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ABSTRACT
Background

Long-acting bronchodilators such as long-acting S-agonist (LABA), long-acting muscarinic antagonist (LAMA), and LABA/inhaled
corticosteroid (ICS) combinations have been used in people with moderate to severe chronic obstructive pulmonary disease (COPD)
to control symptoms such as dyspnoea and cough, and prevent exacerbations. A number of LABA/LAMA combinations are now
available for clinical use in COPD. However, it is not clear which group of above mentioned inhalers is most effective or if any specific
formulation works better than the others within the same group or class.

Objectives

To compare the efficacy and safety of available formulations from four different groups of inhalers (i.e. LABA/LAMA combination,
LABA/ICS combination, LAMA and LABA) in people with moderate to severe COPD. The review will update previous systematic
reviews on dual combination inhalers and long-acting bronchodilators to answer the questions described above using the strength of a
network meta-analysis (NMA).

Search methods

We identified studies from the Cochrane Airways Specialised Register, which contains several databases. We also conducted a search of
ClinicalTrials.gov and manufacturers’ websites. The most recent searches were conducted on 6 April 2018.

Selection criteria

We included randomised controlled trials (RCTs) that recruited people aged 35 years or older with a diagnosis of COPD and a baseline
forced expiratory volume in one second (FEV1) of less than 80% of predicted. We included studies of at least 12 weeks’ duration
including at least two active comparators from one of the four inhaler groups.

Data collection and analysis

We conducted NMAs using a Bayesian Markov chain Monte Carlo method. We considered a study as high risk if recruited participants
had at least one COPD exacerbation within the 12 months before study entry and as low risk otherwise. Primary outcomes were COPD

Dual combination therapy versus long-acting bronchodilators alone for chronic obstructive pulmonary disease (COPD): a systematic 1
review and network meta-analysis (Review)
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exacerbations (moderate to severe and severe), and secondary outcomes included symptom and quality-of-life scores, safety outcomes,
and lung function. We collected data only for active comparators and did not consider placebo was not considered. We assumed a class/
group effect when a fixed-class model fitted well. Otherwise we used a random-class model to assess intraclass/group differences. We
supplemented the NMAs with pairwise meta-analyses.

Main results

We included a total of 101,311 participants from 99 studies (26 studies with 32,265 participants in the high-risk population and 73
studies with 69,046 participants in the low-risk population) in our systematic review. The median duration of studies was 52 weeks in
the high-risk population and 26 weeks in the low-risk population (range 12 to 156 for both populations). We considered the quality
of included studies generally to be good.

The NMAs suggested that the LABA/LAMA combination was the highest ranked treatment group to reduce COPD exacerbations
followed by LAMA in the both populations.

There is evidence that the LABA/LAMA combination decreases moderate to severe exacerbations compared to LABA/ICS combination,
LAMA, and LABA in the high-risk population (network hazard ratios (HRs) 0.86 (95% credible interval (CrI) 0.76 to 0.99), 0.87
(95% CrI 0.78 to 0.99), and 0.70 (95% CrI 0.61 to 0.8) respectively), and that LAMA decreases moderate to severe exacerbations
compared to LABA in the high- and low-risk populations (network HR 0.80 (95% CrI 0.71 to 0.88) and 0.87 (95% CrI1 0.78 t0 0.97),
respectively). There is evidence that the LABA/LAMA combination reduces severe exacerbations compared to LABA/ICS combination
and LABA in the high-risk population (network HR 0.78 (95% CrI 0.64 to 0.93) and 0.64 (95% CrI1 0.51 to 0.81), respectively).

There was a general trend towards a greater improvement in symptom and quality-of-life scores with the combination therapies
compared to monotherapies, and the combination therapies were generally ranked higher than monotherapies.

The LABA/ICS combination was the lowest ranked in pneumonia serious adverse events (SAEs) in both populations. There is evidence
that the LABA/ICS combination increases the odds of pneumonia compared to LAMA/LABA combination, LAMA and LABA (network
ORs: 1.69 (95% CrlI 1.20 to 2.44), 1.78 (95% CrI 1.33 to 2.39), and 1.50 (95% CrI 1.17 to 1.92) in the high-risk population and
network or pairwise OR: 2.33 (95% CI 1.03 to0 5.26), 2.02 (95% CrI 1.16 to 3.72), and 1.93 (95% CrI 1.29 to 3.22) in the low-risk
population respectively). There were significant overlaps in the rank statistics in the other safety outcomes including mortality, total,
COPD, and cardiac SAEs, and dropouts due to adverse events.

None of the differences in lung function met a minimal clinically important difference criterion except for LABA/LAMA combination
versus LABA in the high-risk population (network mean difference 0.13 L (95% CiI 0.10 to 0.15). The results of pairwise meta-
analyses generally agreed with those of the NMAs. There is no evidence to suggest intraclass/group differences except for lung function
at 12 months in the high-risk population.

Authors’ conclusions

The LABA/LAMA combination was the highest ranked treatment group to reduce COPD exacerbations although there was some
uncertainty in the results. LAMA containing inhalers may have an advantage over those without a LAMA for preventing COPD
exacerbations based on the rank statistics. Combination therapies appear more effective than monotherapies for improving symptom
and quality-of-life scores. ICS-containing inhalers are associated with an increased risk of pneumonia.

Our most comprehensive review including intraclass/group comparisons, free combination therapies, 99 studies, and 20 outcomes for
each high- and low-risk population summarises the current literature and could help with updating existing COPD guidelines.

PLAIN LANGUAGE SUMMARY

Which long-acting inhalers are the most effective and safest for people with advanced chronic obstructive pulmonary disease
(COPD)?

What is COPD and why does a doctor prescribe an inhaler?

Chronic obstructive lung disease (COPD) is usually caused by smoking or other airway irritants. COPD damages the lungs and causes
airways to narrow which makes it difficult to breathe.

Dual combination therapy versus long-acting bronchodilators alone for chronic obstructive pulmonary disease (COPD): a systematic 2
review and network meta-analysis (Review)
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There are two types of inhalers for COPD: rescue and maintenance. A rescue inhaler is short- and fast-acting, and used as needed for
quick relief of symptoms, whereas a maintenance inhaler is long-acting and used on a daily basis to relieve daily symptoms and reduce
flare-ups. The long-acting inhalers are usually reserved for more advanced COPD.

Does it matter which long-acting inhaler is used in people with advanced COPD?

Commonly used maintenance inhalers are grouped into four different groups: long-acting beta2-agonists (LABAs); long-acting mus-
carinic antagonists (LAMAs); LABA/inhaled corticosteroid (ICS) combinations; and LABA/LAMA combinations. Combination in-
halers are usually reserved for individuals whose single-maintenance inhaler, such as LAMA or LABA fails. There are not many head-to-
head comparisons to determine which treatment group or individual inhaler is better compared to the others. Preventing severe flare-
ups and hospital admissions is especially important to people with COPD, healthcare providers, policy makers and society.

How did we answer the question?

We collected and analysed data from 99 studies, including a total of 101,311 participants with advanced COPD, using a special method
called network meta-analysis, which enabled us to simultaneously compare the four inhaler groups and 28 individual inhalers (4 LABAs,
5 LAMAs, 9 LABA/ICS combinations, and 10 LABA/LAMA combinations).

What did we find?

