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ABSTRACT 

 Introduction: Recent randomized clinical trials (RCTs) in Bronchiectasis have failed to 

reach their primary endpoints, suggesting a need to reassess how we measure treatment 

response. Exacerbations, quality of life (QOL) and lung function are the most common 

endpoints evaluated in bronchiectasis clinical trials. We aimed to determine the relationship 

between responses in terms of reduced exacerbations, improved symptoms and lung function 

in bronchiectasis. 

 Methods: We evaluated treatment response in 3 RCTs that evaluated mucoactive 

therapy (inhaled Mannitol), an oral anti-inflammatory/antibiotic (Azithromycin) and an inhaled 

antibiotic (Aztreonam). Treatment response was defined by absence of exacerbations during 

follow-up, an improvement of QOL above the minimum clinically important difference (MCID) 

and an improvement in FEV1 of ≥100 ml from baseline. 

Measurements and main results: Cumulatively the three trials included 984 patients. 

Changes in FEV1, QOL and exacerbations were heterogeneous in all trials analyzed. 

Improvements in QOL were not correlated to changes in FEV1 in the azithromycin and 

aztreonam trials (r=-0.17, p=0.1 and r=0.04, p=0.4) and weakly correlated in the mannitol trial 

(r=0.22, p<0.0001). An important placebo effect was observed in all trials, especially regarding 

improvements in QOL.  Clinical meaningful lung function improvements were rare across all 

trials evaluated, suggesting that FEV1 is not a responsive measure in bronchiectasis. 



Conclusions: Improvements in lung function, symptoms and exacerbation frequency are 

dissociated in bronchiectasis. FEV1 is poorly responsive and poorly correlated with other key 

outcome measures. Clinical parameters are poorly predictive of treatment response suggesting 

the need to develop biomarkers to identify responders  
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Take home message: Response to treatment is heterogeneous in bronchiectasis, with no 

relationship between responses to different outcomes and without clinical predictors of 

response. 

  

 

 

 

 

 

  



 

INTRODUCTION 

 Bronchiectasis is a chronic respiratory disease for which there is no current therapy 

licensed by regulatory authorities in either Europe or the United States (1, 2). Development of 

new therapies for bronchiectasis have been greatly limited by the marked heterogeneity of the 

disease (3). Heterogeneity in bronchiectasis is reflected in a patient population with different 

aetiologies, different clinical symptoms, different severities of disease, diverse clinical courses, 

inflammatory profiles and microbial communities  (4–6). 

 New treatments are urgently needed as the prevalence of bronchiectasis has risen by 

more than 40% over the past 10 years and the disease places a considerable burden on patients 

in terms of impaired health related quality of life, progressive lung function impairment, 

exacerbations, hospital admissions and premature mortality (7, 8). Unfortunately, ERS 

guidelines published in 2017 were unable to recommend any pharmacotherapy with high levels 

of evidence  due to the absence of positive large scale clinical trials (2). Multiple clinical trials of 

new therapies for bronchiectasis including inhaled antibiotics and mucolytics have failed to 

reach their primary endpoints. The majority of trials have used quality of life, exacerbations and 

lung function as their efficacy measures (9–15). 

 Measuring response to treatment in patients with bronchiectasis is complex due to the 

multifactorial nature of the disease. In cystic fibrosis treatments such as inhaled and oral 

antibiotics and modulator therapies can result in statistically significant improvements in forced 

expiratory volume in 1 second (FEV1), which is used as a regulatory endpoint, as well as 



improvements in quality of life and reductions in exacerbations (16–18). In contrast, the 

majority of studies have shown no overall changes in FEV1 with inhaled antibiotic, macrolide 

and mucoactive drugs in bronchiectasis, while quality of life improvements are heterogeneous 

and many patients with a history of exacerbations have failed to exacerbate during clinical trials 

(9–12, 19, 20). Studies may therefore be failing because they are not enriched for patients likely 

to respond to treatment or because endpoints such as FEV1 are not appropriate to measure 

efficacy of treatment in bronchiectasis. 

 Clinicians, researchers and regulators such as the US Food and Drug Administration now 

recognise that there is an urgent need to understand the heterogeneity of treatment response 

in bronchiectasis to guide inclusion criteria and endpoint selection for future trials (3). In this 

study we investigated several prior randomized trials to understand whether 1) Different 

patterns of response to treatment such as reduced exacerbations, improved quality of life and 

improved lung function could be observed in bronchiectasis patients, and 2) whether 

responders for each endpoint could be identified, which could be used to enrich inclusion 

criteria for clinical trials   

 

METHODS  

 We conducted a systematic review to identify bronchiectasis pharmacotherapy clinical 

trials and the most frequent endpoints used. The review was registered on PROSPERO 

(CRD42018106167) and further details are provided in the online supplementary material.  

  



Three studies were ultimately selected for analysis representing three different 

mechanisms of active: an inhaled mucoactive therapy (mannitol) (11), an oral anti-

inflammatory/antibiotic (azithromycin) (21) and an inhaled antibiotic (aztreonam) (12). The 

most frequent endpoints used were exacerbations, quality of life (QOL) and changes in FEV1. 

 Table 1 summarizes the clinical trials evaluated. All studies were multicentre, double-

blind, randomized, controlled trials and evaluated QOL, changes in FEV1 and exacerbations 

during the follow-up. 

