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Inhaled therapy combinations

Review question

In people with stable COPD, what is the clinical and cost effectiveness of a long-
acting muscarinic antagonist (LAMA) plus a long-acting beta-adrenoceptor agonist
(LABA) compared with:

e aLAMA alone
e aLABA alone
e a LABA plus an inhaled corticosteroid (ICS)?

Introduction

COPD management is aimed at reducing the symptoms of the disease, preventing
exacerbations and slowing disease progression. It consists of a number of
components that may include a self-management strategy, vaccinations, smoking
cessation treatment and support, pulmonary rehabilitation, oxygen therapy and non-
invasive ventilation, and the use of inhaled medicines. Inhaled drugs can be grouped
into short-acting bronchodilators, that aim to provide rapid relief of acute symptoms,
long-acting bronchodilators that are taken by people with moderate to very severe
COPD as a maintenance therapy, and inhaled corticosteroids (ICS).

The long-acting bronchodilators can be taken as single or fixed-dose combined
inhalers. The possible combinations of drugs include: long-acting muscarinic
antagonist (LAMA); long-acting beta-adrenoceptor agonist (LABA); LABA/inhaled
corticosteroid (LABA/ICS) and LAMA/LABA. Treatment with ICS aims to reduce
inflammation and ICS may act synergistically when combined with a LABA. LAMA
and LABA combinations may also lead to synergistic effects.

This review aims to determine the comparative effectiveness of different drug classes
for managing stable COPD. This review was carried out as a collaboration with the
Cochrane Airways Group. The protocol used by the Cochrane Group is summarised
in Table 1 and detailed in appendix A, with any additions noted in the methods
section below. The review does not consider the comparative effectiveness of
different drugs within a given class, or the comparative effectiveness of different
inhaler devices.

Table 1 PICO for the comparative effectiveness of combinations of inhaled
therapies

o Patients aged > 35 years

¢ Diagnosis of COPD in accordance with American Thoracic Society-
European Respiratory Society (ATS/ERS 2004), GOLD report (GOLD
2017) or equivalent criteria.

FEV1 less than 80% of predicted.
o LAMA
e LABA
e LAMA + LABA
e LABA +ICS
Each other

o COPD exacerbation (moderate to severe and severe)
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SGRQ score = 4 units (responder)
¢ Transition Dyspnoea Index (TDI)
o Mortality
¢ Total serious adverse events (SAEs)
e Cardiac and COPD SAEs
¢ Dropouts due to adverse event
e Trough FEV1
e Pneumonia
e Resource use and costs

1 Methods and process

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

This review was carried out as a collaboration with the Cochrane Airways Group. The
published review protocol (Oba et al 2017) contains details of the methodology the
Cochrane group planned to use to carry out their review and network meta-analysis

(NMA).

The evidence presented here is the work of the Cochrane group, with the exception
of any alterations made to reflect the methodology used by the NICE Guideline
Updates Team, that are stated in the relevant sections. Any errors introduced by
these changes are the responsibility of the NICE Guideline Updates Team alone. The
sections of the review carried out by the NICE Guideline Updates Team were
developed using the methods and process described in Developing NICE guidelines:
the manual. Methods specific to this review question are described in the review
protocol in appendix A, and the methods section in appendix B. The search
strategies used in this review are detailed in appendix C.

In particular, the following definitions, key outcomes and methods have been
adopted:

1.

The Cochrane review divided exacerbations into moderate to severe and
severe categories. A moderate exacerbation is defined as worsening of
respiratory status that requires treatment with systemic corticosteroids and/or
antibiotics; a severe exacerbation is defined as a rapid deterioration that
requires hospitalisation.
Data for the St George’s Respiratory Questionnaire (SGRQ) were presented
in 2 ways, depending on the format of data in the included studies: as
changes in SGRQ total score and as the number of responders (decrease in
SGRAQ score of 24 units).
End of study data was reported for dichotomous outcomes, while continuous
outcomes were reported for the end of the study and at 3, 6 and 12 months
where possible. Data that did not fit into these categories was assigned to the
closest category.
The Cochrane group reported change in trough FEV1 in litres (L). This was
not converted to millilitres (ml) as used in the other reviews carried out by the
NICE Guideline Updates Team for the COPD guideline update to prevent the
introduction of rounding errors in the data.
Resource use and costs were not included in the Cochrane review, but were
addressed by the economic searches carried out by the NICE reviewers.
This review only includes drugs and doses licenced in the USA and EU.
The following inhaled bronchodilators were included in the review:

e LAMA monotherapy (aclidinium, glycopyrronium, tiotropium and

umeclidinium).
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10.

11.

12.

13.

14.

15.

16.

¢ LABA monotherapy (formoterol, olodaterol, salmeterol, vilanterol).

o LABAJICS (formoterol/beclomethasone, formoterol/budesonide,
formoterol/ciclesonide, formoterol/fluticasone, formoterol/mometasone,
indacaterol/ mometasone, salmeterol/fluticasone,
vilanterol/fluticasone).

o LABA/LAMA (formoterol/aclidinium, indacaterol/glycopyrronium,
indacaterol/tiotropium, olodaterol/tiotropium, vilanterol/umeclidinium).

The Cochrane group NMA models allowed analysis of the drugs at the class
level and at the individual drug level within and between classes. However,
this review was limited to comparisons between drug classes. Please refer to
the Cochrane review for additional information.

For data analysis, the Cochrane group divided the studies into low and high
risk groups, based on the previous exacerbation history of the participants.
Studies that specifically recruited people with a history of hospital admission
due to COPD exacerbation within 12 months of study entry (or contained
subgroup data on these people) were classed as high risk and those that
didn’t mention this as an entry criteria or actively recruited people without an
exacerbation requiring hospitalisation in this time frame were classed as low
risk. Data was presented for both low and high risk groups in the forest plots.
Only the pooled effects from combining both groups was presented in the
GRADE tables for the pair-wise comparisons because the use of these
subgroups was not prespecified by the committee.

PINNACLE 3 (Hanania 2017) is an extension of the PINNACLE 1 and 2
(Martinez 2017 a and b) trials. Data were extracted for PINNACLE 3 in
preference to PINNACLE 1 and 2 where possible. If data were included for all
3 studies, the PINNACLE 3 data were for the period of the extension trial only
to prevent double counting.

The minimally important differences (MIDs) used in this review are
summarised in Table 15 in appendix B. These were selected based on the
literature with input from the committee.

Evidence tables, individual domain risk of bias judgements and reasons for
study exclusion were extracted directly from the Cochrane review. However,
overall study risk of bias and applicability assessments were carried out by
the NICE Guideline Updates Team based on the information provided in the
Cochrane review.

Publication bias was assessed using the funnel plots shown in appendix F,
but in the absence of a clear risk of bias, was not incorporated into the
GRADE tables.