The LABA/LAMA combination was the best treatment, followed by LAMA, in preventing flare-ups although there was some uncertainty
in the results. Combination inhalers (LABA/LAMA and LABA/ICS), are more effective for controlling symptoms than single-agent
therapies (LAMA and LABA), in general. The LABA/LAMA combination was better than LABA/ICS combination, especially in people
with a prior episode of flare-ups. The LABA/ICS combination had a higher incidence of severe pneumonia compared to the others.
We did not find a difference in benefits and harms, including side effects, among individual inhalers within the same treatment groups.

Conclusion

The LABA/LAMA combination is likely the best treatment in preventing COPD flare-ups. LAMA-containing inhalers appear to
have an advantage over those without LAMA for preventing flare-ups. Combination inhalers (LABA/LAMA and LABA/ICS), appear
more effective for controlling symptoms than single-agent therapies (LAMA and LABA). Inhaled steroids carry an increased risk of

pneumonia.

Dual combination therapy versus long-acting bronchodilators alone for chronic obstructive pulmonary disease (COPD): a systematic 3
review and network meta-analysis (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



‘P37 ‘suos 33 AS|IAA uyof Aq paysiigng ‘uopeI0qE||0D SUBIY20D YL 8107 @ IySHAdod

(M31A9Y) sisAeue-e3aw >10MIBU pUB MIIASI

a13eWsAs © :(QdOD) aseasip Aueuownd 9A132N435qO d1UO4YD 40} duOo|e sa03e|ipoyduo.iq Suide-3uo] snsiaA Adesays uoneuiquod enqg

SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

LABA/LAMA compared to LABA/ICS for chronic obstructive pulmonary disease

Patient or population: chronic obstructive pulmonary disease with predicted FEV1 of less than 80%

Setting: outpatient
Intervention: LABA/LAMA
Comparison: LABA/ICS

Outcomes

Anticipated absolute effects* (95% Cl)

Relative effect

Number of participants

Certainty of the evidence

(95%ClI) (studies) (GRADE)
Risk with LABA/ICS Risk difference with LABA/
LAMA

Moderate to severe exac- 443 per 1000 34 fewer per 1000 ORO0.87 3372 SPDO
erbations: high-risk popula- (66 fewer to 0 fewer) (0.76 t0 1.00) (1 RCT) Moderate!:2
tion
Moderate to severe exacer- 89 per 1000 11 fewer per 1000 ORO0.86 4315 SPBO
bations: low-risk population (29 fewer to 11 more) (0.651t0 1.14) (6 RCTs) Moderate!:3
Severe exacerbations: high- 172 per 1000 17 fewer per 1000 ORO0.88 3354 SDOO
risk population (39 fewer to 8 more) (0.74 to 1.06) (1 RCT) Moderate!3
Severe exacerbations: low- 17 per 1000 6 fewer per 1000 ORO0.66 2860 SPBO
risk population (12 fewer to 10 more) (0.27 to 1.63) (4 RCTs) Moderate!:3
Pneumonia: high-risk popu- 32 per 1000 12 fewer per 1000 OR0.62 3358 DDSO
lation (19 fewer to 1 fewer) (0.40 to 0.96) (1 RCT) Moderate!
Pneumonia: low-risk popu- 8 per 1000 4 fewer per 1000 OR0.43 5395 SPBO
lation (6 fewer to 0 fewer) (0.19t0 0.97) (7 RCTs) Moderate!

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its

95%Cl).

Cl: confidence interval; FEV1: forced expiratory volume-one second; ICS: inhaled corticosteroid; LABA: long-acting beta2-agonist; LAMA: long-acting muscarinic antagonist;

OR: odds ratio; RCT: rando

mised controlled trial
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GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect

'Optimal information size was not met.
295% Cl contains the line of no difference.
3 We could not exclude the possibility of a clinically important difference due to a wide 95%ClI.



BACKGROUND

Description of the condition

Chronic obstructive pulmonary disease (COPD) is a globally
prevalent illness, characterised by chronic airway inflammation
leading to slow progression of airflow limitation (GOLD 2018).
The inflammatory nature of the disease leads to variable degrees
of small airway obstruction and destruction of lung parenchyma.
COPD accounts for more than three million deaths annually and
is the third leading cause of death worldwide. This disease is due
primarily to tobacco smoke in high-income countries; tobacco
smoking is also the primary cause of COPD in low-income coun-
tries, but air pollution and indoor biomass fuel consumption are
more frequent causes compared to high-income countries. The
disease affects men and women equally (WHO 2016). Despite
the worldwide prevalence of the disease, it remains largely under-
recognised and underdiagnosed. COPD is a costly disease, with
an estimated annual cost of USD 49.9 billion, including an indi-
rect cost estimated at approximately 41% of the total cost in the
USA and a total cost of EUR 38.7 billion in Europe (Patel 2014;
WHO 2016). Clinically, the disease is characterised by chronic
dyspnoea, productive cough and exposure to a risk factor such as
smoking. The post-bronchodilator forced expiratory volume in
one second (FEV1)/forced vital capacity (FVC) is required to be
less than 0.7 for this diagnosis (GOLD 2018). The disease course
is usually interrupted by episodes of acute exacerbation, the fre-
quency of which contributes to overall morbidity and mortality
(Suissa 2012).

Description of the intervention

Management of stable COPD

Once COPD has been diagnosed, the main goals of therapy in-
clude alleviation of symptoms and prevention of disease progres-
sion and acute exacerbations. Smoking cessation is one of the most
important non-pharmacological interventions. Annual influenza
vaccination is recommended for everyone with COPD. In obser-
vational studies, influenza vaccination was associated with fewer
outpatient visits, hospitalisations and deaths (Trucchi 2015). Pul-
monary rehabilitation has been proven to improve exercise tol-
erance while reducing symptoms and exacerbations (McCarthy
2015; Rochester 2015). Inhaled medications, the mainstay of
pharmacological therapies, are used to improve lung function,
symptoms and quality of life, as well as to reduce acute exacer-
bations. Short-acting bronchodilators are given on an as-needed
basis to provide immediate relief, and long-acting bronchodila-
tors are used as maintenance therapy in people with moderate to
very severe disease (Decramer 2012). The Global Initiative for

Chronic Obstructive Lung Disease (GOLD), recommends long-
acting bronchodilators as maintenance therapy in people experi-
encing long-term respiratory symptoms or exacerbations.(GOLD
2018).

How the intervention might work

Combination bronchodilators

Dual combination inhalers include long-acting beta-adrenocep-
tor agonist/inhaled corticosteroid (LABA/ICS) and LABA/long-
acting muscarinic antagonist (LAMA) combinations. An ICS has
anti-inflammatory effects and may reduce airway inflammation as
well as systemic inflammation, as evidenced by a reduction in C-
reactive protein (Heidari 2012). ICSs and LABAs have synergis-
tic effects when used in combination. Corticosteroids upregulate
beta,-receptors and beta,-agnoists and facilitate translocation of
steroid receptors from the cytoplasm to the nucleus (Falk 2008).
In vitro synergistic effects mentioned above may translate into
clinical benefit. Clinical studies have suggested that a LABA/ICS
combination significantly improved lung function, health status
and rate of exacerbation compared with placebo, LABA alone or
ICS alone (Nannini 2012).

