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Abstract  
 
Background 
Macrolides display immuno-modulatory effects that may be beneficial in chronic 
inflammatory pulmonary diseases. The aim of the study was to document whether 
long term use of azithromycin may be associated with respiratory benefits in young 
patients with cystic fibrosis. 
Methods 
A multi-centre, randomised, double blind placebo-controlled trial was conducted from 
October 2001 to June 2003. The criteria for enrolment were age older than 6 yrs, and 
forced expiratory volume in 1 second of 40% or more. The active group received 
either 250 mg or 500 mg (bodyweight < or > 40 kg) of oral azithromycin, 3 times a 
week for 12 months. The primary endpoint was change in forced expiratory volume in 
1 second.  
Results 
Eighty two patients (mean age: 11.0 yrs (3.3); mean % predicted forced expiratory 
volume in 1 second: 85 % (22%)) were randomised, 40 in the azithromycin group and 
42 in the placebo group. Nineteen patients were infected with Pseudomonas 
aeruginosa. The relative change in forced expiratory volume in 1 second at month 12 
was not significantly different between the 2 groups. The number of pulmonary 
exacerbations (count ratio: 0.50 [0.32; 0.79], p<0.005), the time elapsed before the 
first pulmonary exacerbation (hazard ratio: 0.37 [0.22; 0.63], p<0.0001), and the 
number of additional courses of oral antibiotics were significantly reduced in the 
azithromycin group regardless of the infectious status (count ratio: 0.55 [0.36; 0.85] 
p<0.01). No severe adverse events were reported. 
Conclusion 
Long term use of low-dose azithromycin in young patients with cystic fibrosis 
demonstrates a beneficial effect on lung disease expression, even prior to infection 
with Pseudomonas aeruginosa.  
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Introduction 
 
Cystic fibrosis (CF) is an autosomal recessive disorder characterised by multiple 
organ dysfunction, especially progressive lung disease, pancreatic insufficiency and 
increased sweat electrolyte concentrations. The CF transmembrane conductance 
regulator (CFTR) gene codes for a protein that functions as a chloride channel in 
epithelial membranes. Morbidity and mortality from CF are commonly due to loss of 
lung function, which inexorably follows a chronic course of inflammation, bacterial 
infection, and airway obstruction 1, 2. For a long time, it has been thought that the 
ineffective clearance of bacteria from CF airways was primary to pathogenesis, 
leading secondarily to lung inflammation. However, there is now growing evidence 
that exaggerated inflammation is present in the airways very early on, possibly even 
before infection 3, 4. The lung inflammatory response is persistently neutrophilic, with 
up-regulation of neutrophil chemotactic mediators. Accumulation of activated 
neutrophils with release of toxic products impairs host defense contributing to 
subsequent chronic infection by microorganisms such as Pseudomonas aeruginosa 
(P.aeruginosa). Amplification of the vicious cycle of inflammation/infection leads to 
progressive lung destruction 5, 6. 
 
As inflammation is a central contributor to the pathogenesis of CF pulmonary 
disease, limiting the excessive production of inflammatory mediators represents a 
major therapeutic strategy for slowing the decline in lung function and improving 
survival. A compelling rationale for the use of non-steroidal anti-inflammatory drugs 
together with encouraging results of macrolide treatments in various chronic 
inflammatory pulmonary disorders such as diffuse panbronchiolitis and asthma have 
led to the use of these molecules in CF, mainly for their anti-inflammatory properties 
7-9. Unlike their anti-infective actions, the immunomodulatory effects of the 14 and 15-
membered ring macrolide antibiotics are expressed at lower doses and usually after 
a relatively prolonged period of treatment. So far, the largest study with the use of low 
dose macrolides was conducted in adults CF patients chronically infected with 
P.aeruginosa, and indicated improvement in clinical parameters and pulmonary 
function after 6 months of treatment 10.  
 
It is important to gather information on whether macrolides may be beneficial at an 
early stage of CF disease to support their use as anti-inflammatory agents in young 
children. We therefore designed a multicenter, randomised, double-blind, placebo-
controlled trial, in which we aimed to investigate the effects of 12 months of treatment 
with low dose azithromycin on lung disease progression.  
 
Methods 
 
Patients 
 
Eighteen CF accredited care centers in France participated in the trial, which was co-
ordinated and sponsored by the French CF Association Vaincre la Mucoviscidose. 
The study was approved by the medical ethics committee of Paris, and written 
informed consent was obtained for each participant and/or their parents/guardians 
before entry. The criteria for enrolment were a diagnosis of CF (i.e. sweat chloride 
>60 mmol/L or a genotype known to cause the disease), age 6 to 21 yrs, ability to 
perform reproducible pulmonary function tests with spirometry, a forced expiratory 
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volume in 1 second (FEV1) of more than 40% of the predicted value, and ability to 
swallow tablets. Exclusion criteria were allergy to macrolide antibiotics, long-term 
treatment (more than 3 months) with macrolides within the 12 months before entry, 
liver disease with liver function tests higher than twice the laboratory upper limit, 
history of portal hypertension, kidney disease with serum creatinine greater than 150 
µmol/L and/or creatinine clearance < 50 ml/min, introduction of recombinant human 
dornase alfa (rhDNase) and/or inhaled tobramycin and/or inhaled steroids in the 3 
months before entry.  
 
