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SUMMARY
[bookmark: _Hlk123375281]Improving paediatric bronchiectasis treatment requires high-quality research containing outcomes that meet study objectives and are meaningful for parents and patients. In the absence of any systematic review or agreement on the health outcomes that should be measured in paediatric bronchiectasis, we established an international, multidisciplinary panel of experts to develop a core-outcome set (COS) incorporating parent and patient perspectives. We first undertook a systematic review from which an outcome list of 21 items was constructed and separate surveys for ranking by parents and patients, and healthcare professionals developed. These international surveys had 562 respondents (201 parent/patients; 361 healthcare professionals) from 59 countries. The consensus five essential COS were quality-of-life, symptoms, exacerbation frequency, hospitalisations, and unscheduled healthcare visits. This international, parent and patient-informed consensus paediatric bronchiectasis COS should ensure studies have patient-focused outcomes that will facilitate clinical care and research worldwide, and also improve systematic reviews and GRADE-informed guidelines. We now need validated outcome measures for several items in the COS.

Funding: The ERS Children’s Bronchiectasis Education, Advocacy and Research Network.

KEY MESSAGES 

Rationale and approach 
· Bronchiectasis is a neglected condition, particularly in children, for which there is a wide range of outcomes used for research and clinical care.
· As appropriate patient-focused and valid outcomes for intervention studies are important for the study itself and for future clinical practice, we sought to develop a core-outcome set (COS) for paediatric bronchiectasis for use in clinical practice and research settings globally via a systematic review and international surveys that included 201 parents and patients from 17 countries and 361 health professionals from 58 countries who rated the outcomes that they considered most important.
Findings
· Of the 10 highest ranked outcomes, eight were common to both the parent and patient group, and to healthcare professionals.
· Our international consensus-derived COS for paediatric bronchiectasis that is patient-focused derived five essential outcomes (quality-of-life, symptoms, exacerbation frequency, non-scheduled healthcare visits, and hospitalisations) and five important but not essential outcomes (time-to-next exacerbation, lost days from school or work, adverse events, lung function and burden of therapy). 
[bookmark: _Hlk133157346]Future directions and implications 
· Future intervention studies on paediatric bronchiectasis should include, as a minimum, the patient-focused COS (especially the first 5 rated as essential) thus facilitating clinical care and research, while also allowing better comparisons between studies and improving the quality of systematic reviews and GRADE-informed guidelines.
· The next steps are deriving validated outcome measures for several of the COS items that do not currently exist, eg. paediatric-specific bronchiectasis QoL instruments. 

Search strategy and selection criteria panel for COS
Our search strategy for the systemic review is outlined in the Appendix, pp 2-3. For the manuscript, we undertook a PubMed search before commencing our project in March 2021. We used the terms “child OR children AND bronchiectasis AND outcomes”. We did not identify any systematic reviews on the outcomes for paediatric bronchiectasis. Prior to manuscript submission, we repeated the search on the COMET and PubMed databases on the 6th of February 2023. There was one published COS for adult bronchiectasis and another study in progress using a COS for airway clearance techniques in adult bronchiectasis. However, no systematic review for outcome or COS were found for paediatric bronchiectasis.



INTRODUCTION

[bookmark: _Hlk37429745][bookmark: _Hlk87020962]Improving children’s lung health is vital for future adult health and is one of the eight essential actions identified by the Forum of International Respiratory Societies to reduce the burden of respiratory disease and to improve global health.1 Bronchiectasis is one such chronic pulmonary disorder affecting both children and adults. It is characterised by a chronic or recurrent wet/productive cough, accompanied by airway infection and inflammation, and abnormal bronchial dilatation on chest computed-tomography (CT) scans.2 

However, unlike bronchiectasis in adults, the abnormal airway dilatation in some children may be reversible if it is detected early when bronchial dilatation is mild and treatment is optimised.2,3,4,5 Programmes designed to improve the clinical outcomes of children with bronchiectasis rely upon its early diagnosis and treatment.3 Once considered rare in this age group, bronchiectasis is now recognised increasingly in both high and low-to-middle income countries.2,6 Nevertheless, despite the resulting high patient burden, needs, treatment costs and the opportunity to stabilise or even reverse bronchiectasis,7,8 it remains a neglected chronic respiratory condition.9,10 

Improving the clinical outcomes of children and adolescents with bronchiectasis requires many approaches, including high-quality clinical research (e.g. intervention trials) with appropriate outcomes and endpoints that not only meet study treatment objectives, but are relevant for patients and their families. Outcomes are measurable variables or parameters (e.g. exacerbations), whilst endpoints refer to analysis of these parameters (e.g. exacerbation rate at 12-months post-intervention). Availability of patient-important outcomes and endpoints will improve individual clinical studies and guide treatment decisions. Including a core set of such outcomes (leading to patient and clinician-focused endpoints) for clinical trials is also important as this will improve comparability of findings across trials and allow data to be combined when conducting systematic reviews to inform guideline development and where the ‘Grading of Recommendations, Assessment, Development and Evaluations’ (GRADE) framework is the current gold standard. In GRADE, assignment of ‘high quality-of-evidence’ requires an assessment of certainty of evidence on all critical outcomes for the specific ‘Patient, Intervention, Comparison, Outcome’ (PICO) question, and not just for a subset of the critical outcomes.11 Having common outcomes in studies will enable data to be available for critical outcomes, which will lead to improved quality-of-evidence for PICOs and evidence-based guidelines. 

