inhalation
· Randomization occurred prior to starting tobramycin inhalation run-in and a greater percentage of aztreonam patients discontinued the study during run-in than placebo patients

· Used last observation carried forward in analyses of CFQ-R Respiratory score and FEV1 to account for patients who had discontinued the study

· Primary endpoint depended on clinician judgment/patient report of symptoms
· Did not differentiate between non-mucoid and mucoid P. aeruginosa
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	Study Goals
	To determine the long-term efficacy of aztreonam inhalation for improving respiratory symptoms and function in P. aeruginosa (PA) infected patients

	Methods
	Study Design 

· Prospective, open-label, multicenter, international study

· Eligible patients were those who were previously enrolled in AIR-CF1 and AIR-CF2
Treatment 

· Three times daily regimen: 75 mg aztreonam inhaled three times daily for up to 9 courses of 28 days on aztreonam followed by 28 days off 

· Two times daily regimen: 75 mg aztreonam inhaled two times daily for up to 9 courses of 28 days on aztreonam followed by 28 days off 
· Patients continued the same regimen used while enrolled in AIR-CF1 or AIR-CF2

· At least 28 days elapsed between the end of therapy (active drug or placebo) in AIR-CF1 or AIR-CF2 and the start of aztreonam in AIR-CF3
· Beta2-agonist administered before doses 
Efficacy Endpoints
· Change in FEV1, Cystic Fibrosis Questionnaire-Revised (CFQ-R) Respiratory Symptom Scale scores, non-respiratory CFQ-R scale scores, sputum PA density, percent and number of days hospitalized, time to first respiratory hospitalization, weight, time to first IV antibiotic use

Microbiology Endpoints

· Aztreonam minimum inhibitory concentration (MIC) for PA, the presence of other pathogens

Safety

· Frequency of adverse events

· Changes in laboratory values, vital signs, and airway reactivity
Data Analysis

· Included all patients who received at least one dose 
· Descriptive statistics used to analyze data
· Kaplan-Meier analysis used for time to first respiratory hospitalization and time to first IV antibiotic use

	Criteria
	Inclusion criteria
· Previously enrolled in AIR-CF1 or AIR-CF2
· Exclusion criteria
· Use of investigational medication or device between visits for AIR-CF1/AIR-CF2 and AIR-CF3, current participation in another investigational study, >10 mg of prednisone equivalent daily oral dose, B. cepacia complex isolated from airway in previous 2 years, supplemental oxygen during the day or >2 L/min at night, hypersensitivity or intolerance to monobactams or short-acting beta2-agonists, aspartate aminotransferase or alanine aminotransferase more than five times the upper limit of normal at most recent test prior to enrollment, pregnancy, lactation, medical or psychiatric illness interfering with study participation as determined by the investigator

	Results
	· 274 patients: 85 in the aztreonam two times daily group, 189 in the aztreonam three times daily group

· Baseline characteristics similar between groups except fluticasone proprionate/salmeterol xinafoate use (two times daily 60% versus three times daily 53.4%) and azithromycin use (two times daily 60% versus three times daily 50.8%)

· Mean age (range): aztreonam two times daily 27.3 (11-65), aztreonam three times daily 29 (8-74)

· 166 patients (60.6%) completed 9 treatment courses

· At least one 28-day course of tobramycin inhalation was used during off-aztreonam periods in 51.5% of patients

· Days of tobramycin use: median 78, mean 106.1, range 1 to 488

Efficacy
Regimen
Mean change from baseline at the end & start of each 28-day treatment course
FEV1 
(% change)

FEV1 % Predicted (% change)

CFQ-R Respiratory Score

PA sputum density (log10 cfu/g)

End

Start

End

Start

End

Start

End

Start

two times daily
3.8

-0.4

3.7

-0.5

2.4

0.5

-0.5
-0.4

three times daily
5.4

0.2

5.5

0.5

6.6

2.6

-0.7
-0.3

· Mean FEV1, FEV1 % predicted, and CFQ-R Respiratory scores increased at the end of each 28-day treatment course and returned to near baseline by the start of the next 28-day treatment course
· Mean PA sputum density decreased at the end of each 28-day treatment course and returned to near baseline by the start of the next 28-day treatment course
· A dose-dependent response was seen between the two times daily and three times daily regimens
· Mean days hospitalized: two times daily 8.32, three times daily 12.46

· % of days hospitalized: two times daily 2.03, three times daily 2.92

· Median days to first respiratory hospitalization: two times daily 431, three times daily 449

· Median days to first IV antipseudomonal antibiotics: two times daily 276, three times daily 232

Safety

· Most common treatment-emergent adverse events were cough (89.4%) and productive cough (80.3%)
· 1 death occurred while enrolled in the trial and 1 death occurred 1.5 months after withdrawal from the trial 
· Both deaths deemed unrelated to aztreonam inhalation by the investigator

Microbiology

· MIC50 and MIC90 for PA isolates with the highest MIC from each patient
· MIC50 for both dosage regimens: no change greater than ±2-fold
· MIC90 for both dosage regimens: transient >2-fold increases
· No change in the proportion of patients with aztreonam-resistant PA isolates at the end of the 9th course 
· Use of aztreonam inhalation did not increase the isolation of S. maltophilia, S. aureus, A. xylosoxidans, or Aspergillus.
· Burkholderia was isolated for the first time in three patients  in the three times daily group
· Increased prevalence of Candida isolation in sputum over study period

	Conclusions
	Long-term aztreonam inhalation therapy improved lung function, patient-reported respiratory symptoms, and sputum PA density during each treatment course with return towards baseline values while off treatment. Dose responses were greater with three times daily than two times daily administration. 

	Critique
	Strengths

· Presents long-term data on efficacy and safety 
Limitations

· Open-label study
· Patients were allowed to use tobramycin inhalation during off-aztreonam periods
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