Study design and procedures 
 
The study was a double-blind, randomised, multicenter trial of 12 months duration. 
Patients were recruited by a local investigator in every centre, and eligibility was 
assessed at an initial screening visit. Patients were randomised at a subsequent pre-
treatment visit and baseline clinical information was recorded. Randomisation was 
stratified according to centre and P.aeruginosa infection status. P.aeruginosa 
infection was defined as a least three consecutive positive sputum cultures. The 
allocation sequence was generated by a centralised secure randomisation 
department not participating in the trial, and a study number was assigned by an 
interactive voice response system. The blinded drug kits assigned to the patients 
were provided at the study centers at the time of enrolment and at each clinic visit. 
The study preparations were delivered as identically packaged tablets containing 
either azithromycin or placebo. Azithromycin was supplied as 250 mg tablets. 
Patients were asked to take 1 tablet 3 days per week if they weighed less than 40 kg 
or 2 tablets if they weighed 40 kg or more. Kits were distributed at each CF centre by 
the chief pharmacist. The patients and all study investigators remained blinded to the 
treatment assigned until the study had been completed. 
After the entry visit (month 0), patients returned for visits every 2 months until month 
12. At each visit, patient evaluation included physical examination with weight and 
height measurements, pulmonary function tests with data of FEV1 and Forced Vital 
Capacity (FVC), and microbiological analysis of sputum and throat cultures for the 
common CF pathogens, and mycobacteria as previously described 11. Information on 
pulmonary exacerbations, adverse events and therapies was recorded. Acute 
pulmonary exacerbations were defined as an acute exacerbation of CF respiratory 
symptoms that in the opinion of the patient's physician required administration of new 
oral or intravenous (IV) antibiotics. A pulmonary exacerbation was defined according 
to criteria published by the 1994 CF Foundation Microbiology and Infectious Disease 
Consensus Conference as the presence of at least 3 of the following new findings or 
changes in clinical status: increased cough, increased sputum production, increased 
respiratory rate, decreased exercise tolerance, new findings on chest examination, 
new findings on chest radiograph, reduction in FEV1 by more than 10%, weight loss 
associated with anorexia and decreased dietary intake, fever on more than one 
occasion, school or work absenteeism due to illness 12. For monitoring adverse 
events, reported symptoms, clinical findings and laboratory investigations when 
necessary were recorded. Two additional pulmonary function tests were performed at 
month 1 and month 11. During the trial, patients continued all standard investigations 
with a yearly chest radiograph, as well as therapy as prescribed by the care team 
including antibiotics, pancreatic enzymes, vitamins, and physiotherapy. Blood 
samples to monitor liver function and creatinine were obtained at the entry visit 
(month 0), and at the visits at month 6 and month 12. A CF quality of life 
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questionnaire was filled out by the patient and/or the parents/guardians at the visits at 
month 0, month 2 and month 12 13. Any unused study drug was returned at each visit 
and pills were counted by the pharmacist as a measure of compliance. Patients who 
missed taking 30% or more of the total study drug prescribed doses were labelled as 
non-compliant but remained included in all analyses along with the compliant 
patients. The study protocol indicated discontinuation of treatment in the event of 
severe adverse events. 
The primary endpoint was to determine whether azithromycin treatment was 
associated with changes in FEV1 % predicted between month 12 and month 0. 
Secondary endpoints included evaluation of the number of pulmonary exacerbations, 
the use of antibiotics, modifications of microbiological analysis of sputum or throat 
cultures (appearance of new pathogens, bacterial culture densities), changes in FVC, 
nutritional status with measurement of body mass index (BMI), and quality of life. 
Percentage predicted values for FEV1 and FVC were computed using modified 
Knudson equations 14. BMI data were also standardised by computing z-scores 15.  
Time to exacerbation was defined as the period elapsed from the day of 
randomisation until the day of start of treatment for the first exacerbation. Duration 
time was censored at the date of the last visit for patients who remained exacerbation 
free.  Pulmonary exacerbations were evaluated either by the number of episodes 
observed during the effective follow-up or a annual rate estimate by patient. Use of 
antibiotics were evaluated either as the number of antibiotic courses or the 
cumulative days of antibiotic treatment by patient. For calculating the sample size it 
was anticipated that the rate of decrease in the FEV1 % predicted would be 2% per 
year for patients without P.aeruginosa infection and 4% for infected patients, on the 
basis of information provided by the French CF Observatory. We hypothesised that 
the mean trend slope of FEV1 % over 12 months would be 4% higher in the 
azithromycin group. Sample size was computed according to the Diggle et al. formula 
for longitudinal data analysis with 9 measurements 16. In calculating the sample size, 
a measurement error variance was assumed of 576, a correlation between 
measurements of 0.82, a 2 sided-test formula and a type 1 error of 5%. Using this 
estimate, a planned sample size of 121 patients per group provided a power of 90% 
to detect the anticipated difference between treatments. 
 