Standardised sets of outcomes, which prescribe the minimum set of study outcomes and endpoint measurements, known as core-outcome sets (COS) are available for several respiratory conditions (e.g. clinical studies of chronic obstructive pulmonary disease exacerbations in adults.12). For adults with bronchiectasis, there is a COS limited to trials of long-term management of bronchiectasis.13 However, currently there are no publications or consensus on outcomes considered important in studies involving children and adolescents with bronchiectasis. The variability in outcomes and/or endpoints used for studies on bronchiectasis was evident in our evidence tables in the European Respiratory Society (ERS) clinical practice guideline (CPG) for the management of children and adolescents with bronchiectasis.9 Furthermore, during the developmental phase of the CPG, it became evident that core outcomes and endpoints important to parents and their children with bronchiectasis were sometimes different to those of clinicians. 

[bookmark: _Hlk37429811]To address this gap, an international, multidisciplinary panel of experts, comprising members of the Children’s Bronchiectasis Education, Advocacy and Research Network (Child-BEAR-Net),14 an ERS Clinical Research Collaboration network, aimed to develop a consensus on a set of well-defined patient-relevant outcomes and endpoints for clinical interventions, incorporating the views of people with lived experience of bronchiectasis in the COS-development process. The final COS is intended to inform the planning and conduct of future studies and improve their relevance for children and adolescents with bronchiectasis, unrelated to cystic fibrosis (CF).
METHODS 
This project comprised three stages: (1) a systematic review of outcomes for consideration by participants; (2) surveys to rate the selected outcomes; and (3) a consensus meeting to review and develop the final COS. The project was registered on the Core Outcome Measures in Effectiveness Trials (COMET) Initiative database https://www.comet-initiative.org/Studies/Details/2487.

Study groups and participants 
[bookmark: _Hlk44957653]The scientific panel (the core author group) comprised all 24 committee members of the Children’s Bronchiectasis Education, Advocacy and Research Network (Child-BEAR-Net),14 an ERS Clinical Research Collaboration network, which included a European Lung Foundation (ELF) representative (JB), parent and patient advisory group (PAG) member (ZP), specialists in paediatric respiratory medicine (ABC, AB, AZ,CC, KD, MG, JG,AH, BK, OM, FM, AM, MP, AK), and paediatric experts in infectious disease (KG), radiology (EA), physiotherapy (CW), and lung function (AJC), a scientist and statistician (SY), two global leaders in adult bronchiectasis (ATH, JD), and the Cochrane Airways Group coordinating editor (also a primary care physician, RF). All have specific expertise related to bronchiectasis. The project was overseen by the Child-BEAR-Net steering group made up of eight Child-BEAR-Net committee members (ABC, KG, AK, AZ, AB, ATH as well as a PAG member (ZP) and the ELF representative (JB). Conflicts of interest were declared when commencing this project and again when submitting the manuscript.

For the survey, participants included parents of children and adolescents with bronchiectasis, patients aged >18-years who had bronchiectasis diagnosed during their childhood, and healthcare professionals responsible for the care of children and adolescents with bronchiectasis. Invitations for experts to participate were overseen by the steering group, but included the networks of the entire scientific panel. Specifically, healthcare professionals were invited to participate in the survey by Child-BEAR-Net extended network members and the paediatric members of the ERS via a direct email with a link sent to each members’ email address. Parents and patients were recruited via calls for participants on several websites (ELF, Child-BEAR-Net), ELF emails to parents, and also by Child-BEAR-Net scientific panel members’ networks who encouraged their patients to complete the survey either during the clinic consultation or later through a link provided via a printed quick response (QR) code. 

Systematic review
Development of a COS was one of the five initial objectives of Child-BEAR-Net14 that were in the proposal submitted by the Chairs (ABC, AK) to the ERS CRC committee (November 2020). Planning for the project were first discussed at the steering committee’s virtual meeting on 22 March 2021. The plan was then discussed at the virtual meeting (10 June 2021) of the scientific panel who agreed upon the overall approach (Figure-1) and inclusion and exclusion criteria for the systematic review (appendix p2). 

We undertook a systematic review to identify outcomes and endpoints that have been used in previous and on-going studies in children with bronchiectasis to inform the surveys. Briefly, we undertook the following. Our database search strategies were randomised controlled trials and observational studies involving children and adolescents aged <18-years with bronchiectasis. Additionally, we reviewed the outcomes used in the ERS CPG.9 The search strategy (appendix pp 2-3) was designed and undertaken by the Cochrane Airways Group information specialist (Elizabeth Stovold). However, we excluded studies published prior to the Year 2000 in line with the availability of chest CT scans for clinical practice, as well as CF-based studies. The search was performed on the 25th of August 2021 by the Cochrane Airways Group’s Information Specialist (Elizabeth Stovold) using the criteria outlined in the appendix, on several databases (OVID MEDLINE, Cochrane Central Library and ClinicalTrials.gov). Its results were uploaded onto Rayyan (https://rayyan.qcri.org/). Two panel members (ABC, AJC) independently screened the titles and abstracts. Potentially relevant papers were retrieved and reviewed by the same two panel members. Additional papers and protocol registries were identified from the authors’ databases. Disagreements were resolved by consensus between the same two panel members, and a priori a third person (RF) was identified to adjudicate if necessary. Outcomes as reported in the included studies were counted. 