Table 1.- Randomized controlled trials evaluated 

 Mannitol trial (11) BAT trial (21) AIR-BX1 and AIR-BX2 
(12) 

Design Double-blind, 
randomized, controlled 
trial 

Double-blind, 
randomized, placebo-
controlled trial 

Double-blind, 
randomized, placebo-
controlled trial 

Site Multicenter 
International 

Multicenter 
The Netherlands 

Multicenter 
International 

Years conducted 2009-2013 2008-2010 2011-2013 

Patients included 
(modified  ITT 
population) 

n=461 n=83 n= 538 
(n=440 with consent 
for reanalysis) 

Study arms 400 mg/12h inhaled 
mannitol vs 50 mg/12h 
inhaled mannitol (low 
dose) 

Azithromycin 250 mg 
daily vs placebo 

Aztreonam for 
inhalation solution 
(AZLI) 75 mg/8h vs 
placebo 

Follow-up 12 months 12 months 16 weeks 

Inclusion criteria - Bronchiectasis by CT 
chest scan 

-  2 exacerbations 
prior 12 months 

- Bronchiectasis by CT 
chest scan 

- 3 exacerbations 
prior 12 months 

- 1 positive sputum 
culture for respiratory 
pathogen prior 12 
months 

- Bronchiectasis by CT 
chest scan 
- positive respiratory 
culture for GNB or 
treatment of 
exacerbation with GNB 
in the previous 5 years 
- chronic sputum 
production 
- positive sputum 
culture (GNB) at 
screening 

Primary outcome Pulmonary 
exacerbation rate 

Number of infectious 
exacerbations 

QOL (using QoL-B-RSS) 
at week 4 

Secondary outcomes - Time to first 
exacerbation 

- QOL (using SGRQ) 
- lung function 

- QOL (using QoL-B-
RSS) at week 12 



- QOL (using SGRQ) 
- change in FEV1 and 
FVC 
- antibiotic use  
- 24h sputum weight 

- serum CRP and WBC 
count 
- microbiological 
evaluation 
- side effects 

- time to first 
exacerbation 
 

Main finding - Negative study 
(Mannitol did not 
reduce exacerbation 
rate) 

- Positive study 
(azithromycin reduces 
infectious 
exacerbations rate) 

- Negative study 
(AZLI did not improve 
QOL at week 4) 

Other findings -Improvement in QOL 
-Improvement in time 
to first exacerbation 

-Improvement in QOL 
-Improvement in FEV1  

 

 

BAT: Bronchiectasis and Long-term Azithromycin Treatment, ITT: Intention-to treat , CT: Computed 

Tomography, QOL: Quality of life, SGRQ: Saint George Respiratory Questionnaire, FEV1: Forced 

Expiratory Volume in 1 second), FVC: Forced Vital Capacity, CRP: C reactive protein, WBC: White blood 

cell, GNB: Gram-negative bacteria. 

 

Definition of response 

 We defined a clinically significant treatment response as an individual change in the 

outcome that is greater than the established minimum clinically important difference (MCID). 

The MCID for the St Georges Respiratory Questionnaire (SGRQ) is reported to be a change of 4 

points (22, 23). For the Quality of life bronchiectasis respiratory symptom scale (QoL-B-RSS) it is 

a change of 8 points (24). For a change in absolute FEV1 the MCID is reported to be 100 ml  (25). 

A response in terms of exacerbations is defined by absence of exacerbations over a 12-month 

treatment period (26).  

All 3 endpoints were available in the mannitol and azithromycin trials (11, 21), but due 

to follow-up time less than 12 months exacerbation response is not considered in the analysis 

of the aztreonam trial (12). Response was analysed in both the active treatment and 



placebo/control arms in the studies with comparison in the percentage of responders between 

the groups compared. 

 

Statistical analysis  

 Demographics and clinical variables are presented as n (%) or mean (standard deviation) 

or median (interquartile range) as appropriate based on the distribution of the data. Pearson 

correlation was used to examine the relationship between FEV1 and QOL response across all 3 

trials. Response analysis, where the dependent variable was a clinically meaningful response 

defined as the absence of exacerbation, changes in QOL above MCID and changes of FEV1 of 

≥100 ml, was conducted using multivariable logistic regression. Confounders included were age, 

sex, treatment allocation, P. aeruginosa status, FEV1 % predicted, smoking, body mass index 

(BMI), baseline QOL and baseline macrolide use. These candidate predictors were selected a 

priori based on clinical relevance and biological plausibility. In the analysis of the aztreonam 

studies we also included 6-minute walk distance test and symptoms at baseline. Response rates 

are presented as n (%) responders and also as odds ratios with 95% CI for comparisons between 

treatment and placebo. For all analyses p<0.05 was considered statistically significant.  

  



 

RESULTS 

Heterogeneity of response 

We initially combine the active and placebo arms of each trial to examine whether 

changes in health status, lung function and exacerbation frequency were concordant.  Changes 

in FEV1, QOL and exacerbations were heterogeneous in all trials analysed. Patients could 

respond in any of the 3 components with limited concordance between the 3 endpoints across 

all trials.  