The planned subgroup analyses were not carried out for this review because
the included studies did not report data for the categories of interest in an
accessible format.

The NMA models and data were provided by the Cochrane review authors.
The models included fixed and random effect models with/without fixed or
random class effects. These models were run according to the Cochrane
group methods and choice of burn in, with priors specified by them. However,
the NICE Guideline Updates Team used a larger burn in of 100,000 iterations
to allow convergence of chains for the Cardiac SAEs low and high risk
models.

Cochrane group did not write and test all possible models for each outcome.
They started with the simplest model (fixed effect and fixed class) and then
moved to more complex models as needed to achieve a good model fit to the
data. If a simpler model was a good fit, then more complex models were not
always tested. The Guideline updates team chose which of these models to
use based on the rules in appendix B.
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17. In cases where the data contained a large number of zero events, the
Cochrane group used a continuity correction. This involved adding 0.5 to the
zero event arm and its matching comparator arm.

18. Data were extracted for the mean effect and 95% credible intervals from the
NMA model with the best fit to the data based on the NICE Guideline Updates
team criteria for model choice detailed in appendix B. The data was extracted
as mean differences (MD) or Relative Risks (RR).

19. The Cochrane group presented dichotomous outcomes, apart from
exacerbations, as odds ratios (OR). These were converted to RR by the NICE
Guideline Updates Team using the event rate in the reference or control arm
for each outcome from sources used in the health economics model or, if this
was not available, based on LABA arm data for the largest trial for a particular
outcome.

20. The Cochrane group used hazard ratio (HR) models to look at exacerbations
in their NMAs. The HR data obtained from these models cannot be compared
to the pair wise RR data and, as a result, the pairwise data section of the
tables for exacerbations are left blank (Table 27, Table 28, Table 29, Table
30).

21. Although there were studies at high risk of bias included in the NMA, a
sensitivity analysis excluding these studies was not carried out because the
sensitivity analysis carried out on the pair wise data did not alter the
interpretation of the effects of the treatments.

Declarations of interest were recorded according to NICE’s 2014 conflicts of interest
policy.

Protocol deviation

From the methods in appendix B, sensitivity analysis should be carried out to
examine the effects of removing studies at high risk of bias from all relevant
outcomes. Based on discussion with the committee, it was agreed to prioritise the
outcomes that would be of most use for decision making, namely exacerbations,
change in TDI score, SGRQ score and the number of SGRQ responders.

Clinical evidence

Included studies

This review was conducted as part of a larger update of the 2010 NICE COPD
guideline (CG101). It covers three questions that were last updated in 2010 (see
appendix A). The evidence for this review was provided as part of a collaboration
with the Cochrane Airways Group. They searched for and identified relevant studies.
Please refer to the Cochrane review for details of the numbers of papers retrieved by
the searches and for the PRISMA diagram for this process.

The Cochrane group carried out a second search for references at the end of the
COPD guideline update process. One hundred and fifty references were screened by
the Guideline Updates Team at the title and abstract stage and 12 of these were
ordered for full text screening. Four of the references were included (Buhl 2017,
Hanania 2017, Ichinose 2017, Vogelmeier 2017). However, as they did not refer to
new trials, but were published versions of studies that had already been included
based on other published papers or clinical trial reports, they were added to the
existing references and any additional data was extracted under the original study
name.
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One additional reference (Ferguson 2017) was identified in the search update for the
LAMA monotherapy question. This was added to the RISE trial record as the
published version of an included AstraZeneca clinical trial. (Please refer to the LAMA
monotherapy review below for the details of this search.)

The evidence tables for the included studies are presented in appendix E and the
studies are referenced in full in appendix M.

Excluded studies

The excluded studies are listed in appendix K with reasons for their exclusion, and as
full references in appendix M.

Summary of clinical studies included in the evidence review

The evidence tables for the included studies are presented in appendix E and the
studies referenced in full in appendix M.

Quality assessment of clinical studies included in the evidence review

The included studies were assessed for risk of individual biases and applicability by
the Cochrane group. Overall study level risk of bias and applicability was judged by

the Guideline Updates Team and both sets of information are presented in appendix
E.

Please refer to appendix F for forest plots, appendix G for the NMA data and
appendix H for full GRADE tables.

Economic evidence

Included studies

A single search was conducted to cover all review question topics in this guideline
update. The search returned 16,299 records, of which 16,198 were excluded on title
and abstract for this review question. The remaining 101 papers were screened using
a review of the full text and 5 were found to be relevant to the question. A number of
relevant UK-based analyses were identified by the review, so only studies using an
NHS perspective were included.

Excluded studies

Details of the studies excluded at full text review are given in Appendix K.

Summary of studies included in the economic evidence review

Gani et al. (2010) conducted a cost—utility analysis with a 1-year time horizon
comparing tiotropium (LAMA) with salmeterol (LABA) and with ipratropium (SAMA) in
UK COPD patients with FEV1 of < 80% predicted. This study was funded by

2 manufacturers of tiotropium. The evaluation used a Markov structure based on
GOLD stages 2, 3 and 4 (50%—-80% FEV1 predicted, 30%—49% FEV1 predicted, and
< 30% FEV1 predicted, respectively). In each cycle of the model patients could
remain the same GOLD state or progress to a different GOLD state. In each cycle
patients were also at risk of either a severe or non-severe exacerbation.

Treatment effects were implemented as a relative risk of exacerbations and
treatment-specific probabilities of moving between GOLD stages in each cycle

11
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(determined by patients’ change in FEV1 over time). These data were taken

from RCTs comparing tiotropium 18 micrograms once-daily with either salmeterol 50
micrograms twice-daily (described in Brusasco 2003), ipratropium 40 micrograms
four-times daily (not included in the clinical review), or placebo (described in
Casaburi 2002).

The model included 3 categories of cost: (1) maintenance costs, which were
estimated based on disease severity by a Delphi Panel of GPs and secondary care
consultants; (2) exacerbation costs, which were calculated by estimating the
proportion of patients managed in primary or secondary care for each type of
exacerbation and weighting the appropriate NHS reference costs by these
proportions; and (3) drug costs, which were calculated based on the list prices and
recommended dosage of each treatment.

Baseline utility scores stratified by GOLD stage were taken from a study which
measured EQ-5D scores of a sample of 1,235 COPD patients, with a utility reduction
of 50% or 15% applied over the course of a month for severe or non-severe
exacerbations, respectively.

Base-case results showed that, compared with salmeterol, tiotropium is associated
with a cost saving of £126 and generates an additional 0.014 QALYs, and therefore
dominates salmeterol. Probabilistic sensitivity analysis indicated that tiotropium was
the cost-effective option in 97% of iterations. A subgroup analysis showed that
tiotropium continues to dominate salmeterol when patients are stratified by baseline
GOLD stage.

