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ABSTRACT

Background

Chronic obstructive pulmonary disease (COPD) is a chronic respiratory condition characterised by persistent respiratory symptoms and
airflow limitation. Acute exacerbations punctuate the natural history of COPD and are associated with increased morbidity and mortality
and disease progression. Chronic airflow limitation is caused by a combination of small airways (bronchitis) and parenchymal destruction
(emphysema), which can impact day-to-day activities and overall quality of life. In carefully selected patients with COPD, long-term,
prophylactic use of antibiotics may reduce bacterial load, inflammation of the airways, and the frequency of exacerbations.

Objectives

To assess effects of different prophylactic antibiotics on exacerbations, quality of life, and serious adverse events in people with COPD in
three separate network meta-analyses (NMAs), and to provide rankings of identified antibiotics.

Search methods

To identify eligible randomised controlled trials (RCTs), we searched the Cochrane Airways Group Specialised Register of trials and clinical
trials registries. We conducted the most recent search on 22 January 2020.

Selection criteria

We included RCTs with a parallel design of at least 12 weeks' duration evaluating long-term administration of antibiotics prophylactically
compared with other antibiotics, or placebo, for patients with COPD.

Data collection and analysis

This Cochrane Review collected and updated pair-wise data from two previous Cochrane Reviews. Searches were updated and additional
studies included. We conducted three separate network meta-analyses (NMAs) within a Bayesian framework to assess three outcomes:
exacerbations, quality of life, and serious adverse events. For quality of life, we collected data from St George's Respiratory Questionnaire
(SGRQ). Using previously validated methods, we selected the simplest model that could adequately fit the data for every analysis. We used
threshold analysis to indicate which results were robust to potential biases, taking into account each study’s contributions to the overall
results and network structure. Probability ranking was performed for each antibiotic class for exacerbations, quality of life, and serious
adverse events.

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 1
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Main results

Characteristics of studies and participants

Eight trials were conducted at multiple sites that included hospital clinics or academic health centres. Seven were single-centre trials
conducted in hospital clinics. Two trials did not report settings. Trials durations ranged from 12 to 52 weeks. Most participants had moderate
to severe disease. Mean age ranged from 64 years to 73 years, and more males were recruited (51% to 100%). Forced expiratory volume
in one second (FEV,) ranged from 0.935 to 1.36 L. Most participants had previous exacerbations. Data from 12 studies were included in
the NMAs (3405 participants; 16 treatment arms including placebo). Prophylactic antibiotics evaluated were macrolides (azithromycin and
erythromycin), tetracyclines (doxycyclines), quinolones (moxifloxacin) and macrolides plus tetracyclines (roxithromycin plus doxycycline).

Risk of bias and threshold analysis

Most studies were at low risk across domains, except detection bias, for which only seven studies were judged at low risk. In the threshold
analysis for exacerbations, all comparisons in which one antibiotic was compared with another were robust to sampling variation,
especially macrolide comparisons. Comparisons of classes with placebo were sensitive to potential bias, especially macrolide versus
placebo, therefore, any bias in the comparison was likely to favour the active class, so any adjustment would bring the estimated relative
effect closer to the null value, thus quinolone may become the best class to prevent exacerbations.

Exacerbations

Nine studies were included (2732 participants) in this NMA (exacerbations analysed as time to first exacerbation or people with one or more
exacerbations). Macrolides and quinolones reduced exacerbations. Macrolides had a greater effect in reducing exacerbations compared
with placebo (macrolides: hazard ratio (HR) 0.67,95% credible interval (Crl) 0.60 to 0.75; quinolones: HR 0.89, 95% Crl 0.75 to 1.04), resulting
in 127 fewer people per 1000 experiencing exacerbations on macrolides. The difference in exacerbations between tetracyclines and placebo
was uncertain (HR 1.29, 95% Crl 0.66 to 2.41). Macrolides ranked first (95% Crl first to second), with quinolones ranked second (95% Crl
second to third). Tetracyclines ranked fourth, which was lower than placebo (ranked third). Contributing studies were considered as low
risk of bias in a threshold analysis.

Quality of life (SGRQ)

Seven studies were included (2237 participants) in this NMA. SGRQ scores improved with macrolide treatment compared with placebo
(fixed effect-fixed class effect: mean difference (MD) -2.30, 95% Crl -3.61 to -0.99), but the mean difference did not reach the minimally
clinical important difference (MCID) of 4 points. Tetracyclines and quinolones did not improve quality of life any more than placebo, and
we did not detect a difference between antibiotic classes.

Serious adverse events

Nine studies were included (3180 participants) in the NMA. Macrolides reduced the odds of a serious adverse event compared with placebo
(fixed effect-fixed class effect: odds ratio (OR) 0.76,95% Crl 0.62 to 0.93). There was probably little to no difference in the effect of quinolone
compared with placebo or tetracycline plus macrolide compared with placebo. There was probably little to no difference in serious adverse
events between quinolones or tetracycline plus macrolide. With macrolide treatment 49 fewer people per 1000 experienced a serious
adverse event compared with those given placebo. Macrolides ranked first, followed by quinolones. Tetracycline did not rank better than
placebo.

Drug resistance

Ten studies reported drug resistance. Results were not combined due to variation in outcome measures. All studies concluded that
prophylactic antibiotic administration was associated with the development of antimicrobial resistance.

Authors' conclusions

This NMA evaluated the safety and efficacy of different antibiotics used prophylactically for COPD patients. Compared to placebo,
prolonged administration of macrolides (ranked first) appeared beneficial in prolonging the time to next exacerbation, improving quality
of life, and reducing serious adverse events. No clear benefits were associated with use of quinolones or tetracyclines. In addition,
antibiotic resistance was a concern and could not be thoroughly assessed in this review. Given the trade-off between effectiveness,
safety, and risk of antibiotic resistance, prophylactic administration of antibiotics may be best reserved for selected patients, such
as those experiencing frequent exacerbations. However, none of the eligible studies excluded patients with previously isolated non-
tuberculous mycobacteria, which would contraindicate prophylactic administration of antibiotics, due to the risk of developing resistant
non-tuberculous mycobacteria.

PLAIN LANGUAGE SUMMARY
Prophylactic antibiotics for people with COPD

Review question

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 2
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Which preventative antibiotic is effective and safe for reducing exacerbations, improving quality of life, and reducing serious side effects
in people with COPD?

What is COPD?

COPD is a lung condition that can cause long-term breathing problems. Symptoms include shortness of breath, cough, and sputum
production. Flare-ups (so-called exacerbations) can be triggered by infection or inflammation, causing worsening symptoms and lung
damage. Frequent exacerbations can lead to reduced quality of life and can increase the risk of death.

Why did we do this review?

We wanted to find out if one type of preventative antibiotic was better than another in reducing exacerbations, improving quality of life,
and reducing side effects. We did this by using information from two previous reviews and comparing different antibiotics with each other,
and with a control treatment (called placebo), by creating networks. As information was limited, the networks allowed us to combine
information and determine the best preventative antibiotics by ranking them in order of ability to reduce exacerbations, improve quality
of life, and reduce serious side effects.

What evidence did we find?

We tested three types of antibiotics: macrolides, quinolones, and tetracyclines. Macrolides were better in reducing exacerbations compared
to control treatment. There was no clear difference in exacerbations when quinolone or tetracycline was compared with a control
treatment. Tetracyclines were ranked lower than placebo in reducing exacerbations. We used the data for each antibiotic group to rank
antibiotic groups in order of their ability to reduce exacerbations. We found that macrolides ranked first, followed by quinolones (second).
Tetracyclines were ranked fourth and were not better than control treatment (ranked third).

Macrolides improved quality of life compared with control treatment. Quinolones did not appear to impact quality of life, and tetracyclines
may have been associated with worsening quality of life compared to control treatment.

Macrolides were more effective in reducing serious unwanted events. There was no clear benefit for serious unwanted events with
quinolone, tetracycline, or combined macrolide plus tetracycline compared with control treatment.

We could not clearly show benefit or harm of preventative antibiotic use for microbial resistance.
Quality of the evidence

We did not find any concerns about the ways in which studies were carried out, except that for some studies, people collecting the
information knew (1) which patient was included in which treatment group, and (2) patient results when treatments were completed.
Overall, the numerical information was robust and was unlikely to be influenced by differences noted between individual studies.

Conclusion

We found that exacerbations were reduced, quality of life was improved, and unwanted events were fewer with macrolides compared
with control treatment. We could not determine whether quinolones or tetracyclines were of benefit compared with control treatment.
Macrolides were ranked highest, followed by quinolones, which ranked second. Tetracyclines were no better than control treatment
(ranked fourth and third, respectively). Although these NMAs show some benefit of using macrolides, they are based on a limited number
of studies, and concerns remain about antibiotic resistance with long-term use of antibiotics.

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings: exacerbations

Prophylactic antibiotics compared with placebo for COPD

Patients or population: adults with COPD
Settings: hospital clinics, multi-centre
Intervention: macrolide, tetracycline, or quinolone

Comparison: placebo or standard care

Treatment Anticipated absolute effects (95% Crl)* Relative effect  No. of
HR (95% Crl) partici-
Absolute rate of exacer-  Risk difference with treatment pants
bations: median (95% (studies)
crl) (number of people experiencing exac-
erbations)
Macrolide 1.34 (1.19 to 1.50) 127 fewer per 1000 (168 fewer to 87 few- 0.67 (0.60 to 688 (6)
er) 0.75)
(weighted mean 50 weeks'
duration)
Tetracycline 2.58 (1.33t0 4.81) 60 more per 1000 (129 fewer to 127 more)  1.29 (0.66 to 25(1)
2.41)
(13 weeks' duration)
Quinolone 1.77 (1.50 to 2.08) 35 fewer per 1000 (87 fewer to 11 more) 0.89 (0.75 to 594 (2)
1.04)

(weighted mean 46.5
weeks' duration)

*The basis for the anticipatedrisk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding
risk (and its 95% Crl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%
Crl).

COPD: chronic obstructive pulmonary disease; Crl: credible interval; HR: hazard ratio.

*Absolute rate of exacerbations per year in the placebo arm = 2; 864 people per 1000 experienced exacerbations over a year.

Summary of findings 2. Summary of findings: change from baseline in SGRQ

Prophylactic antibiotics compared with placebo for COPD

Patients or population: adults with COPD
Settings: hospital clinics, multi-centre
Intervention: macrolide, tetracycline, or quinolone

Comparison: placebo

Treatment Anticipated absolute effects (95% Crl)* No. of partici-
pants
Absolute change from Mean difference in change from baseline in SGRQ (studies)
baseline in SGRQ (95% score with treatment**
Crl)
Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 4
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Macrolide -4.00 (-5.51 to0 -2.68) 2.298 point improvement (3.605 to 0.985 pointimprove- 578 (6)
ment)

(weighted mean 48
weeks' duration)

Tetracycline -0.52 (-3.21t0 2.16) 1.179 point worsening (1.509 point improvement to 25(1)

3.859 point worsening)
(13 weeks' duration)

Quinolone -3.03 (-4.69 to -1.37) 1.33 point improvement (2.986 point improvement to 528 (2)

0.328 point improvement)
(weighted mean 46.5

weeks' duration)

*The basis for the anticipatedrisk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding
risk (and its 95% Crl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%
Crl).

COPD: chronic obstructive pulmonary disease; Crl: credible interval; SGRQ: St George's Respiratory Questionnaire.

*Absolute change from baseline in the placebo arm was -1.7 (1.7 point improvement).
**The minimally clinically important difference for SGRQ is 4 points.

Summary of findings 3. Summary of findings: serious adverse events

Prophylactic antibiotics compared with placebo for COPD

Patients or population: adults with COPD
Settings: hospital clinics, multi-centre
Intervention: macrolide, tetracycline, or quinolone

Comparison: placebo

Treatment Anticipated absolute effects (95% Crl)* Relative effect No. of
OR (95% Crl) partici-
Absolute probability of  Risk difference with treatment* pants
an SAE: median (95% (studies)
Crl)
Macrolide 0.21 (0.18 to 0.25) 49.07 fewer per 1000 (81.18 fewer to 0.76 (0.62 to 971 (8)
14.23 fewer) 0.93)
(weighted mean 49 weeks'
duration)
Quinolone 0.26 (0.20 to 0.32) 1.873 fewer per 1000 (57.88 fewer to 1.00 (0.72 to 569 (1)
60.89 more) 1.34)
(48 weeks' duration)
Macrolide + tetracycline 0.25 (0.15 to 0.37) 9.461 fewer per 1000 (1.07 fewer to 108.5  0.97 (0.52 to 101 (1)
more) 1.66)

(12 weeks' duration)

*The basis for the anticipatedrisk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding
risk (and its 95% Crl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%
Crl).

COPD: chronic obstructive pulmonary disease; Crl: credible interval; OR: odds ratio.

*Absolute probability of events in the placebo arm was 0.26; risk of an SAE with placebo was 260 per 1000.

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 5
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BACKGROUND

Description of the condition

Chronic obstructive pulmonary disease (COPD) is a common
and preventable disease that is characterised by persistent
respiratory symptoms and airflow obstruction, with or without
alveolar abnormalities, usually caused by significant exposure
to noxious particles or gases (GOLD 2020). Tobacco smoking
is considered the main risk factor for COPD, but other factors,
such as biomass fuel and air pollution, can also contribute to
development of the disease. In addition, individuals with genetic
abnormalities, abnormal lung development, and accelerated
ageing are likely to be susceptible to COPD (GOLD 2020). Common
respiratory symptoms include dyspnoea, cough with or without
sputum production, and recurrent lower respiratory tract infection.
People with COPD may experience intermittent worsening of
symptoms, known as exacerbations. Exacerbations are associated
with increased mortality (Soler-Catalufia 2005), higher healthcare
costs (Pasquale 2012), and a more rapid decline in lung function
(Donaldson 2002), as well as negative impact on quality of life
(Mathioudakis 2020; Seemungal 1998).

Description of the intervention

The ECLIPSE study has shown that frequent flare-ups are
associated with a moderate to severe COPD phenotype; as
disease severity increases, the frequency of exacerbations also
increases (Hurst 2010). One approach to reduce the frequency of
exacerbations of COPD and reverse this potential ‘vicious cycle'
of inflammation is the long-term use of antibiotics to prevent
exacerbations. Such antibiotics are usually given by mouth but can
also be inhaled. Depending on the type of antibiotic, it can be
taken daily or three times a week, or by ‘pulsed' administration (e.g.
'pulsed' antibiotic may be given daily for several days followed by
a break) (Herath 2018).

Authors of a Cochrane Review investigated effects of macrolides
and a quinolone compared with control treatment (Herath 2018).
Long-term use of antibiotics was associated with significantly
fewer patients experiencing an exacerbation of COPD compared
with those receiving control treatment. Patients on prophylactic
antibiotics were more likely to experience adverse effects, such as
hearing loss with azithromycin and gastrointestinal symptoms with
moxifloxacin.

How the intervention might work

Effects of long-term antibiotics are not completely understood.
Antibiotics may offer both antibacterial and anti-inflammatory
effects (Martinez 2008), and therefore may reduce both bacterial
load and inflammation as a result of exacerbations from bacteria,
viruses, and environmental pollution. Studies have suggested
that the lungs of people with COPD may be colonised with
more pathogenic bacteria than are found in healthy lungs
(Mathioudakis 2020; Sethi 2004). Bacteria are identified in the
sputum of approximately 40% to 60% of people experiencing an
acute exacerbation (Sethi 2004), and their overgrowth may be
a precipitant of exacerbations (Sze 2014). Antibiotics may also
reduce neutrophilic airway inflammation by reducing bacterial
load, potentially providing clinical benefit (Siva 2014). Choice
of prophylactic antibiotic may be guided by factors including
clinician and patient preferences and prior experience, previously
isolated bacteria, and side effect profiles. Organisms isolated from

exacerbating patients include Haemophilus influenzae (11% of all
patients), Streptococcus pneumoniae (10%), Moraxella catarrhalis
(10%), Haemophilus parainfluenzae (10%), and Pseudomonas
aeruginosa (4%) (Sapey 2006).

Prophylactic antibiotics may be of greatest benefit in a subset
of patients (Mathioudakis 2017; Miravittles 2015). Compared
to placebo, azithromycin (a macrolide antibiotic) reduces
exacerbations most markedly in older patients, non-smokers, and
those not using oral or inhaled steroids at baseline (Albert 2011).

Why it is important to do this review

This Cochrane Review included a network meta-analysis
that will accompany the head-to-head pair-wise meta-analysis
review of prophylactic antibiotics (Threapleton 2018); this was
supplemented with the addition of antibiotic versus placebo
data (Herath 2018). As comparisons of antibiotics for reducing
exacerbations and improving quality of life for patients with COPD
were limited, a network meta-analysis (NMA) was important to
identify which antibiotic was better for improving these outcomes.

OBJECTIVES

To assess effects of different prophylactic antibiotics on
exacerbations, quality of life, and serious adverse events in people
with COPD in three separate network meta-analyses, and to provide
rankings of identified antibiotics.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs), regardless of
language or publication status. We included trials of minimum
12 weeks' intervention duration. This duration was considered an
appropriate minimum cut-off to allow for evaluation of the impact
of interventions on COPD exacerbations. We excluded cross-over
trials due to carry-over effects. We did not identify any cluster-
randomised trials.

Types of participants

We included adults 18 years of age and older who had been
diagnosed with COPD according to validated criteria (e.g. European
Respiratory Society, American Thoracic Society, Global Initiative
for Obstructive Lung Disease (GOLD) criteria). We included studies
enrolling patients with COPD during a stable disease state, or during
exacerbations, provided that antibiotics were administered long-
term, prophylactically. We included study populations with mild,
moderate, severe, or very severe COPD according to the GOLD
criteria for airflow limitation (GOLD 1: = 80% predicted forced
expiratory volume in one second (FEV,); GOLD 2: 50% to 79%; GOLD
3: 30% to 49%; GOLD 4 < 30%). We anticipated that trials would
likely recruit patients with moderate to severe or very severe COPD
(GOLD stages 2 to 4). Most patients included in the studies had
moderate to very severe COPD. Only one study included patients
with mild COPD (5%), but this number was very small and was
unlikely to affect our analyses. We included trials that recruited
participants with or without a recent history of exacerbations and
explored this as a potential source of heterogeneity. We excluded
patients with the following co-morbidities or characteristics: a
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primary diagnosis of bronchiectasis, asthma, or genetic disease,
such as cystic fibrosis or primary ciliary dyskinesia.

Types of interventions

We included any prophylactic oral antibiotic classes given for
at least 12 weeks continuously, intermittently (e.g. three times
per week), or pulsed, in keeping with the linked pair-wise meta-
analyses (Herath 2018; Threapleton 2018). Pulsed antibiotics must
have been given for a minimum of five consecutive days every eight
weeks.

We included trials in which participants had access to the following
background treatments provided they were not part of the
randomised study treatments.

« Short-acting and long-acting bronchodilators.
« Inhaled corticosteroids.

« Oral corticosteroids.

«  Oxygen.

« Pulmonary rehabilitation.

« Smoking cessation interventions.

« Any other standard treatment for COPD.

Types of outcome measures
Primary outcomes

« COPD exacerbation* (we extracted data on time until first
exacerbation, estimated using hazard ratios (HRs) as a
preference, followed by rate ratio data and numbers of
participants with one or more exacerbations)

« Quality of life (St George's Respiratory Questionnaire (SGRQ))

« All-cause serious adverse events (number of participants with
one or more adverse event)

« Drug resistance/Microbial sensitivity (we did not perform NMA
on this outcome, but we reported results for this outcome
narratively)

« Mortality (we anticipated that events would be rare, so we did
not perform NMA on this outcome, but we reported results for
this outcome narratively)

We reported endpoint data for dichotomous outcomes. Continuous
outcomes were extracted, and we reported then at the closest time
points to 6 months and 12 months.

*Moderate and severe exacerbations were defined as worsening
of respiratory status requiring treatment with systemic
corticosteroids and/or antibiotics; severe exacerbations were
defined as requiring hospitalisation (see Table 1).

Search methods for identification of studies
Electronic searches

We updated the searches for both Herath 2018 and Threapleton
2018.

Forthis NMA, we identified studies from the Cochrane Airways Trials
Register, which is maintained by the Information Specialist of the
Cochrane Airways Group. We carried out the first search in October
2018 and updated it on 22 January 2020. At the time of this review,
the Cochrane Airways Trials Register contained studies identified
from:

« monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL), in the Cochrane Library, through the Cochrane
Register of Studies (inception to Issue 12; 2019);

« weekly searches of MEDLINE Ovid SP (1946 to January 2020);

« weekly searches of Embase Ovid SP (1974 to January 2020);

« monthly searches of PsycINFO Ovid SP (1967 to January 2020);

« monthly searches of the Cumulative Index to Nursing and Allied
Health Literature (CINAHL EBSCO; 1937 to January 2020);

« monthly searches of the Allied and Complementary Medicine
Database (AMED EBSCO; inception to January 2020); and

« handsearches of major respiratory conference proceedings.

Studies contained in the Cochrane Airways Trials Register were
identified through search strategies based on the scope of
Cochrane Airways. Details of these strategies, as well as a list of
handsearched conference proceedings, are presented in Appendix
1. See Appendix 2 for search terms used to identify studies for this
review.

We searched the following trials registries.

« US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched 22 January
2020).

« World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch; searched 22 January 2020).

We searched the Cochrane Airways Trials Register and additional
sources with no restriction on language or type of publication.

Searching other resources

For this NMA, we checked the reference lists of all primary studies
and review articles for additional references. We searched relevant
manufacturers' websites for study information.

On 21 August 2020, we searched for errata or retractions
from included studies published in full text on PubMed
(www.ncbi.nlm.nih.gov/pubmed).

Data collection and analysis

This review was built on two existing Cochrane Reviews (Herath
2018; Threapleton 2018), in which data from included studies in
each of the reviews had already been extracted by two pairs of
independent review authors. For studies already identified from
the two existing Cochrane Reviews that reported exacerbations
outcome data, we checked and extracted hazard ratio data if these
data were available. New studies that were not included in Herath
2018 and Threapleton 2018 were selected, and data were extracted
as outlined below.

Selection of studies

Two review authors (SJ and CT) independently screened the
titles and abstracts of search results and coded them as either
‘retrieve’ (eligible or potentially eligible/unclear) or ‘do not
retrieve'. We retrieved the full-text study reports of all potentially
eligible studies. Two review authors (SJ and CT) independently
assessed these forinclusion and recorded the reasons for exclusion
of ineligible studies. We selected studies that evaluated clinical
efficacy and safety of any prophylactic antibiotic treatments
in patients with COPD (e.g. macrolides/quinones, macrolides/
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tetracyclines, quinones/tetracyclines, combined macrolide plus
tetracycline/macrolide). We resolved any disagreement through
discussion or, if required, we consulted a third review author
(RF). We identified and excluded duplicates and collated multiple
reports of the same study, so that each study, rather than each
report, was the unit of interest in the review. We recorded the
selection process in sufficient detail to complete a PRISMA flow
diagram and Characteristics of excluded studies tables (Moher
2009).

Data extraction and management

We used Microsoft Excel to manage outcome data for the NMA,
which we had piloted on at least one trial included in the review.
One review author (SJ) extracted the following study characteristics
from included trials that had not already been included in the two
existing Cochrane Reviews (Herath 2018; Threapleton 2018).

« Methods: study design, total duration of study, details of any
‘run-in' period, number of study centres and locations, study
settings, withdrawals, dates of study.

o Participants: N, mean age, age range, gender, severity of
COPD, diagnostic criteria, baseline lung function, smoking
history, inclusion criteria, exclusion criteria, previous history of
exacerbations.

« Interventions: intervention, comparison, concomitant

medications, excluded medications.

o Outcomes: primary and secondary outcomes specified and
collected, time points reported.

« Notes: funding for studies, notable conflicts of interest of trial
authors.

Two review authors (SJ and CT) independently extracted outcome
data from included trials that had not already been identified
by the two existing Cochrane Reviews (Herath 2018; Threapleton
2018), which they managed in Microsoft Excel. We noted in the
Characteristics of included studies table if outcome data were
not reported in a useable way. We resolved disagreements by
reaching consensus or by involving a third review author (RF). We
double-checked that data were entered correctly by comparing
data presented in the systematic review against study reports.
A second review author (CT) spot-checked study characteristics
for accuracy against the study report. We recorded on the data
extraction sheet data extracted from previous Cochrane Reviews
that were relevant for this NMA.

Assessment of risk of bias in included studies

Studies that had been identified from Herath 2018 and Threapleton
2018 had previously been assessed for risk of bias by two pairs of
independent review authors. Trials that were not already included
in Herath 2018 and Threapleton 2018, were assessed for risk of bias
as outlined below.

Two review authors (SJ and CT) independently assessed risk
of bias for each included trial using the criteria outlined in
the recently updated Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2018). We resolved disagreements by
discussion or by consultation with a third review author (RF). We
assessed risk of bias according to the following domains.

« Random sequence generation.
« Allocation concealment.

« Blinding of participants and personnel.
« Blinding of outcome assessment.

« Incomplete outcome data.

+ Selective outcome reporting.

« Other bias.

We judged each potential source of bias as ‘high', ‘low', or ‘unclear’
and provided a quote from the study report together with a
justification for our judgement in the ‘Risk of bias' table. We
summarised ‘Risk of bias' judgements across different trials for
each of the domains listed. We considered blinding separately
for different key outcomes when necessary (e.g. for unblinded
outcome assessment, risk of bias for all-cause mortality may
be very different than for a patient-reported pain scale). When
information on risk of bias was related to unpublished data or
correspondence with a trialauthor, we noted thisin the ‘Risk of bias'
table.

When considering treatment effects, we took into account the risk
of bias for trials that contributed to those outcomes.

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol and
justified any deviations from it in the Differences between protocol
and review section of this systematic review.