Statistical analysis 
 
Trend slopes of quantitative outcomes were estimated and compared using a mixed 
model approach 17. Adjusted comparisons and tests for interactions taking into 
account effects due to centre and important characteristics at baseline (P.aeruginosa 
infection status, FEV1 % predicted and z BMI) were also performed. Comparisons of 
groups for quantitative data, were done by Student t-tests and adjusted comparisons 
by analyses of variance. Qualitative data were compared by the Chi-square test or 
the Fisher exact test as appropriate and adjusted comparisons by logistic regression. 
Count data (the number of pulmonary exacerbations per patient, antibiotic courses 
per patient, or days of treatment per patient, with a zero count representing the 
absence of an event) were analysed by a Poisson regression analysis. The 
probability for a patient of remaining exacerbation free over time was computed by 
the Kaplan-Meier method and comparisons between groups were done by the log-
rank test. Cox regression analyses were used to estimate hasard-ratios between 
groups and to perform adjusted comparisons. Averages and regression parameters 
estimates were expressed with their standard deviation in parenthesis. Treatment 
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effect estimates were given with their 95% confidence interval in brackets. All 
comparisons tests were 2-sided and P values < 0.05 were considered as statistically 
significant. All statistical analyses were done with SAS V8.2 (SAS Institute, Cary, 
NC). Data analyses were based on an intent-to-treat approach that included all 
randomised patients. For patients who did not complete the protocol, the last 
observation carried forward (LOCF) approach was used to compute relative change 
of quantitative outcome parameters. Other analyses including only patients with at 
least one follow-up (full set analysis according to the ICH E9 guideline - 
http://www.ich.org) or patients with a complete follow-up (per protocol analysis) were 
carried to study the sensitivity of the results to the considered dataset.   
 
Results 
 
Figure 1 shows the trial profile. Enrolment took place between October 2001 and 
June 2003. Eighty two patients were randomly assigned in 18 CF centers, 40 were 
assigned to receive azithromycin and 42 placebo. Two patients in the azithromycin 
group withdrew their consent just after randomisation and one patient was lost to 
follow-up before the first visit. Two patients in the azithromycin group and 4 patients 
in the placebo group were withdrawn by the investigators because they did not take 
the treatment and one patient in the placebo group was withdrawn because of severe 
allergic bronchopulmonary aspergillosis diagnosed within one week after the onset of 
the study. Thirty five azithromycin patients and 37 placebo patients completed the 
treatment course. On the basis of treatment returned, the estimated adherence was 
95% for azithromycin as well as for placebo. Table 1 shows the baseline 
characteristics of patients, with information given for the population as a whole, as 
well as for the subpopulations of patients either not infected or infected with 
P.aeruginosa. There were no significant differences between the patients receiving 
azithromycin or placebo with respect to age, sex, CFTR genotype, nutritional and 
pancreatic status, lung function, lung microbiology, and concomitant medications at 
enrolment (rhDNAse, inhaled corticosteroids, inhaled antibiotics).  
 
Figure 2 shows the changes in FEV1 % predicted from the start of treatment. No 
significant difference was recorded between the two treatment groups either in the 
whole population or in the subpopulations of patients not infected or infected with 
P.aeruginosa. The trend slopes of FEV1 % predicted over 12 months for the 
population as a whole were not significantly different between azithromycin and 
placebo (Table 2). Results were similar for the subpopulations of patients who were 
not infected with P.aeruginosa and those infected with P.aeruginosa. The relative 
change in FEV1 % predicted for the whole population was respectively -4.3 % (17.9) 
for azithromycin and -1.5 % (15.4) for placebo (Table 2). Results of FVC paralleled 
those observed for FEV1. The relative change in FVC % predicted for the whole 
population was respectively -1.8 % (13.6) for azithromycin and -4.5 % (12.1) for 
placebo. Again, there was no significant relative change from baseline in FVC % 
predicted measured at month 12 in the subpopulations of patients not infected with 
P.aeruginosa or infected with P.aeruginosa. 
 
