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Introduction
Bronchiectasis is a chronic respiratory condition, often characterised by daily cough and chronic sputum production with a predisposition to recurrent chest infections. The global prevalence of bronchiectasis is unknown but it is being diagnosed more commonly in recent times, perhaps because high-resolution chest CT scanning—the gold standard for diagnosis—is more frequently used. In the USA, the prevalence ranges from 4 to 300/100 000 in adults.1 2 Severity may be assessed using different scoring systems, including the validated FACED and Bronchiectasis Severity Index (BSI) scores.3 4 The BSI has been shown to be associated with risk of hospitalisation and mortality.
Up to 55% of cases are idiopathic (ranges from 25% to 53% from studies with >100 patients with bronchiectasis) and the second most common cause is a past respiratory infection (4%–42%).1 Cole coined the phrase ‘the vicious cycle’ when describing the pathogenesis of bronchiectasis.5 6 Pharmacological therapies designed to break this cycle can be grouped into anti-infective, anti-inflammatory and mucoactive agents. Treatment aims to reduce the number of exacerbations, reduce cough and sputum volume, reduce sputum purulence and improve health-related quality of life.



  




This systematic review and meta-analysis assesses the evidence of different therapies by providing a comprehensive overview of the effectiveness of pharmacological and non-pharmacological treatment options in patients with stable bronchiectasis of non-cystic fibrosis (CF) aetiology.

Methods
This review followed a priori protocol with consensus and clinical expertise input from members of the American College of Chest Physicians (CHEST) Expert Cough Panel regarding the interventions (online supplementary table 1) and outcomes of interest. The reporting of this review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.7

Supplementary file 1

[SP1.pdf]


Study eligibility and literature search
Studies included randomised controlled trials (RCT), including crossover trials that enrolled patients with stable bronchiectasis of non-CF aetiology and compared interventions of interest to placebo, no intervention, other different interventions or to inhaled saline. We extracted data on patient demographics, baseline characteristics, study design variables, sample size, length of follow-up, intervention types, number of patients in each intervention and outcomes of interest. The search strategy is further detailed in the online supplementary material.

Outcomes
For exacerbations, we reported the number of patients who were at risk and experienced protocol-defined exacerbations (PDE). We also reported the mean number of PDEs. Additionally, we have reported the number of hospitalisations, all-cause mortality and scale-based sputum purulence. We evaluated the quality of life as assessed by St George’s Respiratory Questionnaire (SGRQ).8 9 We also reported the impact of cough as assessed by the validated Leicester Cough Questionnaire (LCQ).10 We also extracted different clinically important and commonly reported intervention-pertinent adverse events (AE). Definitions of all these outcomes are detailed in the online supplementary material.

Risk of bias and quality of evidence assessment
We used the Cochrane Collaboration Risk of Bias Assessment Tool.11 We graded the strength of evidence using the Grades of Recommendation, Assessment, Development and Evaluation workgroup methodology.12


Statistical analysis
For patients with exacerbations and exacerbation events, we extracted and reported the discrete number of events and total sample. Reported scales were extracted as pre-post mean differences. For dichotomised outcomes, we calculated or extracted relative risks (RR). For exacerbation events (incidence) and some predefined safety and diagnostic endpoint outcomes, we used incidence rate ratio (IRR). The DerSimonian and Laird random effects methods were used to pool outcomes from the included studies. For continuous outcomes, we pooled weighted mean difference (WMD) using the same random effects model. For crossover RCTs, we extracted means and SDs (or SEs) for the intervention and the control for the whole study period. This approach is likely to overestimate the ‘true’ SEs and have wide CIs for crossover RCTs; thus, those studies contributed ‘less’ in the pooled effect size (ie, less weights) using the D-L random effects model. We conducted the analysis accounting for the intention-to-treat (ITT) population of the included studies. If the analysis in the original study was not based on ITT, we recalculated outcomes using ITT analysis where the study information provided was sufficient. We conducted subgroup analyses to explore heterogeneity between studies based on predefined effect modifiers. We statistically evaluated the difference between subgroups using one-way analysis of variance test. Heterogeneity across the included studies was estimated using I² statistic, in which ≥50% suggests substantial heterogeneity. We were unable to assess publication bias due to the small number of studies included in each analysis and substantial heterogeneity. Statistical analyses were completed using Stata V.12 (StataCorp, College Park, TX).