Measures of treatment effect
Direct pair-wise meta-analysis methods

Briefly, two published Cochrane Reviews outlined the pair-wise
meta-analyses from prophylactic versus placebo-controlled trials
and head-to-head antibiotic trials (Herath 2018; Threapleton 2018).
These reviews were conducted by standard Cochrane methods.
Dichotomous data were analysed as odds ratios and continuous
data as mean differences (MDs) or standardised mean differences
(SMDs). Data in Threapleton 2018 were insufficient for review
authors to conduct meta-analyses; however, pooled results in
Herath 2018 with dichotomous variables were expressed as a
random effects model odds ratio (OR) with 95% Cl. Rate data were
combined (e.g. number of exacerbations per participant per year)
via genericinverse variance (GIV) and were expressed as a rate ratio
(Herath 2018).

NMA methods

We conducted an NMA of clinical trials to compare all prophylactic
antibiotics with each other and with placebo. Bayesian Markov
chain Monte Carlo method was implemented in OpenBUGS 3.2.3
(Lunn 2009). We used a hierarchical model with classes of
antibiotics composed of individual treatments, which allowed each
treatment effect and the overall class mean to be estimated (Dias
2018; Kew 2014).

We combined dichotomous data that took into account exposure
time with rate and hazard ratio data for the exacerbations outcome;
dichotomous data were combined with hazard ratio or rate ratio
data with the assumption that all exacerbations occurred at the
same rate (i.e. a patient is not more likely to have a second
exacerbation if he or she has had a previous exacerbation). This was
done by using a shared parameter model in OpenBUGS, whereby
data on the log hazard ratio of exacerbations were modelled
with normal likelihood and an identity link. Dichotomous data
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on the number of patients with at least one exacerbation were
modelled using a binomial likelihood with a cloglog link (Dias
2018). Depending on availability, we extracted hazard ratios as a
preference because they accounted for time at risk and censoring.
We pooled other dichotomous outcomes as odds ratios. We used
mean differences for continuous outcomes.

Prior distributions

For all models, vague prior distributions were used for all
trial baselines and for relative treatment or class effects
(normal(0,100%)). For random treatment effects models, a
minimally informative uniform prior distribution was used for the
between-study heterogeneity parameter, with lower limit of zero
and upper limit of 5 for exacerbations and serious adverse events
(SAEs), and upper limit of 15 for SGRQ. For exchangeable-class
models, a Uniform(0, 5) prior distribution was used for the within-
class standard deviation.

Where the number of studies per comparison is small (usually
less than 5), empirically informative prior distributions for the
heterogeneity parameter are recommended (Rhodes 2015; Turner
2015). In order to assess sensitivity of results of random-
treatment effects model to the the prior distribution for the
heterogeneity, results using empirically based prior distributions
were also presented for the change for baseline in SGRQ and SAE
outcomes. No empirically based prior distributions were available
for outcomes on the log-hazard ratio scale, so these were not
considered for the exacerbations outcome. Therefore, when few
studies were available in all comparisons for the exacerbations
outcome, a half-normal prior distribution that expressed the prior
belief that 95% of trials would give hazard ratios within a factor
of 2 from the estimated median hazard ratio was considered: half-
N(0, 0.322) (Dias 2018). For exchangeable or fixed class models, the
minimally informative uniform prior distribution was used (Turner
2015).

Inthe random treatment effects model for the change from baseline
in SGRQ, we used the empirically based t-distribution for the log
of the between-study variance for comparisons of pharmacological
therapies to placebo for quality of life outcomes in respiratory
diseases (t(-5.07,2.512, 5) as reported by Rhodes 2015. Because this
prior distribution was presented in Rhodes 2015 on a standardised
mean difference scale, it was converted to the mean difference
scale by multiplying by 14, which is approximately the standard
deviation of the SGRQ scale in patients with COPD (Puhan 2006).

For the random treatment effects model for SAE, we used the
empirically based log-normal distribution for the between-trial
variance (LN(-1.87, 1.522)), as reported by Turner 2015.

Fixed-class models were chosen for these outcomes (for which
there were comparisons with more than 5 studies), and minimally
informative uniform prior distributions were used.

Model fit and choice

We chose a model and considered it as the primary analysis for
NMAs using the following strategy.

« Start with fixed class models (with random and fixed treatment
effects). If both fit well (i.e. posterior mean of residual deviance
is close to the number of data points), choose the model with

the lowest deviance information criterion (DIC) (if the difference
is less than 3, choose the fixed effect model) and stop.

« |If the fixed treatment effect-fixed class model does not fit well,
try the fixed treatment effect-random class model - assess fit,
compare to models in the first step here, and choose the model
with the lowest DIC.

« Ifneither of the modelsin the first or second step fit well, try also
random treatment effects with random class model. Choose a
final model based on DIC, but interpret with caution if model fit
is poor.

+ Compare results of random class models to the equivalent
treatment level model (i.e. no class), if networks are connected.

Threshold analysis

A contrast level threshold analysis was performed to examine
the impact of bias on each treatment contrast (Phillippo 2018;
Phillippo 2019). Thresholds are provided that quantify how much
the evidence could change (due, for example, to potential biases,
or simply sampling variation) before the best treatment changes,
and what the revised ‘best’ treatment would be. If it is judged that
the evidence could not plausibly change by more than this amount,
then the ‘best’ treatment choice is considered robust; otherwise,
this choice is sensitive to plausible changes in the evidence.

Unit of analysis issues
Pair-wise analysis

Herath 2018 and Threapleton 2018 reported pair-wise data. Neither
Herath 2018 nor Threapleton 2018 identified any cross-over or
cluster-randomised trials. Threapleton 2018 used participants
rather than events as the unit of analysis (i.e. the number of people
admitted to hospital, rather than the number of admissions per
person).

NMA

For dichotomous outcomes, participants were used as the unit of
analysis to eliminate risk of multiple counting of participants (i.e.
number of COPD patients with one exacerbation). If exacerbation
data were provided as rate ratios or HRs, these data were extracted
and analysed accordingly. Data from cluster-randomised trials were
planned to be included provided the data had been, or could be,
adjusted to take clustering into account.

Dealing with missing data

For both pair-wise and NMA missing data, investigators or trial
sponsors were contacted to verify key study characteristics and to
obtain missing numerical outcome data when possible (e.g. when
a trial is identified as an abstract only). When this was not possible
and the missing data were thought to introduce serious bias, we
planned to perform a sensitivity analysis to determine whether the
missing data could introduce serious bias to the overall results of
the NMA (Guyatt 2017). When possible, we used intention-to-treat
(ITT) data from randomly assigned participants.

Assessment of heterogeneity
Pair-wise meta-analysis

Herath 2018 tested for heterogeneity when Cls did not overlap
with each other. The I? statistic was used to measure heterogeneity
among the studies in each analysis. When we identified
heterogeneity (I* = 40%), we explored this using a pre-specified
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subgroup analysis. We used the following overlapping cut-off to
define heterogeneity (Higgins 2011).

« 0% to 40%: might not be important.

« 30% to 60%: may represent moderate heterogeneity.
« 50% to 90%: may represent substantial heterogeneity.
« 75% to 100%: considerable heterogeneity.

As Threapleton 2018 identified insufficient studies for meta-
analysis, the |? statistic was not used to measure heterogeneity nor
to perform pre-specified subgroup analyses.

NMA

Assessment of similarity of participants, interventions, and trial
methods

We assessed clinical similarity of studies and statistical consistency
(when possible). Note that incoherence, transitivity, and the
presence of effect modifiers all relate to the same issue of
consistency, which was addressed clinically and statistically (when
possible).

Assessment of heterogeneity and statistical consistency in the
network meta-analysis

For the NMA, we assessed consistency by comparing the model fit
and between-trial heterogeneity from NMA models versus those
from an unrelated effects (inconsistency) model (Dias 2013a; Dias
2013b). We would use this to determine the presence and area of
inconsistency. In networks for exacerbations and SGRQ, all loops
were formed by a single multi-arm study (Brill 2015). For the SAE
network, all loops were formed by one study (Shafuddin 2015).
Therefore, there was no potential to detect inconsistency in these
networks, and inconsistency checks were not carried out.

We planned to qualitatively compare results from direct pair-wise
meta-analysis versus NMA estimates to check for broad agreement.

Assessment of reporting biases
Pair-wise meta-analysis

Both Herath 2018 and Threapleton 2018 aimed to pool data if they
identified more than 10 studies, and to examine a funnel plot to
explore possible small-study and publication biases. Threapleton
2018 did not explore reporting bias, as review authors identified
insufficient studies. Herath 2018 attempted to contact study
authors to ask for missing data when reporting bias was suspected.

NMA

We aimed to minimise reporting bias from unpublished trials or
selective outcome reporting by using a broad search strategy, and
by checking references of included trials and relevant systematic
reviews. For each outcome, we estimated and presented the
proportion of trials that contributed to the NMA. When possible,
we aimed to combine data reported as HR, rate ratio, or number
of participants with, for example, at least one exacerbation to
minimise reporting bias.

Data synthesis
Pair-wise meta-analysis

Herath 2018 subgrouped all meta-analyses by regimen (continuous
(daily), intermittent (two or three times per week), or pulsed (daily

for five days every four weeks)). Meta-analysis was performed
only when study populations were sufficiently similar for pooling
to make sense (Herath 2018). As Threapleton 2018 identified
insufficient studies, it was not possible to perform meta-analyses.

NMA

We considered all treatment dosages as individual treatments.
We used a class model approach for the NMA (Dias 2018;
Kew 2014). We pre-specified five classes of interventions
in the network: macrolides (e.g. azithromycin, erythromycin,
roxithromycin),  quinolones  (ciprofloxacin,  moxifloxacin),
tetracyclines (doxycycline), combined tetracyclines/macrolides
(e.g. roxithromycin/doxycyline), and placebo. We compared
models that assumed all interventions within a class had the same
effect to models for which effects within a class were exchangeable
(i.e. similar) using the deviance information criterion (DIC) and
taking into account any changes in estimated heterogeneity. We
presented estimates for within-class variability in treatment effects,
as well as between-class variability in treatment effects, when
applicable. We also presented the ranking of each class in one of
the five positions (from best to worst).

Subgroup analysis and investigation of heterogeneity
Pair-wise meta-analyses

Herath 2018 planned to carry out subgroup analysis for the
primary outcome (number of exacerbations) by exploring severity
of COPD according to FEV, and GOLD criteria, type of antibiotic,
duration of antibiotic use, year of conduct of study, whether
the antibiotic was used primarily as an antimicrobial or anti-
inflammatory agent, treatment regimen (dose, frequency, route of
administration), and history of exacerbations. Threapleton 2018
explored exacerbation history and COPD severity in studies with
70% or more on long-acting beta-adrenoceptor agonist/long-acting
muscarinic antagonist/inhaled corticosteroid (LABA/LAMA/ICS) at
baseline versus those with less than 70% on LABA/LAMA/ICS at
baseline.

NMA

We planned to undertake a flexible and exploratory approach
to investigate heterogeneity, depending on the data found. In
the event of significant heterogeneity in the NMA, we considered
exploring heterogeneity using pre-specified factors, if extractable.

« Exacerbation history: trials that recruit participants with a group
mean < 1 versus 2 to 3 or 4 or more exacerbations in the
preceding year.

« COPD severity: participants predominantly classed as GOLD 1 or
2 versus those predominantly classed as GOLD 3 or 4.

« Trials with = 70% of participants on long-acting beta-agonists
(LABAs) or long-acting muscarinic receptor agonists (LAMAs) or
inhaled corticosteroids (ICSs) at baseline.

« Pseudomonas colonisation: trials that recruited participants
colonised with Pseudomonas at baseline versus those not
colonised with Pseudomonas at baseline.

« Methodological issues with randomisation,
concealment, participant/personnel  blinding,
assessor blinding, and attrition.

allocation
outcome

If data were insufficient for assessment of the pre-specified factors,
we planned to investigate differences (if any) by extracting key
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severity criteria for each trial, and to summarise data across pair-
wise comparisons.

Sensitivity analysis
Pair-wise analyses

Herath 2018 and Threapleton 2018 planned to conduct a sensitivity
analysis on the primary outcome (people with one or more
exacerbations) by removing studies at high risk or unclear risk
of sequence generation, allocation concealment, or blinding.
Threapleton 2018 also planned to remove cross-over studies.
Herath 2018 used a random effects model for outcome measures.

NMA

We performed sensitivity analyses by primarily excluding from the
main analysis studies that were at high risk of bias, then including
these studies in a sensitivity analysis.

Reporting biases

We did not investigate reporting bias, as studies were too few for a
contour-adjusted funnel plot to be prepared.

Summary of findings and assessment of the certainty of the
evidence

‘Summary of findings' tables were created for the following
outcomes: exacerbations, quality of life (SGRQ) and serious adverse
events. Judgement of the quality of the evidence was based
on the ‘Risk of bias' assessment of included trials, estimates of
heterogeneity, and assessment of model fit inconsistency.

RESULTS

Description of studies
Results of the search
Pair-wise meta-analysis results

Herath 2018 included nine new studies from a search of 265
additional references for the 2018 update. The previous version of
the review included seven studies, resulting in a total of 16 studies
included in the review (Albert 2011; Banerjee 2005; Berkhof 2013;
Brill 2015; He 2010; Mygind 2010; NCT00524095; NCT026287609;
Seemungal 2008; Sethi 2010; Shafuddin 2015; Simpson 2014;
Suzuki 2001; Tan 2016; Uzun 2014; Wang 2017). Fourteen studies (N
= 3932 participants) were included in the pair-wise meta-analyses
(Herath 2018).

Threapleton 2018 included for analysis two eligible studies (N=391)
from a search of 1415 references (Brill 2015; Shafuddin 2015).

Further details about the study characteristics of both reviews can
be found in Characteristics of included studies, and a summary of
the results can be found in Appendix 3. From this point onwards, we
will describe the results of the NMA only.

NMA results

We identified 1120 records through database searching, which
included the original search in 2018 and updated searches in
2019 and January 2020. We screened all 1120 records in the
absence of any duplicate records. We excluded 1052 records on the
basis of titles and abstracts, which resulted in 68 full texts to be
assessed for eligibility. From the full-text assessment, we identified
38 manuscripts, reporting on 17 studies that were eligible to be
included in the review. The PRISMA flow diagram shows how the
final selection of studies was made (Figure 1).
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Figure 1. Study flow diagram.
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Included studies
NMA included studies

We identified 17 trials that were eligible for inclusion in this review
(Albert 2011; Banerjee 2005; Berkhof 2013; Blasi 2010; Brill 2015;
He 2010; Mygind 2010; Seemungal 2008; Sethi 2010; Shafuddin
2015; Simpson 2014; Singh 2019; Suzuki 2001; Tan 2016; Uzun 2014;
Vermeersch 2019; Wang 2017). Details of each study can be found
in Characteristics of included studies. Of these, two were multi-arm
studies from which we could make direct comparisons among all
included antibiotic classes (Brill 2015; Shafuddin 2015). We also
included 12 studies that compared a single antibiotic with placebo
(Albert 2011; Berkhof 2013; Blasi 2010; He 2010; Seemungal 2008;
Sethi 2010; Simpson 2014; Singh 2019; Suzuki 2001; Tan 2016; Uzun
2014; Vermeersch 2019).

Of the 17 trials, three studies were not included in the NMA
(Banerjee 2005; Mygind 2010; Wang 2017). Banerjee 2005 reported
SGRQ symptom score in a format that could not be included in
the network; therefore, this was reported as a pair-wise analysis.
Mygind 2010 was a conference abstract for which we could not
obtain any further data when we contacted study authors. Wang
2017 did not include data relevant to our outcome criteria.

Two of the studies were not eligible for inclusion in the main NMA
analyses but were included in sensitivity analyses (Simpson 2014;
Singh 2019). Therefore, of the 12 studies included in the main NMA
analysis, a total of 3405 participants with a diagnosis of COPD
were randomly assigned to 16 treatment arms of interest (including
placebo) (Table 2).

Baseline characteristics of participants in trials included in the
NMA

We found that baseline characteristics of trial populations were
fairly similar across all studies, and most trial participants had

moderate to severe disease. Mean age was similar, ranging from
64 years to 73 years, and considerably more males than females
were recruited. Lung function, specifically mean FEV,, ranged from
0.935 to 1.36 L. Mean pack-years ranged from 36 to 59 across all
studies, and overall there were no serious concerns that there
was any imbalance in characteristics expected to modify relative
treatment effects. The mean number of exacerbations among trial
participants in the 12 months before trial start ranged from two to
five (Blasi 2010; Brill 2015; Seemungal 2008; Shafuddin 2015; Uzun
2014; Table 1). Berkhof 2013 reported a median of one exacerbation
in the previous 12 months among study participants. In Albert
2011, 50% of study participants were hospitalised or visited the
emergency department 12 months before the trial start.

Characteristics of interventions in the NMA

Studies included in the NMA

Across the 12 studies included in the NMA, 15 antibiotics
were evaluated and categorised into four classes: macrolides,
tetracycline, quinolone, and macrolide plus tetracycline. A
description of all studies is found in Characteristics of included
studies and in Table 2.

Excluded studies

Fourteen excluded studies are listed in the Characteristics of
excluded studies table, along with reasons for exclusion.

Risk of bias in included studies

Judgements for risk of bias and reasons can be found in the
Characteristics of included studies table, and an overview of
judgements for risk of bias can be found in Figure 2.

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 14
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation
Random sequence generation

Of the included studies, 12 were judged as having low risk of bias
for randomisation sequence generation. We judged five studies
as having unclear risk, as they did not report methods for the
randomisation process (He 2010; Mygind 2010; Sethi 2010; Singh
2019; Tan 2016).

Allocation concealment

We assessed 10 studies as having low risk of bias for allocation
concealment. Seven studies were judged as having unclear risk
(Berkhof 2013; Blasi 2010; He 2010; Mygind 2010; Sethi 2010; Tan
2016; Wang 2017), as no further information about the treatment
allocation process was provided.

Blinding
Blinding of participants and personnel

Eleven studies were judged as having low risk of performance bias
(Albert 2011; Banerjee 2005; Berkhof 2013; He 2010; Mygind 2010;
Seemungal 2008; Sethi 2010; Shafuddin 2015; Simpson 2014; Uzun
2014; Vermeersch 2019). Blasi 2010, Singh 2019, Suzuki 2001, and
Wang 2017 were open-label trials and therefore were judged to
be at high risk of bias. Tan 2016 did not provide any information
about blinding of participants or personnel; therefore, we assumed
that this was an open-label study. Brill 2015 was judged as having
unclear risk of bias for this domain because it is not clear whether
study personnel were blinded.

Blinding of outcome assessors

Seven studies were judged as having low risk of bias for
outcome assessment (Albert 2011; Berkhof 2013; Seemungal 2008;
Shafuddin 2015; Simpson 2014; Uzun 2014; Vermeersch 2019).
Three studies were rated as having high risk of bias (Blasi 2010;
Singh 2019; Suzuki 2001), as they were open-label trials with no
documentation regarding blinding of outcome assessors. Brill 2015,
Tan 2016, and Wang 2017 were also judged as having high risk of
bias, as blinding of outcome assessors was not described in either
study. No further information about blinding in this domain was
described; therefore, Banerjee 2005, He 2010, Mygind 2010, and
Sethi 2010 were judged as having unclear risk of bias.

Incomplete outcome data

Thirteen studies provided adequate descriptions of outcomes of
study participants (Albert 2011; Banerjee 2005; Berkhof 2013; Brill
2015; He 2010; Seemungal 2008; Shafuddin 2015; Simpson 2014;
Singh 2019; Suzuki 2001; Tan 2016; Uzun 2014; Vermeersch 2019),
as they had described the flow of participants throughout the trial
using a CONSORT diagram or by including this information in a
specific paragraph or table. Blasi 2010 was judged as having high
risk of bias because the analysis was not intention-to-treat, and
participants who died were not included in the analysis. This may
have led to an overestimation of beneficial outcomes.

Withdrawal rates in treatment and control arms of most studies
were similar, with the exception of four studies that were judged
as having unclear risk of bias (Albert 2011 Sethi 2010; Shafuddin
2015; Tan 2016). Albert 2011 and Sethi 2010 did not report reasons
for missing health-related quality of life data. Shafuddin 2015 was
judged as having unclear risk of bias for this domain, as more

participants dropped out of the combined antibiotic treatmentarm
compared to the single antibiotic and placebo arms, although all
participants were included in the intention-to-treat analysis. Tan
2016 was judged as having unclear risk of bias, as details of the
number of people analysed at each time point were not reported.

Mygind 2010 provided limited information, as it was a conference
abstract of unpublished data; therefore we judged this source as
having unclear risk of bias. Wang 2017 did not provide any further
information about missing data; therefore we judged this study as
having unclear risk of bias for this domain.

Selective reporting

We judged 13 studies as having low risk of bias for this domain
(Albert 2011; Banerjee 2005; Berkhof 2013; Brill 2015; He 2010;
Mygind 2010; Seemungal 2008; Sethi 2010; Shafuddin 2015;
Simpson 2014; Suzuki 2001; Uzun 2014; Vermeersch 2019). We
judged Blasi 2010 as having high risk as outcomes in the publication
were reported differently from those in the protocol on the trial
registry website. SAEs were reported only in the antibiotic arm and
not in the control arm; therefore it is not clear whether participants
in the control group had any SAEs. We also judged Wang 2017
as having high risk of bias, as no prospective trial registration
or protocol was identified, and dyspnoea grade was reported as
measured in the abstract but there was no description in the
methods or results of the publication. We judged two studies as
having unclear risk of bias (Singh 2019; Tan 2016), as it was not clear
if the outcomes were reported as planned.

No prospective trial registration or protocol was identified.

Other potential sources of bias

We did not consider industry sponsorship as necessarily increasing
therisk of bias when studies were well designed. We did not identify
any other potential sources of bias.

Effects of interventions

See: Summary of findings 1 Summary of findings: exacerbations;
Summary of findings 2 Summary of findings: change from baseline
in SGRQ; Summary of findings 3 Summary of findings: serious
adverse events

Network meta-analysis outcomes

In general, the NMA supported a common class effect for
exacerbations and quality of life. Individual prophylactic antibiotics
included in each NMA are provided in tables that have been
referenced in the text below.

NMA 1. Primary outcome: exacerbations

Definitions of exacerbations reported in the studies included
for this outcome are captured in Table 1. Overall, moderate
exacerbations were described as sustained worsening of baseline
respiratory symptoms for at least two days requiring treatment
with systemic corticosteroids and/or antibiotics, with severe
exacerbations requiring additional hospital admission.

Exacerbation data were reported either as time to first exacerbation
(Albert 2011; Blasi 2010; He 2010; Seemungal 2008; Simpson
2014; Uzun 2014), or as the number of people with one or more
exacerbations during the study period (Berkhof 2013; Brill 2015;
Sethi 2010; Suzuki 2001) (Table 3; Table 4).
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Model selection

Both fixed class models with fixed and random treatment effects fit
well. They had similar DIC values; therefore the simpler fixed effect
model was chosen, although results for the random effects model
were also displayed for comparison (DIC 52.17, SD 0.16, 95% Crl
0.006 to 0.519) (Table 5).

Results

The NMA included nine studies and nine interventions from three
antibiotic classes (macrolides, quinolones, tetracyclines) and from
control treatment (placebo or standard therapy) (2732 participants;
Table 3; Table 4; Table 6). Figure 3 represents studies contributing

to the NMA (a) at the individual intervention level and (b) at the
antibiotic class level. Summary of findings 1 shows the hazard ratio
(HR) for each class compared to every other. Each class except
tetracycline (HR 1.29, 95% Crl 0.66 to 2.41) reduced exacerbations
compared to control (placebo or standard therapy). Evidence
suggests that macrolides considerably reduced exacerbations
compared to placebo or standard therapy (HR 0.67, 95% Crl 0.60 to
0.75), whereas quinolones showed smaller benefit and the 95% Crl
included no effect (HR 0.89, 95% Crl 0.75 to 1.04). Furthermore, our
analysis suggests that macrolides were superior to quinolones in
reducing exacerbations (quinolone versus macrolide; HR 1.32, 95%
Crl 1.08 to 1.61) (Table 7). Figure 4 presents the hazard ratios for
both fixed effect and random effects models.

Figure 3. Exacerbations: network diagram of interventions and classes. Treatment abbreviations are defined in
Table 1. The size of the nodes is proportionate to the number of participants assigned to the intervention. The
thickness of the lines is proportionate to the number of randomised trials that studied the respective comparison.
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Figure 4. Exacerbations: forest plot of relative effects for each class comparison. Values less than 1 favour the first

names class.
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Table 8 shows rank statistics for the three antibiotic classes and
for control (placebo or standard therapy). The highest ranked class
was macrolide, with a median rank of 1 (95% Crl first to second),
followed by quinolone (95% Crl second to third). Tetracycline was
the worst ranked treatment for this outcome (95% Crl first to
fourth). Although control (placebo or standard therapy) was ranked
third, it had a 95% Crl of second to fourth, and a similar mean rank
to tetracycline (3.1 versus 3.6), which reflected that the HR showed

0.50

1.0 20 40 6.0
hazard ratio

no clear evidence of a difference between tetracycline and control
(placebo or standard therapy) (HR 1.29, 95% Crl 0.66 to 2.41) (Figure
4; Table 8).

Figure 5 represents the rank probabilities of each antibiotic class
and control (placebo or standard therapy). The vertical axis shows
the probability of being ranked best (first) to worst (fourth). The
probability of macrolides being ranked first was 0.97 (Figure 5).

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 18
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

1\ Cochrane
é) Library

Cochrane Database of Systematic Reviews

Figure 5. Exacerbations: plot of rank probabilities for each class.
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The absolute rate of exacerbations per person per year for each
treatment class is reported in Summary of findings 1, with the
assumption that the absolute rate of exacerbations in the control
(placebo or standard therapy) arm was two per person per year.
Macrolides had a median rate of exacerbations of 1.34 (Crl 1.19 to
1.50) per person per year compared to control (placebo or standard
therapy). Tetracycline was the only class that had a higher median
rate of exacerbations per person per year than control (placebo or

Ramis of Macrobde

Rank of Cranodone

standard therapy) (2.58,95% Crl 1.33t0 4.81), suggesting a probable
lack of clinical effectiveness.