This study was classified as being partially applicable as it only considered 2 of the
interventions of interest. It was categorised as having potentially serious limitations
as it uses a short time horizon, does not include treatment-related adverse events,
estimates costs via a Delphi Panel rather than using empirical data, and is subject to
a potential conflict of interest.

Hertel et al. (2012) conducted a cost—utility analysis with a lifetime horizon of various
combinations of LAMA, LABA, ICS and roflumilast in UK COPD patients with severe
and very severe COPD, with ICS-tolerant and ICS-intolerant patients analysed as

2 separate cohorts. This study was funded by a manufacturer of roflumilast. The
evaluation used a Markov structure based on GOLD stages 3 and 4 (30%—50%
predicted FEV1 and < 30% predicted FEV1 respectively). In each cycle of the model,
patients could remain in the same GOLD state, progress to a more severe GOLD
state or die. In each cycle patients were also at risk of exacerbation, which could be
community- or hospital-treated. The model also allowed treatment switching to a
second line regimen: LAMA + LABA/ICS for ICS-tolerant patients and LAMA + LABA
for ICS intolerant patients.

Patients’ probability of progressing to a more severe GOLD stage was modelled
based on the mean rate of FEV1 decline in COPD patients. Mortality was
incorporated by applying the standardised mortality ratio for COPD to the background
mortality rate for the UK population, and also by including a probability of death
associated with hospital-treated exacerbations. Treatment effects were incorporated
as relative differences in exacerbation rates derived from a network meta-analysis.

The analysis included three categories of cost: (1) maintenance costs, which were
estimated using resource use data from a tiotropium and unit cost data from NHS
reference costs; (2) exacerbation costs, which were estimated using resource usage
data from the GOLD strategy group, and unit costs from NHS reference costs; and
(3) drug costs, which were sourced from the BNF. Baseline utility scores according to
GOLD stage were obtained from clinical trials of roflumilast, and utility decrements
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associated with exacerbations were obtained from a previous study evaluating
holistic preferences of a variety of COPD health states.

Relevant base-case results of the evaluation are shown in Table 2 and Table 3,
which excludes interventions not relevant to the review question (ICERs have been
manually calculated as were not reported by the authors). These results show that
LAMA+LABA produces the greatest number of QALYs and is associated with an
ICER of less than £20,000 per QALY, and is therefore the most cost-effective option
at this threshold.. The authors’ sensitivity analyses addressed a comparison which is
not relevant to the review question.

Table 2: Incremental results for treatments of interest in Hertel et al. (2012) in
ICS-tolerant patients

LABA £22,342 5.39

LAMA £22,370 5.42 £28 0.03 £933
LABA+ICS £22,468 5.43 £98 0.01 £9,800
LAMA+LABA  £22,687 5.45 £219 0.02 £10,950

Table 3: Incremental results for treatments of interest in Hertel et al. (2012) for
ICS-intolerant patients

LABA £21,477 5.13
LAMA £21,500 5.17 £23 0.04 £575
LAMA+LABA  £21,814 5.19 £314 0.02 £15,700

This analysis was categorised as being partially applicable as it is conducted in a
population of patients with severe or very severe COPD. It was classified as having
potentially serious limitations as it relies on assumed exacerbation rates with no
empirical basis, does not conduct a probabilistic sensitivity analysis for the
comparisons of interest, does not include treatment-related adverse events, and is
subject to a potential conflict of interest.

Price et al. (2013) conducted a cost—utility analysis with a 3-year time horizon
comparing indacaterol (LABA) with tiotropium (LAMA), and indacaterol (LABA) with
salmeterol (LABA) in patients with COPD in the UK. This study was funded by a
manufacturer of indacaterol. The evaluation used a Markov structure with states
based on GOLD stages 1, 2, 3 and 4 (FEV1 = 80% predicted, 50%-80% predicted,
30%-50% predicted, and <30% predicted, respectively). In each cycle of the model,
patients could remain in the same GOLD stage, change GOLD stage, or die. Patients
could also experience a mild or severe exacerbation in each cycle.

Effects of treatment on FEV1 and exacerbation rates were incorporated using data
from the INLIGHT-2 and INHANCE trials (reported in Donohue 2010 and Kornmann
2011). Improvement in patients’ FEV1 was implemented via empirical transition
probabilities in the first 12-week cycle of the model. After this initial period the
assumption was made that all patients experienced a uniform decline in FEV1
regardless of treatment received. Differences in exacerbation rates were
implemented by applying rate ratios for each treatment versus placebo to the number
of exacerbations experienced in the placebo arms of the trials.
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Resource use data were obtained from the Optimum Patient Care Research
Database and were validated with ‘a UK clinician with expertise in COPD
management’. Unit costs were taken from standard NHS sources. Baseline utility
scores for each GOLD state were taken from indacaterol clinical trials, and utility
decrements associated with exacerbations were obtained from a previous study
evaluating holistic preferences of a variety of COPD health states.

Results were presented as pairwise comparisons, rather than as a fully incremental
analysis. Base-case results indicate that, compared with tiotropium 18 micrograms
daily, indacaterol 150 micrograms daily produces a cost saving of £248 and
generates 0.008 additional QALYs and therefore dominates tiotropium. Similarly,
indacaterol 300 micrograms produces a saving of £259 and generates 0.008
additional QALYs compared with tiotropium 18 micrograms daily, and therefore also
dominates tiotropium. The authors report that this result is primarily due to a
substantially larger 12-week improvement in FEV1 produced by indacaterol
compared with tiotropium.

One-way sensitivity analyses showed that indacaterol (at both dosages) dominates
tiotropium regardless of the time horizon. Probabilistic sensitivity analysis showed
that, at a threshold of £20,000 per QALY, indacaterol is cost effective compared with
tiotropium 18 micrograms in 84% of iterations (although the authors do not state
which dosage of indacaterol this comparison relates to).

This study was classified as being partially applicable, as it only considers 2 of the
interventions of interest. It was categorised as having potentially serious limitations,
as it uses a short time horizon in the base case, and does not include treatment-
related adverse events, and is subject to a potential conflict of interest.

Punekar et al. (2015) conducted a cost—utility analysis with a lifetime horizon
comparing umeclidinium/vilanterol combination therapy (LAMA + LABA) with
tiotropium monotherapy (LAMA) in patients with COPD in the UK. The study was
funded by a manufacturer of umeclidinium/vilanterol. The evaluation used a linked-
equation model of COPD, which consisted of a series of regression equations to
describe how patients’ baseline variables and disease characteristics (cough/sputum,
exacerbations, and FEV1) affected their disease progression and final outcomes
(resource usage, HRQoL and mortality) over time. These equations were estimated
from the Evaluation of COPD Longitudinally to Identify Predictive Surrogate
Endpoints (ECLIPSE) study.