The number of pulmonary exacerbations per patient was significantly reduced in the 
azithromycin group (1.5 (0.29)) compared with the placebo group (3.0 (0.40)), (count 
ratio azithromycin vs placebo: .50 [0.32 ; 0.79] p<0.005) (Table 3). These findings 
applied to the subpopulations of patients either not infected with P.aeruginosa 
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(azithromycin: mean 1.3 (0.3); placebo: mean 2.8 (0.4)) (count ratio azithromycin vs 
placebo : 0.47 [0.27 ; 0.81] p<0.01) or infected with P.aeruginosa (azithromycin: 
mean 2.1 (0.7); placebo: mean 3.5 (0.9)) (count ratio azithromycin vs placebo : 0.60 
[0.27 ; 1.36] NS). The rate of pulmonary exacerbations per patient was significantly 
reduced in the azithromycin group (mean: 1.6 (0.3)) compared with the placebo 
group (mean: 3.3 (0.4)), (rate ratio azithromycin vs placebo : 0.50 [0.33 ; 0.78] 
p<0.002). Again, these findings applied to the subpopulations of patients not infected 
with P.aeruginosa (azithromycin: mean 1.4 (0.3); placebo: mean 3.0 (0.4)) (rate ratio 
azithromycin vs placebo : 0.47 [0.28 ; 0.79] p<0.005) or infected with P.aeruginosa 
(azithromycin: mean 2.4 (0.8) ; placebo: mean 4.0 (0.9)) (rate ratio azithromycin vs 
placebo :0.60 [0.28, 1.29] NS).  
Figure 3 shows that the time to remain exacerbation free during the study was 
significantly longer when receiving azithromycin (median time: 8.7 months) compared 
with placebo (median time: 2.9) (log-rank test p<0.0001, hazard ratio azithromycin vs 
placebo : 0.37 [0.22 ; 0.63]). At month 12, the probability to remain exacerbation free 
was 34.5% (7.9) in the azithromycin group versus 5.3% (3.6) in the placebo group. 
For the subpopulation of patients not infected with P.aeruginosa, 40.5% (9.3) 
remained exacerbation free when on azithromycin versus 3.5% (3.5) when on 
placebo (log-rank test p < 0.0001, hazard ratio azithromycin vs placebo: 0.29 [0.15 ; 
0.55]). For the subpopulation of P.aeruginosa infected patients, only one participant 
treated by either azithromycin or placebo remained exacerbation free, however 
hazard ratio (0.57 [0.21; 1.56]) was not significantly different from 1. The beneficial 
effect of azithromycin on the occurrence of pulmonary exacerbations was associated 
with a significant reduction in the need for additional courses of antibiotics during the 
study. Table 3 gives information on oral and IV use of antibiotics from entry to month 
12, in the population as a whole as well as in the subpopulations of patients not 
infected or infected with P.aeruginosa. For oral antibiotics, the total number of 
courses was significantly reduced when patients were receiving azithromycin. The 
use of IV antibiotics was also lower in the azithromycin group, although this reduction 
did not reach statistical significance.  
 
The frequency of positive cultures for all organisms did not differ between the 
azithromycin and the placebo groups during the study. Thirty-four patients in the 
azithromycin group produced respiratory tract samples that could be analysed at 
baseline versus 36 patients in placebo group. Table 4 gives the number of patients in 
each group with samples that grew the most common CF pathogens at entry and at 
month 12. Results of sputum cultures were not different at month 6 compared to 
month 12, so only month 12 results are given in Table 4. Similar numbers of positive 
cultures were recorded throughout the study. Furthermore, no significant difference in 
the type of micro-organisms could be documented. Non-tuberculous mycobacteria 
were never isolated in any of the study population samples. 
 
There was no strong evidence of differences due to the treatment for nutritional 
status evaluated by the trend in BMI z-scores. The absolute changes in BMI z-score 
were respectively 0.03 (0.40) in the azithromycin group and -0.12 (0.44) in the 
placebo group (treatment effect 0.15 [-0.03; 0.34]). Similar BMI z-score trends were 
recorded in the subpopulations of patients not infected with P.aeruginosa 
(respectively: 0.05 (0.33) for the azithromycin treatment and -0.13 (0.34) for the 
placebo treatment, treatment effect: 0.18 [0.02 ; 0.35]) and patients infected with 
P.aeruginosa (respectively: -0.05 (0.60)  for the azithromycin treatment and -0.10 
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(0.69) for the placebo treatment, treatment effect : 0.05 [-0.58;0.67]). The most 
frequently observed adverse events (expressed as the number of events in the 
azithromycin group and in the placebo group, respectively) were abdominal pain (11 
and 8), ear/nose/throat infections (14 and 16), diarrhoea (3 and 4), fever (2 and 3), 
rash (0 and 2), headache (2 and 0), haemoptysis (0 and 2), and vomiting (2 and 0). 
All events resolved without complication. Assessment of quality of life through the 
questionnaire indicated no significant differences between the groups in the total 
score or the physical and psychosocial scores. 
Finally, we also analysed the stability of all these results to the considered dataset 
(full set, per protocol set) and the inclusion of potential important covariates and 
interaction terms in multivariate analyses. These analyses comfirmed the conclusions 
of the reported results.    
 
Discussion 
 
This randomised placebo-controlled trial is the first study of long-term use of low-
dose azithromycin in young patients with CF. Results showed that a 12 month-
treatment with oral azithromycin given 3 days a week led to a significant reduction in 
the number of pulmonary exacerbations requiring courses of antibiotics. Importantly, 
most of the patients enrolled in the trial were not infected with P.aeruginosa, 
providing evidence that the beneficial effect of azithromycin could be observed at an 
early stage of lung disease in CF.  
 