In the mannitol trial, a statistically significant but weak indirect correlation between 

changes over time in FEV1 and QOL (r=-0.22, p=0.001) was observed. In this study, 112 (24%) of 

the patients showed no change in FEV1, no change in QOL and continued to have exacerbations 

during the study (labelled as no response), while 145 (31%) showed a response only in QOL, 26 

patients (5%) only responded in terms of FEV1 and 33 patients (7%) only responded by having 

no exacerbations. Fifty-five patients (12%) experienced a response in both QOL and FEV1, 58 

patients (13%) to QOL and exacerbations, and only 8 patients (2%) to FEV1 and exacerbations. 

24 patients (5%) presented a response through improvement in all of FEV1,  QOL and 

Exacerbations (Figure 1).  

 In the azithromycin trial (BAT trial), no significant relationship between changes in QOL 

and FEV1 were observed (r=-0.17, p=0.1). Twenty-seven (32%) patients had no response to any 

outcome, while 10 patients (12%) showed a response only in QOL, 9 patients (10%) responded 

only to change in FEV1 and 11 patients (13%) experienced a response only related to 



exacerbations. Six patients (7%) showed a response in QOL and FEV1, 12 patients (14%) to QOL 

and exacerbations, and only 3 patients (3%) responded to FEV1 and exacerbations. Only 5 

patients (6%) presented a response to all 3 outcomes evaluated (Figure 2). 

 In the Aztreonam trial, no relationship between changes in QOL and FEV1 were observed 

(r=0.04, p=0.4).  One hundred and sixty four (37%) of the patients had no response to any 

outcome, while 109 (25%) showed a response only in QOL, and 64 (14%) only in FEV1. Fifty-

three patients (12%) showed response to both outcomes evaluated (Figure 3).  

In the active treatment arms alone, FEV1 and QOL changes were weakly correlated in 

the mannitol  (r=-0.30, p<0.0001) and BAT trial (r=-0.20, p=0.01),  but not in the aztreonam trial 

(r=0.11, p=0.1)In the active treatment groups patients experiencing exacerbations during the 

trials have no significant differences in lung function or QOL-B responses  (Mannitol trial,  FEV1 

difference -24.9ml 95% CI -88.6 to 33.8ml,p=0.4, QOL difference 3.1 points 95% CI -1.7 to 

7.9,p=0.2, and BAT trial, FEV1 difference -11.2ml 95%CI -136.8 to 137.7 ml, p=0.7, QOL 

difference -7.6 points 95%CI -0.6 to 7.1 points, p=0.5).  

Placebo effect 

An important placebo effect was observed in all trials evaluated, especially regarding 

QOL (56% had a change greater than the MCID in the mannitol trial, 26% in the BAT trial and 

34% in the aztreonam trial). Response to FEV1 (22% in the mannitol, 24% in the BAT and 28% in 

the aztreonam trail) and to exacerbations (22% mannitol and 19% in the BAT) in the placebo 

group were lower in the other trials evaluated (Table 2). 



Table 2.- Percentage of different responses in all trials. % indicates the proportion of patients 

achieving an improvement above the MCID for QoL and FEV1 and experiencing no 

exacerbations during the treatment period for exacerbations. 

 

Effect of interest Trial % active treatment vs % 
placebo achieving the 
definition of response 
 

p value 
 

Response to QOL Mannitol trial  66% vs 56% 0.04 

 BAT trial 54% vs 26% 0.01 

 Aztreonam trial 39% vs 34% 0.1 

    

Response to FEV1 Mannitol trial 26% vs 22% 0.3 

 BAT trial 31% vs 24% 0.6 

 Aztreonam trial 25% vs 28% 0.8 

    

Response to Exacerbation Mannitol trial 31% vs 22% 0.02 

 BAT trial 54% vs 19% 0.001 

    
 

FEV1: Forced Expiratory Volume in 1 second. QOL: Quality of Life. 

No baseline clinical predictors of response were observed in those patients that 

received placebo in all trials evaluated, except that worse baseline QoL-B-RSS  (50 ± 18 vs 60± 1 

points, p=0.003) and higher baseline FEV1 (68 ± 17 vs 60± 20 % predicted, p=0.01) predicts 

response to QOL in the aztreonam trial. 

Characteristics of the responders 

 Response to QOL was significantly associated with being a non-smoker, lower BMI, and 

higher FEV1 at baseline in the mannitol trial, but only non-smoking status remained statistically 

significant when the population who received active treatment was analysed. In the BAT trial, 

non-smokers were more likely to respond in terms of QOL, although this difference was not 



observed in the active treatment group. In the Aztreonam trial, females and worse QOL at 

baseline in both active and placebo groups, and the presence of P. aeruginosa in the active 

treatment group were associated to an improvement in QOL (Table 3). 

 

 

 

 



Table 3. Baseline characteristics and quality of life response above the minimal clinically important differences (MCID). 

Data is expressed as n (%) or mean ( Standard Deviation). FEV1 (Forced Expiratory Volume in 1 second), SGRQ (Saint George Respiratory 

Questionnaire), QoL-B-RSS (Quality of life-bronchiectasis-respiratory symptoms score), VAS (visual analogue scale.