Treatment effect was implemented in the model through the difference in change
from baseline in FEV1 at 24 weeks between umeclidinium/vilanterol and tiotropium in
four umeclidinium/vilanterol phase 3 clinical trials. Three of these trials are described
in the clinical evidence review (Decramer 2014a, Decramer 2014b, and Donohue
2013), and one (Celli 2014) was excluded due to using a umeclidinium dose not
licensed in the UK.

Resource use was predicted from a linked equation, based on patients’ intermediate
outcomes. Unit costs were taken from standard NHS sources (National Schedule of
Reference Costs and PSSRU Unit Costs of Health and Social Care). Cost of
treatment with tiotropium was obtained from the BNF (£33.50 for a 30 day supply),
and the assumption was made in the base case that the cost of
umeclidinium/vilanterol was equivalent to this (although the BNF reports its cost as
£32.50 for a 30 day supply). HRQoL was predicted from a regression equation in the
form of a Saint George’s Respiratory Questionnaire (SGRQ) score, which was
converted to an EQ-5D score via a mapping algorithm.
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Base-case results showed that umeclidinium/vilanterol produces an ICER of £2,088
per QALY compared with tiotropium monotherapy. Umeclidinium/vilanterol remained
cost effective at a threshold of £20,000 per QALY in scenario analyses using 1- and
5-year time horizons, and in which the benefit of treatment was assumed to only
persist for 12 months. Probabilistic sensitivity analysis showed that
umeclidininum/vilanterol was cost effective in 85% of iterations.

This study was classified as being patrtially applicable, as it only assesses 2 of the
interventions of interest, and is partly informed by clinical data on a dose of
umeclidinium not licensed in the UK. It was categorised as having potentially serious
limitations, as it only implements treatment effect via improvement in FEV1, implicitly
makes the assumptions that all intermediate and final outcomes of treatment can be
explained by change in FEV1, and is subject to a potential conflict of interest.

Ramos et al. (2016) conducted a cost—utility analysis with a 5-year time horizon
comparing aclidinium bromide/formoterol (LAMA + LABA) with aclidinium bromide
alone in patients with COPD in the UK. This study was funded by a manufacturer of
aclidinium bromide. The evaluation used a Markov model with states based on
GOLD stages 1, 2, 3, and 4 (FEV1 =2 80% predicted, 50%—80% predicted, 30%—50%
predicted, and <30% predicted, respectively). In each cycle of the model, patients
could remain in the same GOLD stage, change GOLD stage or die. Patients could
also experience a hospitalised or non-hospitalised exacerbation or a pneumonia
adverse event in each cycle.

Treatment effect was implemented via improvement in FEV1 at 24 months from the
ACLIFORM and AUGMENT studies (described in Singh 2014 and D’Urzo 2014),
which was incorporated in the model via probabilities of changing GOLD state. After
this initial period the assumption was made that all patients experienced a uniform
decline in FEV1 regardless of treatment received. Exacerbation rates stratified by
disease severity were taken from previous trials of tiotropium, ipratropium, and
salmeterol, but were assumed not to be directly affected by treatment.

The analysis included four categories of cost: (1) maintenance costs, for which
resource use data were taken from a trial of tiotropium conducted in the Netherlands,
stratified by disease severity, with unit costs taken from standard NHS sources; (2)
exacerbation costs, which were taken from a previous economic analysis; (3) drug
costs, which were taken from the BNF; and (4) cost of a pneumonia adverse event,
which was based on HRG data. Baseline utility scores according to severity were
taken from a previous quality of life study of COPD patients from the UPLIFT trial,
with utility reductions of 15% and 50% for moderate and severe exacerbations
respectively, as per the methods of previous economic analyses. A disutility of 50%
was also assumed for a pneumonia event.

Results showed that aclidinium bromide/formoterol produces an ICER of £2,976 per
QALY compared with aclidinium bromide alone. Aclidinium bromide/formoterol
remained cost effective at a threshold of £20,000 per QALY in scenario analyses in
which alternative lower values were used to inform patients’ baseline FEV1, and in
which 1- and 15-year time horizons were used. Probabilistic sensitivity analysis
showed that aclidinium bromide/formoterol was cost effective in 79% of iterations.

This study was classified as being partially applicable, as it only includes 2 of the
interventions of interest. It was categorised as having potentially serious limitations,
as it did not incorporate the effect of treatment on exacerbations in the analysis (only
the effect of treatment on FEV1), did not incorporate treatment-related adverse
events other than pneumonia, and is subject to a potential conflict of interest.
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This section summarises the de novo economic modelling conducted for this review
question. For a full, comprehensive description of methods, results and conclusions
please refer to the model report in Chapter H.

Patient population:

Adults with COPD whose symptoms are not adequately controlled using short-acting
bronchodilators.

Comparators:

Four classes of treatment were assessed by the economic model: LABA
monotherapy, LAMA monotherapy, LABA+ICS, and LAMA+LABA. However, since
the model simulates the long-acting bronchodilator treatment pathway over patients’
lifetime rather than just the initial treatment, 6 mutually exclusive treatment strategies
are possible when options for stepping up from monotherapy to dual therapy are
accounted for:

1. LABA -to- LABA+ICS - start treatment on LABA, and step up to LABA+ICS if
required

2. LABA -to- LAMA+LABA - start treatment on LABA, and step up to
LAMA+LABA if required

3. LAMA -to- LABA+ICS - start treatment on LAMA, and change to LABA+ICS
if stepping up of treatment is required

4. LAMA -to- LAMA+LABA - start treatment on LAMA, and step up to
LAMA+LAMA if required

5. LABA+ICS - start treatment on LABA+ICS without first prescribing a
monotherapy

6. LAMA+LABA - start treatment on LAMA+LABA without first prescribing a
monotherapy

Methods

Model structure

In order to represent the natural history of COPD over time, the model uses a Markov
structure, with states based on GOLD severity stages defined by FEV1 percent
predicted (shown in Figure 1). In each cycle of the model, patients have a probability
of moving to a more severe GOLD stage (defined by the natural rate of FEV1 decline
over time), and a probability of death (defined by stage-specific mortality rates). In
the first cycle of the model, patients may move to a less severe GOLD stage, in order
to reflect the initial FEV1 benefit from initiating long-acting bronchodilator therapy.