[bookmark: _GoBack]Between March 2021 and November 2022, we held eight virtual meetings (two involved the Child-BEAR-Net14 steering group only and the rest were attended by the whole scientific panel) and one face-to-face meeting (on 3rd June 2022 in Bergamo, Italy) in addition to email correspondence. All meetings were chaired by ABC and AK. During these meetings, we reviewed data from the systematic review and made decisions on retaining or excluding outcomes for the surveys based upon whether they were applicable to most studies or only relevant for specific study questions (eg. levels of vitamin D and measures of movement, such as the 6-minute walk test). These decisions were made through iterative review and discussion. 

Surveys
A pilot survey was undertaken using REDCap hosted by the Queensland University of Technology, and sent to the Child-BEAR-Net’s scientific panel, the extended Child-BEAR-Net network members, and two PAGs (CPG9 and the Australian Centre for Research Excellence for paediatric bronchiectasis; <crelungs.org.au/cre-parent-and-community-advisory-group>). Following feedback, the survey for parents and patients was modified for further clarity and a lay description for each outcome was provided.

The ELF representative (JB) then developed two versions of the survey, one for parents and patients, and another for healthcare professionals. Both surveys (Appendix, p32-39) included access to the systematic review data. The surveys were available in seven languages (English, German, Italian, Portuguese, Russian, Turkish, and Ukrainian) and was open from April to December 2022. Respondents were asked to rate the importance of each of the outcomes using a Likert-type scale with scores ranging from 1 to 5 (1=don’t know/no opinion, 2=not very important, 3=important, 4=very important, and 5=essential). For simplicity, the order of presentation was the same for all outcomes.  

Consensus meetings
The results of both surveys were presented to the ELF PAG on the 8th of December 2022 at one of their regular meetings. The agenda for the meeting included a discussion of the results of the surveys. We held a final scientific panel meeting on the 18th of January 2023 virtually, chaired by ABC and AK to agree upon the core, intervention-specific, and discovery outcome measures. The outcomes for the COS were decided at the final meeting by selecting the top 10, as rated in the surveys. We did not apply any cut-off thresholds, but had agreed a-priori that we considered parents and patients selection were more important and the top 10 would be determined contingent upon their general applicability for studies on paediatric bronchiectasis. The number of outcomes in the COS was not decided a priori; the scientific panel discussed in the meeting and voting was undertaken. The healthcare professionals’ survey results contributed to the selection of the top 10 outcomes by providing a sense of importance of the outcomes from a practitioner’s perspective and used in the general discussion when selecting the final COS.  

As full consensus was obtained, a second round of voting/ranking was not undertaken. The COS items were then categorised into ‘essential’, ‘important but not essential,’ and ‘limited importance’ by the scientific panel and the Australian PAG, based upon voting. The votes were undertaken using the same grading method for selecting outcomes during the development of the CPG9 for managing children and adolescents with bronchiectasis. Each panel member filled a template on an excel sheet and marked their score for each of the outcomes where scores of 1 to 3 were ‘limited importance’, 
4-6=‘important but not critical’, and 7-9=’critical’. For the PAG, these were openly discussed without a formal voting process. 

The process for selecting intervention-specific and discovery outcome measures were based on (a) not fulfilling selection of the top 10 (as described above), (b) whether the measures were applicable to all studies, and (c) whether or not the biomarkers currently exist in the current literature. The last two criteria were based on the included studies (Table S1, appendix p5) and the scientific panel’s knowledge and experience. The items selected for the ‘discovery outcomes’ were based upon biological samples and endpoints used commonly in bronchiectasis studies in the absence of currently available validated biomarkers for bronchiectasis. Measurements for the outcomes were based on the data available from the systematic reviews and the scientific panel’s knowledge and endorsed by email discussions. 
 
Data analysis
Only fully completed surveys were accepted. The ‘weighted average score’ of each outcome was calculated (using Survey Monkey). The ‘weighted average score’ takes into account the number of responses to each option and multiplies that by the weighted number for each choice (numbered 1 to 5 in our survey), totals were added together, and then divided by the overall number of respondents i.e. (No. of responses x 1) + (No. of responses x 2) + (No. of responses x 3) + (No. of responses x 4) + (No. of responses x 5) / total number of responses. We used descriptive statistics to present the age of the person with bronchiectasis and when their bronchiectasis was diagnosed, and graphs to display the weighted averages for each outcome, stratified by survey group, produced using Excel (Microsoft Office), to participants at the consensus meetings. Risk of bias was deemed not applicable for our systematic review and survey results, and statistical analyses for these were not undertaken.

Role of funder
The study was partially funded by the ERS as part of Child-BEAR-Net. The funder had no role in the study design; collection, analysis, and interpretation of data; writing of the report; or the decision to submit the paper for publication. 

RESULTS
The search identified 1603 potential publications; 98 full-text articles were retrieved, and 79 articles fulfilled the inclusion criteria. The PRISMA diagram is depicted in the appendix (appendix Figure-S1, p4). The 79 included articles are summarised in the appendix (Appendix Table-S1 pp 5–31) and grouped by: (A) randomised controlled trials (RCTs) that are either published (appendix subheading A1, pp 5-10) or in progress (appendix subheading A1, pp 11-13), and (B) observational studies that are either published (appendix subheading B1, pp 14-29), or in progress (appendix subheading B1, p30). 52 individual outcomes were reported in these studies. 

Consensus discussion of the results of the systematic review among the scientific panel members at the virtual and face-to-face meetings led to the identification of 21 outcomes that were considered relevant for further development of the COS from the possible 52 outcomes used in the included studies (Table-S1, appendix pp 5-31). The frequency of the use of the 21 outcomes in the included studies are presented in Table-1. The agreed set of 21 outcomes was used for inclusion and rating in the pilot survey followed by the two (parents and patients, and health professionals) international surveys. 