Results
The initial search yielded 1050 publications, and eventually 30 studies were included as the flow chart shows in online supplementary eFigure 1. The characteristics of included studies are summarised in online supplementary table 2 while online supplementary table 3 reflects the risk of bias assessment. The risk of bias across outcomes and in most of the interventions was moderate mainly due to unclear allocation concealment. Results of the meta-analysis of primary and safety outcomes are shown in tables 1–3 and online supplementary tables 4 and 5. Only three studies reported the endpoints of interest in children.13–15 The most common interventions reported were antibiotics versus placebo (17 studies),13–29 mucoactive agents (rhDNase+mannitol) versus placebo (three studies30–32; two studies about mannitol only30 31 vs placebo+one study32 about rhDNase vs placebo), inhaled corticosteroids versus placebo (three studies),33–35 pulmonary rehabilitation (PR; three studies),36–38 physiotherapy (PT) versus no PT±usual care (two studies)39 40 and statins (one study).41 There was paucity in studies reporting outcomes of interest comparing for several interventions of interest, including patients who received surgery, certain vaccines or gastro-oesophageal reflux disease (GORD/GERD) treatments. Certain interventions or outcomes were only reported using single trial results (table 3 and online supplementary table 5).
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Table 1 Clinical outcomes of stable patients with bronchiectasis who received antibiotics versus placebo
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Table 2 Safety outcomes of stable patients with bronchiectasis who received antibiotics versus placebo
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Table 3 Outcomes of various predefined interventions in stable patients with bronchiectasis



Twenty-one studies of different interventions used various outcome-specific indices or quality of life scales, with the most common reported scales being SGRQ14 16 21 23 26 27 29 31 33–38 40 42 and LCQ23 26 36 37 40 (both quality of life scales), and Sputum Purulence Scale (measurement of sputum colour).14 34 A summary of some of the reported or used scales pertinent to the outcomes of interested is shown in online supplementary table 6. The main primary outcomes of the included studies are summarised in online supplementary table 7. We included four crossover RCTs in the analyses. All of them reported adequate washout period to exclude possible effects from the precrossover phase.
Results of meta-analysis
Antibiotics versus placebo
Seventeen studies13–29 reported different outcomes comparing antibiotics versus placebo (tables 1 and 2). Thirteen studies enrolling 1466 patients reported number of patients with exacerbations.13–18 20 22 23 25–28 The use of antibiotic was associated with a lower proportion of patients experiencing exacerbations when compared with those who received placebo (RR 0.76 (0.65, 0.89)) (table 1, figure 1).
[image: Figure 1]
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Figure 1 Meta-analysis of number of patients with exacerbations in patients with bronchiectasis who received antibiotics, mucoactive agents, corticosteroids or atorvastatin in comparison to placebo. RR, relative risk.



Neither the age group of patients nor the route of antibiotic administration showed statistically significant difference (table 1).
Fourteen studies enrolling 1196 patients reported frequency of exacerbations (mean number of events).13 15–21 23 24 26–29 When compared with placebo, the use of antibiotics was significantly associated with decrease in the number of exacerbations in patients with bronchiectasis (IRR 0.62 (0.49, 0.78)) (table 1, figure 2). There was no significant difference between other subgroups.
[image: Figure 2]
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Figure 2 Meta-analysis of mean number of exacerbations (events) in patients with bronchiectasis who received antibiotics, mucoactive agents or corticosteroids in comparison to placebo. WMD, weighted mean difference.