The first suggestion that long-term macrolide therapy might be of interest in CF was 
based on the results of low-dose erythromycin treatment in patients with diffuse 
panbronchiolitis. Following the preliminary report of a pilot study with patients infected 
with P.aeruginosa, several randomised placebo-controlled trials were conducted in 
CF 18. Wolter and colleagues performed a 3-month parallel group trial in 60 CF adult 
patients (mean age: 27.9 yrs), with a daily dose of 250 mg of azithromycin 19. They 
reported that subjects randomised to azithromycin maintained pulmonary function, 
and experienced a reduced number of pulmonary exacerbations. Saiman and 
colleagues conducted a 6-month parallel group trial in 185 adult patients infected with 
P.aeruginosa, with a dose of 250 or 500 mg of azithromycin given 3 days a week 10. 
They documented improvement in pulmonary function and decreased rates of 
pulmonary exacerbation in the azithromycin group. So far, no parallel group trial in 
CF children has been reported. Equi and colleagues conducted a 15-month cross-
over trial in 41 CF young patients (mean age: 13.8 yrs) with a daily dose of 250 or 
500 mg of azithromycin 20. They reported a significant though modest group 
response in FEV1 to azithromycin. It is important to point out that many of their 
patients were infected with P.aeruginosa and that they did not analyse their results by 
microbiological status (i.e. absence or presence of P.aeruginosa). On the basis of 
these studies, we selected for the present trial a long-term treatment (12 months) 
with low-dose azithromycin  (250 mg or 500 mg of azithromycin adjusted to patient 
bodyweight, and given only 3 days a week) in young patients with CF. The groups 
were well matched, with most of the patients not being infected with P.aeruginosa. 
The drug was well tolerated, with good adherence to treatment and similar minor 
adverse events in the 2 groups.  
 
This study documented no difference in the primary endpoint of change in FEV1. 
Results showed that the placebo group did not experience an overall decline in FEV1 

 7

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2005.057950 on 29 June 2006. D

ow
nloaded from

 

http://thorax.bmj.com/


 8

over the 12-month duration of the study. This observation can be explained by the 
early stage of the lung disease in the population studied. Indeed, the mean FEV1 % 
predicted values at baseline were respectively 84.5% (18.4) in the placebo group and 
86.5 % (25.9) in the azithromycin group. These values were higher than the baseline 
FEV1 values reported in the other trials mentioned above, with respectively 60% in 
the study by Equi and colleagues, 68.3% and 70.6% in the study by Saiman and 
colleagues, and 62.3% and 50.9% in the study by Wolter and colleagues 10, 19, 20. In a 
study reported several years ago, Davis and colleagues observed that higher initial 
FEV1 was associated with a greater rate of decline, and among patients with initial 
FEV1 > 60% predicted, younger subjects had a faster decline than did older subjects 
21. Similar conclusions could not be drawn from our results as no significant changes 
in lung function could be documented in our young CF study population. Certainly, 
the constant improvement in therapeutic strategies should contribute to reduce the 
decline in lung function in children. The study protocol did not include measurements 
of mid-expiratory flow between 25% and 75% of FVC. Indeed, from other reports on 
longitudinal analysis of pulmonary function decline in CF, it is most likely that this 
functional parameter would not have provided different information 22. Another 
important consideration for analysis of the pulmonary function tests results in our 
population is the large variation in individual FEV1 measurements gathered during the 
trial. Intra-individual variability in spirometry has been reported by several authors in 
CF patients, and mainly in children 23. When the response group was analysed, 
virtually no decline in the linear trend of FEV1 could be observed when under 
placebo, and no significant improvement in values of FEV1 % predicted after 12 
months of treatment with azithromycin could be documented. Similar findings were 
also observed for FVC. Interpretation of these data cannot exclude the possibilities 
that the treatment was not continued long enough to detect changes in FEV1 in the 
final measurements. 
 
Another possibility would be that the study was not adequately powered to document 
significant differences in values of FEV1 % predicted after 12 months of treatment with 
either azithromycin or placebo. With a hypothesis of 5% difference in change of FEV1 % 
predicted between the 2 groups, the estimated sample size would have been 67 
patients per group. However, there was no significant relative change from baseline in 
FEV1 % predicted measured at month 12 in the placebo group. This can be explained 
by the fact that the patients were young and had mild lung disease, and that nearly 80 
% were not infected by P.aeruginosa. With regard to the sample size, we were able to 
include 82 patients by the closure of enrolment in June 2003. The main reason was an 
inaccurate estimation of CF physician attitude regarding the use of azithromycin when 
the study was conceived and designed. Indeed, the rate at which this drug has been 
adopted by practitioners has increased rapidly over the past years, most likely because 
of its potential anti-inflammatory effects and the absence of significant adverse events 
related to azithromycin in any of the trials reported to date. Considering the number of 
patients enrolled in the present trial, the power to statistically detect a difference of 5 % 
in change of FEV1 % predicted between the 2 groups was estimated to be 72 %. 
Therefore, because of the insufficient number of patients, no clear conclusion with 
regard to the effect on lung function parameters such as FVC and FEV1 may be drawn 
from the present study.  
 