 All population Active treatment group 

Trial Baseline characteristics Non-Responders Responders p value Non-Responders Responders p value 

        

Mannitol Trial (1) Number of patients n=166  n=284   n=73 n=144  

 Age  59 (±12) 59 (±14) 0.8 58 (±13) 59 (±14) 0.6 

 Sex (female) 98 (59%) 182 (64%) 0.2 45 (60%) 99 (64%) 0.6 

 Smoking history 78 (47%) 98 (34%) 0.01 37 (50%) 54 (35%) 0.03 

 Body Mass Index 26 (±5) 25 (±5) 0.04 26 (±5) 25 (±5) 0.07 

 FEV1% baseline 60 (±13) 63 ((±12) 0.02 61 (±15) 63 (±12) 0.2 

 SGRQ baseline 51 (±14) 53 (±14) 0.1 50 (±14) 54 (±14) 0.09 

 P. aeruginosa baseline 27 (17%) 48 (18%) 0.7 11 (15%) 26 (18%) 0.6 

        

Azitromycin Trial (2) Number of patients n=52 n=31   n=20 n=23  

 Age 64 (±7) 59 (±14) 0.08 57 (±12) 61 (±11) 0.2 

 Sex (female) 33 (63%) 20 (64%) 0.9 13 (65%) 14 (63%) 0.9 

 Smoking history 29 (55%) 9 (29%) 0.018 10 (50%) 10 (45%) 0.7 

 Body Mass Index 24 (±3) 23 (±3) 0.3 23 (±2) 22 (±3) 0.1 

 FEV1% baseline 82 (±24) 75 (±27) 0.2 75 (±25) 78 (±23) 0.7 

 SGRQ baseline 43 (±18) 35 (±21) 0.1 40 (±20) 40 (±19) 0.9 

 P. aeruginosa baseline 8 (15%) 4 (12%) 0.7 5 (25%) 1 (4%) 0.05 

        

Aztreonam Trial (3) Number of patients n=219 n=164  n=132 n=87  

 Age 
63 (±12) 63 (±13) 0.9 

63 (±12) 63 (±14) 0.9 

 Sex (female) 138 (63%) 128 (78%) 0.001 71 (54%) 65 (74%) 0.005 

 FEV1% baseline 62 (±21) 64 (±18) 0.3 63 (±21) 63 (±19) 0.8 

 QoL-B-RSS baseline 61 (±17) 48 (±16) <0.001 62 (±19) 50 (±15) <0.001 

 VAS baseline 69 (±16) 65 (±15) 0.03 65 (±17) 66 (±15) 0.7 

 Distance baseline (m) 435 (±115) 424 (±119) 0.3 430 (±127) 423 (±117) 0.7 

 P. aeruginosa baseline 170 (78%) 138 (84%) 0.1 104 (79%) 79 (90%) 0.03 



 Response in terms of FEV1 was not associated with any baseline characteristic in the 

mannitol and BAT trials. In the Aztreonam trial, FEV1 response across the whole population and 

in the actively treated was associated with lower FEV1 at baseline (online table S3). Mean (SD) 

FEV1 changes were -5 (224) ml in the mannitol trial, -49 (187) ml in the BAT trial and -15 (196) 

ml in the aztreonam trial. In the responders group, Mean (SD) FEV1 changes were 245 (204) ml 

in the mannitol trial, 214 (225) ml in the BAT trial and 191 (71) ml in the aztreonam trial. 

 Response in terms of exacerbations was only associated to non-smoking status in the 

Azithromycin trial, with no association in all other analyses performed (online table S4). 

Percentage of responders  

 Response to QOL was the most observed response in all trials evaluated, with 

statistically significant differences between active treatment and placebo in the mannitol (66% 

vs 56%, p=0.04)and the BAT trial (54% vs 26%, p=0.01). Response to FEV1 was the lowest 

observed response in all trials, with no statistically significant differences between active and 

placebo arm.  Response to exacerbation was higher in the active treatment arm in mannitol 

(31% vs 22%, p=0.02) and BAT trials (54% vs 19%, p=0.001), with statistically significant 

differences in both trials using our definition of response (Table 2).  

 

  



DISCUSSION 

 This study has reanalysed 3 prior bronchiectasis trials investigating drugs with different 

mechanisms of action to explore the concept of “treatment response” in patients with 

bronchiectasis. We report a number of findings which may be important for future therapeutic 

development. First, large placebo responses are common, particularly for endpoints such as 

quality of life, and these must be accounted for in future trial design and power calculations. 

Second, FEV1, the endpoint most frequently used in cystic fibrosis clinical trials, is poorly 

responsive to all interventions in bronchiectasis and is unlikely to be a useful efficacy endpoint 

going forward. Third, across multiple different types of therapy, mucoactive, antibiotic and anti-

inflammatory, we saw that patients with a history of smoking are less likely to respond to 

treatment compared to non-smokers in terms of meaningful improvements in quality of life, 

FEV1 or exacerbations. There is an active debate about the interaction between COPD and 

bronchiectasis and how smoking related lung disease may affect the prognosis of the disease. 

Studies typically aim to exclude patients with investigator diagnosed COPD, but identifying 

which condition is predominant can be challenging. Our data suggests caution in including 

patients with a history of cigarette smoking in bronchiectasis trials as they consistently were 

less responsive to multiple therapies.  

Our study also showed that patients with bronchiectasis respond very differently to 

distinct treatments. The response is heterogeneous in all cases, and there is very little 

relationship between response to different outcomes such as changes in QOL, improvement in 

FEV1 or exacerbations.. New treatments for bronchiectasis are urgently needed and the 

repeated failure of bronchiectasis clinical trials necessitates a re-evaluation.  



 Different primary endpoints have been used in bronchiectasis clinical trials (27). 