Preclinical studies have suggested drug synergy between a beta;-
adrenoreceptor agonist and a muscarinic agonist. A possible mech-
anism for this synergism is that a muscarinic agonist causes less
suppression of potassium channel opening, leading to relaxation
of the airway smooth muscle, which further promotes beta,-medi-
ated smooth muscle relaxation by activating ion channels and other
intracellular signalling pathways (Kume 2014). Clinical studies
have demonstrated that LABA/LAMA combinations were supe-
rior to monotherapies with regard to lung function improvement
and in a recent network meta-analysis (NMA), were associated
with improved quality of life and symptom scores, and reduced
COPD exacerbations as compared with LABA or LAMA alone
(Oba 2016a).

Guidelines recommend a LABA/LAMA combination for people
whose symptoms are not well controlled with a single long-acting
bronchodilator, and a LABA/LAMA or LABA/ICS combination
for those with frequent exacerbations (i.e. two or more exacerba-
tions per year or one hospitalisation per year for an exacerbation).
A LABA/LAMA combination may be preferred to a LABA/ICS
combination, as ICSs are associated with increased risk of pneu-

monia (GOLD 2018; Oba 2016b; Wedzicha 2016).

Why it is important to do this review

Data on the efficacy and safety of LABA/LAMA combinations
are accumulating (Huisman 2015; Oba 2016a; Schlueter 2016).
However, an important clinical question is how do the efficacy
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and safety of LABA/LAMA combinations compare with those of
LABA/ICS combinations for people with uncontrolled symptoms
or frequent exacerbations, or both. Additional clinical studies,
including several head-to-head studies comparing LABA/LAMA
and LABA/ICS combinations (Donohue 2015; Singh 2015d;
Vogelmeier 2013a; Vogelmeier 2015; Wedzicha 2016; Zhong
2015), have been published since an NMA comparing combina-
tion inhalers focused on studies up to December 2013 (Tricco
2015). Our review updates previous systematic reviews on dual
combination inhalers and long-acting bronchodilators using the

strength of an NMA.

OBJECTIVES

To compare the efficacy and safety of available formulations from
four different groups of inhalers (i.e. LABA/LAMA combination,
LABA/ICS combination, LAMA and LABA) in people with mod-
erate to severe COPD. The review will update previous system-
atic reviews on dual combination inhalers and long-acting bron-
chodilators to answer the questions described above using the
strength of a network meta-analysis (NMA).

METHODS

Criteria for considering studies for this review

Types of studies

We included parallel, randomised controlled trials (RCTs), of at
least 12 weeks’ duration, published or unpublished. We did not
consider cross-over studies.

Types of participants

We included studies that recruited people aged 35 years or older
with a diagnosis of COPD, in accordance with American Thoracic
Society-European Respiratory Society (ATS/ERS 2004), GOLD
report (GOLD 2018), or equivalent criteria. Obstructive ventila-
tory defect should be at least moderate, with a baseline FEV1 less
than 80% of predicted. We excluded studies that enrolled partic-
ipants with a history of asthma or other respiratory disease.

Types of interventions

We included studies comparing at least two of the following ther-
apies. We limited treatment arms to drug formulations and doses
that were licensed in the USA or EU countries, or both, for clinical
use. We did not consider triple combination therapy (i.e. LABA/
LAMA/ICS) because it was out of scope for this review.

1. LAMA monotherapy

2. LABA monotherapy

3. Fixed-dose or free combination of LABA/ICS

4. Fixed-dose or free combination of LABA/LAMA
We allowed the use of a short-acting bronchodilator, such as salbu-
tamol( also known as albuterol), and ipratropium as rescue treat-
ment.

Types of outcome measures

Primary outcomes

1. COPD exacerbations (moderate to severe and severe)

Secondary outcomes

1. Change from baseline in St George’s Respiratory
Questionnaire (SGRQ) score and decrease in SGRQ score by 4
units or more (SGRQ responder)

2. Transition Dyspnea Index (TDI)

Mortality
Total serious adverse events (SAEs)
Cardiac and COPD SAEs

Dropouts due to adverse events

N AW

Change from baseline in trough FEV1
8. Pneumonia reported as SAE

We used an end-point score for dichotomous outcomes. For con-
tinuous outcomes, we used a change score reported at 3, 6, 12
monthsand the end of the study, when available. We defined 'mod-
erate exacerbation’ as worsening of respiratory status that requires
treatment with systemic corticosteroids or antibiotics, or both; we
defined ’severe exacerbation’ as rapid deterioration that requires
hospitalisation. The above-mentioned outcomes and their defini-
tions are well established and widely used across the medical liter-
ature.

Search methods for identification of studies

Electronic searches

We identified studies from the Cochrane Airways Trials Register,
which is maintained by the Information Specialist for the Group.
The Register contains trial reports identified through systematic
searches of the following bibliographic databases:

1. monthly searches of the Cochrane Central Register of
Controlled Trials (CENTRAL), through the Cochrane Register
of Studies (CRS);

2. weekly searches of MEDLINE Ovid SP 1946 to date;

3. weekly searches of Embase Ovid SP 1974 to date;

4. Monthly searches of PsycINFO Ovid SP 1967 to date;
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5. Monthly searches of CINAHL EBSCO (Cumulative Index
to Nursing and Allied Health Literature) 1937 to date;

6. Monthly searches of AMED EBSCO (Allied and
Complementary Medicine) all years to date;

7. handsearches of the proceedings of major respiratory
conferences.
Studies contained in the Trials Register are identified through
search strategies based on the scope of Cochrane Airways. Details
of these strategies, as well as a list of handsearched conference pro-
ceedings are in Appendix 1. See Appendix 2 for search terms used
to identify studies for this review.
We also
of ClinicalTrials.gov (www.Clinical Trials.gov) and manufacturers’

conducted a search
websites. We searched all sources from their inception to 6 April
2018, and we imposed no restriction on language of publication.

Searching other resources

We checked the reference lists of all primary studies and review
articles for additional references. We searched relevant manufac-
turers’ websites for study information. We searched for errata or
retractions from included studies published in full text on PubMed
(www.ncbi.nlm.nih.gov/ pubmed) and reported within the review
the date this was done.

Data collection and analysis

Selection of studies

Two review authors (YO, NG) independently screened studies
by title and abstract to evaluate whether a study met the inclu-
sion and exclusion criteria. We selected studies that evaluated
the clinical efficacy and safety of any of the following therapies
in people with COPD: LABA/LAMA, LABA/ICS, LABA and
LAMA. W resolved disagreements by involving a third contribu-
tor Joe V Devasahayam (JVD). We recorded the selection process
in sufficient detail to complete a PRISMA flow diagram and a
’Characteristics of excluded studies’ table (Moher 2009).

Data extraction and management

Two review authors (YO, NG), independently extracted informa-
tion on study design, study size, population, interventions (drug,
dose, inhaler type, allowed co-medications), severity of illness and
end points of interest. We gathered information on whether a par-
ticipant had been unsuccessfully treated with a long-acting bron-
chodilator before entry into clinical studies. We extracted and ver-
ified data from each of the existing reviews, which were cross-
checked and verified by at least two review authors. We resolved
disagreements regarding values, inconsistencies and uncertainties
by involving a third contributor. Two review authors (YO, NG)
independently extracted outcome data from the included studies.