[bookmark: _Hlk127131655]There were 484 respondents to the parent and patient version of the survey, of whom 217 were excluded (as they were neither a parent of a child or adolescent with bronchiectasis nor an adult who was diagnosed with bronchiectasis as a child). This resulted in 267 eligible respondents of whom 201 from 17 countries completed all sections of the survey (appendix, p39). The median age of the persons with bronchiectasis was 9·0 years (IQR 5·9, 13·0) and their bronchiectasis had been diagnosed 4·2 (IQR 2·0, 8·0) years earlier (from time survey was answered). In addition, 447 responded to the healthcare professional survey version, of whom 37 were excluded (as they were not responsible for the care of either children or adolescents with bronchiectasis), leaving 410 eligible respondents of whom 361 healthcare professionals from 58 countries completed all sections of the survey (see appendix, p39). 

The weighted average of the outcomes for both surveyed groups are presented in Figure-2 (and in tabular form, appendix, Table-S2, p41). Of the 10 highest ranked outcomes (Table-2), eight were common to both the parent and patient group, and to healthcare professionals. However, for the remaining two items, the parent and patient group included ‘adverse events’ and ‘non-scheduled healthcare visits’ in their top 10, whereas healthcare professionals included ‘sputum microbiology’ and ‘validated cross-sectional imaging’. Nonetheless, the three highest ranked outcomes were common to both groups (quality-of-life [QoL], exacerbations, and hospitalisations), although not in the same order. Four outcomes (blood [e.g. C-reactive protein, Interleukin-8], sputum [e.g. neutrophil elastase], and breath biomarkers, and nasal swab microbiology) were rated <3·00 by both groups. The rest of the outcomes were rated >3·00. The order of the other outcomes also varied between the parent and patient group, and healthcare professional surveys.

The ELF-PAG meeting was attended by seven people whilst 25 participants attended the final consensus meetings: 19 scientific panel members and 6 Australian PAG members. Our choice of the COS was based upon the top 10 (three grouped into a single exacerbation group) outcomes chosen by parents and patients in the surveys. We achieved total consensus by voting in the meeting(s) upon the outcomes that made up the COS. These were then later rated into essential/important but not essential categories by each scientific panel member returning their e-paper based vote which was collated and then summarised (by ABC). We grouped the rest of the remaining outcomes into ‘selected outcomes based upon intervention type’ and ‘discovery outcomes’ (Table-3). 
DISCUSSION
We have developed an international-derived, patient-focused consensus COS for paediatric bronchiectasis for use in clinical practice and research settings globally. Ideally, these are also used for clinical monitoring of the patient’s bronchiectasis health status and response to interventions. In addition, we have suggested other outcomes (‘selected outcomes based upon intervention type’ and ‘discovery outcomes’) and provided a description of the measurements for the core outcomes. All these outcomes were informed by a systematic review and ranking by 562 survey respondents that included parents of children and adolescents with bronchiectasis, adults who had bronchiectasis diagnosed during childhood, and clinicians with expertise in paediatric bronchiectasis. 

Our study is the first to undertake a systematic review of the outcomes used for paediatric bronchiectasis studies (RCTs and observational studies), and the first to derive a COS, and other outcomes and endpoints, for this chronic pulmonary disorder in children and adolescents. The absence of consistent important outcomes, including a COS for studies on bronchiectasis in children and adolescents, has been a clinical research gap, which was evident when we undertook writing the ERS CPG for managing bronchiectasis in this age group.9 Our study fills this gap, and its importance is enhanced by not only our international approach, but also from the combined views of parents, patients, and healthcare professionals. The need for outcomes that reflect parent and patient priorities is recognised increasingly19 and is one of the key elements recommended by the COMET initiative (https://www.comet-initiative.org/).

[bookmark: _Hlk133326603]Having a COS to inform the choice of endpoints in intervention studies will also benefit future systematic reviews for GRADE-based guidelines. For example, in one of our CPG’s PICO questions, there was high certainty of evidence that using long-term macrolides reduces respiratory exacerbations,20 yet the recommendation was graded as low. This was because grading is based upon the quality of certainty of evidence for all critical outcomes for the PICO and, in this particular RCT,20  data were missing for three of the PICO’s essential outcomes (lost days of work, time-to-next exacerbation, and QoL).9 

Endpoints in clinical trials need to be “clinically relevant, sensitive to treatment effect, and measurable and interpretable”.21 Currently, although validated paediatric cough-specific QoL questionnaires have been used in paediatric bronchiectasis RCTs,22,23 there are no validated paediatric QoL instruments that are specific for bronchiectasis. Moreover, despite cough being the most common feature of bronchiectasis, cough-specific QoL measures are generic rather than disease-specific. Since disease-specific QoL instruments are more sensitive than generic ones,17 development of a paediatric bronchiectasis QoL tool is an important clinical research gap. 