In each cycle, patients can also experience a hospitalised or non-hospitalised
exacerbation, or an adverse event. The model uses a 3-month cycle length, which
was deemed an appropriate period of time to capture progression between states, as
well as interfacing well with clinical trial data on long-acting bronchodilators, which
typically use 3-, 6-, or 12-month endpoints.
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Figure 1 — overall structure of the model

Mild COPD

' Moderate COPD

Severe COPD

1
' Very severe COPD

—p.  Transitions possible in all cycles

= === Transitions only possible when a new treatment is initiated

The model also simulates patients’ treatment progression over time. In each cycle,
patients have a probability of either stepping up their treatment (adding in another
drug) or switching their treatment (changing to a regimen of the same number of
drugs). The pathway for treatment progression is shown in Figure 2. While triple
therapy (LAMA+LABA+ICS) was outside of scope of the guideline update, this
regimen is typically provided for patients whose symptoms are not adequately
controlled by dual therapy (as per the recommendations in the 2010 update of this
guideline), and is therefore included as a final step in the modelled pathway.
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Figure 2 — treatment progression pathway in the model

LABA+ICS LAMA+LABA

Triple therapy
(LAMA+LABA+ICS)

=P Treatment stepping up

Treatment switching

Incorporating treatment effects

Treatment benefits

The network meta-analysis (NMA) conducted for this review question provided a
number of outcomes which could be used to model treatment benefit: exacerbations,
SGRQ, FEV1, and TDI. However, independently incorporating all of these outcomes
simultaneously in the model would introduce double-counting of benefits. Therefore,
a number of scenarios were modelled, using the following combinations of outcomes
from the NMA:

e Scenario 1: Exacerbations alone

e Scenario 2: SGRQ and exacerbations

e Scenario 3: FEV1 and exacerbations — this scenario was modelled by
allowing differences in transition probabilities in the first cycle of the model,
with more effective treatments associated with a greater probability of moving
to a less severe GOLD stage

e Scenario 4: TDI and exacerbations — this scenario was modelled using
coefficients from a regression analysis in order to predict the effect of
breathlessness on SGRQ score

e Scenario 5: FEV1, TDI and exacerbations — as above, this scenario used
coefficients from a multiple regression analysis in order to predict the
independent effect of FEV1, breathlessness and exacerbations in the
previous year on SGRQ

Effect on treatment progression

Differences in the probability of stepping up treatment were implemented by
assuming an inverse relationship with treatment effect on TDI, since breathlessness
provides a reasonable indication of how well patients’ disease symptoms are
managed. Differences in the probability of treatment switching were implemented
using the discontinuation due to adverse events outcome from the NMA.
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Treatment effect on mortality was applied directly to the baseline mortality rate for
each GOLD stage.

Adverse events were categorised as either cardiac, pneumonia, or ‘other’ events.
Treatment effects from the NMA for the appropriate adverse event category were
applied to these, using total serious adverse events as a proxy for the ‘other’ events
category.

Since the mortality and adverse event outcomes from the NMA were generally
associated with a high degree of uncertainty, results were presented both with and
without treatment-specific differences in these outcomes in 3 scenarios:

Costs

Option A: Treatment-specific differences in adverse events and mortality
excluded

Option B: Treatment-specific differences in adverse events, but not mortality,
included

Option C: Treatment-specific differences in adverse events and mortality
included

Five categories of cost were used in the model

1.

Drug costs — acquisition costs of long-acting bronchodilators

Maintenance costs — routine healthcare resource use for each GOLD
severity stage

Exacerbation costs — resource use associated with a hospitalised or non-
hospitalised exacerbation

Adverse event costs — costs associated with treating acute and chronic
adverse events

Treatment progression costs — healthcare costs associated with switching
or stepping up treatment

Health-related quality of life

Patients’ stable quality of life (QoL) initially depended upon their GOLD stage, with
disutilities applied depending on whether patients experienced an exacerbation or
adverse event within each cycle.

SGRQ values were used to inform patients’ baseline QoL. These were converted to
EQ-5D scores via a mapping algorithm in line with the NICE Reference case.

Subgroups

As well as modelling the overall population, results were also produced for patient
subgroups stratified by high and low risk of exacerbations. These subgroups differed
from the overall population in two ways:

1.

2.

NMA outcomes for high- and low-risk subgroups were used to model
treatment effect, rather than combined outcomes for the overall population
Baseline exacerbation rate was stratified according to patients who had
experienced one or more exacerbations in the previous year, versus patients
who had experienced no exacerbations, for the high- and low-risk subgroups
respectively
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1 Results
2 Results presented in this section are means of 1,000 probabilistic iterations.
3 Structural uncertainty in the model is also addressed stochastically, by randomly
4 selecting 1 of the 5 scenarios for implementing treatment benefit in each iteration.
5 Individual results for these scenarios are presented in Chapter H.
6 Overall population
7 Table 4 shows results for the overall population, when treatment effects on adverse
8 events and mortality are excluded. These results indicate that starting treatment on
9 LAMA+LABA is the most cost-effective option, with a relatively high degree of
10 certainty.
11 Table 4 — Mean probabilistic results for the overall population. Option A:
12 treatment-specific differences in adverse events and mortality
13 excluded
LAMA - to - LAMA+LABA  £27,554  5.44 11.7%
LAMA - to - LABA+ICS £27,747 5.41 £192 -0.029 dominated 0.0%
LAMA+LABA £27,825 5.52 £271 0.079 £3,428 86.3%
LABA - to - LAMA+LABA £27,912 542 £86 -0.100 dominated 0.1%
LABA - to - LABA+ICS £28,102 5.39 £276 -0.128 dominated 0.0%
LABA+ICS £28,113 5.48 £287 -0.039 dominated 1.9%
14 Table 5 shows results when the effect of treatment on adverse events is included.
15 These results show that LAMA+LABA still has the highest probability of being cost
16 effective, but this result is somewhat less certain than in the previous scenario.
17 Table 5 — Mean probabilistic results for the overall population. Option B:
18 treatment-specific differences in adverse events but not mortality
19 included
LAMA -to - LAMA+LABA  £28,170 5.40 21.7%
LABA - to - LAMA+LABA £28,306  5.39 £136 -0.009 dominated 7.3%
LAMA - to - LABA+ICS £28,341 5.37 £171 -0.029 dominated 0.2%
LABA - to - LABA+ICS £28,472 5.36 £302 -0.038 dominated 0.1%
LAMA+LABA £28,577  5.47 £407 0.073 £5,546 57.2%
LABA+ICS £28,765 5.44 £188 -0.037 dominated 13.5%
20 Table 6 shows results when treatment effects on both adverse events and mortality
21 are included. These results show that LABA+ICS is now the strategy which
22 generates the highest number of QALYSs, but is associated with a mean ICER in
23 excess of £20,000 per QALY. Probabilistic sensitivity analysis also shows that there
24 is now a high degree of uncertainty surrounding results.
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Table 6 — Mean probabilistic results for the overall population. Option C:
treatment-specific differences in adverse events and mortality

included
~ Absolute  Incremental
_---_
LAMA - to - LAMA+LABA £26,712 5.22 9.9%
LABA - to - LAMA+LABA £27,034 5.24 £322 0.018 ext. dom. 7.5%
LAMA - to - LABA+ICS £27,209 5.24 £497 0.015 dominated 2.6%
LAMA+LABA £27,388 5.33 £675 0.108 £6,256 37.8%
LABA - to - LABA+ICS £27,526 5.25 £139 -0.075 dominated 5.5%
LABA+ICS £28,004 5.35 £617 0.025 £24,432 36.7%

High-risk population

Table 7 shows results for the high-risk population, when treatment effects on
mortality and adverse events are not included. These results show that LAMA+LABA
produces a lower mean ICER for the higher risk population than in the overall
population, and has a high probability of being the most cost-effective treatment.