Exacerbations, either in terms of frequency or time to first event, have been used in many 

recent trials (9–11, 14, 15, 19–21) due to the fact they are strongly related to worse clinical 

outcomes such as increased short and long-term mortality (26). In our study, we demonstrated 

that a very poor relationship exists between absence of exacerbations and changes in lung 

function or QOL. Particularly, only 5% of the patients in the mannitol trial, and 6% of the 

patients in the azithromycin trial had showed absence of exacerbations associated with an 

improvement in QOL and FEV1 at the same time. This suggests, intriguingly, that the 

mechanisms leading to exacerbation may be distinct from those leading to daily symptoms or 

lung function impairment supporting the concept that frequent exacerbators are a phenotype 

potentially with a distinct underlying biology.  All these findings suggested that a better endo-

phenotyping and more personalized targeted therapeutic approach should be developed for 

bronchiectasis.  

 FEV1 is a primary endpoint frequently used in clinical COPD trials, where its MCID above 

100 ml is well defined (25) . In CF, several trials using inhaled antibiotics has also used this 

endpoint (18). However, in bronchiectasis, although a decline in lung function has been 

correlated with worse outcomes, only few clinical trials have considered change in FEV1 as a 

primary endpoint (13, 19). Our study demonstrates that only a range of 5 to 14% of the patients 

experienced an increase of FEV1 over the course of the trials and that FEV1 was poorly 

correlated with improvement in QOL or an absence of exacerbations. Furthermore, no 

differences among active treatment and placebo arms were observed in all three trials 

evaluated regarding changes in FEV1, suggesting that this is not an effective measure in 



bronchiectasis clinical trials. Indeed considering the vicious cycle of bronchiectasis it has now 

been clearly demonstrated that an effective mucoactive treatment, an effective anti-

inflammatory and a series of effective antibiotics have failed to result in clinically significant 

improvements in FEV1, suggesting that this should no longer be considered a meaningful 

efficacy endpoint for trials targeting these mechanisms of action (11, 12, 21, 28)  On the other 

side, exacerbations showed clear statistically superiority of active treatment over placebo for 

the BAT and mannitol trials, and they should be considered a  clinically important and 

responsive endpoint for bronchiectasis trials.  

 The rate of response in placebo patients in all trials was relatively high, a phenomenon 

that has been discussed extensively in the clinical trial literature (9, 10, 29). Regarding QOL, the 

placebo response rates ranging from 26-56% demonstrate one of the key challenges in 

bronchiectasis clinical trials. Patients may receive higher quality care or may become more 

compliant to regular therapies such as airway clearance upon entry into a clinical trial. In 

addition, the placebo in some studies includes saline or low doses of mannitol which may 

function as mucoactive drugs in their own right. The very high placebo responses which are 

illustrated in our present study therefore represent an important barrier to successful trials 

which need to be addressed. However, despite the high rate of treatment response both 

mannitol and azithromycin demonstrated statistically significant increases in the rate of 

response for active treatment vs placebo, suggesting that this is a valid way to evaluate 

response.  

There are a number of important implications of the dissociation between endpoints in 

bronchiectasis trials. First, in clinical practice patients are often simplistically divided into 



responders and non-responders. Our data suggests this is not possible in bronchiectasis- a 

patient experiencing a symptom improvement with a treatment may experience no 

improvement in exacerbation frequency for example. Common practice of giving short term 

trials of treatment e.g 3 months, with an inhaled antibiotic or macrolide for example, and 

discontinuing therapy based on a lack of symptomatic improvement would therefore be 

inappropriate because a lack of a symptom improvement does not exclude a potential 

reduction in exacerbations. From a research perspective, the failure of multiple clinical trials 

has led to the search for biomarkers or clinical factors associated with response. Our recent 

study showed a relationship between airway bacterial load and symptom improvements with 

inhaled antibiotic treatment (30), a finding that was recently replicated in the ORBIT trial 

programme (31). The present data suggests that it cannot be assumed that a biomarker 

predicting symptom improvements would also predict response in terms of exacerbations. 

Different biomarkers may be required for different endpoints. Second, the clinical 

characteristics of the responders are also heterogeneous in all trials evaluated, with no clinical 

predictors of treatment response. However, smoking history showed less QOL improvement in 

both mannitol and azithomycin and more exacerbations in the azithromycin trial. In COPD, 

current smokers also experienced a non-response to azithromycin in reducing exacerbations 

(32). These finding may suggested that smokers were poorly responsive Our data supports the 

view that clinical characteristics alone will be insufficient to identify responders to most 

therapies and therefore overcome the intrinsic heterogeneity of bronchiectasis. We therefore 

suggest the development of biomarkers to support personalized medicine.  



Our study has limitations. First, these are post-hoc analyses and therefore results need 

to be confirmed in further prospective studies. Second, different QOL questionnaires have been 

used in the different studies we evaluated (SGRQ and QoL-B-RSS), although the MCID are 

established for both tools (22, 24) .Third, only 2 of the 3 trials evaluated had 12 months of 

follow-up, which is necessary to evaluate exacerbation response. However, we decided to 

include the Aztreonam trial, which has only 12 weeks of follow-up, due to the importance of 

including an inhaled antibiotic trial, and exacerbations were excluded as treatment response 

criteria. In addition, the optimal time frame to assess response to QOL or lung function it is not 

well defined. We used symptom and lung function improvements between the beginning and 

the end of the treatment period but acknowledge it is possible patients experienced 

improvements during the trial that may not be sustained. The clinical significant of transient 

changes in FEV1 or symptoms is not clear and therefore was not analysed in this study.   Fourth, 

the MCID threshold of 100 ml of FEV1 has been used previously in CF and COPD (25, 33) but it is 

not validated in bronchiectasis. Since we showed such a poor relationship between FEV1 and 

other clinically relevant features, and the MCID is typically determined through an anchor to 

another clinically meaningful endpoint, we would argue FEV1 is shown in this study to be poorly 

reflective of bronchiectasis treatment response and may therefore not have a valid MCID in this 

disease. Why the same treatment, for example inhaled antibiotics, produces marked 

improvements in FEV1 in cystic fibrosis but not in bronchiectasis remains unexplained from a 

mechanistic point of view.  