Threshold analysis and robustness of the evidence

We judged studies contributing to this analysis to be at low risk
of bias in most domains. Figure 6 shows the forest plot for the
threshold analysis. None of the comparisons had the upper or
lower portion of the invariant interval within the 95% Crl of the
effect estimate (Figure 6); thus the decision was not sensitive to
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the level of imprecision in this estimate, that is, the decision that
the optimal treatment class to prevent exacerbations is macrolide
was robust to sampling variation. However, this decision appeared
sensitive to potential bias in comparisons of all classes to placebo
(macrolide versus placebo, tetracycline versus placebo, quinolone
versus placebo; Figure 6), as some of the thresholds were small.
Upon inspection of these thresholds, we noted that only the
comparison of macrolides to control (placebo or standard therapy)
(2versus 1; Figure 6) could change due to plausible bias adjustment.

This is so because if there was any bias in the comparison, it
was likely to favour the active class; therefore any adjustment
would bring the estimated relative effect closer to the null value,
meaning that quinolone may become the best class to prevent
exacerbations. All other comparisons would require a bias that
favoured placebo to be present, or an implausibly large bias before
the optimal treatment changed. All other invariant intervals were
very wide, so comparisons were robust to any changes in the
evidence informing those comparisons.

Figure 6. Exacerbations: forest plot with threshold analysis for the log-HR of exacerbations for each class. Base case
optimal treatment set is 2. Class codes: 1 = placebo; 2 = macrolide; 3 = tetracycline; 4 = quinolone. Comparisons are
macrolide versus placebo (2 versus 1); tetracycline versus placebo (3 versus 1); quinolone versus placebo (4 versus
1); tetracycline versus macrolide (3 versus 2); quinolone versus macrolide (4 versus 2); quinolone versus tetracycline

(4 versus 3).
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Exacerbations: sensitivity analysis including Suzuki 2001

In an initial analysis, treatment-specific comparisons in a
fixed effect-no class model show significantly lower risk of
exacerbations, which resulted in macrolides as the highest ranking
class-specific treatment (Appendix 4; Table 6; online supplement
Janjua 2021) and a probability of 0.96 for being ranked first.
Due to suspicion of increased heterogeneity in the effects of
macrolides compared to control treatment and other antibiotic
treatments, we investigated further the relative estimates for all
treatment comparisons in both fixed effect-no class and fixed
effect-exchangeable class models. The risk of exacerbations was
considerably lower with erythromycin 200 to 400 mg compared
with placebo or other antibiotic treatments (Table 4; Appendix 4).
We identified Suzuki 2001 as the study contributing to observed
effects and investigated characteristics of the study that may have
possibly contributed to the analysis result (Table 1). Suzuki 2001
was an open-label study that was rated at high risk of bias due
to lack of blinding. Study authors reported erythromycin dosage
as ranging from 200 mg to 400 mg. Unfortunately, they provided
no further information in their publication regarding the actual
dose of erythromycin that participants received, and there was no
possibility of contacting these study authors because the study was
published in 2001. For these reasons, we decided to include Suzuki
2001 in a sensitivity analysis rather than in the main analysis.

NMA 2. Primary outcome: quality of life: change from baseline in
SGRQ score

Model selection

Fixed class models with both fixed and random treatment effects
fit well. Sensitivity to the prior distribution for heterogeneity was
assessed by fitting a random effects model with an empirically
based prior distribution converted to the mean difference scale
(Rhodes 2015). We chose the fixed treatment effect model with
fixed class effect (Table 9). We also reported results for the random
treatment effects model with fixed class effect using the uniform
prior distribution.

Results

All of the included studies were two-arm studies except for one
study, which had four treatment arms (Brill 2015). Mean differences
across the four study arms are correlated; thus a co-variance
between mean differences - V - was required (Dias 2018; Franchini
2012). As this was not reported, we intended to use sampling error
(SE?) for mean SGRQ at baseline for participants randomised to
placebo (V = 15.04), and to use SE? for the change from baseline
(assuming equal baseline and follow-up variances and correlation
of 0.7; V = 9.025) in a sensitivity analysis. However, only the latter
(V'=9.025) produced a valid co-variance matrix for observed mean
differences; therefore, only this value was used.

The NMA included seven studies of eight interventions from three
antibiotic classes (macrolide, quinolone, tetracycline) and placebo
for this outcome (2237 participants; Table 9; Table 10). Figure 7
represents studies contributing to the NMA (a) at the individual
intervention level and (b) at the antibiotic class level. Figure 8
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shows the mean difference in change from baseline in SGRQ that the macrolide class improved SGRQ score compared to
score for each class compared to every other for the preferred  placebo in both models, although only the main analysis yielded
model (fixed treatment-fixed class model), as well as the random  significant results (Figure 8; Table 9).

treatment-fixed class model for comparison. Evidence suggests

Figure 7. Quality of life: SGRQ network map.
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Figure 8. Change from baseline in SGRQ: forest plot of relative effects for each class comparison. Values less than 0

favour the first named class.
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Bayesian probabilities of the mean difference exceeding the
minimal clinically important difference (MCID) of 4 for SGRQ, when
a macrolide is compared to placebo, tetracycline, or quinolone,
were calculated as 0.005, 0.345, and 0.001, respectively, under the
fixed treatment effect model with fixed class effect.
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Table 11 shows rank statistics for the four classes. The highest
ranked class was macrolide, with a median rank of 1 (95% Crl first
to second). Figure 9 shows plots of rank probabilities for each class.
The vertical axis shows the probability of being ranked best (first)
to worst (fourth). The probability of macrolides being ranked first
was 0.82 (Figure 9).
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Figure 9. Change from baseline in SGRQ: plot of rank probabilities for each class.
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We presented the change in SGRQ from baseline for macrolides,
tetracyclines, and quinolones compared with placebo in Summary
of findings 2. We assumed that the absolute change from baseline
for SGRQ in the placebo arm was -1.7, for a 1.7 point improvement.
The absolute change in SGRQ from baseline with macrolide
treatment was -4.00 (95% Crl -5.51 to -2.68), which translated to a
2.30 point improvement compared to placebo (3.61 to 0.99 point
improvement). However this did not reach clinical significance
(MCID of 4 point improvement). With quinolone treatment, the
absolute change from baseline was -3.03 (95% Crl -4.69 to -1.37).
This resulted in a 1.33 point improvement compared to placebo
(2.99 to 0.33 point improvement). With tetracyclines, there was an
absolute change in SGRQ of -0.52 (95% Crl -3.21 to 2.16), which
resulted in a 1.18 point worsening in quality of life compared to
placebo (1.51 improvement to 3.86 worsening). Thus, tetracycline
was worse than placebo, but there was stillimprovement compared
to baseline.

Quality of life: change from baseline in SGRQ score: sensitivity
analysis including Brill 2015

Results of the sensitivity analysis are detailed in Appendix 5.
The main NMA included fully adjusted effect estimates from Brill
2015; however, the study also reported relative effects, which were
adjusted only for baseline values. With a fixed treatment-fixed class
model, the relative effect for SGRQ score in the sensitivity analysis
was similar to the main NMA result and ranking; however, the
95% Crl in the sensitivity analysis no longer included zero when
quinolone was compared to tetracycline.
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Quality of life: change from baseline in SGRQ: sensitivity analysis
including Singh 2019

Results of the sensitivity analysis can be found in Appendix 5. We
included Singh 2019 in a sensitivity analysis rather than in the main
analysis. Inclusion of Singh 2019 in the sensitivity analysis using a
fixed effect-fixed class model, with effect estimates of each class
comparison, including tetracycline, led to a shift when compared
to the main analysis (Figure 6; online supplement Janjua 2021,
Figure 4.3. For example, the effect estimate for tetracycline versus
placebo shifted to the right in the sensitivity analysis, as did the
effect estimate for the comparison of tetracycline compared to
macrolide (online supplement Janjua 2021; Figure 4.3). Ranking
also changed, resulting in tetracycline ranking third and placebo
now ranked fourth, in contrast to the main NMA (Appendix 5).

NMA 3. Primary outcome: serious adverse events
Model selection

Fixed class models with both fixed and random treatment effects fit
well; thus we chose a fixed treatment effect model with fixed class
effect. Results for the random effects model were also displayed
for comparison (DIC 113.2, SD 0.44, 95% Crl 0.02 to 1.28) (Table
12). We also reported results for the random treatment effects
model with fixed class effect for comparison using the uniform
prior distribution (Figure 10; Table 13) and the empirical prior
distribution (Table 13) for comparison.
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Figure 10. Serious adverse events: forest plot of relative effects for each class comparison. Values less than 1 favour

the first named class.
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Results

The NMA included nine studies, nine interventions from
three antibiotic classes (macrolide, macrolide plus tetracycline,
quinolone), and placebo for this outcome (3180 participants; Table
14; Table 15). Figure 11 represents studies contributing to the NMA
(a) atthe individual intervention level and (b) at the antibiotic class
level. Brill 2015 was not included in the analysis, as no events were
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reported in any treatment arm. We presented the odds ratio (OR)
of serious adverse events for each class compared to every other
(Table 13). Evidence suggests that the macrolide class reduced the
odds of having a serious adverse event compared to placebo when
the fixed treatment effect model with fixed class effects was used
(Table 13; Figure 10). However, use of the random treatment effects
model with fixed class effect resulted in the 95% Crl crossing the
line of no effect (Table 13; Figure 10).
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Figure 11. Serious adverse events: network map.
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Table 16 shows rank statistics for the four classes. The highest
ranked class was macrolide, with a median rank of 1 (95% Crl first to
second). Figure 12 represents the plots for ranking probabilities of

Quinolone

Macrolide

Macrolide + tetracycline

each class. The vertical axis shows the probability of being ranked
best (first) to worst (fourth). The probability of macrolides being
ranked first was 0.70 (Figure 12).
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Figure 12, Serious adverse events: plot of rank probabilities for each antibiotic class
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The relative effect and the absolute risk difference with macrolide,
quinolone, or macrolide plus tetracycline compared with placebo
are presented in Summary of findings 3, with the assumption that
the absolute probability of events in the placebo arm was 0.26, and
the risk of serious adverse events with placebo was 260 per 1000.
A greater magnitude of effect was evident upon treatment with
macrolides compared with placebo. The relative effect was OR 0.76
(95% Crl 0.62 t0 0.93), that is, 49 fewer people per 1000 experienced
a serious adverse event with macrolides compared to placebo. For
quinolones or macrolides plus tetracycline, there was uncertainty
in effect between classes and placebo, as the 95% credible interval
crossed the line of no effect.

Non-NMA outcomes
Antimicrobial resistance

Antibiotic resistance was investigated by 10 studies (Albert 2011;
Banerjee 2005; Berkhof 2013; Blasi 2010; Brill 2015; He 2010;
Seemungal 2008; Sethi 2010; Uzun 2014; Vermeersch 2019) (Table
17).

Macrolide: azithromycin

Albert 2011 was a 52-week trial that assessed azithromycin 250 mg
once daily compared with placebo (1142 randomised participants).
Organisms most commonly identified in the antibiotic group and
in the placebo group were Staphylococcus aureus (azithromycin
N = 60 (10.7%), placebo N = 71 (12.7%)), Moraxella species
(azithromycin N =13 (2.3%), placebo N =6 (1%)), and Streptococcus
pneumoniae (azithromycin N = 6 (1.1%), placebo N = 6 (1.1%)). S
aureus was cultured more frequently, as would be expected from
nasopharyngeal sampling. Participants who were not colonised
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at the start of the study (N = 66 azithromycin, N = 172 placebo)
became colonised during the course of the study, and resistance to
macrolides was higher in the antibiotic arm than in the placebo arm
(81% versus 41%; P < 0.001).

Berkhof 2013 was a 12-week trial (84 randomised participants)
that reported a reduction in respiratory pathogens in sputum
samples of those taking azithromycin (250 mg once daily, 3 times a
week). At 12 weeks, only one participant in the azithromycin group
had antibiotic-resistant S aureus. Study authors did not report
mean inhibitory concentration (MIC)90, which would have allowed
detection of changes in antibiotic resistance over time.

Uzun 2014 (92 randomised participants) found that at 52 weeks,
fewer people had resistant bacteria when taking azithromycin (500
mg, 3 times a week) compared with placebo (3 versus 11; P=0.036).

Vermeersch 2019 (301 randomised participants) did not find
significant group differences between azithromycin (500 mg once
daily for 3 days, followed by 250 mg every 2 days) and placebo
for acquired macrolide-resistant bacteria. At 13 weeks, only one
participant in the placebo treatment group had newly acquired
macrolide-resistant bacteria.

Blasi 2010 (22 randomised participants) found that one participant
in the azithromycin group (500 mg daily, 3 times a week) had
erythromycin-resistant S pneumoniae at 26 weeks.

Brill 2015 (99 randomised participants) measured sputum bacterial
load and antibiotic resistance at 13 weeks post antibiotic treatment
(azithromycin 250 mg, 3 times a week) compared with placebo. The
most common organisms were S pneumoniae and Streptococcus
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species. Antibtiotic resistance was increased, with a factor increase
of mean inhibitory concentration of 6.23 (95% confidence interval
(Cl) 1.66 to 23.35; P = 0.01) compared with placebo for sputum-
isolated cultures (Brill 2015).

Macrolide: clarithromycin

Banerjee 2005 (67 randomised participants) found no multi-
resistant gram-negative pathogens among those taking long-acting
clarithromycin 500 mg daily compared with placebo at 13 weeks.

Macrolide: erythromycin

At 26 weeks of treatment, He 2010 (36 randomised participants)
did not report any significant group differences (erythromycin 250
mg, 3 times a day versus placebo) in the emergence of antibiotic-
resistant organisms.

Seemungal 2008 (109 randomised participants) found that at the
end of 52 weeks of treatment, only one participant had colonisation
of Spneumoniae resistant to erythromycin in the erythromycin (250
mg twice daily) treatment arm. All Haemophilus influenzae isolates
(22/109) were found to be resistant to erythromycin.

Quinolone: moxifloxacin

Brill 2015 (99 randomised participants) reported that moxifloxacin
(400 mg daily for 5 days, every 4 weeks) was associated with a factor
increase in MIC of 4.82 (95% Cl 1.44 to 16.19; P = 0.01) compared to
placebo from baseline to 13 weeks (Brill 2015). The odds of isolates
cultured in sputum being resistant to moxifloxacin was above 2, but
this result was not statistically significant.

Sethi 2010 (1149 randomised participants) reported a reduction in
the number of participants with pathogens isolated over 48 weeks
of treatment, with a more significant reduction with moxifloxacin
treatment (400 mg daily for 5 days, repeated every 8 weeks)
compared to placebo. One participant taking moxifloxacin had
resistant Streptococcus pneumoniae at 40 weeks, which was not
associated with exacerbations and did not persist at subsequent
visits. This was similarly found in up to three isolates from
participants taking moxifloxacin who were positive for S aureus at
baseline and also at various time points in the study. The median
MIC of moxifloxacin against Pseudomonas aeruginosa at 24 weeks
was 4 mg/L, which was reduced further to 1 mg/L during the rest
of the treatment period. The opposite was observed in the placebo
group, in which median MIC increased from 0.5 mg/L to 2 mg/L
among people who completed treatment.

Tetracycline: doxycycline

Brill 2015 (99 randomised participants) reported a change in MIC
of 3.74 (95% Cl 1.46 to 16.19) with doxycyline (100 mg once
daily) compared with placebo at 13 weeks. Moreover, isolates from
participants taking doxycycline were more likely to be resistant to
doxycycline than from those taking placebo (OR 5.77, 95% Cl 1.40
t0 23.74; P = 0.02).

Mortality

Overall, eight studies reported mortality data (Albert 2011; Blasi
2010; Mygind 2010; Seemungal 2008; Sethi 2010; Shafuddin 2015;
Uzun 2014; Vermeersch 2019) (Table 18). Refer to Appendix 3 for
Herath 2018 and Threapleton 2018 results.

Overall, the total number of deaths with prophylactic antibiotic was
117/2394 participants compared with 133/2066 participants (Table
18). Death rates reported in the included studies ranged from 2%
to 5% with antibiotics (Albert 2011; Sethi 2010; Shafuddin 2015;
Vermeersch 2019), and from 2% to 5% with placebo. However, two
studies showed higher rates of death compared with other studies
(Blasi 2010; Mygind 2010). Mygind 2010, a 156-week trial, included
participants with moderate to severe COPD and reported more than
20% deaths. The number of deaths was similar between treatment
groups. Blasi 2010, a 26-week trial that included participants with
severe COPD, showed a significantly higher rate of death in the
placebo group compared to the azithromycin group during the
treatment period (placebo 45%, azithromycin 9%).

DISCUSSION

Summary of main results

We identified 17 studies that met the inclusion criteria for
this review. Twelve studies assessed effects of macrolides
(azithromycin and erythromycin) , quinolone (moxifloxacin),
tetracycline (doxycycline), or tetracyclines plus macrolides
(roxithromycin plus doxycycline) compared with placebo or
standard therapy and were included in the network meta-analysis
(NMA) (3405 total participants).

We investigated the safety and clinical effectiveness of prophylactic
antibiotics for adults with chronic obstructive pulmonary disease
(COPD), specifically focusing on differences among antibiotic
classes and individual antibiotics identified. Specifically, we
evaluated the impact of different antibiotic classes and individual
treatments on the frequency of exacerbations, quality of life
evaluated using St George's Respiratory Questionnaire (SGRQ),
and serious adverse events (SAEs). Overall, evidence included
in the NMA was at low risk of bias and generally supported
that macrolides were the highest ranking antibiotic treatment
for reducing exacerbations and SAEs, and for improving quality
of life, among people with moderate to severe COPD. More
specifically, macrolides appear to be superior to placebo in
reducing exacerbations and SAEs, with a probability of 0.97 and
0.7, respectively. In addition, macrolides were superior to placebo
in improving quality of life, with a probability of 0.82, although
the difference from placebo did not exceed the minimum clinically
important difference (MCID).

Overall, results of the NMA are consistent with findings of the two
previous pair-wise reviews (Herath 2018; Threapleton 2018).

Exacerbations

Macrolides were more beneficial than placebo in reducing
exacerbations (hazard ratio (HR) 0.67, 95% credible interval (Crl)
0.60 to 0.75), with an absolute risk reduction of 127 per 1000
people per year, that is, 127 fewer people had exacerbations per
1000 people treated for a year. The effect between quinolones
and placebo was probably smaller (HR 0.89, 95% Crl 0.75 to
1.04). Exacerbations may be increased when tetracyclines are
compared to placebo (HR 1.29, 95% Crl 0.66 to 2.41). When the
four treatment classes were ranked, macrolides were ranked first,
followed byquinolones. Placebo ranked third, although it was only
marginally better than tetracyclines. As tetracyclines ranked fourth,
this was reflected in the absolute risk, which resulted in an increase
in the number of exacerbations by 60 per 1000 people per year
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compared with placebo. However, there was uncertainty in this
result because confidence intervals ranged from 129 fewer to
127 more, and this evidence was based on data from one study.
In comparison with each other, macrolides were also superior
to quinolones and were borderline superior to tetracyclines in
reducing exacerbations.

Quality of life

Treatment with macrolides improved quality of life compared
to placebo by 2.29 points on the SGRQ (3.61 to 0.99 point
improvement). Smaller improvement was seen with quinolone
treatment compared with placebo (1.33 points on the SGRQ (2.99
to 0.33 point improvement)). There may be little to no difference
in quality of life with tetracycline treatment compared to placebo
(1.18 point worsening in quality of life compared to placebo
(1.51 improvement to 3.86 worsening)), although the results were
very uncertain. These results are reflected in ranking of these
treatments, in which macrolides were ranked first, followed by
quinolone. Tetracycline was ranked fourth after placebo.

Serious adverse events

Evidence suggests that macrolides reduced the odds of having an
SAE compared to placebo only when the fixed treatment-fixed class
effect model was used. The relative effect of SAEs compared with
placebo was odds ratio (OR) 0.76 (95% Crl 0.62 to 0.93). There
was probably little to no difference in the effect with quinolones
(OR 1.00, 95% Crl 0.72 to 1.34) or with macrolide plus tetracycline
(OR 0.97, 95% Crl 0.52 to 1.66). When ranked, macrolides were
ranked the highest (i.e. the highest probability of having the largest
reduction in SAEs), with a probability of 0.7 of being ranked first.
Macrolide plus tetracycline ranked second, quinolone ranked third,
and placebo ranked fourth. These results were reflected in the
absolute risk of each antibiotic treatment compared with placebo.
Absolute risk in the placebo group was 260 per 1000. Absolute risk
was 49 fewer per 1000 with macrolide, approximately 10 fewer per
1000 with macrolide plus tetracycline, and approximately 2 fewer
per 1000 with quinolone.

Overall completeness and applicability of evidence

To date, this is the first NMA investigating the effectiveness of
prophylactic antibiotics for people with COPD. For this reason, we
decided to include placebo-controlled trials to indirectly compare
antibiotic classes with each other or with placebo. We identified
four antibiotic classes: macrolides, quinolones, tetracyclines,
and macrolide plus tetracycline; however most included studies
compared macrolides with placebo.

Participants included in the NMA overall were similar, and although
there could have been variation in history of exacerbations
and maintenance inhaled therapies, there were no concerns for
inconsistency across studies. It should be noted, however, that
results from the NMA for exacerbations, quality of life, and SAEs
can be generalised only to the subgroup of moderate to severe
COPD (forced expiratory volume (FEV,) ranging from 0.935 to 1.36
L) between 64 and 73 years of age.

Analyses show that treatment with macrolides overall reduced
exacerbations compared to placebo or standard treatment. We
assumed that with placebo or standard treatment, individuals
would be expected to experience two exacerbations per year.
Based on this assumption, the absolute risk was considerably

lower with macrolides compared with placebo (127 per 1000
compared with 864 per 1000, respectively) (Summary of findings
1). With quinolones and tetracyclines, there was uncertainty about
the difference in exacerbations, as credible intervals crossed the
line of no effect. In current clinical practice, long-term macrolide
treatment could be considered for people with COPD who have
more than three acute exacerbations per year, and an accurate
assessment of baseline exacerbation rate should be determined
before long-term antibiotics are started (Smith 2020). National
Institute for Health and Care Excellence (NICE) guidance suggests
that the macrolide azithromycin (250 mg 3 times a week)
could be used on the condition that individuals who continue
to have frequent exacerbations or prolonged exacerbations, or
exacerbations requiring hospitalisation, are not smoking, and that
such treatment should be continued only as required, and if
benefits outweigh risks (NICE 2018).

Similarly, the SGRQ analysis shows that treatment with macrolides
resulted in greater improvement in quality of life compared to
placebo (mean difference (MD) 2.298), as did treatment with
quinolones (MD 1.33). Although these results did not reach the
MCID of 4 points, there was modest benefit for quality of life. This
result is in line with findings of a previous review showing modest
improvement on the SGRQ but not reaching clinical significance
with macrolides (i.e. a decrease of 2.12 points) (Ni 2015). Overall,
from these findings, it is unclear how much long-term antibiotics
may impact individuals' quality of life beyond 12 months, as the
duration of treatment in our analysis ranged from 12 weeks to 52
weeks. Only three studies lasted longer than 48 to 52 weeks (Albert
2011; Sethi 2010; Uzun 2014). Therefore, it may be important to
take into consideration the risk and benefit for each individual with
regular monitoring at 6 and 12 months using the SGRQ tool, as
suggested in clinical guidance (Smith 2020). We did not investigate
responder analysis data for SGRQ in trials or other systematic
reviews, which could have been informative; however, this could be
revisited in the future.

When SAEs were assessed, it was noted that fewer people
experienced adverse events (AEs) with macrolides (49 fewer per
1000 people with macrolides versus placebo treatment (260 per
1000)). Ni2015 reported a slightly higher rate of AEs in the macrolide
group compared to the placebo group (OR 1.55, 95% confidence
interval (Cl) 1.003 to 2.39; P = 0.049). There was no difference
in the effects of taking quinolones or macrolide plus tetracycline
compared with placebo. It is important to note that the absolute
risk of events in the placebo arm was calculated from the included
studies and may not be applicable in general. Furthermore, we
did not investigate the association between duration of antibiotic
treatment and the impact of SAEs that people may experience.
One recent systematic review found that macrolide use for 3 or
12 months resulted in more side effects than control treatment,
but at 6 months, there was no difference between antibiotics and
control treatment (Cui 2018). We did not investigate the impact of
antibiotics on individual side effects; however, a previous Cochrane
Review assessed thisin detail (Herath 2018). Among the studies that
weincluded in this review, hearingimpairment and gastrointestinal
problems were more commonly associated with long-term use
of macrolides. Exacerbations could have been reported as AEs or
SAEs; however, exacerbations were reported separately from AEs
among the studies included in the analysis (Table 19).
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Most data on microbial resistance that we identified assessed
macrolides (azithromycin) with varying durations of treatment.
Macrolide use led to microbial resistancein Albert 2011 at 52 weeks;
however, other studies were of shorter duration, and they found no
difference between antibiotic and placebo treatments (Vermeersch
2019), or they reported microbial resistance in only one participant
taking macrolide (Blasi 2010). With quinolone treatment, fewer
individuals had pathogens compared with placebo (Sethi 2010),
and although some quinolone-resistant bacteria were isolated,
they did not persist at the end of treatment. Based on limited
evidence, concern is ongoing that the association of antibiotic
treatment and microbial resistance may increase over time,
prompting careful clinical assessment of risk and benefit before
such treatment is started, and regular monitoring once antibiotic
treatment is under way.