Periods of relative stability in lung disease expression are classically punctuated by 
exacerbations of symptoms 24. In the present study, the group randomized to receive 

 8

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2005.057950 on 29 June 2006. D

ow
nloaded from

 

http://thorax.bmj.com/


 9

azithromycin had a significant decrease in the number of pulmonary exacerbations, 
which paralleled the reduced number of additional courses of antibiotics received by 
the patients. These results confirm the data reported by the 2 other double-blind, 
placebo-controlled studies performed in adult patients 10, 19. Possible explanations for 
the efficacy of low-dose, long-term macrolide antibiotic therapy in patients with CF 
include the antibacterial role of these molecules. Azithromycin is an erythromycin-
derived 15-membered ring azalide, structurally modified to permit enhanced 
intracellular accumulation with greater tissue penetration, as well as increased intra-
cellular and extra-cellular antimicrobial activity 25. However, in the present study, no 
significant differences in the number of positive cultures for the common CF 
pathogens at month 6 and month 12 could be observed between the 2 groups. These 
results may be explained at least in part by the young age of the patients. Only 3 
patients in the placebo group acquired P.aeruginosa. No recent detection of 
Staphylococcus aureus could be documented in the azithromycin group compared 
with two in the placebo group (1 methicillin-sensitive and 1 methicillin-resistant).  
 
The significant difference in the incidence of acute exacerbation between the study 
groups is an important and, most likely, clinically relevant measure of respiratory 
benefit in CF patients. The protocols of most therapeutic trials in CF are designed to 
see if lung function improves. But patients may still benefit even if functional 
parameters do not change. Interestingly, Saiman and coworkers recently provided 
additional information on the various effects of azithromycin among the 185 CF 
participants enrolled in the U.S. trial 10. Their main objective was to describe the 
heterogeneity of treatment response in terms of changes in lung function and 
frequency of pulmonary exacerbations. They could show that azithromycin 
participants who did not improve their pulmonary function still experienced clinical 
benefits with a reduction in the number of pulmonary exacerbations. These results, 
which share similarities with our present data, lead to suggest that analysis of 
changes in FEV1 may not be the most adequate marker for assessment of clinical 
benefits in young CF patients. Despite the well know difficulty of defining a pulmonary 
exacerbation in CF, the association of new findings or changes in clinical status and 
antibiotic intervention may be considered as a valuable marker of acute degradation 
of CF lung disease 26. Clearly, response to therapy in CF patients needs to be 
monitored by both functional and exacerbation parameters. 
 
The reduced number of pulmonary exacerbations requiring courses of antibiotics 
documented in the present study with young CF patients may relate to the anti-
inflammatory properties of azithromycin. A growing body of experimental and clinical 
evidence indicates that low-dose macrolide antibiotics express anti-inflammatory and 
tissue reparative effects that are distinct from their anti-bacterial properties 27. The 
structure of the 15-membered ring macrolides promotes interaction of the drug with 
phospholipids in the plasma and intracellular organelle membranes, thereby 
interfering with the regulation of signaling pathways involved in the various 
components of the inflammatory response 28, 29. Among their numerous effects, 
macrolides have been reported to inhibit the release of pro-inflammatory mediators, 
to limit the pulmonary influx of neutrophils, to regulate mucus secretion, and to alter 
the formation of the biofilm matrix. In CF, there is currently no direct demonstration of 
the anti-inflammatory action of macrolides 30. Saiman and colleagues found that 
sputum neutrophil elastase activity increased in the placebo group over 6 months but 
remained the same in the azithromycin group 10. By contrast, Equi and colleagues 
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could not document any changes in airway interleukin (IL)-8 and neutrophil elastase 
concentrations in the subgroup of patients who produced sputum in their 
azithromycin trial 20. This discrepancy can be explained by the difficulty in obtaining 
reliable measurements of inflammatory mediators in the sputum of CF patients. 
Therefore, information obtained in other chronic inflammatory pulmonary conditions is 
of interest. In diffuse panbronchiolitis, decreased levels of IL-8 were reported in the 
bronchoalveolar lavage fluids of patients treated with macrolides 31. Improvement in 
clinical symptoms of corticosteroid-dependent patients with asthma and a reduction 
in corticosteroid dosage with concomitant macrolide therapy have also been reported 
in several studies 7. 
 