Respiratory exacerbations (including hospitalisations) were ranked highly by both parents and patients, and healthcare professionals. This is unsurprising as several aspects of exacerbations featured prominently in our previous international survey on clinical and research priorities for children and adolescents with bronchiectasis that involved 225 parents of children with bronchiectasis and patients with bronchiectasis diagnosed in childhood.7 Respiratory exacerbations can be measured relatively easily, although adherence to a standardised definition is needed. Fortunately, there is now an ERS-endorsed paediatric-specific definition of bronchiectasis respiratory exacerbations for clinical research.18 This development was in response to our previous work showing marked variability in definitions of respiratory exacerbations used in clinical studies. Except for ‘burden of therapy’, other outcomes (symptom duration/profile, adverse events, lung function and lost days from school/work) that are part of our developed COS are also measured relatively easily and used previously in paediatric bronchiectasis RCTs assessing short22,23 and long-term interventions.20 The two outcomes that were in the top ten of the health professionals’ survey, but not in the top ten of the patients/parents’ survey were sputum microbiology and validated cross-sectional imaging (Table-2). Both these outcomes are objective and thus important for some, but not all types of studies. Microbiology is arguably important for antibiotic, mucolytic or anti-inflammatory-based interventions, but not for other interventions, such as exercise. Validated cross-sectional imaging data will only be applicable in relatively long (≥12-months) interventions as such changes take time to occur and involve additional radiation. Based upon science and clinical foundations, these were considered by the scientific panel as belonging in the second tier of outcomes. 

An adult bronchiectasis COS for long-term treatment studies is also available.13 The adult proposal consists of 18 outcomes (appendix, p42), but it is still incomplete despite the large numbers already proposed. Irrespectively, a paediatric-specific COS is necessary to advance the field and our COS is applicable for both short and long-term intervention studies in paediatric bronchiectasis. It is now recognised that while paediatric bronchiectasis shares features with the disease in adults, there are also important differences.2 Indeed, as children differ from adults in their physiological, pharmacological, developmental, social, and psychological characteristics, there is an increasing appreciation of the need for paediatric-based trials instead of extrapolating from adult data.24 Furthermore, in bronchiectasis, unlike current data in adults, recent research has shown that paediatric bronchiectasis may be reversible over time if detected early in the course of the disease and treated effectively.2,5,9 Other important disease-specific differences include significantly different pathogen profiles (bacterial25 and microbiota26), age-related immunological responses,27 common underlying aetiologies,5 and definition of bronchiectasis exacerbations.18 The argument for paediatric-specific studies in all diseases is now mature24 and includes paediatric bronchiectasis.7

In line with the current guidelines for managing bronchiectasis for both children9,28 and adults,28-30 we did not consider the possible different aetiologies (other than excluding CF) when developing the COS as we believe the attitude towards QoL for bronchiectasis would be universal. Furthermore, there are far too many aetiologies to consider and in children the most commonly ascribed cause is either idiopathic or post-infectious.2 

Our study does however have some limitations. First, while 562 people completed all survey sections, many others responded, but did not fully complete the surveys (appendix, p39). Thus, we are unaware whether the ranking of the items would differ if more people had completed these surveys. Second, numbers of respondents from individual countries were limited and may not be representative of the broader community of patients with bronchiectasis, their families or healthcare professionals responsible for their care. Third, older children and adolescents aged <18-years were not surveyed directly, and while their parents may have sought their opinions, this could not be measured and as such, there is potential skewing in parent versus patient responses. Fourth, the priorities of participating parents may have changed over time depending upon the clinical state and developmental stage of their child. Fifth, while adverse events were ranked highly by parents and patients, this was not reflected in the rankings of healthcare professionals. This was unexpected given that reporting adverse events is required in all intervention studies. We therefore included adverse events in the COS as we prioritised patient/parent responses. Furthermore, reporting of adverse events is required in all intervention studies. Sixth, although our study was registered with the COMET initiative, we did not submit a protocol prior to initiating this project. Finally, we did not discuss grouping our COS into domains (eg. physiological or clinical, life impact, etc) as undertaken in a recent COS article for COVID-19 studies.31 

While we have derived an international consensus for paediatric bronchiectasis studies, we now need to develop the appropriate tools for all the COS measures. As outlined in Table-3, not all the COS currently have validated measurement tools. Of utmost importance is the development of a paediatric-specific bronchiectasis QoL, the highest ranked priority outcome of parents and patients. Also, we recognise the potential hurdles for implementing our COS; for example, requiring study participants to have sufficient health knowledge to report outcomes such as exacerbation symptoms, and the resource implications for collecting data in studies with limited funding. Nevertheless, the minimum COS, which includes the 5 outcomes categorised as ‘essential’ (Table-3), is inexpensive to collect and achieved relatively easily by training both parents and research staff. 

Bronchiectasis remains one of the most neglected pulmonary disorders32 especially so in children.10 There is also marked inequality in service delivery between various chronic respiratory diseases, including bronchiectasis, which may impact adversely upon outcomes.33 Indeed, the need for better health services and research for improving the lives and outcomes of children and adolescents with bronchiectasis, as well as improving the QoL of their families, was highlighted recently by an international parent and patient survey on their clinical needs.7 By adopting this internationally-derived, patient-focused COS (Table-3) there is an opportunity to help advance the field and satisfy the demands of regulatory authorities as “clinical trials are only as credible as their outcomes”.34 Widespread adoption of this COS will mean that children with bronchiectasis and their families will benefit from healthcare informed by evidence from higher-quality studies that utilise patient-important outcomes and endpoints and have reduced reporting bias.35 Moreover, use of the COS will reduce heterogeneity in the paediatric bronchiectasis literature, leading to more robust meta-analyses and clinical practice guidelines,36 and reduced research wastage.35 
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FIGURE LEGENDS
Figure-1: Overall approach for developing our international consensus. 
PAG = Parent Advisory Group.   