Limited data are available regarding the persistence of microbial
resistance after discontinuation of prophylactic antibiotics for
patients with COPD. This question was not rigorously assessed
in any of the included studies. Indirect data are available
from the AZISAST trial, which evaluated microbial resistance
after discontinuation of prophylactic macrolides in exacerbation-
prone patients with severe asthma ( Brusselle 2013). In the
AZISAST trial, the percentage of macrolide-resistant streptococci
was reduced from 74% to 46% within four weeks from
macrolide discontinuation. In the same period, microbiome
characteristics returned to the pretreatment condition. As a result
of this observation, annual brief periods of discontinuation of
prophylactic antibiotics, preferably during summer, when disease
is better controlled, are often suggested for patients with COPD
( Miravittles 2015; Smith 2020). Such strategies will need to be
evaluated by well-designed randomised controlled trials (RCTs).

Overall, we found that death was a rare event in clinical studies. In
most studies, no deaths occurred in either treatment group. When
deaths were reported, they were similar in antibiotic and treatment
groups. Mygind 2010 recorded a higher death rate (although similar
in each treatment group) (azithromycin 25%, placebo 28%), but the
study provided no further information. The death rate in Blasi 2010
was higher in the placebo group compared with the azithromycin
group (azithromycin 9%, placebo 45%).

In summary, findings of this NMA show that macrolides are
superior to other prophylactic antibiotics identified in the review.
The superiority of macrolides compared to other antibiotics in
preventing exacerbations has long been suspected and may
be attributed to the anti-inflammatory and immunomodulatory
effects that this class of antibiotics exerts, in contrast to the other
evaluated classes (Loukides 2013). In line with current clinical
guidance, azithromycin at the doses identified may be of benefit for
reducing exacerbations and improving quality of life in a subgroup
of patients who have moderate to severe COPD that is managed by
inhaled therapies but who encounter frequent exacerbations that
may result in hospitalisation.

Current clinical guidance recommends that prophylactic antibiotic
treatment should be considered for a minimum of 6 to 12 months
while changes in exacerbations are observed (Smith 2020). The
duration of antibiotic use among studies in the NMA ranged
from 12 weeks to 52 weeks, which could be considered long
enough to detect differences in exacerbations, but also in quality
of life and SAEs. Studies in the NMA represent a wide range of
populations geographically (China, Europe, United Kingdom, and

USA); however, generalisation of prophylactic antibiotics may be
impaired by our inability to include two studies from India and
Japan in the main analyses (Singh 2019; Suzuki 2001).

We did not investigate the cost-effectiveness of one antibiotic
compared to another; however, these treatments are generally
considered to be of low cost, and exacerbations pose a significant
health and economic burden. It should be noted that although such
treatments may be cost-effective, potential costs of monitoring and
follow-up of those taking antibiotics over a long time would need
to be considered but are likely to be off-set by potential benefits for
health status.

However, significant gaps in the evidence need to be addressed.
First, we did not identify any data on the impact of long-term
antibiotic administration in different types of exacerbations (i.e.
exacerbations triggered by bacteria or viruses, or those associated
with enhanced eosinophilic inflammation) (Mathioudakis 2020).
Although it is clear that prophylactic antibiotics are effective
only for a subgroup of selected patients with COPD, this finding
has not clearly emerged from available evidence in this or
previous Cochrane Reviews (Herath 2018, Threapleton 2018). In
addition, we did not identify data on the effectiveness of other
antibiotics that may be used to treat exacerbations. For example,
penicillins are often used to treat acute exacerbations, but we
did not identify any trials in which penicillins are used for
prophylaxis. Limited information is available about tetracyclines
and combined antibiotic treatment; however, available evidence
indicates that these antibiotic combinations are not necessarily
superior (Shafuddin 2015).

Quality of the evidence

The methodological quality of all included studies was assessed
and overall risk of bias was deemed low across the five domains.
Some studies lack clarity regarding randomisation, allocation
concealment, and attrition. We did not contact study authors for
further information for unclear domains, as these studies were also
included in Herath 2018 and Threapleton 2018, and study authors
would have been contacted already. We were more confident in our
findings from the main analyses when two studies at high risk of
bias were excluded (Singh 2019; Suzuki 2001). These studies were
instead included in sensitivity analyses that did not significantly
change our findings. In all networks, all loops were formed by a
single multi-arm study; therefore, there was no potential to detect
inconsistency, and inconsistency checks were not carried out. For
most networks, the fixed effect model was selected, as there was
no evidence of heterogeneity. When random effects models were
used, the standard deviation for between-study heterogeneity was
reported along with its credible interval (exacerbations: Table 5;
SAEs: Table 12). Imprecision was reflected in the 95% Crl, which was
reported and commented on when appropriate.

GRADE headings were not used to assess validity of the evidence, as
we did not think this approach would be informative because more
than two treatments were being compared in the NMA. Similarly,
we did not consider use of Confidence in Network Meta-Analysis
(CINeMA) because this application cannot be used when a Bayesian
analysis is conducted. We used threshold analysis to examine
the impact of bias on each treatment contrast (relative effect of
each treatment comparison) (Phillippo 2019), which quantified
how much the evidence could change before the best treatment
changed, and what the new 'best' treatment would be. This
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approach indicates which results were robust to potential biases in
the evidence, taking into account the contribution of each study to
the overall results and network structure. We interpreted threshold
results with respect to the risk of bias identified for each study,
and this is reflected in the conclusions. For exacerbations, the
comparison of macrolides to control could change due to plausible
bias adjustment, suggesting the possibility that quinolones might
be the best class of treatment agents for preventing exacerbations.
All other antibiotic versus placebo comparisons were robust to any
changes in the evidence, as no implausibly large bias was present
that would favour placebo. Consequently, direct comparison of
macrolides with quinolones in future RCTs could be informative.

Potential biases in the review process

We followed our pre-published protocol when carrying out this
network meta-analysis. We included reviews that intended to
compare placebo-controlled trials and head-to-head antibiotic
comparisons. We checked our included studies with two previously
published Cochrane Reviews (Herath 2018; Threapleton 2018). As
most of the studies that we identified were also included in these
reviews, we were confident that we had identified all relevant
studies for the NMA. These studies had already been assessed for
risk of bias, and data had been extracted by two review authors;
however, we arranged the data in the format required for NMAs.
Updated searches identified two new studies that were published
in 2019, which met the inclusion criteria for the NMAs. We did not
use GRADE nor CINeMA to assess certainty of evidence, as we used
the threshold analysis as an alternative approach.

Agreements and disagreements with other studies or
reviews

To date, no published network meta-analyses have specifically
investigated prophylactic antibiotics for people with COPD.
However, several published systematic reviews and meta-analyses
have investigated the effectiveness of prophylactic antibiotics for
a subgroup of people with moderate to severe COPD (Cui 2018;
Donath 2013; Herath 2018; Huckle 2018; Lee 2013; Ni 2015; Wang
2018; Yao 2013).

Pair-wise comparisons of prophylactic antibiotics with placebo
or with each other were previously published in two Cochrane
Reviews (Herath 2018; Threapleton 2018). Herath 2018 compared
prophylactic antibiotics with placebo and included 14 trials
(3932 participants). These review authors found that prophylactic
antibiotics, specifically macrolides (continuous or intermittent),
were beneficial in reducing exacerbations among COPD patients.
There was probable benefit for patient-reported quality of life with
antibiotics compared with placebo, but this did not reduce the
number of deaths due to any cause nor frequency of hospitalisation
nor lung function loss during the study period (Herath 2018).
Threapleton 2018 compared different classes of prophylactic
antibiotics with each other and identified only two trials (391
participants) of short duration in which antibiotics were compared
head-to-head in COPD patients. There was no clear difference
between one antibiotic and another in reducing exacerbations or
quality of life. No deaths were reported in one study, but eight
people died in the other study. Very similar numbers of people in
both studies experienced serious side effects. These numbers were
small, and overall it is unclear whether one antibiotic treatment
type caused more side effects than another (Threapleton 2018).

Herath 2018 concluded that prophylactic macrolide antibiotics
used up to 12 months are likely to reduce the number of
people who experience one or more exacerbations (exacerbation
frequency) and to increase the median time to first exacerbation,
while improving health-related quality of life. As the head-to-
head comparison of antibiotics was not clear due to insufficient
information, no specific inferences were made in the review
(Threapleton 2018). Evidence for exacerbations in Herath 2018
was of moderate certainty and shows overall benefit of antibiotics
in reducing exacerbations using GRADE. This review did not
conduct subgroup analysis according to treatment class, but
when antibiotics were subgrouped according to antibiotic regimen,
macrolides seemed to be most effective in reducing the number of
people who had exacerbations (Herath 2018).

In our search of relevant evidence, we have identified the same
published trials that were included in published reviews, with the
exception of some new trials published in 2019. By using these
placebo-controlled trials, we have been able to indirectly compare
different antibiotic classes with each other and with placebo
treatment. Previous published evidence shows that macrolides can
be of benefit for reducing exacerbations in people with moderate to
severe COPD. In addition, British Thoracic Society (BTS) and NICE
guidance recommends macrolide use for the moderate to severe
COPD population subgroup who have frequent exacerbations
requiring steroid therapy, who do not currently smoke, and who
have had at least one exacerbation requiring hospitalisation per
year (NICE 2016; Smith 2020). BTS guidance suggests that long-
term macrolide treatment could be considered for a minimum
of 6 months up to 12 months until its impact on exacerbations
is assessed (Smith 2020). Our NMA results show that macrolides
rank higher than quinolones, tetracyclines, and placebo in reducing
exacerbations, even though the duration of treatment across
studies varies from 12 to 52 weeks.

Previous published evidence suggests that macrolides can improve
quality of life in people with moderate to severe COPD who are
taking macrolides (Cui 2018; Herath 2018; Ni 2015; Wang 2018);
however, this improvement was not shown to reach the MCID of 4
points. Similarly, results from the NMA show some improvement in
quality of life with macrolide treatment, as measured by SGRQ, and
in line with published evidence, this improvement does not reach
the MCID.

Published reviews have reported increased risk of side effects
associated with longer antibiotic treatment duration (Lee 2013;
Ni 2015; Wang 2018; Yao 2013). Results from our NMA indicate
that with macrolide treatment, the number of people experiencing
one or more SAE is reduced compared to placebo. However,
we did not investigate all adverse events or side effects, which
may be increased overall by antibiotic treatment. Adverse effects
most commonly associated with macrolide treatment were hearing
impairment, gastrointestinal problems, and nausea, as well as
others (Table 19). As suggested by BTS guidance, the risk-to-benefit
balance needs to be considered by clinicians when they administer
macrolides (Smith 2020).

AUTHORS' CONCLUSIONS

Implications for practice

The NMA in this review compared macrolides, quinolones,
and tetracyclines with each other and with placebo in people
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with moderate to severe COPD, who were already taking
concomitant medications (e.g. long-acting beta agonist (LABA),
long-acting muscarinic antagonist (LAMA), inhaled corticosteroid
(ICS), anticholinergics, short-acting beta agonist (SABA)), and who
may have experienced exacerbations, as not all studies reported
previous exacerbations. Overall, this NMA shows that treatment
with macrolide reduced exacerbations, improved quality of life
scores, and reduced serious adverse events in comparison to
placebo. This was reflected in ranking of antibiotics, as macrolide
was ranked first in reducing exacerbations. Smaller benefit of
taking quinolone compared to placebo was noted (ranked second);
however, taking tetracycline was not better than taking placebo.
It should be noted that certainty of these effects, as measured by
precision, was reflected in the 95% Crl, and certainty with respect to
robustness of results was seen in results of the threshold analysis.

Our findings are also in line with other guidance, specifically,
that provided in GOLD 2020 and NICE 2018. Although we did not
explore the impact of prophylactic antibiotics in different patient
subgroups, given the trade-off between effectiveness, safety, and
risk of antibiotic resistance, it is only appropriate to consider
prophylactic administration of antibiotics for selected patients,
such as those experiencing frequent exacerbations. Decisions on
antibiotic use would depend on clinical assessment and discussion
with patients about benefits and risks associated with long-term
use of prophylactic antibiotics.

It it interesting to note that none of the eligible studies excluded
patients with previously isolated non-tuberculous mycobacteria,
with a prolonged QTc on their electrocardiogram, or with hearing
loss. In clinical practice, the former group would not be eligible
for prophylactic administration of antibiotics due to the risk
of developing resistant non-tuberculous mycobacteria. Moreover,
long-term use of macrolides would be contraindicated for patients
with prolonged QTc, and long-term use of quinolones should be
discouraged. Hearing loss is also a contraindication for the use of
long-term macrolides due to ototoxicity (Rubinstein 2002; Smith
2020).

Implications for research

Most of the evidence in this NMA comes from studies investigating
macrolides and quinolones, with sparse data derived from studies
of tetracyclines and combinations of drug classes. Larger studies
of head-to-head comparisons between macrolides and quinolones
may help to further clarify the relative benefit of each drug and
to determine subgroups that may respond more favourably to
alternative classes. Careful and transparent reporting of baseline
characteristics and potential effect modifiers by trialists will assist

future evidence synthesis. Evaluation of the impact of prophylactic
antibiotics on more selected populations would also be useful,
as would evaluation of their impact on different types of COPD
exacerbations.

Although studies involving tetracyclines may be informative, given
the lack of evidence of benefit and the suggestion of possible harm,
it seems unlikely that such trials will be carried out in the future.

Studies investigating alternatives to oral antibiotics may be
useful, for example, studies of inhaled antibiotics. This route of
administration was not considered in this review but could be
considered for future network meta-analysis if sufficient evidence
became available.

Given the anti-inflammatory effects of macrolides, understanding
their impact on infective versus non-infective exacerbations also
warrants further investigation.

Given that this NMA was based on two previous reviews that
undertook pair-wise analyses separately, it will be decided in
the future whether we will update the two previous reviews, or
update this NMA to incorporate the pair-wise analyses to keep all
information in one review.
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Albert 2011 (continued)

Location: 17 sites associated with 12 academic health centres across the USA

Participants

Population: 1142 adults with moderate to severe COPD were randomly assigned to azithromycin (n =
570) or placebo (n=572)

Baseline characteristics: age (mean years): 65.5 (SD 8.5); % male (mean): 59; % FEV, predicted (mean):
39.5 (SD 16); pack-years (mean): 58.5 (SD 32); exacerbation history. Approximately 50% of participants
in each treatment arm had required hospitalisation or an ED visit in the previous 12 months

Inclusion criteria: severity of COPD moderate or worse as defined by GOLD criteria; mean FEV, (L): 1.10
(SD 0.50) (azithromycin) and 1.12 (SD 0.52) (placebo); presence of either (a) using continuous supple-
mental oxygen or (b) received systemic glucocorticoids within the previous year/had gone to an emer-
gency room/hospitalisation for an acute exacerbation; no acute exacerbation of COPD for at least 4
weeks

Exclusion criteria: asthma; resting heart rate > 100/min; prolonged QT interval > 450 ms; using med-
ications that prolong QTc; hearing impairment documented by audiometry

Interventions

« Azithromycin (250 mg daily)
» Placebo

Allowed co-medications: supplemental oxygen or systemic glucocorticoids received in the last year

Outcomes Number of people with = 1 exacerbations, time to first acute exacerbation of COPD, quality of life
(SGRQ, SF-36), nasopharyngeal colonisation with selected respiratory pathogens, adherence to taking
study medication as prescribed, serious adverse events.

Notes Funding: National Institutes of Health
Identifier: NCT00325897

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk The stratified random sequence generation was well described in the journal

tion (selection bias) article under "protocol"

Allocation concealment Low risk Well explained. Central allocation was pharmacy controlled

(selection bias)

Blinding of participants Low risk Active drug and placebo will be identical in appearance. Both patients and

and personnel (perfor- treating medical staff were blinded

mance bias)

All outcomes

Blinding of outcome as- Low risk Trial staff were unaware of the randomisation

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk All outcome data were accounted for in a CONSORT diagram for the entire

(attrition bias) study

All outcomes However data on the secondary outcome: HRQoL - reported loss to follow-up

of 20% in the prophylactic antibiotic arm and 18% in the placebo arm. Rea-
sons for missing data pertaining to HRQoL were not given

Selective reporting (re- Low risk All pre-specified outcomes were reported

porting bias)
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Albert 2011 (continued)
Other bias Low risk No other bias was identified
Banerjee 2005
Study characteristics
Methods Design: randomised, double-blind, placebo-controlled, parallel-group design.

Duration: 13 weeks

Location: 2 UK hospital clinics

Participants

Population: 67 adults with COPD were randomly assigned to clarithromycin (n =31) or placebo (n =36)

Baseline characteristics: mean age 65.1 (clarithromycin) vs 68.1 years (placebo); mean FEV, 1.12 L
(clarithromycin) vs 1.13 L (placebo); severity of COPD moderate or worse according to BTS guidelines.
All patients were taking ICS; exacerbation history was not reported

Inclusion criteria: patients enrolled from hospital clinics; no acute exacerbations of COPD over the
past 6 weeks

Exclusion criteria: previous documented allergies to macrolides; clinical history of lung cancer, asth-
ma, or bronchiectasis

Interventions

« Clarithromycin (long-acting Klaricid XL 500 mg/d)
+ Placebo

Allowed co-medications: participants were allowed to take their medication as prescribed by their pri-
mary care doctor. All participants were taking ICS, LABA (18%), inhaled anticholinergics (63%). Equal
numbers of participants in each treatment arm were taking both LABA and anticholinergics.

Outcomes Health-related quality of life, infective exacerbation rate, shuttle walk test, serum C-reactive protein
level, sputum bacterial quantities load

Notes Funding: Abbott Pharmaceuticals
Identifier: none

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Block randomisation was carried out

tion (selection bias)

Allocation concealment Low risk Patient randomisation was not known to trial staff. Randomisation was carried

(selection bias) out by the Birmingham Hospital Pharmacy Department

Blinding of participants Low risk Double-blind study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Trial staff were unaware of randomisation, but blinding of outcome assessors

sessment (detection bias) was not clearly described

All outcomes

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 38

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(%) COCh rane Trusted evide.nfe.
= Li b ra ry Informed decisions.

Better health.

Cochrane Database of Systematic Reviews

Banerjee 2005 (Continued)

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome data were described

Selective reporting (re-
porting bias)

Low risk All pre-specified outcomes were reported

Other bias

Low risk No other bias was identified

Berkhof 2013

Study characteristics

Methods

Design: randomised, double-blind, placebo-controlled, parallel-group design
Duration: 12 weeks

Location: 1 large teaching hospital in Zwolle, Netherlands

Participants

Population: 84 adults with COPD (GOLD stage = 2) were randomly assigned to azithromycin (n =42) or

placebo (n=42)

Baseline characteristics: age (mean years): 67.5 (SD 9.5); % male (mean): 75; % FEV, predicted (mean):

48.6 (SD 14.6); pack-years (median): azithromycin 30.5 (range 0 to 46), placebo 30 (range 1 to 69); exac-
erbation history: participants had a median of 1 exacerbation (range 0 to 13) in the previous 12 months

Inclusion criteria: mean % FEV, predicted 49.8 (SD 16.4) (azithromycin) and 47.4 (SD 12.9) (placebo);

clinical diagnosis of COPD GOLD stage = 2 (defined as post-bronchodilator FEV, < 80% and ratio of FEV;-

to-FVC < 70%); chronic productive cough, defined as cough for at least the last 12 weeks, in 2 subse-
quent years

Exclusion criteria: prior history of asthma; use of intravenous or OCS and/or antibiotics for an exac-
erbation 3 weeks before inclusion; other relevant lung or liver disease at the discretion of the treating
physician; pregnancy or lactation; use of macrolides in the last 6 weeks before inclusion; allergy or in-
tolerance to macrolides; use of other investigational medication started 2 months before inclusion

Interventions

« Azithromycin (250 mg 3 times a week)
+ Placebo

Allowed co-medications: long-term treatment with aerosolised antibiotics, inhaled corticosteroids,
and/or bronchodilators was permitted during the trial provided that it was kept constant

Outcomes LCQ, quality of life (SGRQ, SF-36), spirometry (FEV,, % FEV, predicted), blood values, microbiology.
Other endpoints included number of people with = 1 exacerbations, time to first exacerbation of
COPD, exacerbation rates and hospitalisation rates for COPD, adverse events

Notes Funding: Stichting Astma Bestrijding (SAB)
Identifier: NCT01071161

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation codes were generated using a computer allocation pro-
gramme at a 1:1 ratio and a permutated block size of 4
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Berkhof 2013 (continued)

Allocation concealment Unclear risk This was not specifically described but was probably done

(selection bias)

Blinding of participants Low risk Investigators, research nurses, and participants were masked to treatment al-

and personnel (perfor- location until final analyses of data were performed

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators, research nurses, and participants were masked to treatment al-

sessment (detection bias)
All outcomes

location until final analyses of data were performed

Incomplete outcome data  Low risk Dropout was low and balanced. All participants were accounted for in a flow
(attrition bias) diagram
All outcomes
Selective reporting (re- Low risk Outcomes were measured but were not reported in a way that allowed inclu-
porting bias) sion in meta-analysis in the published paper, but study authors supplied addi-
tional data on request
Other bias Low risk No other bias was identified
Blasi 2010
Study characteristics
Methods Design: randomised, uncontrolled, open-label, parallel-group design

Duration: 26 weeks

Location: 5 centres across Italy

Participants

Population: 22 adults with severe COPD were randomly assigned to azithromycin (n = 11) or standard
care (n=11)

Baseline characteristics: age (mean years): 72.5 (SD 7); % male (mean): 86; pack-years (mean): 36

(SD 19.5); no current smokers, nearly all participants were former smokers (100% in the azithromycin
group; 91% in the standard care group); exacerbation history: participants in each treatment arm had a
mean of 3 exacerbations in the previous 12 months

Inclusion criteria: 45 years of age with a history of severe COPD diagnosed with pulmonary function
test and tracheostomy

Exclusion criteria: allergy to macrolides; life expectancy <1 year

Interventions

« Azithromycin (500 mg daily 3 times a week) plus standard care
« Standard care (not stated)

Allowed co-medications: not stated

Outcomes Reduction in number of exacerbations, time to first exacerbation, reductions in number of hospitalisa-
tions, time to first hospitalisation, quality of life, SAEs, AEs
Notes Funding: Pfizer, University of Milan
Identifier: NCT00323986
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Blasi 2010 (continued)
Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Low risk Randomisation was achieved using a computer-generated block sequence

tion (selection bias)

Allocation concealment Unclear risk No further information was provided about methods to conceal allocation

(selection bias)

Blinding of participants High risk The study was open-label, and participants and personnel would have been

and personnel (perfor- unblinded to treatment allocation

mance bias)

All outcomes

Blinding of outcome as- High risk The study was open-label, and outcome assessors would not have been blind-

sessment (detection bias) ed to treatment allocation

All outcomes

Incomplete outcome data  High risk This was not an ITT analysis, so the analysis did not include participants who

(attrition bias) died. This may have led to overestimation of outcomes. More deaths occurred

All outcomes in the SC group than in the AZI group, but whether or not deaths were treat-
ment related was not reported

Selective reporting (re- High risk Outcomes reported in the publication are reported differently from those in

porting bias) the protocol at clinicaltrials.gov. Mortality, AEs, and SAEs are additional out-
comes that were not reported at the website. Data for SAEs are reported only
for the AZI group. It is not clear whether or not people in the SC group had any
SAEs

Other bias Low risk No other bias was identified

Brill 2015
Study characteristics
Methods Design: randomised, single-blind, placebo-controlled, parallel-group design

Duration: 13 weeks.