Table 7 — Mean probabilistic results for the high-risk subgroup. Option A:
treatment-specific differences in adverse events and mortality

excluded
(Incremental
__---_-
LAMA -to - LAMA+LABA  £28,922 5.36 6.0%
LAMA+LABA £28,959 5.45 £37 0.091 £404 93.6%
LAMA - to - LABA+ICS £29,173 5.32 £214 -0.128 dominated 0.0%
LABA+ICS £29,341 5.40 £382 -0.050 dominated 0.4%
LABA - to - LAMA+LABA £29,581 5.31 £622 -0.132 dominated 0.0%
LABA - to - LABA+ICS £29,830 5.28 £871 -0.169 dominated 0.0%

Table 8 shows results for the high-risk population when the effect of treatment on
adverse events is included. These results show that, despite slightly higher
uncertainty, there is still a high probability that LAMA+LABA is the most cost-effective
treatment.

Table 8 — Mean probabilistic results for the high-risk subgroup. Option B:
treatment-specific differences in adverse events but not mortality

included
LAMA+LABA £29,332 5.46 75.0%
LAMA - to - LAMA+LABA £29,337 5.36 £5 -0.098 dominated 19.2%

LAMA - to - LABA+ICS £29,658  5.31 £326  -0.141 dominated 0.3%
LABA - to - LAMA+LABA  £29,819  5.33 £487  -0.130 dominated 2.0%
LABA+ICS £29,873 5.39 £541 -0.064 dominated 3.4%
LABA - to - LABA+ICS £30,136 5.28 £804  -0.173 dominated 0.1%

Table 9 shows results for the high-risk population when treatment effects on mortality
and adverse events are included. Results show that uncertainty increases
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substantially when mortality effects are included, but LAMA+LABA still shows a
considerably higher probability of being the most cost-effective treatment than any
other strategy.

Table 9 — Mean probabilistic results for the high-risk subgroup. Option C:
treatment-specific differences in adverse events and mortality

included
LAMA - to - LAMA+LABA £28,255 5.20 11.2%
LAMA+LABA £28,527 5.33 £272 0.133 £2,047 64.1%

LABA -to - LAMA+LABA  £28,687 5.16 £159 -0.171 dominated 1.5%
LAMA - to - LABA+ICS £28,854 5.19 £327 -0.140  dominated 2.6%
LABA - to - LABA+ICS £29,278 515 £751 -0.178  dominated 0.4%
LABA+ICS £29,448 5.32 £921 -0.014  dominated 20.2%

Low-risk subgroup

Table 10 shows results for the low-risk population, when treatment effects on
mortality and adverse events are not included. LAMA+LABA is associated with the
highest probability of being the most cost-effective treatment, although there is
substantially more uncertainty in the probabilistic results than in the equivalent
scenario for the overall population and high risk subgroup.

Table 10 — Mean probabilistic results for the low-risk subgroup. Option A:
treatment-specific differences in adverse events and mortality

excluded
(Incremental
__---_-
LABA - to - LAMA+LABA £26,205 5.77 20.3%
LAMA - to - LAMA+LABA  £26,332 5.77 £127 -0.001 dominated 21.9%
LABA - to - LABA+ICS £26,433 5.75 £228 -0.024 dominated 0.1%
LAMA - to - LABA+ICS £26,564 5.75 £359 -0.024 dominated 0.0%
LAMA+LABA £26,900 5.84 £695 0.068 £10,200 48.5%
LABA+ICS £27,271 5.82 £371 -0.027 dominated 9.2%

Table 11 shows the results for the low-risk population, when treatment effect on
adverse events is included. In this scenario, the mean ICER for LAMA+LABA
exceeds £20,000 per QALY, and LABA -to- LAMA/LABA shows the highest
probability of being cost effective, but no one strategy is clearly the optimal choice.

Table 11 — Mean probabilistic results for the low-risk subgroup. Option B:
treatment-specific differences in adverse events but not mortality

included
LABA - to - LAMA+LABA £26,869 5.48 29.2%
LABA - to - LABA+ICS £26,924 5.46 £55 -0.021 dominated 4.8%

LAMA - to - LAMA+LABA  £27,037 5.46 £168 -0.018  dominated 13.3%
LAMA - to - LABA+ICS £27,101 544 £232 -0.040  dominated 0.8%
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LABA+ICS £27,654  5.50 £785 0.021 ext. dom. 27.6%
LAMA+LABA £27,7112 552 £843 0.038 £22,348 24.3%

1 Table 12 shows the results for the low-risk population when treatment effects on

2 mortality and adverse events are included. Results show that, in this scenario,

3 strategies containing LABA and LABA+ICS have a higher probability of being cost

4 effective than other strategies, although no one strategy is clearly the optimal choice.

5 Table 12 — Mean probabilistic results for the low-risk subgroup. Option C:

6 treatment-specific differences in adverse events and mortality

7 included

Sy oo aave G Gave o ey
_---_

LAMA - to - LAMA+LABA  £24,355  5.07 2.3%
LAMA - to - LABA+ICS £24914 512 £559 0.053 ext. dom. 0.6%
LABA - to - LAMA+LABA £24.957 5.21 £602 0.140 £4,293 17.9%
LAMA+LABA £25,349 517 £391 -0.034 dominated 10.7%
LABA - to - LABA+ICS £25,528 5.26 £571 0.055 £10,317 35.9%
LABA+ICS £25976 5.26 £448 0.002 £256,979 32.6%

8 Evidence statements

9 Clinical evidence statements

10 The format of the evidence statements is explained in the methods in appendix B. All
11 of the results described below are based on pooled data collected for the final time
12 point of each included study, apart from FEV1, SGRQ resonders and total scores,

13 and TDI scores. In these cases, results were analysed at 3, 6 and 12 months and

14 where no time points are stated then the evidence statement applies to all time points
15 examined.