  



The assumption that treatment response in different endpoints are concordant is a key 

clinical and regulatory assumption that we have shown to be incorrect. Most trials follow a 

hierarchical analysis where if statistical significance is achieved on a primary endpoint (e.g 

exacerbations) further hypothesis testing is performed on the next endpoint in the hierarchy 

(e.g QOL). This approach makes assumptions about the relationship between these responsives 

that are not supported by our present analysis. For example, if FEV1 is placed above QOL in a 

hierarchy, it makes little sense to discount QOL data, because an FEV1 endpoint was not 

statistically significant. These are measuring entirely distinct biological responses and are not 

expected to be concordant. Alternative methods of controlling for type 1 error should be 

considered.    

In conclusion, we demonstrate that response to treatment is heterogeneous in three 

bronchiectasis RCT’s, and clinical baseline characteristics are not able to predict patterns of 

treatment response. QOL and exacerbations are good clinical markers of treatment response, 

although a large placebo effect was observed, especially when QOL is evaluated. FEV1 is poorly 

responsive and should not be considered as an efficacy endpoint for mucoactive, antibiotic or 

anti-inflammatory trials.  Further studies focused on endo-phenotyping the disease are needed 

to better understand heterogeneity of response to therapies in bronchiectasis. 

 

 

 

 



FIGURE LEGENDS 

 

Figure 1.- Relationship among response to Quality of Life (QOL) and Forced Expiratory Volume 

in 1 second (FEV1) in the Mannitol trial (11).  Minimum Clinically Important Differences limits for 

QOL (-4 points) and FEV1 (+100 mL) are marked in a discontinuous line (PANEL A). Percentage of 

responders to different endpoints (PANEL B). Non-responders are marked in red, responders 

only to QOL are marked in light green, responders only to FEV1 are marked in light purple, 

responders only to exacerbations are marked in orange, responders to QOL and FEV1 are 

marked in light blue, responders to QOL and exacerbations are marked in dark green, 

responders to QOL and exacerbations are marked in dark purple and responders to all 

outcomes (QOL + FEV1 + Exacerbations) are marked in dark blue.  

  



 

 

Figure 2.- Relationship among response to Quality of Life (QOL) and Forced Expiratory Volume 

in 1 second (FEV1) in the Azithromycin trial (21).  Minimum Clinically Important Differences 

limits for QOL (-4 points) and FEV1 (+100 mL) are marked in a discontinuous line (PANEL A). 

Percentage of responders to different endpoints (PANEL B).  Non-responders are marked in red, 

responders only to QOL are marked in light green, responders only to FEV1 are marked in light 

purple, responders only to exacerbations are marked in orange, responders to QOL and FEV1 

are marked in light blue, responders to QOL and exacerbations are marked in dark green, 

responders to QOL and exacerbations are marked in dark purple and responders to all 

outcomes (QOL + FEV1 + Exacerbations) are marked in dark blue.  

  



 

 

Figure 3.- Relationship among response to Quality of Life (QOL) and Forced Expiratory Volume 

in 1 second (FEV1) in the Aztreonam trial (34).  Minimum Clinically Important Differences limits 

for QOL (+8 points) and FEV1 (+100 mL) are marked in a discontinuous line (PANEL A). 

Percentage of responders to different endpoints (PANEL B). Non-responders are marked in red, 

responders only to QOL are marked in light green, responders only to FEV1 are marked in light 

purple and responders to QOL and FEV1 are marked in light blue. 
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METHODS 

Process to select Bronchiectasis Randomized Clinical Trials 

A systematic review was conducted on the reporting of randomized clinical trials in 

bronchiectasis and is reported according to PRISMA guidelines. The full results of this 

systematic review will be published separately.  

We searched Pubmed using keyword “bronchiectasis” and filtering for clinical trials in 

humans, published in English, 01/01/2008 - 31/07/2018. This search was supplemented using 

the COCHRANE ultra-sensitivity search; (((((randomized controlled trial[pt] OR controlled clinical 

trial[pt] OR randomized[tiab] OR placebo[tiab] OR clinical trials as topic[mesh:noexp] OR 

randomly[tiab] OR trial[ti] NOT (animals[mh] NOT humans [mh])))) AND "bronchiectasis" AND 

("2008/01"[Date – Publication] : "2018/07"[Date - Publication])). The review was registered on 

PROSPERO (CRD42018106167) 

For this analysis we included studies meeting the following criteria 

- Studies of adults > 18 years 

- Patients with bronchiectasis (not due to cystic fibrosis) 

- Reporting of clinical outcomes including exacerbations, quality of life and lung function  