Location: single-centre, UK-based hospital (London)

Participants

Population: 99 adults with moderate to severe COPD were randomly assigned to moxifloxacin (n =25),
doxycycline (n = 25), azithromycin (n = 25), or placebo (n = 24)

Baseline characteristics: age (mean years): 69.4 (SD 8.4); % male (mean): 69; % FEV, predicted (mean):
50 (SD 14); pack-years (mean): 53 (SD 38); exacerbation history: participants had a mean of 2.5 (SD 2.1)
exacerbations with moxifloxacin, 2.1 (SD 1.7) exacerbations with doxycycline, 2.8 (SD 4.0) exacerba-
tions with azithromycin, and 1.5 (SD 1.4) exacerbations with placebo in the previous 12 months

Inclusion criteria: mean % FEV, predicted: 52 (SD 13) (moxifloxacin), 53 (SD 14) (doxycyline), 44 (SD
17), (azithromycin), and 53 (SD 13) (placebo). Stable patients with chronic bronchitis (self-reported spu-
tum expectoration on most days when clinically stable) and spirometrically confirmed COPD (defined
by FEV, <80% predicted, FEV,-to-FVC ratio < 0.7, and a history of smoking)

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
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Brill 2015 (continued)

Exclusion criteria: treatment for an exacerbation or an episode of symptom worsening in the 4 weeks
before screening; unable to enrol for safety reasons (significant hepatic/renal impairment; QT prolon-
gation; pre-existing long-term antibiotic use; hypersensitivity to treatments under investigation

Interventions

Moxifloxacin (400 mg daily for 5 days every 4 weeks)
Doxycycline (100 mg daily)

Azithromycin (250 mg 3 times a week)

Placebo

Allowed co-medications: not reported

Outcomes Change in sputum bacterial load, change in resistance to the 3 study antibiotics, change in FEV,, adher-
ence to therapy, health-related quality of life (SGRQ),number of people with = 1 exacerbations,ad-
verse events

Notes Funding: National Institute for Health Research
Identifier: NCT01398072

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Internet randomisation into groups of 1:1:1:1 was performed using a comput-

er-generated permutated block system of variable sizes (Sealed Envelope, UK)

Allocation concealment
(selection bias)

Low risk Internet randomisation into groups of 1:1:1:1 was performed using a comput-

er-generated permutated block system of variable sizes (Sealed Envelope, UK)

"Patients remained blinded to treatment allocation"

Blinding of participants
and personnel (perfor-

Unclear risk Patients remained blinded to treatment allocation. However, it is not clear

whether study personnel were blinded. This was described as a single-blind

mance bias) study
All outcomes
Blinding of outcome as- High risk No description of outcome assessor blinding was provided, although blinded

sessment (detection bias)
All outcomes

participants assessed outcomes such as quality of life

Incomplete outcome data  Low risk Dropout was low and balanced. All participants were accounted for in a flow
(attrition bias) diagram
All outcomes
Selective reporting (re- Low risk Planned outcomes according to trial registration relevant to this review were
porting bias) reported
Other bias Low risk No other bias was identified
He 2010
Study characteristics
Methods Design: randomised, double-blind, placebo-controlled, parallel-group design
Duration: 26 weeks
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He 2010 (Continued)

Location: Affiliated Hospital of Guangxi Medical University, China

Participants

Population: 36 adults with COPD (severity not reported) were randomly assigned to erythromycin (n =
18) or placebo (n =18)

Baseline characteristics: age (mean years): 69 (SD 7.6); % male (mean): 86; % FEV, predicted (mean):
43.2 (SD 18.2); pack-years (mean): 41.7 (SD 18.8); exacerbation history: not reported

Inclusion criteria: % FEV, predicted between 30 and 70; mean FEV, (L): 1.12 (erythromycin) vs 1.02
(placebo); = 10 pack-year smoking history; no acute exacerbations during the previous 1 month

Exclusion criteria: patients with significant other respiratory disorders other than COPD; history of un-
stable cardiovascular disease; hypersensitivity to macrolides

Interventions

« Erythromycin (250 mg 3 times a day)
» Placebo

Allowed co-medications: present treatment included: inhaled corticosteroid (41%), theophylline
(58%), inhaled anticholinergic (52%), inhaled -adrenergic (75%)

Outcomes Analysis of sputum samples (total and differential inflammatory cell counts, sputum bacterial culture),
quality of life (SGRQ, SF-36), number of people with exacerbations, time to first exacerbation,
spirometry, adverse events

Notes Funding: not reported
Identifier: ChiCTR-TRC-0000036

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomisation was done but was not clearly explained

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not well explained

(selection bias)

Blinding of participants Low risk This was a double-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk This is unknown

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All outcome data were described using a CONSORT diagram

(attrition bias)

All outcomes

Selective reporting (re- Low risk All pre-specified outcomes were reported

porting bias)

Other bias Low risk No other bias was identified
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Mygind 2010

Study characteristics

Methods

Design: randomised, placebo-controlled, double-blind study
Duration: 156 weeks

Location: NR

Participants

Population: 575 adults with moderate to severe COPD were randomly assigned to azithromycin (n =
287) or placebo (n=288)

Baseline characteristics: age > 50 years; moderate to severe COPD; % FEV, predicted < 60; previous
documented allergies to macrolides; clinical history of lung cancer, asthma, or bronchiectasis; exacer-
bation history: not reported

Inclusion criteria: = 1 admission to hospital with an exacerbation of COPD; ex-smoker or current smok-
er

Exclusion criteria: end-stage COPD patients (if not expected to survive over 3 years) or bedrid-
den patients; history of asthma, bronchiectasis, or other significant respiratory disease; history of
azithromycin allergy; heart, liver, or renal insufficiency; already receiving prophylactic antibiotic

Interventions

« Azithromycin 500 mg daily for 3 days every month, for 36 months
+ Placebo daily for 3 days every month, for 36 months

Allowed co-medications: not reported

Outcomes Rate of decline in lung function (FEV,), frequency of exacerbation, health-related quality of life, adverse
events, mortality, duration of exacerbations, number of days of hospitalisation, frequency of hospitali-
sation

Notes Funding: not reported
Identifier: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomised but paucity of data was available on sequence generation
tion (selection bias)
Allocation concealment Unclear risk This was not explained well
(selection bias)
Blinding of participants Low risk This was a double-blind study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Unknown. This study was double-blind, but it is unclear whether outcome as-
sessment (detection bias) sessors were blinded
All outcomes
Incomplete outcome data  Unclear risk All outcome data were presented. Only 55% completed 3 years
(attrition bias)
All outcomes
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Mygind 2010 (Continued)

Selective reporting (re- Low risk All pre-specified outcomes were reported

porting bias)

Other bias Unclear risk This was a conference presentation - not a full publication. Attempts to con-
tact study authors were not successful. Only limited data are available for eval-
uation of the risk of bias

Seemungal 2008
Study characteristics
Methods Design: randomised, double-blind, single-centre, placebo-controlled, parallel-group design

Duration: 52 weeks

Location: 2 outpatient chest clinics at 2 hospitals in the UK (London)

Participants

Population: 109 adults with moderate to severe COPD were randomly assigned to erythromycin (n =
53) or placebo (n =56)

Baseline characteristics: age (mean years, SD): 67.1 (8.5); % male (mean): 63; % FEV, predicted (mean,
SD): 49.9 (18); pack-years (mean): 51.6; exacerbation history: 35% of participants had = 3 exacerbations
in the previous 12 months

Inclusion criteria: severity of COPD was moderate to severe; FEV, between 30% and 70% predicted,;
mean FEV, (L): 1.27 (erythromycin) and 1.36 (placebo)

Exclusion criteria: history of asthma; bronchiectasis; neoplasia; unstable cardiac status (including
prolonged QTc and arrhythmias); macrolide allergy or history of abnormal liver functions

Interventions

« Erythromycin (250 mg 2 times a day)
+ Placebo

Allowed co-medications: inhaled steroids, no changes were made unless there was a clinical need,
which excluded the participant from the study. No antibiotics or oral steroids during 1-month run-in pe-
riod of exacerbation-free symptoms

Outcomes Number of people with an exacerbation, exacerbation frequency, time to first exacerbation,
spirometry and inflammatory markers, bacteriology, adverse events

Notes Funding: British Lung Foundation
Identifier: NCT00147667

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated permutated block random sequence generation was car-
tion (selection bias) ried out
Allocation concealment Low risk Randomisation numbers were stored in sealed envelopes
(selection bias)
Blinding of participants Low risk Placebo and erythromycin were concealed in identical capsules
and personnel (perfor-
mance bias)
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Seemungal 2008 (Continued)
All outcomes

Blinding of outcome as- Low risk Unblinding occurred only after data entry
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All outcomes/dropouts were explained in a CONSORT diagram
(attrition bias)

All outcomes

Selective reporting (re- Low risk All pre-specified outcomes were reported

porting bias)

Other bias Low risk No other bias was identified
Sethi 2010
Study characteristics
Methods Design: randomised, double-blind, placebo-controlled, parallel-group design

Duration: 48 weeks

Location: multi-centre study across 15 countries in the USA

Participants Population: 1149 adults with COPD (GOLD stage = 2) were randomly assigned to moxifloxacin (n = 569)
or placebo (n=580)

Baseline characteristics: age (mean years): 66 (SD 8.9); % male (mean): 74; % FEV, predicted (mean):
41 (SD 16); pack-years (mean): 53 (SD 30); exacerbation history: not reported

Inclusion criteria: severity of COPD was GOLD stage = 2; had = 2 exacerbations requiring treatment
with antibiotics and/or oral steroids in the 12 months before enrolment

Exclusion criteria: known hypersensitivity to treatment antibiotic or other quinolones; history of ten-
don disease/disorder; known congenital or documented-acquired QT prolongation; hypokalaemia;
clinically relevant bradycardia; clinically relevant heart failure with reduced ventricular ejection frac-
tion; previous history of symptomatic arrhythmias; concomitant use of any antiarrhythmics class IA

or class lll; neuroleptics; certain antihistamines; post-menopausal women (< 1 year); not using accept-
able birth control; any known disease with life expectancy <24 months; severe hepatic impairment;
used investigational drug in the last 30 days; known bronchial carcinoma; pulmonary tuberculosis; cys-
tic fibrosis; documented chronic bronchial asthma; diffuse bronchiectasis; part of pulmonary rehabil-
itation programme; history of chronic colonisation of resistant pathogenic organisms (moxifloxacin);
systemic/inhaled antibiotic therapy during 6 weeks before screening and any long-term antibiotic use;
home ventilatory support; tracheostomy; inability to attend on specified visit dates

Interventions « Moxifloxacin (400 mg daily for 5 days, treatment repeated every 8 weeks for total of 6 courses)
« Placebo

Allowed co-medications: nearly all participants had concomitant medications. Long-acting bron-
chodilators and inhaled steroids (any adjustment to medication was a reason to exclude the partici-
pant from the per-protocol population)

Outcomes Frequency of exacerbations, number of people with exacerbations, hospitalisations, mortality, quali-
ty of life (SGRQ), change in lung function, serious adverse events

Notes Funding: Bayer HealthCare AG
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Sethi 2010 (continued)

Identifier: NCT00473460

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomisation was done but sequence generation was not well explained

tion (selection bias)

Allocation concealment Unclear risk This was not explained

(selection bias)

Blinding of participants Low risk This was a double-blind study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk This was not explained

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk All outcome data were described using a CONSORT diagram for the entire

(attrition bias) study

All outcomes However data on the secondary outcome: HRQoL - reported loss to follow-up
of 12% in the prophylactic antibiotic arm and 10% in the placebo arm. Rea-
sons for missing data pertaining to HRQoL outcome were not given

Selective reporting (re- Low risk All pre-specified outcomes were well described

porting bias)

Other bias Low risk No other bias was identified

Shafuddin 2015

Study characteristics

Methods

Design: randomised, double-blind, placebo-controlled, double-dummy, parallel-group design
Duration: 12 weeks

Location: 16 centres across Australia and New Zealand

Participants

Population: 292 adults with moderate to severe COPD were randomly assigned to roxithromycin plus
doxycycline (n =101), roxithromycin (n = 97), or matched placebo (n =94)

Baseline characteristics: age (mean) 67 (SD 8.5); % male (mean): 73; % FEV, predicted (mean): 34 (SD
10); pack-years (mean): 55.6 (SD 33); exacerbation history: participants had a mean 5.11 (SD 2.4) exacer-
bations in the last 24 months

Inclusion criteria: mean % FEV, predicted, mean: 32.53 (SD 13.55) (roxithromycin/doxycyline), 33.93
(SD 15.3) (doxycyline), 35.8 (SD 15.2) (placebo); meeting spirometric criteria for COPD (FEV, < 70% pre-
dicted, FEV,-to-FVC = 60%; reversibility of < 10% of predicted FEV, or <200 mL if predicted FEV, <2 L);
smoking history = 20 pack-years; = 3 confirmed moderate or severe COPD exacerbations in the past 2
years (i.e. requiring treatment with antibiotics and/or OCS and/or hospitalisation); positive serology for
C pneumoniae (IgG antibody titre = 1:64)

Exclusion criteria: pulmonary disease other than COPD; treatment with antibiotics; exacerbation or
an investigational drug in the 4 weeks before randomisation; pregnancy (serum pregnancy test) or
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breast-feeding; history of hypersensitivity to macrolides, tetracyclines, beta-lactams, or sulphamethox-
azole:trimethoprim; serious cardiovascular, hepatic, renal, or other systemic disease; known long

QT syndrome or QTc > 450 ms; sick sinus syndrome; bradycardia (< 50 bpm) or severe hypokalaemia;
epilepsy; treatment with medicine known to have important interaction with macrolides or tetracy-
clines; impaired hepatic function (aspartate aminotransferase or alanine aminotransferase = 2 times
the ULN, alkaline phosphatase = 1.25 times the ULN, bilirubin > 2 times the ULN, and albumin <30 g/L);
unlikely to comply

Interventions

« Roxithromycin (300 mg daily)
« Doxycycline (100 mg daily) plus roxithromycin (300 mg daily)
« Matching placebo

Allowed co-medications: not stated

Outcomes Exacerbations, quality of life, lung function, adverse events
Notes Funding: Sanofi-Aventis Australia Pty Ltd.
Identifier: ANZCTRN 12615000052538

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Each eligible participant was assigned to a sequential subject number fol-

tion (selection bias) lowed by randomisation number provided by Hoescht Marion Roussel, Aus-
tralia. Participants were supplied with one of three treatments according to
their randomisation number"
Clinical trials registry clarifies: computer sequence generation used for ran-
domisation of participants into treatment arms at 1:1:1 ratio

Allocation concealment Low risk Study medication was packed by Hoechst Marion Roussel in bottles labelled

(selection bias) with randomisation and batch numbers. Investigators, pharmacists, and sub-
jects were blinded to study medication in these bottles

Blinding of participants Low risk Triallists confirm that all participants, personnel, and outcome assessors re-

and personnel (perfor- mained blinded until data had been analysed

mance bias)

All outcomes

Blinding of outcome as- Low risk Triallists confirm that all participants, personnel, and outcome assessors re-

sessment (detection bias) mained blinded until data had been analysed

All outcomes

Incomplete outcome data  Unclear risk More patients dropped out of combined antibiotics treatment arm (21 vs 13 in

(attrition bias) single antibiotic arm and 10 in placebo arm), although according to triallists,

All outcomes reasons were not related to study medication. All patients were included in the
ITT analysis

Selective reporting (re- Low risk Planned outcomes according to trial registration relevant to this review were

porting bias) reported

Other bias Low risk No other bias was identified
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Simpson 2014

Study characteristics

Methods

Design: randomised, double-blind, placebo-controlled, parallel-group design
Duration: 12 weeks

Location: tertiary care setting (respiratory and sleep medicine ambulatory care service), New South
Wales, Australia

Participants

Population: 30 adults with moderate COPD were randomly assigned to azithromycin (n = 15) or place-
bo (n=15)

Baseline characteristics: age (mean years): 70.8 (SD 7.5); % male (mean): 63; % FEV, predicted (mean):
53.7 (SD 13.7); pack-years (mean): 46 (SD 36.6); exacerbation history: not reported

Inclusion criteria: COPD diagnosis (by health professional). Post-bronchodilator FEV;-to-FVC < 70%
and < 80%, persistent neutrophil bronchitis (> 61% sputum neutrophil proportion) on 2 occasions, no
reported exacerbations or changes to respiratory medication in the last month

Exclusion criteria: FEV, <0.5 L, currently stopping or stopped smoking in the last 6 months, hypersen-
sitive to study antibiotic, liver impairment, inability to provide sputum sample

Interventions

« Azithromycin 250 mg once daily
+ Placebo

Allowed co-medications: not reported

Outcomes Reduction in sputum CXCL8, change in sputum neutrophil proportion, total bacterial load in sputum,
health care utilisation, QoL (SGRQ), severe exacerbations, pulmonary function tests, chest CT to mea-
sure airway thickness, adverse events

Notes Funding: National Health and Medical Research Council of Australia
Identifier: ACTRN12609000259246

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Concealed random allocation was undertaken by a blinded staff member who

tion (selection bias) took no further part in the study. A random numbers table was computer gen-
erated (www.randomization.com) for treatment allocation using permutated
blocks of 6, and participants were stratified according to smoking history (nev-
er or previous smokers)

Allocation concealment Low risk Concealed random allocation was undertaken by a blinded staff member

(selection bias) who took no further part in the study. Active medication and placebo were
prepared and packaged identically by a compounding chemist and were dis-
pensed by the John Hunter Hospital Pharmacy according to the random num-
bers table

Blinding of participants Low risk Both participants and study staff were blinded to assignment of the interven-

and personnel (perfor- tion

mance bias)

All outcomes

Blinding of outcome as- Low risk People assessing outcomes are described as blinded in the trial registration

sessment (detection bias)

All outcomes
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Simpson 2014 (Continued)

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Dropout was low and balanced. Reasons for discontinuation were unrelated to
study medication

Selective reporting (re- Low risk Planned outcomes according to trial registration relevant to this review were
porting bias) reported
Other bias Low risk No other bias was identified
Singh 2019
Study characteristics
Methods Design: randomised, controlled, parallel-group design

Duration: 13 weeks

Location: outpatient department in Kolkata, India

Participants

Population: 60 adults with COPD (GOLD stages 2 to 3) were randomly assigned to doxycycline (n =30)
or to standard therapy (n =30)

Baseline characteristics: age (mean): 65 (SD 5.9); % male (mean): 100; % FEV, predicted post bron-
chodilator (mean): 59.3 (SD 3.72); pack-years: not reported; former smokers (n): 42/60; current smokers
(n): 18/60; exacerbation history: not reported

Inclusion criteria: COPD diagnosis by GOLD 2 and 3 guidelines

Exclusion criteria: moderate or severe exacerbations in the last 6 weeks, significant co-morbidities,
co-existing respiratory condition that may have interfered with COPD assessment, doxycycline allergy

Interventions

« Doxycyline (100 mg once or twice daily) plus standard therapy (combination of: SAMA + SABA, ICS +
LABA, or ICS + LABA + LAMA). SABA was used as rescue medication

« Standard therapy (combination of:SAMA + SABA, ICS + LABA, or ICS + LABA + LAMA). SABA was used
as rescue medication

Allowed co-medications: standard therapy (see above)

Outcomes FEV, % predicted (post bronchodilator); FEV,-to-FVC % (post bronchodilator); CAT; SGRQ; eosinophil
count; neutrophil count; platelet count; malondialdehyde concentration; lipid hyper peroxide concen-
tration; uric acid concentration; bilirubin concentration; glutathione-S-transferase concentration; to-
tal antioxidant status; total oxidant status; peroxy nitrite concentration; interleukins 1, 6, 8, and 10; tu-
mour necrosis factor-alpha; MMP9, 12, and 2 concentrations

Notes Funding: Government of India, Ministry of Human Resource Development (HRD) under Signals and
Systems for Life Science (SSLS)

Identifier: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Study was reported as randomised, but process was not described in detail

tion (selection bias)
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Singh 2019 (Continued)

Allocation concealment Low risk Participants were randomised according to the 'conventional sealed envelope

(selection bias) method'

Blinding of participants High risk Study authors reported in the discussion that clinicians and patients were not

and personnel (perfor- blinded due to ethical constraints

mance bias)

All outcomes

Blinding of outcome as- High risk Study authors reported in the discussion that clinicians and patients were not

sessment (detection bias)
All outcomes

blinded due to ethical constraints

Incomplete outcome data  Low risk Only 3 participants in the treatment group were excluded overall because of
(attrition bias) nausea (n =2) and diarrhoea (n=1)
All outcomes
Selective reporting (re- Unclear risk Itis unclear if all outcomes were reported as planned, as no protocol details or
porting bias) trial registry information was available
Other bias Low risk No other bias was identified
Suzuki 2001
Study characteristics
Methods Design: randomised, controlled, open-label, parallel-group design

Duration: 52 weeks

Location: Japan (no other information)

Participants

Population: 109 adults with COPD (severity not reported) were randomly assigned to erythromycin (n =
55) or control (n =54)

Baseline characteristics: age (mean years): 70.4; % male (mean): 83.4; FEV, (mean): 2.64 (SE 0.05);
pack-years: not reported; former or current smokers: not reported; exacerbation history: not reported

Inclusion criteria: mean FEV, (L): 1.47 (erythromycin) and 1.30 (placebo); females 13% in erythromycin
group vs 18% in placebo group; all study participants were treated with sustained-release theophylline
and inhaled anticholinergic agents

Exclusion criteria: diagnosis of bronchiectasis or diffuse pan bronchiolitis

Interventions

 Erithromycin (200 to 400 mg daily)
« No active treatment

Allowed co-medications: sustained-release theophylline and inhaled anticholinergic agents. Corticos-
teroids were not allowed

Outcomes Acute exacerbations of COPD, adverse events
Notes Funding: not reported
Identifier: not reported
Risk of bias
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Suzuki 2001 (continued)

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was performed by a random numbers table
tion (selection bias)
Allocation concealment Low risk The randomisation list was held independently from the investigators
(selection bias)
Blinding of participants High risk This study was not blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk As the study was not blinded, assessment of outcomes would be biased
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk One participant was excluded due to adverse events of erythromycin; all par-
(attrition bias) ticipants were clearly accounted for
All outcomes
Selective reporting (re- Low risk All pre-specified outcomes were reported
porting bias)
Other bias Low risk No other bias was identified
Tan 2016
Study characteristics
Methods Design: randomised, placebo-controlled, parallel-group design

Duration: 52 weeks

Location: outpatient department at a medical university hospital

Participants

Population: 49 adults with COPD (GOLD stages 2 to 4) were randomly assigned to erythromycin (n = 36)
or control (n=18)

Baseline characteristics: age (mean years): 68.4 (SD 6.6); % male: 89; % FEV, predicted (mean): 44.4
(SD 13.8); pack-years (mean): 41.3 (SD 25.8); exacerbation history: not reported

Inclusion criteria: stable COPD diagnosis according to GOLD guidelines, FEV, <80% predicted, FEV;-
to-FVC < 70%; no acute exacerbation, no change in therapeutic treatment, no antibiotic treatment in
the last 4 weeks

Exclusion criteria: bronchial asthma; primary bronchiectasis; diffuse pan bronchiolitis; active tubercu-
losis; lung cancer; pneumoconiosis; other lung disease with restrictive ventilatory impairment; cardio-
vascular, nervous system, or endocrine disease; blood, hepatic, or kidney disease; malignant tumour,
inability to communicate, serious adverse reaction to erythromycin

Interventions

« Group A: erythromycin (125 mg erythromycin 3 times a day for 6 months)

« Group B: erythromycin (125 mg erythromycin 3 times a day for 6 months followed by 6 months' fol-
low-up)

« Control group
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Allowed co-medications: supplemental oxygen, theophylline, inhaled bronchodilators and corticos-
teroids. Other macrolides, histamine antagonists, non-steroidal anti-inflammatory drugs, and oral glu-
cocorticosteroids were not allowed

Outcomes Concentrations of IL-17 and IL-23 in peripheral blood and induced sputum, 6-minute walk distance, se-
rious adverse events

Notes Funding: National Nature Science Foundation of China (81460009) and Guangxi Natural Science Foun-
dation
Identifier: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk "Randomly divided"; no other details were provided

tion (selection bias)

Allocation concealment Unclear risk No further information was provided

(selection bias)

Blinding of participants High risk No blinding of participants or personnel was described. Study was assumed

and personnel (perfor- to be open-label (although abstract states double-blind). Study authors have

mance bias) been contacted; we await clarification response

All outcomes

Blinding of outcome as- High risk No blinding of outcome assessors was described. Study was assumed to be

sessment (detection bias) open-label (although abstract states double-blind). Study authors have been

All outcomes contacted; we await clarification response

Incomplete outcome data  Unclear risk Dropout was low and balanced, but details of how many people were analysed

(attrition bias) at each time point were not given

All outcomes

Selective reporting (re- Unclear risk No prospective trial registration or protocol was identified, so it is not clear if

porting bias) outcomes of interest for this review may have been collected but not reported

(e.g. serious adverse events, exacerbations, quality of life)
Other bias Low risk No other bias was identified
Uzun 2014
Study characteristics
Methods Design: randomised, double-blind, placebo-controlled, single-centre design.