Figure-2: Weighted average scores* for both parent and patient, and healthcare professional (HCP) surveys. BMI=body-mass index; CT=computed tomogram; MRI=magnetic resonance imaging. *Weighted average scores were calculated by Survey Monkey which takes into account the number of responses to each option and multiplies that by the weighted number for each choice (numbered 1 to 5 in our survey), totals were added together, and then divided by the overall number of respondents i.e. (No. of responses x 1) + (No. of responses x 2) + (No. of responses x 3) + (No. of responses x 4) + (No. of responses x 5) / total number of responses.







1



References

1	Levine SM, Marciniuk DD. Global Impact of Respiratory Disease: What Can We Do, Together, to Make a Difference? Chest 2022; 161: 1153-54.
2	Chang AB, Bush A, Grimwood K. Bronchiectasis in children: Diagnosis and Treatment. Lancet 2018; 392: 866-79.
3	Meghji J, Mortimer K, Agusti A, et al. Improving lung health in low-income and middle-income countries: from challenges to solutions. Lancet 2021; 397: 928-40.
4	Gaillard EA, Carty H, Heaf D, Smyth RL. Reversible bronchial dilatation in children: comparison of serial high-resolution computer tomography scans of the lungs. Eur J Radiol 2003; 47: 215-20.
5	Chalmers JD, Chang AB, Chotirmall SH, Dhar R, McShane PJ. Bronchiectasis. Nature Rev Dis Primers 2018; 4: 45.
6	Goyal V, Grimwood K, Masters IB, Marchant JM, Chang AB. State of the art: Pediatric bronchiectasis. Pediatr Pulmonol 2016; 51: 450-69.
7	Chang AB, Boyd J, Bell L, et al. Clinical and research priorities for children and young people with bronchiectasis: an international roadmap. ERJ Open Res 2021; 7: 00122-2021.
8	Goyal V, McPhail SM, Hurley F, et al. Cost of hospitalisation for bronchiectasis exacerbations in children. Respirology 2020; 25: 1250-56.
9	Chang AB, Fortescue R, Grimwood K, et al. Task Force report: European Respiratory Society guidelines for the management of children and adolescents with bronchiectasis. Eur Respir J 2021; 58: 2002990.
10	Gao YH, Chalmers JD. Counting the cost of bronchiectasis. Respirology 2020; 25: 1223-24.
11	Guyatt GH, Oxman AD, Kunz R, et al. Going from evidence to recommendations. BMJ 2008; 336: 1049-51.
12	Mathioudakis AG, Abroug F, Agusti A, et al. ERS statement: a core outcome set for clinical trials evaluating the management of COPD exacerbations. Eur Respir J 2022; 59: 2102006.
13	Spargo M, Ryan C, Downey D, Hughes C. Development of a core outcome set for trials investigating the long-term management of bronchiectasis. Chron Respir Dis 2019; 16: 1479972318804167.
14	Chang AB, Boyd J, Bush A, et al. Children's Bronchiectasis Education Advocacy and Research Network (Child-BEAR-Net): an ERS Clinical Research Collaboration on improving outcomes of children and adolescents with bronchiectasis. Eur Respir J 2021; 58: 2101657.
15	Newcombe PA, Sheffield JK, Chang AB. Parent cough-specific quality of life: Development and validation of a short form. J Allergy Clin Immunol 2013; 131: 1069-74.
16	Newcombe PA, Sheffield JK, Chang AB. Minimally important change in a parent-proxy quality of life questionnaire for pediatric chronic cough (PC-QOL). Chest 2010; 139: 576-80.
17	Newcombe PA, Sheffield JK, Petsky HL, Marchant JM, Willis C, Chang AB. A child chronic cough-specific quality of life measure: development and validation. Thorax 2016; 71: 695-700.
18	Chang AB, Zacharasiewicz A, Goyal V, et al. Task Force Report: European Respiratory Society statement for defining respiratory exacerbations in children and adolescents with bronchiectasis for clinical trials. Eur Respir J 2022; 60: -2200300.
19	Goren K, Monsour A, Stallwood E, Offringa M, Butcher NJ. Pediatric core outcome sets had deficiencies and lacked child and family input: A methodological review. J Clin Epidemiol 2023; 155: 13-21.
20	Valery PC, Morris PS, Byrnes CA, et al. Long term azithromycin for Indigenous children with non-cystic fibrosis bronchiectasis or chronic suppurative lung disease (Bronchiectasis Intervention Study): a multi-centre, double-blind randomised controlled trial. Lancet Respir Med 2013; 1: 610-20.
21	Roever L. Endpoints in Clinical Trials: Advantages and Limitations. Evidence based Medicine and Practice 2016; 1: 2.
22	Goyal V, Grimwood K, Byrnes CA, et al. Amoxicillin-clavulanate versus azithromycin for respiratory exacerbations in children with bronchiectasis (BEST-2): A multi-centre, double-blind, non-inferiority randomised controlled trial. Lancet 2018; 392: 1197-206.
23	Goyal V, Grimwood K, Ware RS, et al. Efficacy of oral antibiotics for non-severe exacerbations of bronchiectasis in children (BEST 1): A multi-centre, double-blind, double-dummy, randomised placebo-controlled trial. Lancet Respir Med 2019; 7: 791-801.
24	Joseph PD, Craig JC, Caldwell PH. Clinical trials in children. Br J Clin Pharmacol 2015; 79: 357-69.
25	Kapur N, Grimwood K, Masters IB, Morris PS, Chang AB. Lower airway microbiology and cellularity in children with newly diagnosed non-CF bronchiectasis. Pediatr Pulmonol 2012; 47: 300-07.
26	van der Gast CJ, Cuthbertson L, Rogers GB, et al. Three clinically distinct chronic pediatric airway infections share a common core microbiota. Ann Am Thorac Soc 2014; 11: 1039-48.
27	Pizzutto SJ, Yerkovich ST, Upham JW, Hales BJ, Thomas WR, Chang AB. Children with chronic suppurative lung disease have a reduced capacity to synthesize interferon-gamma in vitro in response to non-typeable Haemophilus influenzae. PLoS ONE 2014; 9: e104236.
28	Chang AB, Bell SC, Byrnes CA, et al. Thoracic Society of Australia and New Zealand Position Statement: Chronic suppurative lung disease (CSLD) and bronchiectasis in children, adolescents and adults in Australian and New Zealand. Respirology 2023; 28: 339-49.
29	Polverino E, Goeminne PC, McDonnell MJ, et al. European Respiratory Society guidelines for the management of adult bronchiectasis. Eur Respir J 2017; 50: pii: 1700629.
30	Hill AT, Sullivan L, Chalmers JD, et al. British Thoracic Society Guideline for bronchiectasis in adults. Thorax 2019; 74: 1-69.
31	Munblit D, Nicholson T, Akrami A, et al. A core outcome set for post-COVID-19 condition in adults for use in clinical practice and research: an international Delphi consensus study. Lancet Respir Med 2022; 10: 715-24.
32	ERS. Bronchiectasis. The European Lung White Book 2014; 15: 176-83.
33	Prentice BJ, Wales S, Doumit M, Owens L, Widger J. Children with bronchiectasis have poorer lung function than those with cystic fibrosis and do not receive the same standard of care. Pediatr Pulmonol 2019; 54: 1921-26.
34	Tugwell P, Boers M. OMERACT conference on outcome measures in rheumatoid arthritis clinical trials: introduction. J Rheumatol 1993; 20: 528-30.
35	Williamson PR, Altman DG, Bagley H, et al. The COMET Handbook: version 1.0. Trials 2017; 18: 280.
36	Webbe J, Sinha I, Gale C. Core Outcome Sets. Arch Dis Child Educ Pract Ed 2018; 103: 163-66.