- Trial of pharmacotherapy interventions recommended by the ERS bronchiectasis 

guidelines (antibiotics, mucoactive drugs, anti-inflammatories) 

Exclusion criteria 

- Access to trial data not granted by the authors 



- Active comparator trials (where both interventions may have efficacy) 

- Cross-over design 

- Designs that did not allow correlation of endpoints e.g if endpoints were collected at 

different times 

- Trials less than 1 month in duration (Trials too short to reasonably evaluate response) 

- Primary outcome is a laboratory rather than clinical measure 

The primary search identified 118 studies. After excluding studies that were ineligible based 

on abstract review, a further 52 studies were excluded on detailed review and therefore 19 

studies were eligible for analysis. The additional Cochrane ultra-sensitive search in Pubmed 

identified 225 manuscripts of which only a further 5 were eligible for inclusion in this review. An 

additional EMBASE search did not identify any additional eligible trials. 

We identified 24 trials with more than 25 participants potentially eligible for analysis (Table 

S1). After excluding studies less than 1 month in during and studies without a control group, we 

contacted 10 authors/manufacturers to request access to individual patient level clinical trial 

data. The objective was to obtain at least one dataset representing 3 different drug classes 

 Three studies were ultimately selected for analysis representing an inhaled mucoactive 

therapy  (Bilton, 2014), an oral anti-inflammatory/antibiotic (Altenburg, 2013)  and an inhaled 

antibiotic (Barker 2014).  The three trials were registered on clinicaltrials.gov and their primary 

analyses are published (1–3) . Antibiotics, mucoactive drugs and long-term anti-inflammatories 

therapies represent the three major classes of medications used in bronchiectasis and all 3 

were therefore included in order to have a broad view of response to different treatments. 



Only data from patients that had given written consent for future re-use of their data were 

included in this analysis. 

Our systematic review identified that Phase 3 studies in bronchiectasis have used 

exacerbations (frequency or time to first exacerbation), quality of life or FEV1 as their primary 

endpoints and most frequent secondary endpoints. These 3 endpoints were therefore used as 

the endpoints for assessment of treatment response. Analyses are presented for each trial 

separately. 

Risk of bias was evaluated using the Cochrane risk of bias tool (see Table S2). 

 

 

 

 

 

 

 

 

 

 

 



Table S1: Summary of trials potentially eligible for analyses. 

 

Trial Intervention 

Outcome of data request 

Primary endpoint 

Murray, 
2010  
(4) 

Nebulized gentamicin vs 
0.9% saline 

Requested: access 
declined by authors  

Microbiology 

Kellett, 2011 
(5) 

7% hypertonic saline vs 
0.9% saline 

Not included (active 
comparator and cross-
over design)  

Lung function 

Nicolson, 
2011 
(6) 

6% hypertonic saline vs 
0.9% saline 

Not included (active 
comparator) 

Exacerbations 

Hernando, 
2012 
(7) 

Inhaled budesonide vs 
placebo 

Authors contacted, 
response awaited 

Lung function, 
biomarkers 

Wong, 2012 
(8) 

Azithromycin vs placebo Data available  Exacerbations, lung 

function, QOL 

Bilton, 2013 
(9) 

Inhaled mannitol vs 
placebo 

Data not requested as 
subsequent definitive 
trial data available.   

QOL 

Wilson, 2013 
(10) 

Inhaled ciprofloxacin vs 
placebo 

Not included (28-days 
treatment only) 

Microbiology 

Altenburg, 
2013 
(2) 

Azithromycin vs placebo Data available  Exacerbations 

Serisier, 
2013 
(11) 

Erythromycin vs placebo Data available  Exacerbations 

Serisier, 
2013 
(12) 

Inhaled ciprofloxacin vs 
placebo 

Requested: access 
declined by company 

Microbiology 

Diego, 2013 
(13) 

Azithromycin vs control Not included: open label, 
non-clinical primary 
outcome 

Biomarker 

Haworth, 
2014 
(14) 

Nebulized Colistin vs 
placebo 

Data available but not 
included: patients 
dropped out of the study 
after first exacerbation  

Exacerbations 

Mandal, 
2014 
(15) 

Atorvastatin vs placebo Not included- treatment 
not recommended by ERS 
guidelines 

QOL 

Barker, 2014 
(3) 

Nebulized Aztreonam vs 
placebo 

Data available QOL 



Bilton, 2014 
(1) 

Inhaled mannitol vs 
placebo 

Data available  Exacerbations 

Liu, 2014 
(16) 

Roxithromycin vs placebo Not included: open label, 
non-clinical primary 
outcome 

Biomarkers 

Orriols, 2015 
(17) 

Nebulized tobramycin vs 
placebo 

Not included: 28-day 
treatment only  

Microbiology 

De Soyza, 
2015 
(18) 

CXCR2 antagonist vs 
placebo 

28-day treatment only  Biomakers 

Aksamit, 
2017 & De 
Soyza, 2017 
(19, 20) 

Inhaled ciprofloxacin vs 
placebo 

Requested: access 
declined by the company 

Exacerbations 

 

QOL: Quality of life 

 

 

 

 

 

 

 

 

 

 

 



 

Table S2: Risk of bias included studies. 