16 Pair-wise analysis

17 LABA/LAMA versus LABA/ICS
18 e Moderate quality evidence from 8 RCTs with 8,753 people found a reduction in the

19 number of people experiencing pneumonia who were offered LAMA/LABA
20 compared to LABA/ICS.
21 ¢ Very low to moderate quality evidence from up to 7 RCTs with up to 6,446 people
22 found an improvement in trough FEV1 at 3 and 6 months in people offered
23 LAMA/LABA compared to LABA/ICS, but the point estimates were less than the
24 defined individual minimal clinically important differences.
25 ¢ Very low to high quality evidence from up to 9 RCTs with up to 8,796 people found
26 no meaningful difference in the change in FEV1 at 12 months; TDI score at 3 and
27 6 months; SGRQ score at 3, 6 and 12 months; the numbers of SGRQ responders
28 at 3 and 12 months; or in the numbers of people experiencing moderate to severe
29 exacerbations and SAEs in people offered LAMA/LABA compared to LABA/ICS.
30 ¢ Low to moderate quality evidence from up to 9 RCTs with up to 8,796 people
31 could not differentiate between people offered LAMA/LABA compared to
32 LABA/ICS with regards to the number of people experiencing severe
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exacerbations, cardiac SAEs, COPD SAEs, the numbers of SGRQ responders at
6 months, all-cause mortality and dropouts due to adverse events.

LABA/LAMA versus LAMA

Very low to moderate quality evidence from up to 26 RCTs with up 21,877 people
found no meaningful difference in the change in FEV1, TDI or SGRQ score or the
number of SGRQ responders at 3, 6 and 12 months; or in the numbers of people
experiencing SAEs, COPD SAEs or dropouts due to adverse events in people
offered LAMA/LABA compared to LAMA.

Very low to high quality evidence from up to 24 RCTs with up 20,683 people could
not differentiate people offered LAMA/LABA compared to LAMA with regards to
the number of people experiencing moderate to severe or severe exacerbations,
cardiac SAEs, pneumonia and all-cause mortality.

LABA/LAMA versus LABA

Low quality evidence from 10 RCTs with 8,252 people found an increase in the
number of people experiencing pneumonia in people offered LAMA/LABA
compared to LABA.

Very low to low quality evidence from up to 5 RCTS with up to 2,488 people found
an improvement in trough FEV1 at 3 months and a reduction in the numbers of
people experiencing moderate to severe exacerbations in people offered
LAMA/LABA compared to LABA, but the point estimates were less than the
defined individual minimal clinically important differences.

Very low to moderate quality evidence from up to 11 RCTs with up 8,699 people
found no meaningful difference in the change in FEV1, TDI score, SGRQ score or
the number of SGRQ responders at 6 and 12 months and TDI score at 3 months;
or in the numbers of people experiencing SAEs in people treated with
LAMA/LABA compared to LABA.

Very low to low quality evidence from up to 13 RCTs with up 9,202 people could
not differentiate people offered LAMA/LABA compared to LABA for change in
SGRAQ score at 3 months, the number of people experiencing severe
exacerbations, cardiac SAEs, COPD SAEs, dropouts due to adverse events and
all-cause mortality.

LABA/ICS versus LAMA

Low to moderate quality evidence from up to 5 RCTs with up to 2,395 people
found a reduction in all-cause mortality and cardiac SAEs, and an increase in the
number of people experiencing pneumonia in people offered LABA/ICS compared
to LAMA.

Low quality evidence from up to 5 RCTs with up to 2,590 people found increased
numbers of SGRQ responders at 2 years and SAEs in people offered LABA/ICS
compared to LAMA, but the point estimates were less than the defined individual
minimal clinically important differences.

Very low to moderate quality evidence from up to 7 RCTs with up 2,327 people
found no meaningful difference in the change in FEV1, TDI score and SGRQ
score at 3 months, 6 months, 12 months and 2 years; or in the numbers of people
experiencing moderate to severe exacerbations in people offered LABA/ICS
compared to LAMA.

Very low to low quality evidence from up to 6 RCTs with up 2,657 people could not
differentiate people offered LABA/ICS compared to LAMA in the numbers of
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SGRAQ responders at 3 months, 6 months and 12 months; people experiencing
severe exacerbations, COPD SAEs and dropouts due to adverse events.

LABAICS versus LABA

¢ High quality evidence from 20 RCTs with 19,291 people found an increase in the
number of people experiencing pneumonia in people offered LABA/ICS compared
to LABA.

¢ Low to high quality evidence from up to 21 RCTs with up 19,713 people found no
meaningful difference in the change in FEV1 at 3, 6 and 12 months, SGRQ score
at 3 months, 6 months, 12 months and 3 years; TDI score at 3 and 6 months; the
number of SGRQ responders at 3 and 6 months; or in the numbers of people
experiencing moderate to severe or severe exacerbations, SAEs, COPD SAEs,
cardiac SAEs and dropouts due to adverse events in people offered LABA/ICS
compared to LABA.

e Very low to moderate quality evidence from up to 21 RCTs with up to 19,681
people could not differentiate people offered LABA/ICS compared to LABA for
change in FEV1 at 3 years, all-cause mortality and the number of SGRQ
responders at 12 months and 3 years.

LAMA versus LABA

¢ Low to moderate quality evidence from up to 13 RCTS with up to 22,789 people
found a reduction in the numbers of people experiencing severe exacerbations
and COPD SAEs in people offered LAMA compared to LABA, but the mean
values were less than the defined individual minimal clinically important
differences.

¢ Very low to high quality evidence from up to 15 RCTs with up 23,844 people found
no meaningful difference in the change in FEV1, SGRQ score and TDI score at 3,
6 and 12 months; the number of SGRQ responders at 6 and 12 months; or in the
numbers of people experiencing moderate to severe exacerbations, SAEs and
dropouts due to adverse in people offered LAMA compared to LABA.

¢ Very low to moderate quality evidence from up to 13 RCTs with up 22,844 people
could not differentiate people offered LAMA compared to LABA for the number of
SGRAQ responders at 3 months, all-cause mortality and the number of people
experiencing cardiac SAEs or pneumonia.

Sensitivity analyses and publication bias assessment

Sensitivity analyses were carried out to remove studies at high risk of bias from the
prioritised outcomes. These analyses did not lead to any meaningful changes in the
interpretation of the evidence.

There was no evidence identified that publication bias influenced the results of any of
the drug combinations and comparisons.

Network meta-analysis

The format of the evidence statements is explained in the methods in appendix B.

Please refer to the summary of the NMA results shown in Table 65 and Table 66 in
appendix N.

Based on the NMA, the following differences in effectiveness were obtained:
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¢ Low to moderate quality data from 3 NMAs with up to 10,962 participants found
improvements in trough FEV1 at 3, 6 and 12 months for the high risk group
offered LABA/LAMA versus LABA.

¢ Moderate quality data from 1 NMA with 23,874 participants found a reduction in
the rates of moderate to severe exacerbations for the low risk group offered
LABA/LAMA versus LABA.

e Moderate quality data from 1 NMA with 23,575 participants found a reduction in
the rates of moderate to severe exacerbations for the high risk group offered
LAMA, LABA/ICS or LABA/LAMA versus LABA.