In conclusion, results of this randomised controlled trial showed that long-term use of 
low-dose azithromycin in young patients with CF even in the absence of infection with 
P.aeruginosa. This benefit was associated with a significant reduction in the 
occurrence of pulmonary exacerbations requiring additional courses of antibiotics, 
and may be seen in the absence of changes in lung function. The lower incidence of 
acute exacerbation in patients receiving azithromycin is an important and clinically 
relevant measure of beneficial effect. Long-term use of azithromycin with sub-
antimicrobial doses may therefore be considered as a therapeutic strategy to slow 
pulmonary deterioration in CF, possibly through reduction of the inflammatory burden 
of the disease although this remains to be better investigated. Additional trials will be 
needed to evaluate further the efficacy and safety of prolonged use (beyond 1 year) 
of macrolide antibiotics in children. These trials should be monitored by both relevant 
clinical and functional parameters. 
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Figure legends 
 
Figure 1: Trial flow diagram 
 
Figure 2: Mean relative change in FEV1 
 
Comparison of the mean relative change in FEV1 (% predicted) from randomisation 
measurement in the whole population and in the subpopulations of patients not 
infected or infected with P.aeruginosa. The error bars figure the 95% confidence 
interval of the mean relative change. No significant difference was recorded between 
the two treatment groups (azithromycin or placebo), either in the whole population or 
in the subpopulations of patients not infected or infected with P.aeruginosa. 
 
Figure 3: Probability to remain exacerbation free over time 
 
The probability for patients to remain exacerbation-free from month 0 to month 12 
was estimated by the Kaplan-Meier method. The curves analysed by the Log-Rank 
test were significantly different (log-rank test p<0.0001, hazard ratio azithromycin vs 
placebo : 0.37 [0.22 ; 0.63]). At month 12, the probability to remain exacerbation free 
was 34.5% (7.9) in azithromycin group versus 5.3% (3.6) in the placebo group. This 
difference was observed also in the subpopulations of patients not infected or 
infected with P.aeruginosa. 
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Table 1 

Baseline characteristics of patients 
 

 

 
 

Azithromycin Placebo 

 
 

Total 
 

(n = 40) 

Absence of 
P.aeruginosa 

infection 
(n = 31) 

P.aeruginosa 
infection 

(n=9) 

Total 
 

(n = 42) 

Absence of 
P.aeruginosa 

infection 
(n = 32) 

P.aeruginosa 
infection 
(n=10) 

Age (yrs), mean (SD) 10.9 (3.5) 10.6 (3.4) 11.8 (3.9) 11.1 (3.2) 10.6 (2.8) 12.6 (3.9) 
Sex (male/female)       

       
      
      

       
       

  

24/16 20/11 4/5 22/20 18/14 4/6
CFTR genotype
      ∆F508 / ∆F508 20 15 5 21 16 5
      ∆F508 / others 17 13 4 15 13 2
     Others and unknown 3 3 0 6 3 3 
BMI z score (SD) -0.09 (1.36) -0.06 (1.46) -0.16 (0.98) -0.16 (1.30) -0.14 (1.21) -0.22 (1.63) 
Pancreatic insufficiency 35 26 9 39 30 9
Pulmonary function
     FEV1(%predicted),mean(SD) 86.5 (25.9) 86.0 (26.3) 88.2 (26.2) 84.5 (18.4) 87.7 (19.0) 74.6 (12.2) 
     FVC(%predicted),mean (SD) 94.9 (22.5) 94.9 (23.4) 94.9 (20.2) 94.6 (16.7) 97.0 (17.4) 87.0 (12.2) 
Treatment at enrolment       
       rhDNase  20 12 8 26 20 6 
       Inhaled corticosteroids 12 8 4 17 12 5 
       Inhaled antibiotics 11 5 6 15 6 9

 
Abbreviations: CFTR: cystic fibrosis transmembrane regulator; BMI: body mass index; FEV1: forced expiratory volume in 1 
second; FVC: forced vital capacity 
Data are mean (SD) or number (%) unless otherwise indicated. 
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Table 2 

Changes in FEV1 and FVC in  
the azithromycin and placebo groups during the study 

 
  

Azithromycin 
Mean(SD) 

 
Placebo 

Mean(SD) 

Azithromycin-Placebo 
difference 

Estimate [95% CI] 
FEV1 % predicted (%) 

Trend slope over the 12 months 
- Total population 
- Patients not infected by PA 
- Patients infected by PA 
Relative change  
- Total population 
- Patients not infected by PA 
- Patients infected by PA 

 
 

-4.9  (2.0) 
-5.0 (2.5) 
-4.1 (3.2) 

 
-4.3 (17.9) 
-3.0 (19.3) 
-8.7 (11.5) 

 
 

-1.7  (2.0) 
-1.8 (2.4) 
-1.2 (3.1) 

 
-1.5 (15.4) 
-1.1 (13.5) 
-2.7 (21.0) 

 
 

-3.2 [-8.9 ; 2.3] NS 
-3.2 [-10.0 ; 3.6] NS 
-2.9 [-11.7 ; 5.8] NS 

 
-2.8 [-10.1 ; 4.5] NS 
-1.9 [-10.3 ; 6.5] NS 

-6.0 [-22.7 ; 10.7] NS 
FVC % predicted (%) 