We noted in the *Characteristics of included studies’ table if out-
come data were not reported in a useable way. We resolved dis-
agreements by reaching consensus or by involving a third contrib-
utor (JVD). One review author (YO) transferred data into the Re-
view Manager 5 file (Review Manager 2014). We double-checked
that data had been entered correctly by comparing data presented
in the systematic review versus study reports. A second review au-
thor (NG) spot-checked study characteristics for accuracy against
the study report.

Assessment of risk of bias in included studies

Two review authors (YO, NG) independently assessed risk of bias
for each study using the criteria outlined in the Cochrane Hand-
book for Systematic Reviews of Interventions (Higgins 2017). We
resolved disagreements by discussion or by consultation with an-
other contributor (JVD). We assessed risk of bias according to the
following domains.

1. Random sequence generation
. Allocation concealment
. Blinding of participants and personnel
. Blinding of outcome assessment
. Incomplete outcome data

AN N N

. Selective outcome reporting
7. Other bias

We graded 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 studies 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 have been very different
than for a patient-reported dyspnoea scale). When information
on risk of bias related to unpublished data, we noted this in the
"Risk of bias” table. When considering treatment effects, we took
into account the risk of bias for studies that contributes to that
outcome.

Assessment of bias in conducting the systematic
review

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

Measures of treatment effect

Network meta-analysis

We conducted NMAs using a Bayesian Markov chain Monte
Carlo method and fitted in WinBUGS (version 1.4.3.), using code
adapted from Dias 2018, which correctly accounts for correlations
in studies with more than two arms and allows the specific data
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structures being considered. We compared each pair of treatments
by estimating an odds ratio (OR) or hazard ratio (HR) for dichoto-
mous outcomes, and a difference in mean or median for continu-
ous outcomes, along with their 95% credible intervals (Crls). We
used a normal likelihood with an identity link for continuous out-
comes (FEV1, TDI and SGRQ) and a binomial likelihood with
a logit link for mortality, SAEs (total, cardiac and COPD), drop-
outs due to adverse events, SGRQ responders and pneumonia.
We used a shared parameter model for exacerbation outcomes,
whereby data on the log hazard ratio (InHR and standard error)
were modelled with the assumption that continuous treatment dif-
ferences (InHR) had a normal likelihood. When InHR data were
not available, or when appropriate covariance matrices could not
be extracted or calculated for studies with more than two arms, we
modelled data on the number of participants with at least one ex-
acerbation out of the total number of participants at a given time
as InHR by using a binomial likelihood with Cloglog link. We
used InHR data in preference to dichotomous data when available
and considered only the HR for the first event. We assessed model
fit by comparing residual deviance to the number of data points,
and by assessing the size of the between-study standard deviation
(SD).

Direct pairwise meta-analysis

We conducted pairwise meta-analyses (MAs) considering only di-
rect evidence. We analysed dichotomous data as ORs and con-
tinuous data as mean differences (MDs) along with their 95%
confidence intervals (Cls). We undertook MAs only when this
was meaningful (i.e. if treatments, participants and the underlying
clinical question were similar enough for pooling to make sense).
When a single study reported multiple study arms, we included
only the relevant arms.

Unit of analysis issues

We analysed dichotomous data by using number of participants
(rather than events), as the unit of analysis to avoid multiple count-
ing of data from the same participant.

Dealing with missing data

We requested additional data from the responsible author of the
included studies to verify key study characteristics and to obtain
missing numerical outcome data when possible (e.g. when a study
was identified as an abstract only). When this was not possible,
and when the missing data were thought to introduce serious bias,
we explored the impact of including such studies in the overall
assessment of results by performing a sensitivity analysis.

Assessment of heterogeneity

Assessment of similarity of participants, interventions and
study methods

We assessed similarity of participants, interventions, potential ef-
fect modifiers and study methods in all studies and across pairwise
comparisons to examine heterogeneity and inconsistency in the
NMAs. The initial editorial review for study protocol had ques-
tioned the similarity of patient populations across clinical studies
owing to the presence of potential effect modifiers. After a prelim-
inary search of clinical studies and a review of inclusion/exclusion
criteria, participant characteristics and study methods, we decided
to divide the study populations into those with and without a his-
tory of COPD exacerbations within 12 months before study en-
try, which we viewed as a potential effect modifier (Table 1). This
is consistent with the GOLD 2018 update, which recommends
treatment options based on an exacerbation history.

We assessed if there was any difference in effect modifiers across
the group pairwise comparisons especially when there was a dis-
crepancy between the NMA and pairwise MA results and inter-
preted the results accordingly.

Assessment of heterogeneity and statistical consistency

We assessed heterogeneity by comparing the between-study SD
to the size of relative treatment effects, on the log-scale for OR
and HR. We assessed consistency by comparing the model fit
and between-study heterogeneity from the NMA models versus
those from an unrelated mean-effects (inconsistency) model (Dias
2013a; Dias 2013b). We used this to determine the presence and
area of inconsistency. We also qualitatively compared the results
from direct pairwise MA versus NMA estimates to check for broad
agreement. If we identified substantial inconsistency, we explored
factors, including participant and design characteristics that may
have contributed to inconsistency (Table 2; Table 3; Table 4; Table
5; Table 6). For the pairwise MA, we tested heterogeneity among
studies with I2 statistics greater than 30%, indicating substantial
heterogeneity (Higgins 2003). We used optimal information size
calculations as an objective measure of imprecision for grading
evidence, with an o of 0.05 and a B of 0.80 (Guyatt 2011a).
We addressed heterogeneity in the pairwise MAs according to the
GRADE criteria (Guyatt 2011b).

Assessment of reporting biases

We tried to minimise reporting biases from unpublished studies or
selective outcome reporting by using a broad search strategy and
by checking references of included studies and relevant systematic
reviews. For each outcome, we reported the number of studies
contributing data to the NMAs. For the pairwise MA, we assessed
small study and publication bias through visual inspection of a
funnel plot and performance of the Egger test (Egger 1997), if
more than 10 studies were being pooled. We assumed the presence
of small study bias when the number of participants was fewer than
50 per study, 1000 per pooled analysis or 100 per arm, when no
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more than 10 studies could be pooled (Dechartres 2013; Niiesch
2010). We assumed a selective reporting bias if a clinical study was
not registered (Mathieu 2009).

Data synthesis

We based model comparison on deviance information criterion
(DIC) (Spiegelhalter 2002). Differences of three points or more
were considered meaningful. If models differed by less than three
points, we selected the simplest model. We also calculated the
posterior mean of the residual deviance to assess model fit. We
considered this adequate when the posterior mean of the residual
deviance approximated the number of unconstrained data points
(Dias 2013c).

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

1. Start with fixed-class models (random- and fixed-treatment-
effects). If both fit well, choose model with lowest DIC (if
difference less than 3 choose fixed-effect model) and stop.

2. If the fixed-treatment-effect, fixed-class model does not fit
well, try the fixed-treatment-effect, random-class model - assess
fit and choose the model with the lowest DIC.

3. If neither fixed- nor random-treatment-effect models with
fixed-class fit well, try also random-treatment-effects with
random-class.

4. Choose a final model based on DIC, but interpret with
caution if model fit is poor.

We estimated the probability that each treatment group ranked at
one of the four possible positions in the class model NMAs with
rank 1 meaning that group is best for that outcome.