Five studies enrolling 805 patients reported patient hospitalisations.16 17 21 24 27 There was no significant difference between the treatment groups (table 1, online supplementary eFigure 2). Six studies17 21–23 26 28 enrolling 916 patients reported about mortality and found no significant difference with the use of antibiotics when compared with placebo (table 1, online supplementary eFigure 3).
In assessing measurement scales, studies using a Sputum Purulence Scale14 34 showed a statistically significant difference (ie, decrease in purulence, or improvement) as did studies measuring improvement in quality of life (total SGRQ)16 20–22 26 27 29 while using antibiotic versus placebo, (WMD −0.90 (−1.58, −0.22)) and (WMD −6.07 (−10.7, −1.43)) respectively (online supplementary table 5). All safety and adverse effect outcomes are summarised in table 2.
In general, we found insufficient or unclear reporting of safety outcomes. Patients who received inhaled antibiotics had more than double the risk of bronchospasm (online supplementary eFigure 4) while the risk of diarrhoea tripled with oral antibiotics when compared with placebo (table 2). Also, patients who received antibiotics,15 18 27 especially inhaled antibiotics,15 27 had an almost 2.5-fold increased risk of withdrawal from treatment due to toxicity or adverse effects (RR 2.47 (1.29, 4.71)) (table 2).
Patients who received antibiotics, specifically oral macrolides, showed significant improvement in forced expiratory volume in 1 s (FEV1) (WMD 0.02 (0.00, 0.04)) (online supplementary eFigure 5). Different routes of antibiotic use (oral macrolides vs inhaled antibiotics) did not show any statistically significant differences in effectiveness.18–20 22 24–27 Patients who received inhaled antibiotics had a statistically significant reduction in their forced vital capacity (FVC)% predicted when compared with those who were on oral antibiotics (WMD −3.85 (−5.02, −2.67) vs 0.23 (−1.78, −2.24)). The quality of evidence comparing antibiotics versus placebo is likely low to moderate, graded down due to heterogeneity and increased risk of bias.

Inhaled corticosteroids versus placebo
Two studies33 34 enrolling 163 patients investigated the number of patients with exacerbation and found no significant difference (OR 0.85 (0.63, 1.14)) (table 3, figure 1). Similarly, these studies33 34 reported exacerbation events (mean), and found that when compared with placebo, inhaled corticosteroids did not significantly reduce exacerbations (table 3, figure 2).
Number of hospitalisations and mortality were both not significantly different between inhaled corticosteroids and placebo. The measurement scales (online supplementary table 5) showed only statistically significant deterioration on the total SGRQ measure of quality of life.
Lung function showed a small improvement in FEV1% predicted33 34 and deterioration in FVC% predicted33–35 but no significant effect on the absolute value of FEV1
35 with the use of inhaled corticosteroids. There were no reported occurrences of pneumonia in both groups in the two included studies. Generally, there was sparse or insufficient reporting of safety outcomes; one study reported no significant differences in haemoptysis and sore throat. There was paucity in reporting other significant outcomes, including adrenal suppression, skin thinning and bone mineral density. All safety and adverse effect outcomes are summarised in online supplementary table 4. The quality of evidence comparing inhaled corticosteroids versus placebo is low, graded down due to imprecision and increased risk of bias.

Inhaled corticosteroids versus inhaled corticosteroids+long-acting ß2 agonist
No statistically significant differences were observed with exacerbations or the quality of life measures as reported in 40 patients42 (table 3). The quality of evidence is low, graded down due to severe imprecision.

Mucoactive versus placebo
Three studies enrolled 1177 patients who received any type of mucoactive agent.30–32 One study32 enrolled 349 patients receiving rhDNase while two studies30 31 enrolled 828 patients receiving mannitol only in comparison to control or placebo treatments. Mucoactive agents (rhDNase) only showed a statistically significant decline in lung function measured by FEV1 (% predicted) and FVC (% predicted). O’Donnell et al
32 reported three different counts of exacerbation events using PDE, non-PDE and combined (PDE+non-PDE) events; using the PDE showed no significant association while using data from the combined event yielded a weak statistical significance with increased incidence of exacerbations (1.35; 95% CI 1.01 to 1.79).
All studies whether comparing the combined mucoactive agent studies, mannitol only (two studies) or rhDNase only (one study), were not associated with any significant difference in other outcomes when compared with placebo (table 3, figures 1 and 2, and online supplementary eFigures 3 and 4). The quality of evidence is low, graded down due to imprecision and increased risk of bias. All safety and adverse effect outcomes are summarised in online supplementary table 4.