Trend slope over the 12 months 
- Total population 
- Patients not infectedby PA 
- Patients infected by PA 
Relative change  
- Total population 
- Patients not infected by PA 
- Patients infected by PA 

 
 

-2.4  (1.7) 
-2.2  (1.9) 
-3.2  (3.3) 

 
-1.8  (13.6) 
-1.0 (13.3) 
-4.3 (15.4) 

 
 

-3.6  (1.7) 
-5.1 (1.9) 
2.2 (3.2) 

 
-4.5 (12.1) 
-4.3 (9.2) 

-4.9 (19.4) 

 
 

1.2 [-3.4,; 5.8] NS 
2.9 [-2.3,; 8.2] NS 

-5.4 [-14.5 ; 3.7] NS 
 

2.7 [-3.0 ; 8.4] NS 
3.3 [-2.4 ; 9.1] NS 

1.0 [-16.6 ; 17.6] NS 
 
 
 
Abbreviations: CI: confidence interval, FEV1: forced expiratory volume in one second, FVC: forced vital capacity, PA: 
Pseudomonas aeruginosa, NS: not significant, SD: standard deviation. Sample sizes were respectively in Azythromycin and 
placebo groups, 40 and 42 for the total population, 31 and 32 for the patients not infected by PA, 9 and 10 for patients infected by 
PA. 
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Table 3 

 
Antibiotic use in the azithromycin and placebo groups during the study 

 
  

Azithromycin 
Mean(SD) 

 
Placebo 

Mean(SD) 

Count ratio  
Azithromycin / Placebo 

Estimate [95% CI] 
Oral antibiotics 

Number of courses 
- Total population 
- Patients not infected by PA 
- Patients infected by PA 
Cumulative days of treatment 
- Total population 
- Patients not infected by PA 
- Patients infected by PA 

 
 

2.1 (0.4) 
2.1 (0.4) 
2.2 (0.9) 

 
62 (13) 
67 (15) 
53 (23) 

 
 

3.8 (0.5) 
3.6 (0.5) 
4.5 (1.2) 

 
74 (13) 
67 (15) 
96 (29) 

 
 

0.55 [0.36 ; 0.85]  p<0.01 
0.59 [0.36 ; 0.98] p<0.05 

0.49 [0.20; 1.24] NS 
 

0.85 [0.50 ; 1.44] NS 
1.00 [0.54 ; 1.88] NS 
0.56 [0.20 ; 1.53] NS 

IV antibiotics 
Number of courses 
- Total population 
- Patients not infected by PA 
- Patients infected by PA 
Cumulative days of treatment 
- Total population 
- Patients not infected by PA 
- Patients infected by PA 

 
 

0.8  (0.2) 
0.4  (0.2) 
2.1  (0.8) 

 
12 (4) 
6 (2) 

34 (13) 

 
 

1.6  (0.4) 
0.5 (0.2) 
5.2 (1.2) 

 
24 (5) 
6 (2) 

81 (19) 

 
 

0.48 [0.22 ; 1.02] NS 
0.80 [0.30 ; 2.13] NS 

0.41 [0.17 ; 0.96] p<0.05 
 

0.51 [0.24 ; 1.09] NS 
0.95 [0.36 ; 2.52] NS 

0.42 [0.18 ; 1.00] p=0.05 
 
Abbreviations: SD: standard deviation, CI: confidence interval, PA: Pseudomonas 
aeruginosa, IV: intravenous, NS: not significant. 
Sample sizes were respectively in azithromycin and placebo groups, 40 and 42 for the 
total population, 31 and 32 for the patients not infected by PA, 9 and 10 for patients 
infected by PA. 
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Table 4 
Lung microbiology at baseline and at month 12 

 
 
 

Azithromycin Placebo 

 
 

Baseline
 

Month 12 
 

Baseline 
 

Month 12 
 

Number of 
samples analysed 
 

34 31 36 35 

Number of samples with  
positive cultures 
 

29 24 29 29 

Number of positive cultures 
of common CF pathogens 

    

   Staphylococcus aureus 
 

19 15 20 20 

   Methicillin-resistant 
   Staphylococcus aureus 

2 2 5 5 

   Haemophilus influenzae 
 

6 4 11 9 

   Pseudomonas aeruginosa 
 

5 3 4 5 

   Stenotrophomonas maltophilia 
 

0 1 0 2 

   Achromobacter xylosoxidans 
 

1 1 1 0 

   Burkholderia cepacia 
 

1 1 0 0 

   Aspergillus fumigatus 
 

3 5 4 5 

 
Lung microbiology was documented from respiratory tract samples cultured for the 
common cystic fibrosis (CF) pathogens at baseline and at month 12.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 0

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2005.057950 on 29 June 2006. D

ow
nloaded from

 

http://thorax.bmj.com/


 

 

Figure 1
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Figure 2
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Figure 3
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