GRADE and ’Summary of findings’ table

We used GRADE to assess the quality of evidence as it related to
studies that contributed data to the pairwise MAs. We created a
’Summary of findings’ table including the primary outcomes and
pneumonia. We used the five GRADE considerations (study lim-
itations, consistency of effect, imprecision, indirectness and pub-
lication bias), to assess the certainty of a body of evidence as it re-
lated to studies that contributed data to pairwise MAs for prespeci-
fied outcomes. We used methods and recommendations described
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2017), and used GRADEpro GDT 2015 software. We
justified all decisions to downgrade or upgrade the certainty of
evidence by using footnotes, and we made comments to aid the
reader’s understanding of the review when necessary.

Subgroup analysis and investigation of heterogeneity

We combined the high- and low-risk populations (presence or
absence of a history of COPD exacerbation within the previous
year), and performed subgroup analyses investigating if there was

a substantial difference between them. We analysed studies of dif-
ferent duration separately (3, 6, and 12 months), for symptom
and quality-of-life scores and change from baseline in FEV1 to
minimise intransitivity because a previous study (Oba 2016a),
suggested different durations could influence treatment effects on
these outcomes. We used a formal test for subgroup interactions
provided in Review Manager 2014.

Sensitivity analysis

We used a model not used in the primary analysis (fixed-effect
or random-effects), as a sensitivity analysis for both NMAs and
pairwise MAs.

RESULTS

Description of studies

The study and patient characteristics including study duration,
treatment arms, and baseline pulmonary function are presented
in Table 1 and details of each study are shown in Characteristics
of included studies.

Results of the search

We identified 870 plus 166 records (original and updated search
respectively), from the Cochrane Airways Specialised Register
(CAGR) of studies, and 28 references through other sources, such
as manufactures’ websites. We searched all records in the CAGR
using the search strategy in Appendix 2 in March 2017 and again
on 6 April 2018 for the updated search. We excluded 119 stud-
ies on abstract review. We reviewed the remaining 156 studies for
further details and excluded an additional 57 studies for various
reasons as shown in Figure 1.

Included studies

We included 26 studies with 32,265 participants in the high-risk
group (one or more exacerbations in the previous 12 months), and
73 studies with 69,046 participants in the low-risk group, totaling
99 studies with a total of 101,311 randomised participants. The
numbers of included studies varied with each outcome due to
data availability and are summarised in Figure 1. Four in the low-
risk group (Hoshino 2013; Hoshino 2014; Hoshino 2015; Perng
2009), and one in the high-risk group (Sarac 2016), were single-
centre studies and the rest were multicenter studies. They were
all industry-funded studies except for Aaron 2007, Cazzola 2007,
Hoshino 2013, Hoshino 2014, Hoshino 2015, Perng 2009, and
Sarac 2016.
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Figure |I. Study flow diagram
AEs: adverse events; CAGR: Cochrane Airways Group Specialised Register; CFB: change from baseline; H:
high—risk group; L: low—risk group; NA: not applicable; NMA: network meta—analysis; SAE: serious adverse
event; SGRQ: St George’s Respiratory Questionnaire; TDI: Transition Dyspnea Index

870 + 166 records
(original and updated
search) identified
through searching CAGR

N

275 records screened
after duplicates

Additional records
identified through
other sources {n = 28)

119 records excluded
| after abstract review

removed
Full-text articles
] excluded, with
156 full-text articles reasons (n = 57)
assessed for ——+ 27 invalid comparison
eligibility 20 Less than 3 months
8 Crossover
2 Insufficient data

94 studies included
in qualitative
synthesis

Number studies included in the NMAs: moderate to severe
exacerbations (H21, L 35), severe exacerbations {H 12, L 16), SGRQ
responder at 3/6/12 months (H NA/NA/S7, L22/18/NA), CFB in
SGRQ at 3/6/12 months (H 9/10/14, L NA/20/6), TDI at 3/6/12
months (H NA/NA/NA, L 30/18/6), CFB in FEV1 at 3/6/12 months
(H 11/11/10, L 50/30/13), mortality (H 24, L 51), total SAE (H 24, L
67), COPD SAE (H 20, L 63), cardiac SAE (H 19, L 58), dropouts due
to AEs (H 25, L 66}, pneumeonia (H 24, L 61)
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Table 2, Table 3, Table 4, Table 5, and Table 6 show comparisons
of study characteristics among pairwise MAs in the relevant out-
comes. The median duration of study was 52 (range 12 to 156)
and 24 (range 12 to 156) weeks in the high- and low-risk groups
respectively.

Table 7; and Table 8 present the distribution of treatment arms
across all 99 included studies, categorised by the four treatment
groups. Vilanterol is available only as a component of combination
inhalers for clinical use (i.e. it is not available as a single inhaler),
therefore we did not include vilanterol as a node in the review.
Indacaterol 27.5 g and 600 g twice daily, indacaterol/glycopy-
rronium 27.5 pug/25 g twice daily, umeclidinium/vilanterol 125
ngl25 g once daily, tiotropium/olodaterol 2.5 ug/5 g once
daily, and aclidinium/formoterol 400 pg/6 g twice daily were
also excluded from the analysis because they were not approved
or available for clinical use at the time of data extraction. The
network of treatments for each outcome is displayed in a corre-
sponding figure. The treatments formed a closed network, which
was amenable to a NMA except for SGRQ responders at 3 and 6
months, and TDI at 3, 6, and 12 months in the high-risk popu-
lation, and SGRQ responders at 12 months in the low-risk pop-
ulation. When fixed- or random-class models were considered, all
networks were connected and could be analysed.

Participants

The mean age, proportion of male participants and current smok-
ers, and pre-bronchodilator baseline FEV1, were 64.5 years (SD

1.5), 72.5% (SD 11.7), 39.0% (SD 6.0), and 1.06 L (SD 0.11),
in the high-risk group and 64.6 years (SD 2.4), 72.5% (SD 12.3),
46.0% (SD 8.1),and 1.31 L (SD 0.13), in the low-risk group. The
median bronchial reversibility at the baseline was 13.6% (range
7.0 to 22.4), and 14.2% (range 7.9 to 24.1), in the high- and low-
risk groups respectively.

Excluded studies

We excluded 57 studies after full-text review and we recorded
them in Characteristics of excluded studies, with reasons for ex-
clusion. We excluded 27 studies because, after we had excluded
an unapproved or unavailable dosage, there were no valid compar-
isons. Two studies became available after data extraction (Calverley
2018; Papi 2017), and we did not included them in the analysis.
We would have excluded Calverley 2018 anyway because they in-
cluded participants with coexisting reactive airway disease.

Risk of bias in included studies

We have presented 'Risk of bias’ judgements for individual studies
in the Characteristics of included studies and a summary overview
of the findings in Figure 2. Generally, we deemed the risk of bias in
the included studies to be moderate to low. There were no studies
that we should clearly have excluded from the analysis because of
differences in baseline characteristics or poor quality.
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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

All studies were randomised trials and most of them were indus-
try funded. We confirmed a random allocation sequence using a
validated computerised system in 60 out of 92 industry-funded
studies, and assumed an industry-standard method for the rest and
considered them to be at low risk for random sequence generation
and allocation concealment (concealment assumed by automati-
sation). We could not confirm a random allocation sequence in
four out of seven non-industry studies (Hoshino 2013; Hoshino
2014: Hoshino 2015: Sarac 2016), and we considered them to be
at unclear risk.