 

 

Study Sequencing 

generation 

Allocation 

concealment 

Blinding of 

participants 

and 

personnel 

Blind of 

outcome 

assessment 

Incomplete 

outcome 

data 

Selective 

reporting 

Other bias Overall 

risk of 

bias 

BAT trial 

(Altenburg 

2013) 

       Low 

Mannitol trial 

(Bilton 2014) 

       Low 

Aztreonam 

trial 

(Barker 2014) 

       Low 

 

 



 

 

Table S3. Baseline characteristics and FEV1 response (100 ml). 

 All population Active treatment group 

Trial Baseline characteristics Non-Responders Responders p value Non-Responders Responders p value 

        

Mannitol Trial (1) Age 60 (±13) 59 (±14) 0.5 60 (±13) 56 (±15) 0.1 

 Sex (female) 217 (64%) 63 (55%) 0.08 107 (64%)  37 (59%) 0.5 

 Smoking history 132 (39%) 44 (38%) 0.9 70 (42%) 22 (35%) 0.3 

 Body Mass Index 26 (±5) 25 (±4) 0.2 25 (±5) 25 (±4) 0.5 

 FEV1% baseline 62 (±13) 61 (±12) 0.8 62 (±13) 63 (±12) 0.5 

 SGRQ baseline 52 (±15) 52 (±13) 0.9 52 (±15) 53 (±13) 0.8 

 P. aeruginosa baseline 60 (19%) 15 (14%) 0.2 32 (20%) 6 (9%) 0.06 

        

Azitromycin Trial (2) Age 61 (±11) 62 (±12) 0.6 59 (±12) 59 (±13) 0.8 

 Sex (female) 32 (61%) 14 (61%) 0.3 15 (57%) 9 (69%) 0.3 

 Smoking history 26 (50%) 10 (43%) 0.4 15 (57%) 5 (38%) 0.1 

 Body Mass Index 23 (±3) 24 (±2) 0.06 22 (±3) 24 (±2) 0.2 

 FEV1% baseline 84 (±23) 73 (±26) 0.07 80 (±23) 69 (±24) 0.1 

 SGRQ baseline 37 (±20) 43 (±17) 0.2 36 (±19) 46 (±16) 0.1 

 P. aeruginosa baseline 10 (19%) 2 (8%) 0.2 4 (15%) 2 (15%) 0.7 

        

Aztreonam Trial (3) Age 63 (±12) 63 (±13) 0.8 64 (±12) 63 (±13) 0.7 

 Sex (female) 184 (67%) 87 (75%) 0.1 81 (62%) 38 (70%) 02 

 FEV1% baseline 66 (±20) 56 (±19) <0.001 67 (±20) 54 (±17) <0.001 

 QoL-B-RSS baseline 56 (±18) 56 (±17) 0.7 56 (±19) 56 (±16) 0.9 

 VAS baseline 67 (±16) 67 (±16) 0.8 65 (±17) 67 (±15) 0.4 

 Distance baseline (m) 429 (±115) 434 (±118) 0.6 418 (±125) 437 (±118) 0.3 

 P. aeruginosa baseline 219 (80%) 97 (83%) 0.4 108 (83%) 49 (90%) 0.1 

 

Data is expressed as n (%) or mean ( Standard Deviation). FEV1 (Forced Expiratory Volume in 1 second), SGRQ (Saint George Respiratory 

Questionnaire), QoL-B-RSS (Quality of life-bronchiectasis-respiratory symptoms score), VAS (visual analogue scale). 



 

 

 

Table S4. Baseline characteristics and Exacerbation response. 

 All population Active treatment group 

Trial Baseline characteristics Non-Responders Responders p value Non-Responders Responders p value 

        

Mannitol Trial (1) Age 60 (±12) 57 (±16) 0.055 60 (±12) 56 (±17) 0.1 

 Sex (female) 214 (63%) 75 (61%) 0.6 106 (66%) 41 (56%) 0.1 

 Smoking history 132 (39%) 49 (39%) 0.8 59 (37%) 34 (46%) 0.1 

 Body Mass Index 26 (±5) 26 (±5) 0.9 25 (±5) 25 (±5) 0.8 

 FEV1% baseline 61 (±13) 64 (±13) 0.059 61 (±12) 65 (±15) 0.08 

 SGRQ baseline 53 (±14) 50 (±14) 0.1 53 (±14) 52 (±15) 0.4 

 P. aeruginosa baseline 61 (18%) 18 (16%) 0.4 28 (18%) 11 (16%) 0.7 

        

Azitromycin Trial (2) Age 64 (±7) 59 (±14) 0.08 61 (±7) 58 (±15) 0.3 

 Sex (female) 33 (63%) 20 (64%) 0.9 13 (68%) 14 (60%) 0.6 

 Smoking history 29 (55%) 9 (29%) 0.018 12 (63%) 8 (34%) 0.06 

 Body Mass Index 24 (±3) 23 (±3) 0.3 22 (±3) 23 (±3) 0.8 

 FEV1% baseline 82 (±24) 75 (±27) 0.2 80 (±23) 74 (±25) 0.4 

 SGRQ baseline 43 (±18) 35 (±21) 0.1 44 (±16) 37 (±21) 0.3 

 P. aeruginosa baseline 8 (15%) 4 (12%) 0.7 2 (10%) 4 (17%) 0.5 

 

Data is expressed as n (%) or mean ( Standard Deviation). FEV1 (Forced Expiratory Volume in 1 second), SGRQ (Saint George Respiratory 

Questionnaire), QoL-B-RSS (Quality of life-bronchiectasis-respiratory symptoms score). 
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