Duration: 52 weeks

Location: a hospital in the Netherlands

Participants

Population: 92 adults with mild to very severe COPD were randomly assigned to azithromycin (n = 47)
or placebo (n=45)

Baseline characteristics: age (mean); 64.8 (SD 10.2); FEV, (L): 1.1 (SD 0.45); % FEV, predicted: 44.6 (SD
19,4); FEV,-to-FVC (mean %, SD): 39.2 (SD 12), exacerbation history: participants had a mean of 4 (SD
1.1) acute exacerbations in the previous 12 months
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Uzun 2014 (Continued)

Inclusion criteria: mean % FEV, predicted: 44.2 (SD 19.3) (azithromycin) and 45.0 (SD 19.5) (placebo).
Diagnosis of COPD according to GOLD guidelines; had received treatment for = 3 exacerbations of COPD
in the previous year for which they received steroids or antibiotic treatment; clinically stable; could not
have had a COPD exacerbation or respiratory tract infection in the month before involvement in the
study

Exclusion criteria: history of other clinically significant respiratory disease (e.g. asthma, cystic fibro-
sis); presence of bronchiectasis, as assessed by CT scan; maintenance antibiotic treatment; use of > 10
mg prednisolone a day; allergy to macrolides; pregnancy or lactation in women; liver disease (alanine
transaminase or aspartate transaminase concentrations that were = 2 times the upper limit of normal);
malignant disease of any kind for which the patient received treatment or was being monitored as part
of follow-up after treatment; heart failure; use of drugs that could adversely interact with macrolides
and for which therapeutic monitoring could not be undertaken

Interventions

« Azithromycin (500 mg 3 times a week)
+ Placebo

Allowed co-medications: no more than 10 mg prednisolone per day. No maintenance antibiotic treat-
ment was allowed

Outcomes Rate of COPD exacerbations, time to first exacerbation, hospital admission for acute exacerbations,
change in proportion of exacerbations needing admission to hospital vs treatment in an outpatient
department compared with the previous year, treatment for an acute COPD exacerbation, FEV, af-
ter bronchodilation, FVC after bronchodilation, 6MWT, quality of life (SF36 and SGRQ), colonisation of
macrolide-resistant micro-organisms in sputum, adverse events

Notes Funding: SoLong (Department of Respiratory Medicine, Amphia Hospital, Breda, The Netherlands)
Identifier: NCT00985244

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk An independent pharmacy randomly assigned patients (1:1) via a comput-

tion (selection bias) er-generated randomisation sequence with permutated blocks of 10

Allocation concealment Low risk Patients were automatically given the next allocated treatment by clinical tri-

(selection bias) als staff at the hospital pharmacy. Participants and investigators were masked
to treatment allocation throughout the study

Blinding of participants Low risk Participants and investigators were masked to treatment allocation through-

and personnel (perfor- out the study

mance bias)

All outcomes

Blinding of outcome as- Low risk After data collection and data cleaning were completed, and after final data-

sessment (detection bias) base lock, investigators were unmasked and could assess outcomes and com-

All outcomes plete the data analysis

Incomplete outcome data  Low risk Higher dropout was reported in the placebo arm, but results from unadjust-

(attrition bias) ed and adjusted per-protocol analyses were almost identical to those from

All outcomes the intention-to-treat analysis, and all participants were included in the safety
analysis

Selective reporting (re- Low risk Planned outcomes according to trial registration relevant to this review were

porting bias) reported

Other bias Low risk No other bias was identified
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Vermeersch 2019

Study characteristics

Methods

Design: randomised, double-blind, placebo-controlled, parallel-group design
Duration: 13 weeks

Location: 5 centres across Italy

Participants

Population: 301 adults with COPD (GOLD stages B to D) were randomly assigned to azithromycin (n =
147) or placebo (n = 154)

Baseline characteristics: age (mean years): 66.5 (SD 9.5); % male (mean): 51; % FEV, (mean, pre-bron-
chodilator): 0.925 L; pack-years (mean): 44; exacerbation history: in the previous 12 months; 89 partic-

ipants = 1 AECOPD exacerbation, 78 =2 AECOPD exacerbations, 50 =3 AECOPD exacerbations, 84 == 3

exacerbations

Inclusion criteria: history of severe COPD diagnosed with a pulmonary function test and tracheostomy

Exclusion criteria: allergy to macrolides, life expectancy <1 year

Interventions

« Azithromycin: loading dose 500 mg once daily for 3 days, followed by 250 mg every 2 days for 13 weeks
» Placebo

Allowed co-medications: not reported

Outcomes Reduction in number of exacerbations, time to first exacerbation, reductions in number of hospitalisa-
tions, time to first hospitalisation, quality of life, SAEs, AEs
Notes Funding: not reported
Identifier: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk This was not reported in the actual pre-publication document but in the pro-

tion (selection bias) tocol. Randomisation was performed using an online randomisation sched-
ule; a unique randomisation code was obtained through a secured web-based
programme, as reported on clinicaltrials.gov. We assume that they carried out
what they intended

Allocation concealment Low risk This was not reported in the pre-publication document but in the protocol. It

(selection bias) was reported on clinicaltrials.gov that they intended to use identical packag-
ing, labelling, schedule of administration, and appearance. We assume that
they carried out what they intended to do as stated in their protocol

Blinding of participants Low risk Study was reported as double-blind in the pre-publication document; at clin-

and personnel (perfor- icaltrials.gov, this study was reported as triple-blind, but this was not men-

mance bias) tioned anywhere else

All outcomes

Blinding of outcome as- Low risk Study was reported as triple-blind at clinicaltrials.gov, but it is unclear

sessment (detection bias) whether or not outcome assessors were investigators. This is not mentioned

All outcomes anywhere in the pre-publication document, but we assume that they carried
out what they intended to do as stated in their protocol
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Vermeersch 2019 (continued)

Incomplete outcome data  Low risk Overall attrition was 13%. Azithromycin group had 11% attrition, placebo

(attrition bias) group had 16% attrition. In the PRISMA diagram at 90 days, dropout, with-

All outcomes drawal, and mortality were similar, so we considered attrition as low. We re-
quested further information about how attrition was handled in the ITT analy-
ses

Selective reporting (re- Low risk All outcomes were reported according to the protocol

porting bias)

Other bias Low risk This study was stopped early due to slow participant recruitment, but this
would not affect the overall analysis

Wang 2017
Study characteristics
Methods Design: randomised, controlled, parallel-group trial

Duration: 26 weeks

Location: Zhengzhou Hospital, China

Participants

Population: 86 adults with moderate to severe COPD were randomly assigned to azithromycin (n =43)
or placebo (n=43)

Baseline characteristics: age (mean years): 71.4 (SD 8.2), % male (mean): 59, FEV, (mean): 0.67 L (SD
0.095); exacerbation history: not reported

Inclusion criteria: 45 years of age with history of severe COPD diagnosed with pulmonary function test
and tracheostomy

Exclusion criteria: allergy to macrolides, life expectancy <1 year

Interventions

» Azithromycin 250 mg once daily plus simvastatin 20 mg once daily
+ Placebo: simvastatin 20 mg once daily

Allowed co-medications: cough relief medication, aminophylline, beta2 receptor agonist

Outcomes Blood gas analysis, FEV,, FVC, 6MWT, pulmonary arterial pressure

Notes Funding: "Grant Support & Financial Disclosures: None"
Identifier: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk "randomly divided into an observation group and a control group using ran-
tion (selection bias) dom number table, 43 in each group"

Allocation concealment Unclear risk No further information was provided

(selection bias)

Blinding of participants High risk No blinding of participants or personnel was described. Study was assumed to

and personnel (perfor-
mance bias)

be open-label

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
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Blinding of outcome as- High risk No blinding of outcome assessors was described. Study was assumed to be

sessment (detection bias) open-label

All outcomes

Incomplete outcome data  Unclear risk No further information was provided

(attrition bias)

All outcomes

Selective reporting (re- High risk No prospective trial registration or protocol was identified. Dyspnoea grade

porting bias) was reported as measured in the abstract but was not described in the meth-
ods. It is not clear if FEV, and FVC variance are SDs or SEs

Other bias Low risk No other bias was identified

Abbreviations

6MWT: six-minute walk test; AE: adverse event; AECOPD: acute exacerbation of chronic obstructive pulmonary disease; bpm: beats
per minute; BTS: British Thoracic Society; CAT: COPD assessment test; COPD: chronic obstructive pulmonary disease; ED: emergency
department; FEV,: forced expiratory volume in one second; FVC: forced vital capacity; GOLD: Global Initiative for Chronic Obstructive Lung
Disease; HRQoL: health-related quality of life; ICS: inhaled corticosteroid; ITT: intention-to-treat; LABA: long-acting beta-agonist; LAMA:
long-acting muscarinic antagonist; LCQ: Leicester Cough Questionnaire; NR: not reported; OCS: oral corticosteroids; QT: uncorrected QT
interval (measurement of electrical properties of the heart); QTc: corrected QT interval; SABA: short-acting beta-agonist; SAE: serious
adverse event; SAMA: short-acting muscarinic antagonist; SD: standard deviation; SE: standard error; SF36: short form 36; SGRQ: St
George's Respiratory Questionnaire; ULN: upper limit of normal.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Bussi 1980 Study compared ciprofloxacin 200 mg, erythromycin 200 mg, or combined ciprofloxacin + ery-
thromycin for 6 months. Study population included bronchiectasis (n = 19), chronic bronchitis (n =
15), pulmonary emphysema (n = 8), diffuse pan bronchiolitis (n = 6), pulmonary fibrosis (n = 1), and
old pulmonary tuberculosis (n = 1). Study authors show distribution of characteristics at baseline
but not at endpoint - only during the study - the same for adverse events; children and adults were
included; no clear diagnosis of bronchiectasis

Calder 1968 No spirometric diagnosis of COPD

Cooper 1961 No spirometric diagnosis of COPD

Edwards 1958 Haemophilus influenzae vaccination was co-administered

EUCTR2011-004351-39-IT

Primary condition is not COPD

Francis 1960

No spirometric diagnosis of COPD

ISRCTN72035428

Wrong population (acute exacerbations of COPD)

Milito 2019

Primary condition is not COPD

Murdoch 1959

No spirometric diagnosis of COPD

Nicholson 2016

Wrong study design (not an RCT)

O'Reilly 2013

Study investigated sputum proline-glycine-proline levels during azithromycin/placebo treatment

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
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Study Reason for exclusion

Velzen 2016 Wrong population (acute exacerbations of COPD)

Watanabe 1994 No spirometric diagnosis of COPD

Zykov 2008 Duration of intervention only 10 days
Abbreviations

COPD: chronic obstructive pulmonary disease; RCT: randomised controlled trial.
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Table 1. Characteristics of studies including prior exacerbation details

Author Class com- Concomi- Dose/regi- COPD Includedin  Exacbera- Exacerbation definition Risk of bias
parison tant treat- men severity NMA? tions in the
ments (%, previous 12
antibiotic/ months be-
placebo) fore partic-
ipationin
study
Albert 2011 Macrolidevs  ICS only AZM 250 Moderateto  Yes Approxi- Acute exacerbation of COPD: “a  Low risk of bias across
placebo (4%/6%) mg daily severe mately 50%  complex of respiratory symptoms  all domains except at-
(N =1142); of partic- (increased or new onset) of more  trition (unclear reason-
LAMAsonly  continu- FEV; L11L ipants in than one of the following: cough,  ing of missing data for
USA (6%/8%) ous eachtreat-  sputum,wheezing, dyspnoea,or ~ HRQoL)
} ment arm chest tightness with a duration
i(cli:;aﬂecrzn_ LABAs only had re- of at least 3 days requiring treat-
(3%/1%) : . S .
tres) qngd hps- ment.W|th antibiotics or systemic
ICS + LAMA pitalisation  steroids"
52 weeks (19%/22%) oranED
ICS + LABA visitin the
(4%/5%) previous 12
months
LABA +
LAMA
(5%/4%)
ICS + LA-
BA + LAMA
(49%/46%)
None
(10%/8%)
Banerjee 2005  Macrolidevs  All partici- CLR 500 Moderateto  No NR Not included in exacerbation Low risk of bias across
(N=67); UK placebo pants: mg daily severe analysis all domains except de-
(clinics and tection bias, which was
lung function ICS (100%),  continu- unclear
units from 2 LABAs ous
hospitals) (18%), in-
haled anti-
13 weeks cholinergics
(63%)
Berkhof 2013 Macrolidevs  LABAs AZM 250 Moderate Yes Participants  Time to first exacerbation of Unclear selection bias
placebo (81%/80%) mg 3 times had amedi-  COPD: sustained worsening of (allocation) but as-
(N =284); aweek FEV, 1.36L an for 1 ex- COPD, from stable state and be- sumed done, low risk
acerbation yond normal day-to-day varia- across all other domains
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Table 1. Characteristics of studies including prior exacerbation details (continved)

Netherlands Long-act- Intermit- (range 0 to tions, requiring treatment with
ing anti- tent 13) inthe prednisolone, antibiotics, or a
(1 teaching cholinergics previous12  combination of both
hospital) (64%/57%) months
12 weeks IcS
(98%/83%)
Blasi 2010 Macrolidevs  Inhaled AZM 500 Severe Yes Participants ~ Worsening of symptoms requir- Judged as high risk of
placebo medication mg 3 times in each ing both a change in regular res- bias for allocation con-
(N=22); NR LTOT aweek FEV, (not re- treatment piratory medication or medical cealment, performance,
(46% in both ported) arm had a assistance, or resulting in hospi- detection, attrition,
Italy groups) Intermit- mean of 3 talisation or ED treatment and selective reporting;
(multi-centre) tent exacerba- open-label
tionsin the
26 weeks previous 12
months
Brill2015(N= Quinolone ICS MOX 400 Moderateto  Yes Participants  Exacerbations during the study: Unclear performance
99); (84%/76%/72%)mg dai- severe had a mean using diary card criteria, patient bias; detection bias
Tetracycline ly for5 of 2.5 (SD reporting to clinical health pro- judged as high
UK . ICSinplace-  daysevery FEV;1.4L 2.1) exac- fessionals or study team.
(1 outpatient Macrolide bo group 4 weeks erbations ) )
p vs placebo 57% (pulsed) W'th Mox- Exacerbation was not the prima-
. ifloxacin ry outcome of the study
hospital de- DOX 100 ’
partment) : 2.1(SD1.7)
mg dz.uly exacerba-
13 weeks (continu- tions with
ous) doxycycline,
2.8 (SD 4.0)
AZM 2_50 exacerba-
mg 3 times tions with
a'week . azithromycin,
(intermit- and
tent)
1.5(SD 1.4)
exacerba-
tions with
placeboin
previous 12
months
He 2010 Macrolidevs  ICS ERY 125 Severe Yes NR Moderate exacerbation: sus- Randomisation and al-
placebo (44%/38%) mg 3 times tained worsening of baseline res-  location unclear. Dou-
(N=36); daily (con-  FEV;1.07L piratory symptoms for atleast2  ble-blind study, but out-
tinuous) at baseline days requiring increased treat- come assessment un-
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Table 1. Characteristics of studies including prior exacerbation details (continved)

China Theo- ment or additional therapy (e.g. clear. Funding not stat-
phylline 0CS, antibiotics) ed
(1 university (61%/55%)
hospital) Severe exacerbation: all of the
Inhaled an- above plus requiring hospital ad-
26 weeks ticholinergic mission
(50%/55%)
Inhaled be-
ta-adren-
ergic
(72%/77%)
Mygind 2010 Macrolidevs  NR AZM 500 NR No NR Not included in exacerbation Unclear randomisation,
placebo mg for 3 analysis allocation concealment,
(N=575); days every attrition domains. Blind-
month ing of participants, per-
Denmark (pulsed) sonnel, and outcome as-
156 weeks sessors Wergjudged as
low risk of bias
Seemungal Macrolidevs  ICS (77% ERY 250 Moderateto  Yes 35%of par-  Moderate exacerbation: sus- Low risk of bias across
2008 placebo in both mg twice severe ticipants tained worsening of baseline res-  all domains. Funded by
groups) daily (con- had 3 or piratory symptoms for at least British Lung Foundation
(N=109); tinuous) FEV,1.31L moreexac- 2 days requiring treatment with
LABAs at baseline erbationsin  OCS (prednisolone) and/or an-
UK (66%/61%) the previous tibiotics
(2 outpatient LAMAs 12 months Severe exacerbation: requiring
clinics in 2 (28%/38%) admission to hospital
hospitals)
Theo-
52 weeks phylline
(7.5%/14%)
Sethi 2010 Quinolone SABAs MOX 400 Mild to se- Yes NR Any confirmed AECB: requiring Unclear risk for selection
(71%/72%) mg dai- vere intervention bias (random sequence
(N=1157); vs placebo ly for 5 generation and alloca-
) ) LABAs daysevery FEV;1l.2Lat (start of systemic antibioticand/  tjon concealment). Low
(international (44%/45%) g weeks baseline or start of systemic steroid and/  risk for performance
. or hospitalisation within 7 days i i -
multi-centre) ICS (pulsed) of the start date of exacerbation) :3?;;;(1 selectivere
48 weeks (41%/43%) and with a minimum of 2 weeks
between the start of 2 consecu-
Theo‘— tive exacerbations
phylline

(29%/26%)
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Table 1. Characteristics of studies including prior exacerbation details (continved)

Systemic
steroids
(0.4%/0.2%)
Others
(4.7%/5.7%)
ICS + long-
acting bron-
chodilators
(25%/26%)
Shafuddin Macrolide NR ROX 300 Moderateto  Yes Mean 5.11 Not included in exacerbation Low risk of bias across
2015 mg daily severe (SD 2.4) ex- analysis all domain except attri-
Macrolide (continu- acerbations tion, which was unclear
(N=292); Aus-  plus tetracy- ous) FEV,0.935L within 2
tralia and cline at baseline years
New Zealand DOX + ROX
(multi- centre) VS placebo 100 mg
daily plus
12 weeks 300 mg
daily (con-
tinuous)
Simpson 2014 Macrolidevs  ICS (% NR) AZM 250 Moderate Yes NR Severe exacerbations of COPD: Low risk of bias across
placebo mg daily requiring unscheduled medical all domains
(N=30); (continu- attention with treatment of OCS
. ous) and/or antibiotics
Australia
(1 tertiary
care respira-
tory and sleep
ambulatory
care service,
hospital)
12 weeks
Singh 2019 (N Tetracycline NR DOX 100 Moderateto  No (sensitiv- NR Not included in exacerbation Low risk of bias for al-
=60); India mg daily severe ity analysis) analysis location concealment,
vs placebo (continu- high risk of bias for
(1 outpatient ous) blinding of participants,
department) personnel, and outcome
assessors. Randomisa-
13 weeks

tion and selective re-
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Table 1. Characteristics of studies including prior exacerbation details (continved)

porting domains were

unclear
Suzuki 2001 Macrolide NR ERY 200 FEV, 1.47L No (sensitiv- NR Not included in exacerbation Low risk of bias across
(N=109); to400mg  atbaseline ity analysis) analysis most domains except for
_ vs placebo daily (con- blinding of participants,
Japan (setting tinuous) personnel, and outcome
NR) assessors, which were
judged as high risk of
13 weeks bias
Tan 2016 Macrolide ICS ERY 125 Moderateto  Yes NR Not included in exacerbation Unclear risk of bias
(44%/38%/44%)mg 3 times  severe analysis across most domains,
(N =49); vs placebo daily (con- high risk of bias for
Chi Theo- tinuous) FEV, 1.04 to blinding of participants,
Ina phylline 1.08L personnel, and outcome
55%/55%/61%ERY 125
(1 regional (55%/55%/ O)r;g 3 times assessors
hospital) Inhaled an-  daily with
ticholinergic g months'
52 weeks (55%/50%/50%Follow-up
continu-
Inhaled be- f)us)
ta2-adrener-
gic agonist
(66%/66%/72%)
Uzun 2014 Macrolide LABA AZM 500 Mild to se- Yes Participants  All exacerbations: defined ac- Low risk of bias across
(969%/91%) mg 3 times vere had a mean cording to Anthonisen criteria, all domains
(N=92); vs placebo aweek of4(SD1.1)  and whether the patient needed
Netherland LAMA (intermit- ~ FEVil.llat acuteexac-  treatment with steroids or antibi-
étherlands (89%/71%)  tent) baseline erbationsin  otics, or both.
- the previous
;11 regloral ICS 12 months Severe exacerbation: requiring
ospital) (89%/96%) hospital admission.
52 weeks SABA Mild exacerbation: requiring
(68%/73%) treatment at the outpatient de-
artment
Pred- P
nisolone
(28%/20%)
Vermeersch Macrolide LABA AZM 500 FEV,0.925L  Yes NR Not included in exacerbation Low risk of bias across
2019 (93%/94%) mg once analysis all domains
vs placebo daily
(N=301); (loading
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Table 1. Characteristics of studies including prior exacerbation details (continved)

Italy LAMA dose) for
(80%/80%) 3 days, fol-
(5 centres lowed by
across Italy) ICS 250 mg
13 Weeks (800/0/8()(%)) every 2
days for
SABA 13 k
13%/71%) oo
( (intermit-
tent)
Wang 2017 Macrolide NR AZM 250 FEV, 0.67 L No NR Not included in exacerbation Low risk of bias for ran-
mg once analysis domisation, high risk of
(N=86); vs placebo daily plus bias for blinding of par-
Chi 20mg ticipants, personnel, and
ina once dai- outcome assessors
(1 regional ly sjmvas-
hospital) tatin (con-
tinuous)
26 weeks

Abbreviations

AECB: acute exacerbation of chronic bronchitis; AZM: azithromycin; CLR: clarithromycin; COPD: chronic obstructive pulmonary disease; DOX: doxycycline; ED: emergency
department; ERY: erythromycin; FEV,: forced expiratory volume in one second; HRQoL: health-related quality of life; ICS: inhaled corticosteroid; LABA: long-acting beta agonist;
LAMA: long-acting muscarinic antagonist; LTOT: long-term oxygen therapy; MOX: moxifloxacin; NMA: network meta-analysis; NR: not reported; OCS: oral corticosteroids;ROX:

roxithromycin; SABA: short-acting beta agonist; SD: standard deviation.
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Table 2. Treatments and corresponding abbreviations and classes

Treatment Abbreviation Class
Placebo Pbo NA
Azithromycin 250 mg once daily AZM250 once daily Macrolide
Azithromycin 250 mg once daily 3 times per week AZM250 once daily (3x weekly) Macrolide
Azithromycin 500 mg once daily 3 times per week AZM500 once daily (3x weekly) Macrolide
Azithromycin 500 mg once daily 3 times per month AZM500 once daily (3x monthly) Macrolide
Azithromycin 500 mg once daily (for first 3 days), AZM500 once daily (3 days) then Macrolide
azithromycin 250 mg every 2 days (intermittent) AZM250 (alternating day days)

for rest of treatment duration

Clarithromycin 500 mg once daily CLR500 once daily Macrolide
Erythromycin 250 mg three times daily ERY250 three times daily Macrolide
Erythromycin 250 mg twice daily ERY250 twice daily Macrolide
Erythromycin 125 mg 3 times daily ERY125 three times daily Macrolide
Erythromycin 200 to 400 mg once daily ERY200/400 once daily Macrolide
Roxithromycin 300 mg once daily ROX300 once daily Macrolide

Doxycycline 100 mg once daily

DOX100 once daily

Tetracycline

Roxithromycin 300 mg once daily +

ROX300 once daily + DOX100

Macrolide + tetracy-
cline

Doxycycline 100 mg once daily once daily

Moxifloxacin 400 mg once daily MOX400 once daily Quinolone
(5 days every 4 weeks) (5 days every 4 weeks)

Moxifloxacin 400 mg once daily MOX400 once daily Quinolone

(5 days every 8 weeks)

(5 days every 8 weeks)

Abbreviations

AZM: azithromycin; CLR: clarithromycin; ERY: erythromycin; DOX: doxycycline; MOX: moxifloxacin; NA: not applicable; Pbo: placebo; ROX:

roxithromycin.

Table 3. Exacerbations: studies included with time to first exacerbation data

Study Treatments compared Log hazard Standard
ratio error

Albert 2011 Pbo AZM 250 mg once daily -0.31 0.07

He 2010 Pbo ERY125 mg 3 times daily -0.59 0.29

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Table 3. Exacerbations: studies included with time to first exacerbation data (continued)

Seemungal 2008 Pbo ERY 250 mg twice daily -0.45 0.14
Simpson 2014 Pbo AZM 250 mg once daily -0.99 0.62
Uzun 2014 Pbo AZM 500 mg once daily 3 times per week -0.54 0.16
Blasi 2010 Pbo AZM 500 mg once daily 3 times per week -1.69 0.60

Abbreviations

AZM: azithromycin; ERY: erythromycin; Pbo: placebo.

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Study Treat- No. of Treatment 2 (N) No. of Treatment 3 No. of Treatment 4 No. of
ment 1 events events (N) events (N) events
(N)
Berkhof Pbo 17 AZM 250 mg once daily 3 times a week 10 - - - -
2013
(42) (42)
Brill 2015 Pbo 13 DOX100 mg once daily 15 AZM 250 mg 10 MOX 400 mg 10
once daily once daily
(24) (25)
3times per (5 days every 4
week weeks)
(25) (25)
Sethi2010  Pbo 295 MOX 400 mg once daily 269 - - - -
(580) (5 days every 8 weeks)
(569)
Suzuki Pbo 30 ERY 200 to 400 mg once daily 6 - - - -
2001*
(54) (55)

Abbreviations

AZM: azithromycin; DOX: doxycycline; ERY: erythromycin; MOX: moxifloxacin;Pbo: placebo.
*This study was included only as a sensitivity analysis - reported in Appendix 4.
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Table 5. Exacerbations: model fit statistics

DIC SD (95% Crl) Total residual deviance*
Fixed class effect models
Fixed effect model 51.31 - 15.17
Random effects model 52.17 0.16 (0.006 to 0.519) 13.61

Abbreviations

Crl: credible interval; DIC: deviance information criterion; SD: standard deviation.

*Compared to 14 data points.

Table 6. Exacerbations: interventions and treatment classes

Intervention Treatment class N
1 Pbo Placebo 1345
2 AZM 250 mg once daily Macrolide 573
3 AZM 250 mg once daily 3 times per week Macrolide 67
4 AZM 500 mg once daily 3 times per week Macrolide 57
5 ERY 250 mg 3 times daily Macrolide 53
6 ERY 125 mg 3 times daily Macrolide 18
7 DOX 100 mg once daily Tetracycline 25
8 MOX 400 mg once daily (5 days every 8 weeks) Quinolone 569
9 MOX 400 mg once daily (5 days every 4 weeks) Quinolone 25

Abbreviations

AZM: azithromycin; DOX: doxycycline; ERY: erythromycin; MOX: moxifloxacin; Pbo: placebo.

Table 7. Exacerbations: number of trials, number of participants, and relative effect estimates for all class

comparisons
Comparison Hazard ratios Number N
of trials

Intervention Comparator Median 95% Crl

Macrolide Placebo 0.67 0.60 to 0.75 9 1509
Tetracycline Placebo 1.29 0.66t02.41 1 49
Quinolone Placebo 0.89 0.75t0 1.04 2 1198
Tetracycline Macrolide 1.93 0.99to0 3.62 1 50
Quinolone Macrolide 1.32 1.08to 1.61 1 50

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Table 7. Exacerbations: number of trials, number of participants, and relative effect estimates for all class
comparisons (continued)

Quinolone Tetracycline 0.69 0.37t01.34 1 50

Abbreviations
Crl: credible interval.

Table 8. Exacerbations: number of participants and rank statistics for each class (sorted by mean rank)

Class N Mean Median 95% Crl
Macrolide 768 1.0 1 1to2
Quinolone 594 2.2 2 2to3
Placebo 1345 3.1 3 2to4
Tetracycline 25 3.6 4 1to4

Abbreviations
Crl: credible interval.

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 69
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Table 9. Change from baseline in SGRQ: number of trials, number of participants, and relative effects for all class comparisons

Comparison

Number of N

Fixed effects-fixed class effect

Random effects-fixed class effect

Random effects-fixed class effect

trials (uniform prior) (empirical prior)
MD 95% Crl MD 95% Crl MD 95% Crl
Macrolide vs placebo 6 1158 -2.30 -3.61t0-0.99 -2.34 -4.28t0-0.39 -2.28 -5.19t0 1.01
Tetracycline vs placebo 1 49 1.18 -1.49t03.84 1.14 -2.47t04.62 1.20 -4.62t07.19
Quinolone vs placebo 2 1078 -1.33 -2.971t00.32 -1.42 -4.04t0 1.05 -1.44 -5.99 to0 3.07
Tetracycline vs macrolide 1 50 3.47 0.92t06.03 3.47 0.01t06.83 3.47 -2.381t09.22
Quinolone vs macrolide 1 50 0.97 -0.10t0 2.95 0.91 -2.01t03.71 0.84 -4.24t05.51
Quinolone vs tetracycline 1 50 -2.50 -5.32t00.30 -2.56 -6.33t0 1.16 -2.63 -8.96 to0 3.37

Abbreviations

Crl: credible interval;MD: mean difference; SGRQ: St George's Respiratory Questionnaire.