1


 


 


POSITION PAPER


 


International consensus statement on core


-


outcomes and endpoints for clinical trials in children 


and adolescents with bronchiectasis


 


 


Professor Anne B Chang PhD


1,2,3


, Jeanette Boyd


4 


MSc, Professor Andrew Bush MD


5


, Professor Adam T 


Hill MD


6


, 


Zena Powell BSc


7


, Professor Angela Zacharasiewicz MD


8


, Professor Efthymia Alexopoulou 


MD


9


, Andrew J Collaro BBiomedSc


1


, Professor James D Chalmers PhD


 


10


, 


Carolina Constant MD


11


, 


Professor Konsta


ntinos


 


Douros MD


12


, Rebecca Fortescue MB BChir


13


, Professor M


atthias Griese 


MD


14


, Professor Jonathan Grigg MD


15


, Andreas Hector MD


16


, Professor Bulent Karadag MD


17


, 


Oleksandr Mazulov MD


18


, Professor Fabio Midulla MD


19


, Professor Alexander Moeller MD


20,21


, 


Professor Marijke Proesmans PhD


22


, Christine Wilson B Pthy


23


,


 


Professor Stephanie T Yerkovich 


 


PhD


 


1,3


, * Professor Ahmad Kantar 


MD


24  


* Professor Keith Grimwood 


MD


3,25,26 


(*co


-


senior authors).


 


 


1


Australian Centre for Health Services Innovation, Queensland University of Technology, Brisbane, 


QLD, Australia;


 


2


Departm


ent of Respiratory and Sleep Medicine, Queensland Children’s Hospital, Brisbane, QLD, 


Australia;


 


3


NHMRC Centre for Research Excellence in Paediatric Bronchiectasis (AusBREATHE), Child Health 


Division, Menzies School of Health Research, Charles Darwin Unive


rsity, Darwin, NT, Australia; 


 


4


European Lung Foundation, Sheffield, United Kingdom; 


 


5


Department of Paediatric Respiratory Medicine, Royal Brompton Hospital, and National Heart and 


Lung Institute, Imperial School of Medicine, London, United Kingdom; 


 


6


Dep


t of Respiratory Medicine, Royal Infirmary and University of Edinburgh, Edinburgh, United 


Kingdom; 


 


7


European Lung Foundation bronchiectasis paediatric patient advisory group, Sheffield, United 


Kingdom;


 


8


Department of Pediatrics and Adolescent Medicine, Te


aching Hospital of the University of Vienna, 


Wilhelminen Hospital, Klinik Ottakring, Vienna, Austria;


 


9


2nd Radiology Department, National and Kapodistrian University of Athens, Attikon University 


Hospital, Athens, Greece; 


 


10


College of Medicine, University


 


of Dundee, Ninewells Hospital and Medical School, Dundee, United 


Kingdom;


 


11


Department of Pediatrics, Hospital de Santa Maria and Faculty of Medicine, University of Lisbon, 


Lisbon, Portugal;


 


12


Allergology and Pulmonology Unit, 3rd Paediatric Dept., Nation


al and Kapodistrian University of 


Athens, Athens, Greece;


 