PT and PR
We identified two studies of PT: using oscillatory positive expiratory pressure (PEP) device in one study40 and using flutter device in another study.39 Receiving PT alone was associated with better quality of life (SGRQ total component and LCQ scales) when compared with no PT care40 (online supplementary table 5). There were not sufficient data available about other outcomes (table 3). The quality of evidence is low, graded down due to imprecision and increased risk of bias.
PR is a programme of education, exercise and support for patients to breathe better and function at the highest possible capacity in their daily lives. We identified three studies.36–38 One study36 used a specialised chest physiotherapist to train the enrolled patients. Once the physiotherapist was satisfied with the patient technique, chest PT was done at home but was checked at each study visit. Another study compared PR with a targeted inspiratory muscle training (IMT) versus PR+Sham IMT versus control care.38 The third study compared a supervised exercise training and educator-supported group versus physical education-only group.37 PR, coupled with PT, was associated with better quality of life (measured by SGRQ total) when compared with PT-only treatment.36 37 The quality of evidence is low, graded down due to imprecision and increased risk of bias.

Other interventions
Atorvastatin was associated with a lower number of patients with exacerbations and exacerbation events (mean) while improving the quality of life (improvement in LCQ scores) when compared with placebo in one study41 (figure 1, table 3 and online supplementary table 5).



Discussion
This systematic review and meta-analysis identified criteria-specific therapies that could have a positive impact on exacerbations in patients with clinically stable bronchiectasis. The term ‘clinically stable’ in its own right is debatable as although patients with bronchiectasis do not have a current exacerbation, many patients remain symptomatic with regular cough and sputum production, may have systemic symptoms and are prone to recurrent exacerbations. The number of patients with exacerbations was reduced by high-dose statin therapy and also with long-term antibiotic therapy. The frequency of exacerbations was reduced by long-term antibiotic therapy. Chest PT and PR in breathless patients are routinely recommended by clinicians, but the evidence base to support these recommendations is weak. Bronchiectasis is mostly idiopathic or postinfective.1 Identifying an aetiology is recommended by the British Thoracic Society (BTS) Guidelines as there are disease-specific treatments available for bronchiectasis associated with GORD, allergic bronchopulmonary aspergillosis, inflammatory bowel disease, common variable immunodeficiency or environmental mycobacterial infection.1 There was insufficient evidence to explore therapies for these conditions in this review.
A key element to patients’ management is advising on regular chest clearance. A recent Cochrane review including seven studies with 105 patients concluded that airway clearance techniques appear to be safe for individuals (adults and children) with stable bronchiectasis and may account for improvements in sputum expectoration, selected measures of lung function, symptoms and health-related quality of life.43 In our meta-analysis, there were only 29 patients from two studies.39 40 Other studies showed improvement in health-related quality of life, with additive benefit with PR in three studies.36–38 A systematic review of PR with exercise training in bronchiectasis identified four trials with 164 patients,44 concluding that short-term improvements in exercise capacity and health-related quality of life were achieved with supervised PR and exercise training programmes at 8 weeks, but sustaining these benefits long term (ie, >12 months) was challenging in these patients. Larger RCTs are needed, as the studies to date are small to make recommendations.
There has been increased interest in mucoactive therapies to aid sputum expectoration. Recent reviews for patients with chronic lung conditions including bronchiectasis concluded that given the harmful effects of DNase and insignificant evidence of benefit, DNase should not be used in routine practice.45 46 There is insufficient evidence to recommend the routine use of other mucolytics in bronchiectasis.45 46 In our meta-analysis, there was no benefit with inhaled recombinant human DNase, which supports BTS recommendations against its use in bronchiectasis.1 The main study of inhaled mannitol has shown increased time to next exacerbation and reduced antibiotic exposure but failed to reach its primary endpoint of reduced exacerbations. The downsides include the treatment burden of inhaling 10 capsules twice daily and the fact that about 22% of patients are unable to tolerate mannitol with the development of significant bronchospasm with a greater than 20% fall in FEV1. Overall mannitol is unlikely to be licensed for routine use in bronchiectasis.
There are novel anti-inflammatory therapies that can potentially reduce exacerbations. Atorvastatin reduced exacerbations in patients with moderate to severe bronchiectasis in a single-centre study. The study showed improved neutrophil apoptosis, postulating a potential mechanism about how statins led to clinical improvement; 33% had however non-serious AEs versus 10% taking placebo. Multicentred studies are needed to address whether such therapy is tolerable and can reduce exacerbations before it can be recommended for routine use.
A 2009 review showed insufficient evidence to recommend the routine use of inhaled corticosteroids in adults with stable bronchiectasis.47 Our analysis only included 163 eligible patients for the efficacy of inhaled corticosteroids, showing no effect on exacerbations, hospitalisation or mortality. There is insufficient evidence to support the routine use of inhaled corticosteroids in bronchiectasis. The exceptions are in patients with coexisting asthma or severe chronic obstructive pulmonary disease (COPD) with frequent exacerbations that merit inhaled corticosteroids for these conditions alone from international guidelines.
Regarding long-term antibiotics, a Cochrane review in 2015 evaluating treatments given during a period of 4–83 weeks found at least a 50% reduction in exacerbations and hospitalisation. The risk of developing drug resistance was more than threefold higher. The review was however limited by the diversity and evidence of moderate to low quality.48 A more targeted meta-analysis investigating inhaled antibiotic therapy taken for 4 weeks or longer in bronchiectasis found that inhaled antibiotics reduced the bacterial load, enhanced bacterial clearance and reduced the risk of acute exacerbations.49 In a meta-analysis of long-term macrolides, the authors included 10 studies containing 601 patients where macrolides led to a statistically significant improvement in reducing acute exacerbations per patient during follow-up treatment (p<0.001), increasing the number of patients free from exacerbations (p<0.001) and prolonging time to a first exacerbation (p<0.001). Macrolide maintenance treatment was superior to control with respect to attenuating FEV1 decline (p=0.02), improving sputum volume (p=0.009) and SGRQ total scores (p=0.02), but showed a higher risk of AEs, especially diarrhoea (p=0.0006). Eradication of pathogens did not significantly improve in the macrolide group (p=0.09), while pathogen resistance caused by macrolides increased (p<0.001).50