Table 10. Change from baseline in SGRQ: included studies

Study Endpoint Treatments compared Mean difference vs Placebo SE of Mean difference
(weeks)

Albert 52 Place- AZM 250 mg once daily 2.2 0.7853

2011 bo

Berk- 12 Place- AZM250 mg once daily 3 times per week -1.5 2.5456

hof bo

2013

He 26 Place- ERY 125 mg 3 times daily -3 5.6801

2010 bo

Sethi 48 Place- MOX 400 mg once daily (5 days every 8 weeks) -1.2 0.9231

2010 bo

Simp- 12 Place- AZM 250 mg once daily 6.1 5.31927

son bo

2014
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Table 10. Change from baseline in SGRQ: included studies (continued)

Uzun 52 Place- AZM500 mg once daily 3 times per week -0.61 2.622449
2014 bo
Brill 13 Place- a. DOX 100 mg once daily a.1.02 b.-2.29 c.-1.88 a. b.3.212 c.3.426
2015* 3.135
b. AZM 250 mg once daily 3 times per week
a.0.88 b.-2.35 c.-2.25 a. b.3.085 c.3.233

c. MOX 400 mg once daily (5 days every 4 weeks)

3.132

Abbreviations

AZM: azithromycin; DOX: doxycycline; ERY: erythromycin; MOX: moxifloxacin; SE: standard error; SGRQ: St George's Respiratory Questionnaire.

*Data in bold used in sensitivity analysis.
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Table 11. Change from baseline in SGRQ: number of participants and rank statistics for each class (sorted by mean
rank)

Treatment class Number of participants Mean Median 95% Crl
Macrolide 578 1.17 1 1to2
Quinolone 528 1.93 2 1to3
Placebo 1106 3.14 3 2to4
Tetracycline 25 3.76 4 2to4

Abbreviations
Crl: credible interval; SGRQ: St. George's Respiratory Questionnaire.

Table 12. Serious adverse events: model fit statistics

DIC Between-study SD (95% Crl) Total residual deviance*
Fixed class models
Fixed treatment effect 113.8 - 21.58
Random treatment effects 113.2 0.44 (0.02 to 1.28) 18.59

Abbreviations
* Compare to 19 data points
Crl: credible interval; DIC: deviance information criterion; SD: standard deviation.

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 72
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Table 13. Serious adverse events: number of trials, participants, and relative effects for all class comparisons

Treatment class comparison Number of N Fixed effect-fixed class ef- Random effects-fixed class ef- Random effects-fixed class ef-
trials fect model fect (uniform prior) fect (empirical prior)
OR 95% Crl OR 95% Crl OR 95% Crl
Macrolide vs placebo 8 1930 0.76 0.62t00.93 0.72 0.38t01.14 0.73 0.45t0 1.07
Quinolone vs placebo 1 1149 1.00 0.72t01.34 1.21 0.29t03.24 1.08 0.42t02.27
Macrolide + tetracycline vs placebo 1 195 0.97 0.52to0 1.66 1.12 0.27t02.84 1.00 0.36t02.19
Quinolone vs macrolide 0 0 1.32 0.90t0 1.89 1.88 0.41t0 5.67 1.56 0.551t0 3.62
Macrolide + tetracycline vs macrolide 1 198 1.28 0.68t02.19 1.67 0.42t04.31 1.41 0.52t03.15
Macrolide + tetracycline vs 0 0 1.00 0.49t0 1.82 1.72 0.17to 4.67 1.13 0.26t03.11

quinolone

Abbreviations
Crl: credible interval; OR: odds ratio.
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Table 14. Serious adverse events: table of interventions and treatment classes

Intervention Treatment class N

1 Pbo Pbo 1539
2 AZM 250 mg od Macrolide 573
3 ERY 125 mg tds Macrolide 54

4 ERY 250 mg bd Macrolide 53

5 MOX 400 mg od (5 days every 8 weeks) Quinolone 569
6 ROX 300 mg od + DOX 100 mg od Macrolide + tetracycline 101
7 ROX 300 mg od Macrolide 97

8 AZM 500 mg od (3x weekly) Macrolide 47

9 AZM 500 mg od (for first 3 days), Macrolide 147

AZM 250 mg every 2 days (intermittent)

for rest of treatment duration

Abbreviations
AZM: azithromycin; DOX: doxycycline; ERY: erythromycin; MOX: moxifloxacin; Pbo: placebo; ROX: roxithromycin.
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Table 15. Serious adverse events: studies included

Study Treatments compared Number of participants Number of events
name
Treat- Treat- Treat- Treat- Treat- Treat-
ment 1 ment 2 ment 3 ment 1 ment 2 ment 3
Albert Pbo AZM 250 mg once daily 559 558 NA 212 184 NA
2011
He 2010 Pbo ERY125 mg 3 times daily 18 18 NA 3 2 NA
Seemun- Pbo ERY 250 mg twice daily 56 53 NA 12 14 NA
gal 2008
Sethi2010  Pbo MOX 400 mg once daily (5 days every 8 weeks) 580 569 NA 97 94 NA
Shafuddin ~ Pbo ROX 300 mg once daily ROX 300 mg once daily 94 101 97 20 24 23
2015
+DOX 100 mg once daily
Simpson Pbo AZM 250 mg once daily 15 15 NA 4 1 NA
2014
Tan 2016 Pbo ERY 125 mg 3 times daily 18 36 NA 3 2 NA
Uzun 2014  Pbo AZM 500 mg once daily 3 times per week 45 47 NA 5 3 NA
Vermeer- Pbo AZM 500 mg once daily (for first 3 days), 15 147 NA 48 25 NA
sch 2019

AZM 250 mg every 2 days (intermittent)

for rest of treatment duration

Abbreviations

AZM: azithromycin; DOX: doxycycline; ERY: erythromycin; MOX: moxifloxacin; NA: not applicable; Pbo: placebo; ROX: roxithromycin.
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Table 16. Serious adverse events: total number of participants and rank statistics for each class (sorted by mean

rank)
Treatment class N Mean Median 95% Crl
Macrolide 971 1.33 1 1to3
Macrolide + tetracycline 101 2.61 2 lto4
Quinolone 569 2.95 3 1to4
Pbo 1539 3.12 3 2to4
Abbreviations
Crl: credible interval; Pbo: placebo.
Table 17. Drug resistance or microbial sensitivity reported in included studies
Study, drug, Drug resis- Results Conclusion
duration tance/micro-
(weeks) bial sensitivity
methods
Albert 2011 Nasopharyn- Prevalence of resistance to macrolides was 52% and 57%, re- People receiving AZM
gealswabsand  spectively (P =0.64) were less likely to be
AZM (52) expectorated colonised with respirato-
sputum sam- During the study, 81% AZM and 41% placebo and bacteria were ry pathogens compared
ples taken at resistant to macrolides (P <0.001) to placebo but were more
baseline and likely to become colonised
every 3 months, with macrolide-resistant
assessment for organisms. No association
resistance to with exacerbations
macrolides. On-
ly 15% of par-
ticipants were
able to produce
sputum by the
third month;
therefore, as-
sessments were
limited to na-
sopharyngeal
swabs
Banerjee 2005 Sputum sam- At the start, 90% of isolates were due to S pneumoniae, H influen-  Contradicts other CLR
ple was tested zae, M catarrhalis. Some patients had more than one PPM in spu-  studies that show the
CLR(13) for potential tum. After 3 months of CLR, number of people with sputum PPM opposite due to lack of

pathogenic mi-
croorganisms:
Hinfluenzae, S

increased from 12 to 15. Number of bacterial isolates did not in-
crease. In the placebo group, this increased from 10 to 16, and
the number of bacterial isolates increased from 15 to 25

compliance in the trial.
The study did not mea-
sure MIC90, which would

pneumoniae, have been ideal to detect
M catarrhalis, CLR did not significantly reduce mean number of H influenzae, changes in antibiotic sus-
H parainfluen- S pneumoniae, or M catarrhalis bacterial isolate compared to ceptibility or resistance

zae, S aureus, P
aeruginosa, K
pneumoniae

placebo

No multi-resistant gram-negative organisms emerged in the CLR
group. CLR did not significantly change the mean CFU number
per bacterial isolate compared to placebo

with time

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
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Table 17. Drug resistance or microbial sensitivity reported in included studies (continued)

Berkhof 2013 Sputum sam- Areduction in respiratory pathogens was seen in the AZM group Dose given seemed effec-
ples collected compared to the placebo group. One patientin the AZM group at  tive compared to other
AZM (12) 12 weeks had AZM-resistant bacteria (S aureus) studies
Blasi 2010 Minimum in- P aeruginosa became resistant to ceftazidime after 6 months of Not associated with signif-
hibitory con- treatment in 1 patient in the AZM group. An ERY-resistant S pneu-  icant effects of reduction
AZM (26) centration moniae was found in 1 patient in the AZM group at 6 months in bacterial load or bacte-
(MIC) used to rial eradication. Patients
determine bac- with long-term use of AZM
terial counts had no resistance except
for 1 person
Brill 2015 Resistance to Pulsed MOX demonstrated the largest fall in bacterial numbers There was an increase in
the 3 tested on culture but was associated with increased adverse events resistance of airway bacte-
MOX, DOX,AZM  antibiotics, ria to all 3 antibiotics
(13) change in spu- Resistance was found in all 3 antibiotic arms of at least 3 times
tum bacterial pre-treatment values. With baseline adjustment of MIC, MOX was
load via quan- associated with an increase in MIC for isolates cultured in spu-
titative culture ~ tum compared to placebo (e.g. DOX group were more likely to be
(qPCR) resistant to DOX vs placebo)
He 2010 Sputum sam- 9 ERY and 7 placebo patients had bacterial growth at baseline.
ples/bacteriol- 4 had > 1 organism. At 6 months, there was significant bacterial
ogy growth, and 3 specimens had > 1 organism. There was no detec-
tion difference in the rate of identifying the 3 main micro-organ-
isms between the 2 groups
Seemungal Sputum sam- H influenzae detection positive in 27% of stable samples and in Microbial resistance was
2008 ples 40% of exacerbation samples. All H influenzae were resistant to not dependent on the use
ERY. S pneumoniae was found in 7% and 10%, respectively. No of ERY. Only 1 case of ERY
ERY (52) sensitivity test-  difference in detection rate for any organism between both arms  resistance occurred in
Ing at any follow-up time points. the macrolide group at 52
weeks. The number of par-
Sensitivity testing found that 33/69 showed no growth at base- ticipant in the study was
line. Those who tested positive at baseline were resistant to Hin-  small; therefore interpre-
fluenzae (ERY = 10, P = 12), S pneumoniae (ERY =1, P =5 all sensi-  tation of these results is
tive), M catarrhalis (ERY = 1, P = 2 all sensitive) not definitive
At 12 months, 26/43 samples had no significant growth. Of those
samples that were positive, H influenzae (ERY = 1, P = 3), S pneu-
moniae (ERY = 1 resistant, P = 2 all sensitive), M catarrhalis (2 =
sensitive, P =2)
Sethi 2010 Sputum sam- Over the 48-week treatment, there was a reduction in the num- No further comments
ples ber of participants with pathogens isolated, with greater reduc-
MOX (48) tion with MOX vs placebo. No difference in MIC increases that

were sustained

Isolates showed that 1 patient in the MOX group was S pneumoni-
ae resistant at week 40, which was not associated with exacerba-
tions and was not persistent at further visits. For S aureus, 1 to 3
isolates were MOX resistant at baseline and at other time points
but did not persist and were not related to exacerbations. Medi-
an MIC of MOX against P aeruginosa at 24 weeks was 4 mg/L but
was reduced to 1 mg/L to levels at randomisation for the MOX
group. Median MIC in placebo group increased from 0.5 to 2 mg/L
among those who completed treatment

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
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Uzun 2014 Macrolide resis-  32/47 AZM gave samples. 32/45 in placebo gave samples. Most The number of sputum
tance by spu- common bacteria were H influenzae, S pneumoniae, and P aerug-  samples overall was low.
AZM (52) tum culture inosa. At follow-up fewer in the AZM group had positive cultures Like Albert 2011, AZM
compared to the placebo group group was less likely to be
colonised with respirato-
Macrolide resistance was seen in 3 AZM and in 11 placebo (P = ry pathogens and acquisi-
0.036) tion of macrolide-resistant
bacteria was significantly
reduced
Vermeersch Sputum sam- Bacterial samples obtained contained H influenzae, S pneumoni- ~ Macrolide resistance was
2019 ples ae, P aeruginosa, M catarrhalis, and S aureus. At follow-up, there monitored, but induced

were no significant group differences (AZM or placebo) for pos-
AZM itive sputum cultures with acquired pathogens, neither for ac-
quired macrolide-resistant bacteria

sputum was not required
per protocol; the limited
number of spontaneous
sputum samples did not
allow for thorough eval-
uation of antibiotic resis-
tance induced by AZM on
top of standard treatment

Abbreviations

AZM: azithromycin; B catarrhalis : Branhamella catarrhalis; CLR: clarithromycin; CFU: colony-forming unit; DOX: doxycycline; ERY:
erythromycin; H influenzae: Haemophius influenzae; MIC: minimum inhibitory concentration; MIC90: MIC required to inhibit growth of
90% or organisms; M catarrhalis: Morexella catarrhalis; MOX: moxifloxacin; NA: not applicable; P aeruginosa: Pseudomonas aeruginosa;
PPM: parts per million; qPCR: quantitative polymerase chain reaction; S aureus: Staphylococcus aureus; S pneumoniae: Streptococcus
pneumoniae.

Table 18. Mortality: numbers of deaths in treatment and placebo groups in included studies

Study ID Antibiotic class Antibiotic Placebo or control or
standard treatment

Albert 2011 Macrolide AZM: 18/570 (3%) 20/572 (4%)
Banerjee 2005 Macrolide CLR:0/31 0/36
Berkhof 2013 Macrolide AZM: 0/42 0/42
Blasi 2010 Macrolide AZM: 1/11 (9%) 5/11 (45%)
Brill 2015 Quinolone MOX: 0/25 0/24

Tetracycline DOX: 0/25

Macrolide AZM: 0/25
He 2010 Macrolide ERY: 0/18 0/18
Mygind 2010 Macrolide AZM: 74/28T (25%) 81/288 (28%)
Seemungal 2008 Macrolide ERY: 0/53 (0%) 1/56 (2%)
Sethi 2010 Quinolone MOX: 13/753 (2%) 13/584 (2%)
Shafuddin 2015 Macrolide+ ROX: 3/97 (3%) 5/94 (5%)

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Table 18. Mortality: numbers of deaths in treatment and placebo groups in included studies (continued)
DOX+ROX: 5/101 (5%)

tetracycline

Simpson 2014 Macrolide AZM: 0/15 0/15
Singh 2019 Tetracycline DOX: 0/30 0/30
Suzuki 2001 Macrolide ERY: 0/55 0/54

Tan 2016 Macrolide ERY: 0/18 0/18

Uzun 2014 Macrolide AZM: 0/47 (0%) 2/45 (4%)
Vermeersch 2019 Macrolide AZM: 3/147 (2%) 6/154 (3%)
Wang 2017 Macrolide AZM: 0/43 0/43

Abbreviations

AZM: azithromycin; CLR: clarithromycin; DOX: doxycycline; ERY: erythromycin; MOX: moxifloxacin; ROX: roxithromycin.

Table 19. Adverse events across all studies

Study ID, drug, Adverse events

dose, schedule

(weeks' dura-
tion)

Antibiotic (n)

Comparator (n)

Reporting of
exacerbations
as AEs

Albert 2011,
AZM, 250 mg
once daily (52)

Discontinuation due to: audiogram-confirmed
hearing decrement (142), tinnitus (4), gastroin-
testinal tract (11), QTc prolongation (6), allergic re-
action (5), abnormal laboratory test (4), other (10)

Discontinuation due to: audiogram-con-
firmed hearing decrement, tinnitus (4),
neoplasm (3), Gl tract (6), QTc prolonga-
tion (4), allergic reaction (8), abnormal
laboratory test (3), other (17)

Exacerbation
was not report-
ed as an AE

He 2010, ERY,
125 mg 3 times

Discontinued due to: abdominal pain (1), complica-
tion of left heart failure (1)

Discontinued due to: respiratory insuffi-
ciency (2), other (1)

Exacerbation
was not report-

daily (26) ed as an AE
Seemungal Upper gastrointestinal (5), lower gastrointestinal Upper gastrointestinal (5), lower gas- Exacerbation
2008 ERY, 250 (3), rash (3), other (3) trointestinal (3), rash (2), other (2) was not report-

mg twice daily
(52)

ed as an AE

Sethi 2010,
MOX, 400 mg
once daily (5
days every 8
weeks) (48)

Cardiac disorders (3), gastrointestinal (diarrhoea,
nausea, vomiting) (27), general disorders/admin-
istration site conditions (4), asthenia (3), immune
system disorders (4), hypersensitivity (3), infections
and infestations (5), musculoskeletal and connec-
tive tissue disorders (3), nervous system disorders
(6), dizziness (3), respiratory, thoracic and medi-
astinal disorders (8), dyspnoea (4), skin and subcu-
taneous tissue disorders (5), AEs leading to discon-
tinuation (26)

Cardiac disorders (1), gastrointestinal
(diarrhoea, nausea, vomiting) (4), gener-
al disorders and administration site con-
ditions (2), asthenia (0), hypersensitivity
(0), infections and infestations (3), mus-
culoskeletal and connective tissue dis-
orders (1), nervous system disorders (4),
dizziness (1), respiratory, thoracic, and
mediastinal disorders (0), dyspnoea (0),
skin and subcutaneous tissue disorders
(5), AEs leading to discontinuation (16)

Exacerbation
was not report-
ed as an AE

Shafuddin
2015, ROX 300
mg once dai-

Roxithromycin + doxycycline: nausea (12), diar-
rhoea (2), headache (4), abdominal pain (3), reflux
(2), vomiting (1), abnormal liver function (1), abnor-

Nausea (1), diarrhoea (1), headache (1),
abdominal pain (1), reflux (0), vomiting
(0), abnormal liver function (0), abnor-

Exacerbation
was not report-
ed as an AE

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
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Table 19. Adverse events across all studies (continued)

ly + DOX 100

mg once daily;
or ROX 300 mg
once daily (12)

mal ECG (1), rash (1), dyspnoea (0), dizziness (0),
oral candidiasis (0), gastrointestinal upset (0)

Roxithromycin alone: nausea (13), diarrhoea (3),
headache (1), abdominal pain (1), reflux (1), vomit-
ing (3), abnormal liver function (2), abnormal ECG
(0), rash (1), dyspnoea (1), dizziness (4), oral can-
didiasis (2), gastrointestinal upset (2)

Cochrane Database of Systematic Reviews

mal ECG (0), dyspnoea (2), dizziness (0),
oral candidiasis (3), gastrointestinal up-
set (2)

Simpson 2014,
AZM, 250 mg
once daily (12)

Diarrhoea (1), abdominal pain (0), nausea (0), vom-
iting (0), fever (0), headache (0), rash (0), hearing
loss (0), other (10)

Diarrhoea (5), abdominal pain (0), nau-
sea (0), vomiting (0), fever (0), headache
(0), rash (0), hearing loss (0), other (9)

Exacerbation
was not report-
ed as an AE

Tan 2016, ERY,
125 mg 3 times

Withdrawal due to: abdominal pain (1), left-sided
heart failure (1)

Withdrawal due to: respiratory insuffi-
ciency (2), unknown (1)

Exacerbation
was not an out-

daily (52) comeinthe
study

Uzun 2014, Diarrhoea (9), nausea/vomiting (3), other (4) Diarrhoea (1), nausea/vomiting (2), oth- ~ Exacerbaiton

AZM, 500 mg er (7) was not report-

once daily 3 ed asanAE. 2

times per week

fatal SAEs oc-

(52) curred due to
COPD respi-
ratory failure,
which were
counted in the
mortality out-
come

Vermeersch Diarrhoea (20), nausea (12), anorexia (9), hearing Diarrhoea (15), nausea (11), anorexia (8), Exacerbation

2019, AZM, 500 loss (1), syncope (1) hearing loss (6), syncope (2) was not report-

mg once dai- ed as an AE

ly (for first 3

days), AZM 250

mg every 2 days
for rest of treat-

ment duration
(13)

Abbreviations

AE: adverse event;AZM: azithromycin; DOX: doxycyline; ECG: electrocardiogram; ERY: erythromycin; MOX: moxifloxacin; NR: not reported;
QTc: corrected QT interval; ROX: roxithromycin; SAE: serious adverse event.

APPENDICES

Appendix 1. Sources and search methods for the Cochrane Airways Register of Trials

Electronic searches: core databases

Database Dates searched Frequency of search
CENTRAL (via the Cochrane Register of Studies (CRS)) From inception Monthly
MEDLINE (Ovid) 1946 onwards Weekly

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 80
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(Continued)
Embase (Ovid) 1974 onwards Weekly
PsycINFO (Ovid) 1967 onwards Monthly
CINAHL (EBSCO) 1937 onwards Monthly
AMED (EBSCO) From inception Monthly
Handsearches: core respiratory conference abstracts
Conference Years searched
American Academy of Allergy, Asthma and Immunology (AAAAI) 2001 onwards

American Thoracic Society (ATS)

2001 onwards

Asia Pacific Society of Respirology (APSR) 2004 onwards
British Thoracic Society Winter Meeting (BTS) 2000 onwards
Chest Meeting 2003 onwards

European Respiratory Society (ERS)

1992, 1994, 2000 onwards

International Primary Care Respiratory Group Congress (IPCRG)

2002 onwards

Thoracic Society of Australia and New Zealand (TSANZ)

1999 onwards

COPD search

1. Lung Diseases, Obstructive/
2. exp Pulmonary Disease, Chronic Obstructive/

3. emphysema$.mp.

N

. (chronic$ adj3 bronchiti$).mp.

5. (obstruct$ adj3 (pulmonary or lung$ or airways$ or airflow$ or bronch$ or respirat$)).mp.

6. COPD.mp.
7. COAD.mp.
8. COBD.mp.
9. AECB.mp.
10. or/1-9

Filter to identify RCTs
1. exp "clinical trial [publication type]"/

2. (randomised or randomised).ab,ti.

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
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3. placebo.abti.

4. dt.fs.

5. randomly.ab,ti.

6. trial.abti.

7. groups.abti.

8.or/1-7

9. Animals/

10. Humans/

11.9not (9 and 10)

12.8nnot 11

The MEDLINE strategy and RCT filter are adapted to identify studies in other electronic databases.

Appendix 2. Search strategies to identify relevant studies
Cochrane Airways Trials Register (via Cochrane Register of Studies)

#1 MeSH DESCRIPTOR Pulmonary Disease, Chronic Obstructive Explode All
#2 MeSH DESCRIPTOR Bronchitis, Chronic

#3 (obstruct*) near3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*)
#4 COPD:MISC1

#5 (COPD OR COAD OR COBD OR AECOPD):TI,AB,KW

#6 #1 OR #2 OR #3 OR #4 OR #5

#7 MESH DESCRIPTOR Anti-Bacterial Agents EXPLODE ALL

#8 (antibiotic* or antibacterial or anti-bacterial):ti,ab,kw

#9 (prophylactic or prophylaxis or prevent*):ti,ab,kw

#10 (long-term OR "long term"):ti,ab,kw

#11 (#7 OR #8) AND (#9 OR #10)

#12 MESH DESCRIPTOR Antibiotic Prophylaxis EXPLODE ALL

#13 Penicillin or phenoxymethylpenicillin or phenethicillin or amoxicillin or amoxicillin or "clavulanic acid" or tetracycline or
oxytetracycline or doxycycline or quinolone or ciprofloxacin or moxifloxacin or gemifloxacin or levofloxacin or macrolide or erythromycin
or roxithromycin or azithromycin or clarithromycin or telithromycin or sulphonamide or co-trimoxazole or sulphaphenazole or
trimethoprim or sigmamycin or tetracycline or oleandomycin or sulfamethoxazole or sulfaphenazole or sulphonamide or cephalosporin

#14 #11 OR #12 OR #13
#15 #14 AND #6

#16 INREGISTER

#17 #15 AND #16

ClinicalTrials.gov

Search field Search terms

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 82
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(Continued)
Study type Interventional
Condition COPD

Intervention

Penicillin OR phenoxymethylpenicillin OR phenethicillin OR amoxicillin OR amoxicillin OR "clavu-
lanic acid" OR tetracycline OR oxytetracycline OR doxycycline OR quinolone OR ciprofloxacin OR
moxifloxacin OR gemifloxacin OR levofloxacin OR macrolide OR erythromycin OR roxithromycin
OR azithromycin OR clarithromycin OR telithromycin OR sulphonamide OR co-trimoxazole OR
sulphaphenazole OR trimethoprim OR sigmamycin OR tetracycline OR oleandomycin OR sul-
famethoxazole OR sulfaphenazole OR sulphonamide OR cephalosporin

WHO Trials Registry
Search field Search terms
Condition COPD
Intervention Penicillin OR phenoxymethylpenicillin OR phenethicillin OR amoxicillin OR amoxicillin OR "clavu-

lanic acid" OR tetracycline OR oxytetracycline OR doxycycline OR quinolone OR ciprofloxacin OR
moxifloxacin OR gemifloxacin OR levofloxacin OR macrolide OR erythromycin OR roxithromycin

OR azithromycin OR clarithromycin OR telithromycin OR sulphonamide OR co-trimoxazole OR
sulphaphenazole OR trimethoprim OR sigmamycin OR tetracycline OR oleandomycin OR sul-
famethoxazole OR sulfaphenazole OR sulphonamide OR cephalosporin

Appendix 3. Summary of results from Herath 2018 and Threapleton 2018

Review Results Conclusions Studies includ-
ed in the review

Herath 2018 Outcomes Conclusions Albert 2011;
Banerjee 2005;

Herath 2018 Exacerbations Use of macrolidean-  Berkhof 2013;

) ) ) tibiotics for up to 12 Brill 2015; He
Compansop: « Number of people havmg 1 or more exacerbathns: OR 0.57,95% ClI' months s likely to re- 2010; Mygind
prophylactic 0.42 to 0.78 (8 studies; n = 2716; moderate-certainty evidence) duce the number of 2010: Seemun-
antibiotic vs « Absolute risk reduction = 13.9% (61 per 100 in the control group vs  patients experienc- gal 22)08; Sethi
placebo 47 (95% CI 39 to 55) per 100 in the antibiotic group) ing exacerbations 2010; Shafud-