Blinding

The following studies were open-label or partially blinded, with
tiotropium being administered open-label, and considered to be at
a high risk of bias: Asai 2013, Bateman 2013, COMBINE 2017,
Donohue 2010, Hagedorn 2013, Hanania 2017, Hoshino 2013,
Hoshino 2014, Hoshino 2015, Kerwin 2012a, Martinez 2017a,
NCT00876694 2011, Perng 2009, Sarac 2016, Vogelmeier 2008,
Vogelmeier 2017, Wedzicha 2013. They consisted of 15.4% and
17.8% of studies in the high- and low-risk populations. The rest
of the studies were double-blinded (82.8%), and rated as having
low risk of bias (blinding of participants, personnel and outcome
2SSESsors).

Incomplete outcome data

We rated 18 studies (18.1%), at high risk due to high attrition or
unbalanced dropouts. We gave an unclear rating to four studies
(4.0%), because of high but balanced attrition (Calverley 2003
TRISTAN), imbalanced but relatively low attrition (Ferguson
2017; Hanania 2017), and a small sample size with unknown at-
trition (Sarac 2016). We tested whether the above studies com-
promised the validity of the results by excluding them one by one
or all together in each outcome. The results are described in ’Sum-
mary of findings tables in the selected outcomes.

Selective reporting

We were able to locate a study protocol, and most studies reported
confirmed expected outcomes in publications. We could not locate
a preregistered protocol for five studies (Briggs 2005; Cazzola
2007: Hoshino 2013: Perng 2009: Sarac 2016), and rated them
as unclear risk of bias. Two studies reported outcomes of interest
but in an insufficient form to be incorporated into a meta-analysis
and we rated them as having high risk of bias (Hoshino 2015;
Vogelmeier 2008).

Other potential sources of bias

The vast majority of the included studies were designed, sponsored
and conducted by pharmaceutical companies. Industry sponsor-
ship bias cannot be excluded.

Effects of interventions

See: Summary of findings for the main comparison
LABA/LAMA compared to LABA/ICS for chronic obstructive
pulmonary disease; Summary of findings 2 LABA/LAMA
compared to LAMA for chronic obstructive pulmonary disease;
Summary of findings 3 LABA/LAMA compared to LABA for
chronic obstructive pulmonary disease; Summary of findings
4 LABA/ICS compared to LAMA for chronic obstructive
pulmonary disease; Summary of findings 5 LABA/ICS compared
to LABA for chronic obstructive pulmonary disease; Summary
of findings 6 LAMA compared to LABA for chronic obstructive
pulmonary disease; Summary of findings 7 Summary of findings
for network meta-analyses

I. Results: high-risk population

1.1 Outcome: exacerbations

1.1.1 Outcome: moderate to severe exacerbations

We included 21 studies of 14 interventions and four treatment
groups for this outcome (Appendix 3; Figure 3).
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Figure 3. Moderate to severe exacerbations in the high-risk population
a: network diagram of interventions; b: network diagram of treatment groups; c: deviance plot; d: plot of
relative effects. Values less than | favour the first named treatment group. bid: twice daily; BDP:
beclomethasone; BUD: budesonide; FF: fluticasone furoate; FM: formoterol; FP: fluticasone propionate; Glyco:
glycopyrronium; ICS: inhaled corticosteroid; IND: indacaterol; LABA: long-acting beta2-agonist; LAMA: long-
acting muscarinic antagonist; qd: once daily; SAL: salmeterol; Tio: tiotropium; VI: vilanterol
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1.1.1.1 Model selection and inconsistency checking

We chose a random-treatment-effects model with fixed-class ef-
fects, assuming consistency (Appendix 4).

1.1.1.2 NMA results

The NMA included a total of 25,771 participants (LABA: 10,279,
LAMA: 6376, LABA/ICS: 8282, LABA/LAMA: 834). The me-
dian duration of follow-up was 52 weeks (range 12 to 156 weeks).
Figure 3 and Table 9 show the HR for moderate to severe exacerba-
tions for each group compared to every other. The NMA suggested
that LABA/LAMA combination was the highest ranked treatment
group to reduce moderate to severe exacerbations (95% Cirl 1st
to 2nd), followed by LAMA (95% Crl 2nd to 3rd), (Appendix
5; Table 10). HRs against LABA/ICS, LAMA, and LABA were
0.86 (95% CrI 0.76 to 0.99), 0.87 (95% CrI 0.78 to 0.99) and
0.70 (95% CrI 0.61 to 0.80), respectively (Appendix 6). LABA is
the worst ranked treatment group for this outcome (95% Crl 4th
to 4th), and all groups of interventions decrease the rate of mod-
erate to severe exacerbations compared to LABA. HRs for other

LABA

LABALAMA LAMA

\

LABANCS

LAMA vLABA .-

LABANCS vLABA

LABA/LAMA, vLABA 1 ————

Comparisan

! LABAICS vLAMA, o i
LABA/LAMA v LAMA ==
LABA/LAMA v LABAJICS A — 1
6 a 1 1.2 14 18
Hazard ratio

treatment groups versus LABA were 0.70 (95% CrI 0.61 to 0.80),
0.80 (95% CrI 0.75 to 0.86) and 0.80 (95% CrI 0.71 to 0.88) for
LABA/LAMA, LABA/ICS, and LAMA respectively (Appendix 6;
Summary of findings 7).

1.1.1.3 Clinical homogeneity assessment

Table 2 shows the clinical homogeneity assessment (or transitivity),
across the available comparisons. Bronchial reversibility ranged
from 7.0% to 18.3%. The mean bronchial reversibility for LABA/
ICS versus LAMA comparison was 7%, which could have under-
estimated the effects of LABA/ICS. The NMA results should be
interpreted with caution because of the difference in bronchial re-
versibility across the pairwise comparisons.

1.1.1.4 Pairwise meta-analyses

There was no direct comparison for LABA/LAMA versus LABA.
The results from pairwise MAs were consistent with the NMAs
except for LABA/LAMA versus LABA/ICS or LAMA, in which
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the 95% CI contained the line of no difference (OR 0.87, 95%
CI 0.76 to 1.00, and OR 1.06, 95% CI 0.89 to 1.27), unlike
the NMAs (HR 0.86, 95% CrI 0.76 to 0.99, and HR 0.87, 95%
CtI 0.78 to 0.99; Appendix 6). The certainty of evidence was
moderate for LABA/LAMA versus LABA/ICS or LAMA due to
a suboptimal sample size, which could explain the discrepancy
between the NMAs and pairwise MAs. Otherwise, it was moderate
for LABA/ICS versus LAMA and high for LABA/ICS versus LABA
and LAMA versus LABA (see’Summary of findings’ tables). There

was no difference between random and fixed analyses.

1.1.2 Outcomes: severe exacerbations

We included 13 studies of nine interventions and four treatment
groups for this outcome (Appendix 3; Figure 4 a and b).