In our meta-analysis investigating treatments taken for 3 months or longer, we were able to summarise evidence from only 1196 patients on the efficacy of long-term antibiotic therapy. It gave a clear signal that long-term antibiotics reduce sputum purulence and exacerbations. There was no signal whether there was any effect on hospitalisation and mortality. Larger and longer RCTs are needed to explore these endpoints along with tolerability. We analysed whether the positive effect on reducing exacerbations was dependent on route of administration (oral or inhaled) and if on long-term oral antibiotics whether there was different efficacy if on long-term macrolide therapy or not, but this review showed no significant differences; however, there have been no head to head trials comparing inhaled antibiotics versus oral antibiotics. Similar to Fan et al,50 there was increased diarrhoea with long-term macrolide therapy. It is well recognised that inhaled therapies can lead to chest pain, wheeze and breathlessness due to local bronchospasm. The meta-analysis by Brodt and colleagues reported that 10% have bronchospasm with inhaled antibiotics compared with 2.3% placebo.49 Similarly, in our study, there was increased risk of bronchospasm with inhaled antibiotics and a small reduction in FVC%. Although there were no significant differences identified between oral and inhaled antibiotics in this review, we would interpret these results with caution in light of the small sample size. Further RCTs are needed but there is a clear signal for the benefit of long-term antibiotics. Further work is needed to determine the optimal bronchiectasis patients we should consider for long-term antibiotic therapy, the agent to be used, route of administration and length of treatment, and we need long-term follow-up to assess the long-term safety of these agents, in particular the concerns of developing drug resistance and the development of emergent new pathogens.
The limitations of this evidence synthesis include heterogeneity between studies in defining exacerbations (various protocols), variations in the modalities used to treat patients, insufficient or unclear reporting of clinical outcomes of interest and limited inference of patients’ disease severity. The strengths of this review include expansive inclusion of clinically relevant pharmacological and non-pharmacological interventions, robust methodology in synthesising and determining the strength of evidence per intervention, the input of panel expert, the analysis of well-defined treatments and ascertaining the time period for each intervention to minimise biases.
At the time of this review, only 30 studies, mostly studies on adult patients, were available to guide the care of patients with this condition. This is in comparison to a PubMed search, dated 23 November 2017, in which there were 5080 randomised controlled studies on COPD, 7533 on lung cancer and 10 901 on asthma. This review confirms the paucity of RCTs in bronchiectasis. Larger RCTs are needed to assess the role of chest clearance and PR in improving exacerbations as the studies to date are underpowered to make recommendations. The evidence warranting most confidence is for long-term antibiotic therapy; however, there is insufficient evidence to identify the optimum agent, mode of therapy and length of treatment. Large multicentre double-blind trials are needed to address these short-term and long-term treatment strategies in bronchiectasis.
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