« NNTB=8(95% Cl5to 17) and toimprove qual-  din 2015; Simp-
. Rate of exacerbations per patient per year: rate ratio 0.67, 95% cl 1ty of life. Selection son 2014; Suzu-
0.54 t0 0.83 (5 studies; n = 1384) of patientsforpro- - j2001; Tan

phylactic antibiot- 2016; Uzun
Health-related quality of life icuseis critical,but  2014; wang
the evidence base is 2017
+ SGRQ: MD -1.94, 95% CI -3.13 to -0.75 (7 studies; high-certainty evi-  poor, as selection cri-
dence) (did not reach MID of 4-point reduction) teria were different
) across studies. Some
Serious adverse events serious adverse
« OR 0.88, 95% CI 0.74 to 1.05 (no difference as confidence interval g\:\fin:?\?b?gt?ﬁ:;s—
crossed the line of no effect) (9 studies; n =2978; moderate-certainty .
- tance is a concern,
evidence) .
especially for those
who are colonised
Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 83
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(Continued)

Antibiotic resistance

« Sixstudies reported this outcome, but it was impossible to combine
results in a meta-analysis

with Pseudomonas.
There is still uncer-
tainty about long-
term effects of pro-
phylactic antibiotic
use

Threapleton Macrolide plus tetracycline vs macrolide (roxithromycin plus Unclear evidence Brill 2015; Sha-
2018 doxycycline vs roxithromycin) about efficacy or fuddin 2015
) safety between dif-
'Iz'gizapleton Outcomes reported by Shafuddin 2015 ferent classes or reg-
] imens of prophylac-
Comparison: Exacerbations tic antibiotics for 12
prophylactic. « Time to first moderate/severe exacerbation (days): no differences to13 yveeks for peo-
antibiotic vs an- between treatment arms; MD -19.00, 95% Cl -52.7 to 14.7 (n = 179) ple with _COPP' Small
th sample sizes in both
other Quality of life RCTs and no head-to-
head comparisons of
CRQ sub-scales for dyspnoea, fatigue, emotional function, and mas- antibiotic resistance
tery: no differences between continuous combined treatment com- resulted in very low
pared to continuous single-antibiotic treatment, and did not reach certainty of findings.
clinical significance Evidence was insuffi-
cient to inform clini-
Drug resistance cal practice
No evidence
Serious adverse events
« No clear differences between treatment arms for all-cause SAEs (OR
1.00, 95% CI 0.52 to 1.93) (n = 198; very low-certainty evidence)
« No clear differences between treatment arms for treatment-related
SAEs (OR 0.37, 95% CI 0.07 to 1.98) (n = 198; very low-certainty evi-
dence)
Lung function
No clear differences in FEV, or FVC
Mortality and adverse events
No clear differences in all-cause mortality nor all-cause and treat-
ment-related adverse events
(all very low-certainty evidence)
Quinolone vs tetracycline (moxifloxacin vs doxycycline)
Outcomes reported by Brill 2015
Exacerbations
« Number of people with COPD experiencing 1 or more exacerbations:
no differences between treatments, OR 0.44,95% Cl 0.14t0 1.38 (n =
50; low-certainty evidence)
Quality of life
No evidence
Drug resistance
No evidence
Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 84
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(Continued)

Serious adverse events

No reported serious adverse events in either treatment arm
Mortality

No deaths reported in either treatment arm

Lung function, hospitalisations, number of people colonised with P
aeruginosa

No evidence

Quinolone vs macrolide (moxifloxacin vs azithromycin)
Outcomes reported by Brill 2015

Exacerbations

« Number of COPD patients with exacerbations: no differences be-
tween treatments, OR 1.00, 95% CI 0.32 to 3.10 (n = 50; low-certainty
evidence)

Quality of life

No evidence

Drug resistance

No evidence

Serious adverse events

No reported serious adverse events in either treatment group
Mortality

No deaths reported

Lung function, adverse events, number of people colonised with P
aeruginosa

No evidence

Macrolide vs tetracycline (azithromycin vs doxycycline)
Outcomes reported by Brill 2015

Exacerbations

« Number of COPD patients with exacerbations: no differences be-
tween treatments, OR 0.44, 95% CI 0.14 to 1.38 (n = 50; low-certainty
evidence)

Quality of life

No evidence

Drug resistance

No evidence

Serious adverse events

No reported serious adverse events in either treatment group

Mortality
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(Continued)

No deaths reported

Lung function, adverse events, number of people colonised with P
aeruginosa

No evidence

Abbreviations

Cl: confidence interval; COPD: chronic obstructive pulmonary disease; CRQ: Chronic Respiratory Disease Questionnaire; FEV,: forced
expiratory volume in one second; FVC: forced vital capacity; MD: mean difference; MID: minimally important difference; NNTB: number
needed to treat for an additional beneficial outcome; OR: odds ratio; RCT: randomised controlled trial; SAE: serious adverse event; SGRQ:
St George’s Respiratory Questionnaire.

Appendix 4. Exacerbations: sensitivity analysis
Methods

Suzuki 2001 was included in the network meta-analysis (NMA) for exacerbations as a sensitivity analysis, and model fit was re-evaluated
to select the preferred NMA model. Study characteristics are summarised in Table 1. The network plot of interventions is presented in the
online supplement (Janjua 2021, Figure A4.1). As no loops of evidence were added, there was no potential to detect inconsistency, so this
was not checked.

Table 1. Characteristics of Suzuki 2001

Author Class/ Dose/ COPD Definition of exacerbations Dura- Risk of bias
An- Regi- severi- tion
tibi- men ty of
otic treat-
ment
Suzuki Macrolide200 to Moder-  Acute and sustained worsening of COPD symptoms re- 52 Study was not blind-
2001 (N 400mg  ate/se-  quiring changes to regular treatment, including antimi- weeks  ed, high risk of bias
=109); Ery- _once vere crobial therapy and/or short courses of systemic steroids for performance and
Japan thromycu’aai[y detection domains,
(un- FEV, Mild/moderate exacerbation: treatment without hospi- funding not stated
clear contin-  1.38 talisation
setting) uous Lat . . e
base- Severe exacerbation: requiring hospitalisation
line
Footnotes:

COPD: chronic obstructive pulmonary disease; FEV,: forced expiratory volume in one second.

Fixed class models with fixed- and random-treatment effects were considered, but the fixed-treatment effect model fitted poorly. A
fixed treatment effect model with exchangeable (random) class effects for the macrolide class and fixed class effect for quinolone and
tetracycline classes (these classes had only 1 and 2 elements, respectively; therefore, there was not enough information to estimate within-
class variability) was fitted. Within-class variance for macrolides was given - uniform(0,5) priori distribution.

Between-study heterogeneity was explained by splitting the macrolide class into its component treatments in the exchangeable class
model with fixed treatment effects across studies; therefore this model was selected (Table 2). A fixed effect model with no class effect (i.e.
assuming each treatment had a distinct effect) was also fitted for comparison and had equivalent deviance information criterion (DIC) and
similar fit to the chosen model (Table 2). As this was a more complex model, it was not selected.

Table 2. Sensitivity analysis: model fit statistics
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DIC SD (95% Crl) Total residual deviance*
Fixed class models
Fixed treatment effect 76.66 - 31.52
Random treatment effects 68.72 0.44(0.11-0.98) 17.4
Exchangeable (random) class models
Fixed treatment effect 69.0 - 19.19
Separate treatment effects (no class) models
Fixed treatment effect 68.81 - 17.76

Footnotes:
* Compare to 16 data points
Crl: credible interval; DIC: deviance information criterion; SD: standard deviation.

Sensitivity analysis

The network meta-analysis (NMA) with Suzuki 2001 included a total of 2880 participants (online supplement, Janjua 2021, Figure A4.2;
Table 3). Hazard ratios (HRs) for each class were compared to each other. Within-class variance for macrolides was estimated as 0.57 (95%
credible interval (Crl) 0.12 to 4.88) on the log-HR scale (online supplement,Janjua 2021, Figure A4.2; Table 3).

Table 3. Numbers of trials and participants and relative estimates for all class comparisons

Comparison Hazard ratios No. of No. of pa-
trials tients
Intervention Comparator Median 95% Crl
Macrolide Placebo 0.53 0.27 t0 0.90 9 1618
Tetracycline Placebo 1.26 0.63t02.33 1 49
Quinolone Placebo 0.88 0.75t01.04 2 1198
Tetracycline Macrolide 2.39 1.01t05.78 1 49
Quinolone Macrolide 1.66 0.97to0 3.32 1 50
Quinolone Tetracycline 0.70 0.37to 1.40 1 50
Footnotes:

Crl: credible interval interval.

We compared each treatment to placebo (online supplement, Janjua 2021, Figure A4.3; Table 4). HR treatment effects from the model with
no class showed similar results to the exchangeable-class model, with all treatments except doxycycline reducing exacerbations against
placebo (HR 1.12,95% Crl 0.54 to 2.25).
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Table 4. Sensitivity analysis: numbers of trials and participants and relative estimates for all treatment comparisons

Treatment comparison Hazard ratios: fixed Hazard ratios: fixed ef-  No. of
effects (no class fects (exchangeable trials
model) class model) (no.

of

Intervention Comparator Medi- 95%  Crl Medi- 95% Crl par-
an an tici-

pants)

AZM 250 mg once daily Placebo 0.72 0.62t0 0.84 0.71 0.61t01.82 2

(1147)

AZM 250 mg once daily (three times AZM 250 mg once daily 0.80 0.44to0 1.45 0.84 0.50to0 1.36 0 (0)

per week )

AZM 250 mg once daily (three times Placebo 0.58 0.32t0 1.03 0.60 0.36 t0 0.96 2

per week) (133)

AZM 500 mg once daily (three times AZM 250 mg once daily 0.93 0.48t01.78 0.91 0.51to 1.57 0(0)

per week)

(3x weekly)

AZM 500 mg once daily (three times AZM 250 mg once daily 0.74 0.52to0 1.04 0.75 0.54to0 1.04 0(0)

per week)

AZM 500 mg once daily (three times Placebo 0.53 0.39t00.73 0.54 0.40t00.72 2

per week) (108)

ERY 250 mg twice daily AZM 500 mg once daily 1.19 0.79t0 1.81 1.16 0.79to 1.74 0(0)

(three times per week)
ERY 250 mg twice daily AZM 250 mg once daily 1.12 0.58t02.10 1.05 0.62t01.83 0(0)
(three times per week)
ERY 250 mg twice daily AZM 250 mg once daily 0.88 0.64t01.21 0.88 0.65t01.18 0(0)
ERY 250 mg twice daily Placebo 0.64 0.48t0 0.85 0.63 0.48t0 0.82 10
(109)
ERY 125 mg three times daily ERY 250 mg twice daily 0.86 0.46 t0 1.62 0.88 0.50 to 1.50 0(0)
ERY 125 mg three times daily AZM 500 mg once daily 1.03 0.54to 1.98 1.02 0.58 t0 1.80 0(0)
(three times per week)
ERY 125 mg three times daily AZM 250 mg once daily 0.96 0.42t02.14 0.93 0.47to0 1.80 0(0)
(three times per week)

ERY 125 mg three times daily AZM 250 mg once daily 0.76 0.42t0 1.37 0.78 0.46to 1.27 0(0)

ERY 125 mg three times daily Placebo 0.55 0.31t0 0.97 0.55 0.33t00.89 1(36)

ERY 200 to 400 mg once daily ERY 125mg three times daily 0.24 0.08t0 0.67 0.47 0.15t0 1.06 0(0)
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(Continued)

ERY 200 to 400 mg once daily ERY 250 mg twice daily 0.21 0.07t0 0.51 0.41 0.14t0 0.97 0(0)

ERY 200 to 400 mg once daily AZM 500 mg once daily 0.25 0.09t0 0.62 0.48 0.17to 1.04 0(0)
(three times per week)

ERY 200 to 400 mg once daily AZM 250 mg once daily 0.23 0.07 to 0.64 0.44 0.14to0 1.02 0(0)
(three times per week)

ERY 200 to 400 mg once daily AZM 250 mg once daily 0.18 0.07to0 0.43 0.36 0.13t00.89 0(0)

ERY 200 to 400 mg once daily Placebo 0.13 0.05t00.31 0.25 0.09t0 0.60 1

(109)

DOX 100 mg once daily ERY 200-400 mg once daily 8.35 2.77t027.91 4.93 1.66t015.88 0(0)

DOX 100 mg once daily ERY 125 mg three times daily 2.02 0.81to0 4.97 2.28 1.00 to 5.02 0 (0)

DOX 100 mg once daily ERY 250 mg twice daily 1.74 0.80t03.74 2.01 0.97t0 3.93 0(0)

DOX 100 mg once daily AZM 500 mg once daily 2.09 0.94t04.53 2.34 1.12to 4.67 0(0)
(three times per week)

DOX 100 mg once daily AZM 250 mg once daily 1.93 0.89 t0 4.08 2.11 1.00t0 4.31 1 (50)
(three times per week)

DOX 100 mg once daily AZM 250 mg once daily 1.54 0.73t03.19 1.76 0.88103.33 0 (0)

DOX 100 mg once daily Placebo 1.12 0.54t0 2.25 1.26 0.63t02.33 1(49)

MOX 400 mg once daily DOX 100 mg once daily 0.55 0.23t01.23 0.70 0.37to 1.40 1(50)

(5 days every 4 weeks)

MOX 400 mg once daily ERY 200-400 mg once daily 4.59 1.37t015.69  3.47 1.47 10 9.44 0(0)

(5 days every 4 weeks)

MOX 400 mg once daily ERY 125 mg three times daily 1.10 0.41t02.89 1.60 0.96t02.71 0 (0)

(5 days every 4 weeks)

MOX 400 mg once daily ERY 250 mg twice daily 0.96 0.40to 2.17 1.41 1.03t01.92 0(0)

(5 days every 4 weeks)

MOX 400 mg once daily AZM 500 mg once daily 1.14 0.47 t0 2.62 1.64 1.18t02.31 0(0)

(5 days every 4 weeks) (3x weekly)

MOX 400 mg once daily AZM 250 mg once daily 1.06 0.45t02.40 1.48 0.91to02.47 1 (50)

(5 days every 4 weeks) (3x weekly)

MOX 400 mg once daily AZM 250 mg once daily 0.85 0.37t0 1.86 1.24 1.00to 1.55 0 (0)

(5 days every 4 weeks)
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MOX 400 mg once daily Placebo 0.61 0.27t0 1.32 0.88 0.75t0 1.04 1(49)
(5 days every 4 weeks)
MOX 400 mg once daily MOX 400 mg once daily 1.47 0.67t0 3.40 1.00 1.00 to 1.00 0(0)

(5 days every 8 weeks) (5 days every 4 weeks)

MOX 400 mg once daily DOX 100 mg once daily 0.81 0.39t0 1.69 0.70 0.37to 1.40 0 (0)
(5 days every 8 weeks)

MOX 400 mg once daily ERY 200-400 mg once daily 6.68 2.83t018.35 3.47 1.47t09.44 0(0)

(5 days every 8 weeks)

MOX 400 mg once daily ERY 125 mg three times daily 1.63 0.90 to 2.95 1.60 0.96t02.71 0(0)

(5 days every 8 weeks)

MOX 400 mg once daily ERY 250 mg twice daily 1.41 1.01t0 1.96 1.41 1.03t01.92 0(0)
(5 days every 8 weeks)
MOX 400 mg once daily AZM 500 mg once daily 1.68 1.18t02.39 1.64 1.18t02.31 0 (0)

(5 days every 8 weeks)

(three times per week)

MOX 400 mg once daily

(5 days every 8 weeks)

AZM 250 mg once daily

(three times per week)

1.55

0.85t02.82

1.48

0.91to 2.47

MOX 400 mg once daily AZM 250mg once daily2 (133) 1.25 1.00to 1.56 1.24 1.00 to 1.55 0(0)

(5 days every 8 weeks)

MOX 400 mg once daily Placebo 0.90 0.76 to 1.06 0.88 0.75t0 1.04 1

(5 days every 8 weeks)

Footnotes:
AZM: azithromycin; Crl: credible interval; DOX: doxycycline; ERY: erythromycin; MOX: moxifloxacin.

Rank statistics for the four classes were investigated (online supplement, Janjua 2021, Figure A4.4; Table 5). Figure 3.4 shows the rank
probabilities of each class; the vertical axis represents the probability of being ranked best (first) to worst (fourth). The probability of
macrolides being ranked first was 0.96. Treatment-specific rankings of the exchangeable class model were analysed (Table 6) and showed
that erythromycin 200 to 400 mg specifically was the highest ranking treatment.

Table 5. Sensitivity analysis: total number of participants and rank statistics for each class (sorted by mean rank)

Class Number of patients Mean Median 95% Crl
Macrolide 823 1.1 1 1to2
Quinolone 594 2.2 2 2to3
Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review) 20
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Placebo 1399 3.2 3 2to4
Tetracycline 25 3.6 4 2to4
Footnotes:

Crl: credible interval.

Table 6. Sensitivity analysis: rank statistics for each treatment (fixed treatment-exchangeable class model)

Treatment Class Mean Median 95% Crl
ERY 200 to 400 once daily Macrolide 11 1 1to3
AZM 500 od (three times weekly) Macrolide 3.1 3 2to6
ERY 125 three times daily Macrolide 3.4 3 1to8
AZM 250 once daily (three times weekly) Macrolide 4.0 4 2to 8
ERY 250 twice daily Macrolide 43 4 2to6
AZM 250 once daily Macrolide 6.1 6 4t08
MOX 400 once daily (5 days every 8 weeks) Quinolone 8.1 8 7t09
MOX 400 once daily (5 days every 4 weeks) Quinolone 8.1 8 7to9
Placebo - 9.1 9 7to 10
DOX 100 once daily Tetracycline 9.3 10 5to 10
Footnotes:

AZM: azithromycin; Crl: credible interval; DOX: doxycycline; ERY: erythromycin; MOX: moxifloxacin.

Inclusion of Suzuki 2001 led to increased heterogeneity in effects of macrolides compared to placebo, which meant that the fixed effect
class model could no longer be selected. Figure A4.3 (Supplement 1) illustrates this heterogeneity in the different estimated effects for
macrolides compared to placebo. This increased within-class variability led to wider 95% credible interval (Crl) around the estimated effect
of macrolides compared to placebo, although there was no meaningful change in ranking of classes compared to the main analysis.

Appendix 5. Change from baseline in SGRQ: sensitivity analysis with inclusion of Brill 2015 study
Sensitivity analysis with estimates included for Brill 2015 study

In the main analysis, relative effect estimates extracted from the fully adjusted analysis presented in Brill 2015 were used.

Table 1. Characteristics of Brill 2015 study

Author Class/antibiotic Dose COPD Dura- Risk of bias
severity tion of
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treat-
ment
Brill 2015 o Quinolone/ « 400 mg daily for 5 days every4  Moderate 13weeks Unclear perfor-
Moxifloxacin weeks (pulsed) to severe mance
(N =99); « Tetracycline/Doxycy- « 100 mg daily (continuous) .
_ cline . FEV,1.4L bias;
UK (1 outpatient « 250 mg three times per week
« Macrolide/ (intermittent) detection bias
hospital depart- Azithromycin
ment) judged as high
Abbreviations

COPD: chronic obstructive pulmonary disease; FEV,: forced expiratory volume in one second.

In a sensitivity analysis, we included relative effects from the additional analysis presented in Brill 2015, which was adjusted only for
baseline values (Table 2).

Table 2. Change in baseline of SGRQ: included studies
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Study End- Treatments compared Mean difference vs place- SE of mean difference
point bo
(weeks)
Albert 2011 52 Place- Azithromycin -2.2 0.7853
bo
250 mg once daily
Berkhof 12 Place- Azithromycin -7.5 2.5456
2013 bo
250 mg once daily
three times per week
He 2010 26 Place- Erythromycin -3 5.6801
bo
125 mg three times daily
Sethi 2010 48 Place- Moxifloxacin -1.2 0.9231
bo
400 mg once daily
(5 days every 8 weeks)
Simpson 12 Place- Azithromycin 6.1 5.31927
2014 bo
250 mg once daily
Uzun 2014 52 Place- Azithromycin -0.61 2.622449
bo
500 mg once daily
three
times per week
Brill 2015* 13 Place- Doxycycline Azithromycin 250 mg Moxifloxacin 1.02 -2.29 -1.88 3.135 3.212 3.426
bo
100 mg once daily once daily three times 400 mg once daily 0.88 2.35 2.25 3.132 3.085 3.233

per week

(5 days every 4
weeks)

feaqny £1
aueiys’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*33UaPIAS parshaL

SM3IADY J13BWSISAS JO dseqeleq auelyd0)



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Footnotes:

mg: milligrams; SE: standard error; SGRQ: St George's Respiratory Questionnaire.

Both models fit well and had a similar DIC. Fixed-treatment effect, fixed-class effect model was selected as it was the least complex model
(Table 3).

Table 3. Sensitivity analysis: model fit statistics for fixed class models

DIC Between-study SD (95% Crl) Total residual deviance*
Fixed class models
Fixed treatment effect 43.2 - 10.5
Random treatment effects 443 2.04 (0.08 t0 6.91) 9.4

Footnotes:
* Compare to 9 data points
Crl: credible interval; DIC: device information criterion; SD: standard deviation.

Results produced by the main analysis and the sensitivity analysis were broadly similarin terms of both relative effects (online supplement,
Janjua 2021,Table 4; Figure A5.1) and rank statistics (Table 5). However, in the sensitivity analysis, the 95% credible interval (Crl) for the
mean difference in St George's Respiratory Questionnaire (SGRQ) score for quinolone compared to tetracycline no longer included zero.

Table 4. Sensitivity analysis (Brill 2015): number of trials, number of patients, and relative effects for all class comparisons
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S6

Treatment class comparison Numberof = Number Sensitivity analysis
trials of partici-
pants Random effects - fixed class ef- Random effects - fixed class ef-  Fixed effects - fixed class ef-

fect (uniform prior) fect (empirical prior) fect

MD 95% Crl MD 95% Crl MD 95% Crl
Macrolide versus placebo 6 1158 -2.23 -5.16t0 0.87 -2.25 -4.13t0-0.39 -2.21 -3.47t0-0.96
Tetracycline versus placebo 1 49 1.16 -4.40t0 6.85 1.13 -2.23t04.39 1.16 -1.17t03.50
Quinolone versus placebo 2 1078 -1.60 -5.91t02.72 -1.59 -4.03t00.71 -1.49 -3.03t0 0.06
Tetracycline versus macrolide 1 50 3.39 -2.241t08.86 3.39 0.28 t0 6.47 3.38 1.25t05.51
Quinolone versus macrolide 1 50 0.63 -4.13t05.12 0.66 -1.94t03.18 0.72 -1.02t02.48
Quinolone versus tetracycline 1 50 -2.76 -8.69102.96 -2.73 -6.17t0 0.66 -2.65 -5.11t0-0.20
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Footnotes:

Crl: credible interval; MD: mean difference.

Table 5. Change from baseline in SGRQ- sensitivity analysis (Brill 2015): number of participants and rank statistics for each class (sorted
by mean rank)

Treatment class Number of patients Mean Median 95% Crl

Macrolide 578 1.46 1 1to3

Quinolone 528 1.93 2 1to4

Placebo 1106 3.08 3 2to4

Tetracycline 25 3.54 4 lto4
Footnotes:

Crl: credible interval;SGRQ: St. George's Respiratory Questionnaire

Sensitivity analysis including data from Singh 2019 study

Updated searches conducted in February 2020 identified one study (Singh 2019), which was eligible for inclusion. The two-arm study
compared doxycycline 100 od to standard therapy. A network diagram of interventions including Singh 2019 is presented in Figure A5.2
(online supplement, Janjua 2021). Data from the study have been included in a sensitivity analysis (Table 6). The fixed treatment effect-
fixed class effect model was selected as it was the least complex model (online supplement, Janjua 2021, Figure A5.3, Table 6, Table 7).

Table 6. Table of interventions and treatment classes including data from Singh 2019

Intervention Treatment class Number of
patients ran-
domised to
each treat-
ment

1 Placebo Placebo 1136
2 Azithromycin 250 mg once daily Macrolide 459
3 Azithromycin 250 mg once daily three times per week Macrolide 62
4 Doxycycline 100 mg once daily Tetracycline 55
5 Moxifloxacin 400 mg once daily (5 days every 4 weeks) Quinolone 25
6 Erythromycin 125 mg three times per day Macrolide 16
7 Moxifloxacin 400 mg once daily (5 days every 8 weeks) Quinolone 503
8 Azithromycin 500 mg once daily three times per week Macrolide 41
Footnotes:
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mg: milligrams

The network meta-analysis (NMA) included a total of 2792 participants. Compared to the main analysis, inclusion of data from Singh
2019 shifted the estimates of each class comparison including tetracycline in favour of the comparator. Relative effects for each class
favoured macrolides compared with placebo using a fixed effect model. However, this effect was not observed in a random effects model
(Supplement 2, Figure A5.4). Median rank scores also differed from those in the main analysis: quinolone median rank 2 (95% Crl second
to third), tetracycline median rank 3 (95% Crl third to fourth), and placebo median rank 4 (95% Crl third to fourth) (Table 8).

Table 7. Sensitivity analysis including Singh 2019, model fit statistics

DIC Between-study SD (95% Total residual de-
crl) viance*
Fixed class models
Fixed treatment effect 51.1 - 13.97
Random treatment effects 51.31 2.37(0.09 to0 6.92) 10.79
Fixed treatment effect, random class effect 51.38 - 12.82

Footnotes:
* Compare to 10 data points
Crl: credible interval; DIC: device information criterion.

Table 8. Sensitivity analysis including Singh 2019, number of participants and rank statistics for each class (sorted by mean rank)

Treatment class Number of patients Mean Median 95% Crl
Macrolide 578 1.18 1 1to2
Quinolone 528 3.26 3 2to4
Placebo 1136 3.53 4 3to4
Tetracycline 55 2.03 2 1to3

Abbreviations
Crl: credible interval.
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