Figure 4. Severe exacerbations in the high-risk population
a: network diagram of interventions; b: network diagram of treatment groups; c: deviance plot; d: plot of
relative effects. Values less than | favour the first named treatment group. ICS: inhaled corticosteroid; LABA:
long-acting beta2-agonist; LAMA: long-acting muscarinic antagonist
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1.1.2.1 Model selection and inconsistency checking

We chose a fixed-treatment-effect model with fixed-class effects,
assuming consistency. We also report results based on a random-
effects model for comparison (Appendix 4).
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LA
LABA/LAMA
CSLASA
LAMA v LABA —
d e
LABAJICS v LABA —_—
& LABALAMAVLABA|{ ——e———
-
=
=3 LABAJICS v LAMA i
o s
LABALAMA vLAMA ———
LABA/LAMA v LABAYICS —_—
5 1 15
Hazard ratio
& fixed effects random effects

1.1.2.2 NMA results

This NMA included a total of 21,733 participants (LABA: 7482,
LAMA: 7723, LABA/ICS: 4965, LABA/LAMA: 1563). The me-
dian duration of follow-up was 52 weeks (range 12 to 104 weeks).
Figure 4 and Table 11 show the HR for severe exacerbations for
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each treatment group compared to every other. The NMA sug-
gested that LABA/LAMA combination was the highest ranked
treatment group to reduce severe exacerbations (95% Crl 1st to
2nd), followed by LAMA (95% CrI 1st to 3rd; Appendix 5; Table
12). HRs against LABA/ICS, LAMA, and LABA were 0.78 (95%
Crl 0.64 t0 0.93), 0.89 (95% Crl 0.71 to 1.11), and 0.64 (95%
CrI0.51t0 0.81), respectively. Results using the fixed- or random-
treatment-effects assumption are very similar. There is evidence
that all treatment groups decrease the rate of severe exacerbations
compared to LABA (HRs against LABA: 0.64 (95% Crl 0.51 to
0.81), 0.83 (95% CrlI 0.71 to 0.97), and 0.72 (95% CrI 0.63 to
0.82), for LABA/LAMA, LABA/ICS and LAMA respectively), and
that LABA/LAMA decreases the rate of severe exacerbations com-
pared to LABA/ICS (HR 0.78, 95% CrI 0.64 to 0.93; Appendix
6; Summary of findings 7).

1.1.2.3 Clinical homogeneity assessment

Table 4 shows the clinical homogeneity assessment across the avail-
able comparisons. Bronchial reversibility ranged from 7.0% to
22.4% and was not available in three comparisons, which could
have introduced a bias favouring an ICS-containing inhaler in a
population with a significant bronchodilator response. The NMA
results should be interpreted with caution because of the differ-

ence in and lack of data on bronchial reversibility.

1.1.2.4 Pairwise meta-analyses

Contrary to the NMAs, the pairwise MAs showed no evidence
that any treatment group was better than the others. There was
no direct comparison for LABA/LAMA versus LABA (Appendix
6). The certainty of evidence was moderate for all comparisons
due to a suboptimal information size, which could explain the
discrepancy between the NMAs and pairwise MAs (See’Summary
of findings’ tables). There was no difference between random and
fixed analyses.

1.1.3 Rank probabilities for exacerbations

Figure 5 plots the ranks of each treatment group for severe exac-
erbations and moderate to severe exacerbations. The vertical axis
shows the probability of being ranked best, second best, third best,
or worst treatment group for each of the treatment groups. LABA/
LAMA has a high probability of being the best intervention for
both severe and moderate to severe exacerbations in the high-risk
population, with a probability of nearly 100% of being the best
treatment group to reduce moderate to severe exacerbations. LABA
has a very high probability of being the worst treatment group for
reducing both severe and moderate to severe exacerbations.
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Figure 5. Plot of rank probabilities for each treatment group
Severe exacerbations (solid line), and moderate to severe exacerbations (dashed line), in the high-risk
population ICS: inhaled corticosteroid; LABA: long-acting beta2-agonist; LAMA: long-acting muscarinic
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1.2 Outcome: St George’s Respiratory Questionnaire
(SGRQ) responders

1.2.1 Outcome: SGRQ responders at three and six months

There were insufficient data to perform a NMA for SGRQ re-
sponders at three and six months. The results were based on one
study for the following comparisons: LABA/LAMA versus LAMA
at six months; LABA/ICS versus LAMA at three and six months;
and LAMA versus LABA at three and six months. There is no ev-
idence to suggest any treatment group is associated with a higher
proportion of SGRQ responders compared to the others except
for LABA/LAMA versus LAMA at six months, in which LABA/

W o=

Ranx of LABA/LAMA

LAMA had a significantly greater proportion of SGRQ responders
compared to LAMA (OR 1.30, 95% CI 1.08 to 1.56; Appendix

6). The certainty of evidence was low to moderate.

1.2.2 Outcome: SGRQ responders at 12 months

Seven studies of 10 interventions and four treatment groups were
available for this outcome (Appendix 3; Figure 6 a and b). Note
that interventions formoterol 12 g twice daily, formoterol/budes-
onide 400ug/12 pg twice daily, and formoterol/beclomethasone
200 pg/12 pg twice daily are disconnected from the main treat-
ment network (Figure 6a), but we included them in a class/group
model.

Dual combination therapy versus long-acting bronchodilators alone for chronic obstructive pulmonary disease (COPD): a systematic

review and network meta-analysis (Review)

18

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 6. St George’s Respiratory Questionnaire responders at 12 months in the high-risk population
a: network diagram of interventions; b: network diagram of treatment groups; c: deviance plot; d: plot of
relative effects. Values less than | favour the first named treatment group. BDP: beclomethasone; BUD:
budesonide; FM: formoterol; ICS: inhaled corticosteroid; LABA: long-acting beta2-agonist; LAMA: long-acting
muscarinic antagonist
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1.2.2.1 Model selection and inconsistency checking

We chose a fixed-treatment-effect model with fixed-class effects,
assuming consistency. We also report results based on a random-
treatment-effects model with fixed-class effects for comparison (

Appendix 4).

1.2.2.2 NMA results

The NMA included a total of 11,089 participants (LABA: 2313,
LAMA: 3078, LABA/ICS: 3496, LABA/LAMA: 2202). Figure 6d
and Table 13 show the ORs of SGRQ responders at 12 months for
each treatment group compared to every other. There is evidence
to suggest that LABA/ICS increases the odds of response at 12
months compared to LABA (OR 1.17, 95% CrI 1.02 to 1.34),
and that LABA/LAMA increases the odds of response compared
to all other treatment groups (OR 1.21, 95% CrI 1.07 to 1.36;
OR 1.36, 95% CrI 1.18 to 1.58, and OR 1.41, 95% CrI 1.20 to
1.66, against LABA/ICS, LAMA and LABA respectively), using
the fixed-treatment-effect model. Results are more uncertain when
random-treatment effects are assumed. Table 14 shows the rank
statistics for the four treatment groups (sorted by mean rank). The
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highest ranked treatment group was LABA/LAMA with a median
rank of 1 (95% CirI 1st to 1st).

1.2.2.3 Pairwise meta-analyses

The results from pairwise MAs were consistent with the fixed-ef-
fect NMA except for LABA/ICS versus LABA, in which LABA/
ICS significantly increased the odds of SGRQ response compared
to LABA with the fixed-effect model (OR 1.22, 95% CI 1.03 to
1.46), but not with the random-effects model (OR 1.15, 95% CI
0.78 to 1.72). There was no direct comparison for LABA/LAMA
versus LABA. The certainty of evidence was high for LABA/
LAMA versus LABA/ICS, moderate for LABA/ICS versus LAMA
or LABA and LAMA versus LABA, and low for LABA/LAMA
versus LAMA. There was no difference between random and fixed
analyses except for LABA/ICS versus LABA, in which the differ-
ence was significant with the fixed model but not with the random

model (Appendix 6).