13


Population Health Research Institute, St George’s University of London, London, United Kingdom;


 


14


 


Department of Pediatrics, Dr. von Hauner Children's Hospital, University Hospital, Ludwig


-


Maximil


ians


-


Universität Munich, German Center for Lung Research (DZL), Munich, Germany


;


 


15


Centre for Genomics and Child Health, Blizard Institute, Queen Mary University of London, London, 


United Kingdom;


 


16


Department of Pulmonology, 


Children's Hospital, Winterthu


r and University Children’s Hospital 


Zurich, Zurich, Switzerland


;


 


17


Division of Pediatric Pulmonology, Marmara University Faculty of Medicine, Istanbul, Turkey;


 


18


National Pirogov Medical University, Vinnytsya Children's Regional Hospital, Pulmonology Dept


, 


Vinnytsya, Ukraine;


 


19


Department of Maternal Science, Sapienza University of Rome, Rome, Italy; 


 


20


Department of Respiratory Medicine, University Children’s Hospital Zurich, Zurich, Switzerland;


 


21


Childhood Research Center, Zurich, Switzerland;


 


22


Departm


ent of Pediatrics, Pediatric Pulmonology, University Hospital of Leuven, Leuven, Belgium;


 


23


Department of Physiotherapy, Queensland Children’s Hospital, Brisbane, QLD, Australia; 


 




1     POSITION PAPER   International consensus statement on core - outcomes and endpoints for clinical trials in children  and adolescents with bronchiectasis     Professor Anne B Chang PhD 1,2,3 , Jeanette Boyd 4  MSc, Professor Andrew Bush MD 5 , Professor Adam T  Hill MD 6 ,  Zena Powell BSc 7 , Professor Angela Zacharasiewicz MD 8 , Professor Efthymia Alexopoulou  MD 9 , Andrew J Collaro BBiomedSc 1 , Professor James D Chalmers PhD   10 ,  Carolina Constant MD 11 ,  Professor Konsta ntinos   Douros MD 12 , Rebecca Fortescue MB BChir 13 , Professor M atthias Griese  MD 14 , Professor Jonathan Grigg MD 15 , Andreas Hector MD 16 , Professor Bulent Karadag MD 17 ,  Oleksandr Mazulov MD 18 , Professor Fabio Midulla MD 19 , Professor Alexander Moeller MD 20,21 ,  Professor Marijke Proesmans PhD 22 , Christine Wilson B Pthy 23 ,   Professor Stephanie T Yerkovich    PhD   1,3 , * Professor Ahmad Kantar  MD 24   * Professor Keith Grimwood  MD 3,25,26  (*co - senior authors).     1 Australian Centre for Health Services Innovation, Queensland University of Technology, Brisbane,  QLD, Australia;   2 Departm ent of Respiratory and Sleep Medicine, Queensland Children’s Hospital, Brisbane, QLD,  Australia;   3 NHMRC Centre for Research Excellence in Paediatric Bronchiectasis (AusBREATHE), Child Health  Division, Menzies School of Health Research, Charles Darwin Unive rsity, Darwin, NT, Australia;    4 European Lung Foundation, Sheffield, United Kingdom;    5 Department of Paediatric Respiratory Medicine, Royal Brompton Hospital, and National Heart and  Lung Institute, Imperial School of Medicine, London, United Kingdom;    6 Dep t of Respiratory Medicine, Royal Infirmary and University of Edinburgh, Edinburgh, United  Kingdom;    7 European Lung Foundation bronchiectasis paediatric patient advisory group, Sheffield, United  Kingdom;   8 Department of Pediatrics and Adolescent Medicine, Te aching Hospital of the University of Vienna,  Wilhelminen Hospital, Klinik Ottakring, Vienna, Austria;   9 2nd Radiology Department, National and Kapodistrian University of Athens, Attikon University  Hospital, Athens, Greece;    10 College of Medicine, University   of Dundee, Ninewells Hospital and Medical School, Dundee, United  Kingdom;   11 Department of Pediatrics, Hospital de Santa Maria and Faculty of Medicine, University of Lisbon,  Lisbon, Portugal;   12 Allergology and Pulmonology Unit, 3rd Paediatric Dept., Nation al and Kapodistrian University of  Athens, Athens, Greece;   13 Population Health Research Institute, St George’s University of London, London, United Kingdom;   14   Department of Pediatrics, Dr. von Hauner Children's Hospital, University Hospital, Ludwig - Maximil ians - Universität Munich, German Center for Lung Research (DZL), Munich, Germany ;   15 Centre for Genomics and Child Health, Blizard Institute, Queen Mary University of London, London,  United Kingdom;   16 Department of Pulmonology,  Children's Hospital, Winterthu r and University Children’s Hospital  Zurich, Zurich, Switzerland ;   17 Division of Pediatric Pulmonology, Marmara University Faculty of Medicine, Istanbul, Turkey;   18 National Pirogov Medical University, Vinnytsya Children's Regional Hospital, Pulmonology Dept ,  Vinnytsya, Ukraine;   19 Department of Maternal Science, Sapienza University of Rome, Rome, Italy;    20 Department of Respiratory Medicine, University Children’s Hospital Zurich, Zurich, Switzerland;   21 Childhood Research Center, Zurich, Switzerland;   22 Departm ent of Pediatrics, Pediatric Pulmonology, University Hospital of Leuven, Leuven, Belgium;   23 Department of Physiotherapy, Queensland Children’s Hospital, Brisbane, QLD, Australia;   