1.3 Change from baseline in SGRQ score
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1.3.1 Outcome: change from baseline in SGRQ score at three
months

We included nine studies of 12 interventions and four treatment
groups for this outcome (Appendix 3; Figure 7 a and b). Note that
interventions salmeterol 50 ug twice daily, formoterol 9 g twice
daily, salmeterol 50 g twice daily + fluticasone 250 ug twice daily,
salmeterol/fluticasone 50 g/250 jug twice daily, indacaterol 150
g once daily + budesonide 400 pug twice daily, and formoterol/
budesonide 9 ug/320 g twice daily are disconnected from the
main treatment network (Figure 7a), but we included them in a
class/group model.

Figure 7. Change from baseline in St George’s Respiratory Questionnaire score at 3 months in the high-risk population
a: network diagram of interventions; b: network diagram of treatment groups; c: deviance plot; d: plot of
relative effects. Values less than 0 favour the first named treatment group. BUD: budesonide; FM: formoterol;
FP: fluticasone propionate; ICS: inhaled corticosteroid; LABA: long-acting beta2-agonist; LAMA: long-acting
muscarinic antagonist; SAL: salmeterol

a
Indacatercl 150 gd
Indacaterol Glycogmronum 11050 od
SALS
BUDFM 32040 bid o)
BUOHND S00/150 b
Tickrighum 18 gd
AL 55y Gacoppmonum 50 g9
FP 250 +GAL 50 bt SaimetrolFhsicasone 51500 bid
Vilsnterol Futicasone 25100 od
Cc

o -

- -

o

i
.
g o
> <
g .
H
§ wu
B
€
1
g
€
£ a

2 - .=

v
»
w ]l e =
=l B

T T T —

05 10 15 20 25 2.0
NMA moded

1.3.1.1 Model selection and inconsistency checking

We chose a fixed-treatment-effect model with fixed-class effects,
assuming consistency. We also report results based on a random-
treatment-effects model with fixed-class effects for comparison (

Appendix 4).
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1.3.1.2 NMA results

The NMA included a total of 11,263 participants (LABA: 2764,
LAMA: 2992, LABA/ICS: 3220, LABA/LAMA: 2287). Figure 7d
and Table 15 show the mean difference in change from baseline
in SGRQ score at three months for each treatment group com-
pared to every other. There is evidence to suggest that both LABA/
LAMA and LABA/ICS improve SGRQ score at three months
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compared to LABA (MD —3.21, 95% Crl —4.52 to —1.92; MD
—1.82, 95% Crl —2.86 to —0.78), and LAMA monotherapies
MD —3.31, 95% Crl —4.67to —1.97; MD —1.92, 95% CirI
—3.11 to —0.74) and that LABA/LAMA improves the score com-
pared to LABA/ICS, when the fixed-treatment-effect model is used
(MD —1.39, 95% CrI —2.37 to —0.42). The 95% CI exceeding
minimal clinically important difference (MCID) of 4 suggests a
possibility of clinically significant improvement favouring LABA/
LAMA over LAMA and LABA. Results are more uncertain when
considering the random-treatment-effects model although there is
evidence that LABA/LAMA improves the score compare to LABA
and LAMA monotherapies. Table 16 shows the rank statistics for
the four treatment groups (sorted by mean rank). The highest
ranked treatment group is LABA/LAMA with a median rank of 1
(95% CrI 1st to 1st).

1.3.1.3 Pairwise meta-analyses
There was no direct comparison for LABA/LAMA versus LABA.

Otherwise, the results from pairwise MAs were consistent with the
NMA:s, except for LABA/ICS versus LAMA, in which the 95%
CI crossed the line of no difference with the pairwise MA (MD
—1.06, 95% CI —4.39 to 2.27) and the random-effects NMA
(MD —1.83, 95% Crl —3.76 to 0.35)) but not with the fixed-

effect NMA (MD —1.92, 95% CrI —3.11 to —0.74; Appendix
6 and Table 15). The certainty of evidence for LAMA/ICS versus
LAMA was low, as in the NMAs. A clinically important improve-
ment cannot be excluded with LABA/LAMA compared to LAMA
(MD —3.68, 95% CI —5.84 to —1.52), as well as with LABA/
ICS compared to LAMA (MD —1.06, 95% CI —4.39 to 2.27),
because the 95% ClIs crossed the line of MCID of 4. Otherwise,
there is no evidence of a clinically significant difference in treat-
ment effects between treatment groups. The certainty of evidence
was high for LABA/LAMA versus LABA/ICS and LAMA versus
LABA, moderate for LABA/LAMA versus LAMA, and low for
LABA/ICS versus LABA. There was no difference between ran-
dom and fixed analyses.

1.3.2 Outcome: change from baseline in SGRQ score at six
months

We included 10 studies of 12 interventions and four treatment
groups for this outcome (Appendix 3, Figure 8 a and b). Note that
interventions formoterol 9 pg twice daily, salmeterol 50 g twice
daily + fluticasone 250 ug twice daily, indacaterol 150 ug once
daily + budesonide 400 pg twice daily, formoterol/budesonide 9
1g/160 ug twice daily and formoterol/budesonide 9 ug/320 ug
twice daily are disconnected from the main treatment network
(Figure 8a), but we included them in a class/group model.

Figure 8. Change from baseline in St George’s Respiratory Questionnaire score at 6 months in the high-risk population
a: network diagram of interventions; b: network diagram of treatment groups; c: deviance plot; d: plot of
relative effects. Values less than 0 favour the first named treatment group. BUD: budesonide; FM: formoterol;
FP: fluticasone propionate; Glyco: glycopyrronium; ICS: inhaled corticosteroid; IND: indacaterol; LABA: long-
acting beta2-agonist; LAMA: long-acting muscarinic antagonist; SAL: salmeterol
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1.3.2.1 Model selection and inconsistency checking

We chose a fixed-treatment-effect model with fixed-class effects,
assuming consistency. We also report results based on a random-
treatment-effects model with fixed-class effects for comparison (

Table 17).

1.3.2.2 NMA results

The NMA included a total of 12,967 participants (LABA: 3091,
LAMA: 3273, LABA/ICS: 4317, LABA/LAMA: 2286). Figure 8d
and Table 17 show the mean difference in change from baseline in
SGRQ score at six months for each treatment group compared to
every other. There is evidence to suggest that both LABA/LAMA
and LABA/ICS improve SGRQ score at six months compared to
LABA (MD —2.88, 95% CrlI —4.03 to —1.73; MD —1.60, 95%
Crtl —2.27 to —0.93), and LAMA monotherapies (MD —2.48,
95% Crl —3.72 to —1.24), and that LABA/LAMA improves the
score compared to LABA/ICS (MD —1.27, 95% CrI —2.26 to
—0.29), using a fixed-treatment-effect model. The 95% CI exceed-
ing MCID of 4 suggests a possibility of clinically significant im-
provement favouring LABA/LAMA over LABA. Results are more
uncertain when considering the random-treatment-effects model
although there is evidence that LABA/ICS and LABA/LAMA im-
prove the score compare to LABA. Table 18 shows the rank statis-
tics for the four treatment groups (sorted by mean rank). The
highest ranked treatment group is LABA/LAMA with a median
rank of 1 (95% CirI 1st to 1st).

1.3.2.3 Pairwise meta-analyses

The results from pairwise MAs were consistent with the fixed-treat-
ment-effect NMA. There was no direct comparison for LABA