¢ High quality data from 1 NMA with 16,830 participants found a reduction in the
rates of severe exacerbations for the high risk group offered LAMA or LABA/LAMA
versus LABA and LABA/LAMA versus LABA/ICS.

o Low to moderate quality data from 2 NMAs with up to 61,157 participants found an
increase in the rates of pneumonia for both the high and low risk groups offered
LABA/ICS versus LABA or LAMA, and for the low risk group offered LABA/ICS
versus LABA/LAMA.

The remaining NMAs found no differences, could not differentiate between
interventions or found statistically significant differences that were below the MID.

Economic evidence statements

One partially applicable study with potentially serious limitations (Hertel 2012)
assessed the cost-effectiveness of LAMA, LABA, LABA+ICS and LAMA+LABA in
patients with severe or very severe COPD. LAMA+LABA was found to be the most
costly and most effective option, with an ICER of £10,950 per QALY in ICS tolerant
patients an ICER of £15,700 per QALY in ICS intolerant patients.

Two partially applicable studies with potentially serious limitations assessed the cost-
effectiveness of a LAMA compared with a LABA. One study (Gani 2010) found that
tiotropium (LAMA) dominates (is both less costly and generates more QALY's than)
salmeterol (LABA), with probabilistic sensitivity analysis (PSA) indicating a 97%
probability that tiotropium is the more cost-effective option. One study (Price 2013)
found that indacaterol (LABA) dominates tiotropium (LAMA), with PSA indicating an
84% probability that indacaterol is more cost-effective.

Two partially applicable studies with potentially serious limitations assessed the cost-
effectiveness of LAMA+LABA compared with LAMA monotherapy. One study
(Punekar 2015) found that umeclidinium/vilanterol (LAMA+LABA) produced an ICER
of £2,088 per QALY compared with tiotropium (LAMA), with PSA analysis indicating
an 85% probability that umeclidinium/vilanterol is the more cost-effective option. One
study (Ramos 2016) found that aclidinium bromide/formoterol (LAMA+LABA)
produced an ICER of £2,967 per QALY compared with aclidinium bromide
monotherapy (LAMA), with PSA indicating a 79% probability that aclidinium bromide
is more cost-effective.

A directly applicable original model with minor limitations found that starting treatment
on LAMA+LABA has a high probability (86%) of being optimal in the base case.
Introducing treatment effects on adverse events and mortality increased the amount
of uncertainty in results, but, for the overall population, LAMA+LABA remained the
option with the highest probability of being cost effective (38%-57%).
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1 The committee’s discussion of the evidence

The committee used the evidence for this question, the new economic model and the
evidence from the LAMA monotherapy review below to make a number of related
recommendations for the use of inhaled therapies in people with COPD. Their
discussion and recommendations for both reviews are contained in the section on
LAMA monotherapy.

OO WN
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LAMA monotherapy

Review question

Which is the most clinically and cost-effective long-acting anticholinergic (LAMA) for
managing stable COPD, and which subgroups of people should receive treatment
with it?

Introduction

Breathlessness is one of the main problems associated with COPD and one
approach to treatment is the use of bronchodilators, such as LAMAs and long-acting
beta agonists (LABAs), with some use of inhaled corticosteroids (ICS). However,
although these drugs may provide some symptomatic relief, they do not prevent
disease worsening over time.

In people with COPD, airflow obstruction increases the resistance to expiratory flow,
causing the airways to close prematurely and incomplete expiration of air, which in
turn leads to hyperinflation of the lungs. LAMAs work by blocking acetylcholine from
binding at the muscarinic acetylcholine receptors, thereby preventing messages
going to the parasympathetic nervous system. This leads to smooth muscle
relaxation and dilation of the airways, which can help improve exercise tolerance and
improve symptoms in people with COPD. However, to date, treatment with any
pharmacological agent has not been reflected in a reduction in mortality.

LAMAs are also known as long-acting anti-muscarinic agents. There are currently 4
LAMAs that are licenced for use in the UK: aclidinium, glycopyrronium, tiotropium
and umeclidinium. They are all available as dry powder inhalers and licensed for
COPD, with the exception of tiotropium, which also has an alternative device
(Respimat).

This review aims to determine the comparative effectiveness of different LAMAs for
managing stable COPD, and to identify which subgroups of people benefit from
treatment. The review protocol is summarised in Table 13 and detailed in appendix
A. The outcomes in the PICO were adapted to match the Cochrane review earlier in
this evidence review that focused on combinations of LAMA, LABA and LABA/ICS.

Table 13 PICO for examining the comparative effectiveness of different LAMAs.

People diagnosed with COPD (by any means including Global
Strategy for the Diagnosis, Management and Prevention of COPD,
GOLD, guideline; American Thoracic Society criteria for COPD;
European Respiratory Society criteria)

Specific drug from LAMA class including:

e Aclidinium

e Glycopyrronium (also known as glycopyrrolate)

e Tiotropium

e Umeclidinium

e Alternative drug from LAMA class

e Placebo

e COPD exacerbations (moderate to severe and severe)

¢ St George’s Respiratory Questionnaire (SGRQ) score and
decrease in SGRQ score = 4 units (responder)

e Transition Dyspnoea Index (TDI)
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o Mortality

e Total serious adverse events (SAESs)
e Cardiac and COPD SAEs

¢ Dropout due to adverse event

e Trough FEV1

e Pneumonia

¢ Exercise tolerance/ capacity (6MWD)
e Resource use and costs

1 Methods and process
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This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question

are described in the review protocol in appendix A, and the methods section in
appendix B. The search strategies used in this review are detailed in appendix C.

To facilitate comparison with the Cochrane review and network meta-analysis in the
preceding section, this review has adopted the following definitions, key outcomes
and methods:

1.

Exacerbations were divided into moderate to severe and severe categories. A
moderate exacerbation is defined as worsening of respiratory status that
requires treatment with systemic corticosteroids and/or antibiotics; a severe
exacerbation is defined as a rapid deterioration that requires hospitalisation.
Data for the St George’s Respiratory Questionnaire (SGRQ) was presented in
2 ways, depending on the format of data in the included studies: as changes
in SGRAQ total score and as the number of responders (decrease in SGRQ
score of 24 units).
End of study data was reported for dichotomous outcomes, while continuous
outcomes will be reported for the end of the study and at 3, 6 and 12 months
where possible. Data that does not fit into these categories will be assigned to
the closest category.
Breathlessness was only measured using the Transition Dyspnoea Index
(TDI).
The original review protocol developed with the committee is shown in
appendix A. The outcomes listed there were adapted to match the Cochrane
review outcomes, which are shown in the PICO in Table 13 to facilitate
comparison with the Cochrane review chapter.
To prevent formatting issues introducing confusion, drug doses are written as
micrograms, apart from in the forest plots where they are abbreviated to mcg.
This review only includes drugs and doses that are licenced in the UK. Where
multiple doses are presented, data was collected for all licenced doses.
However, trials using doses of up to 20% more or less than the licenced UK
dose were also included. The following drugs are currently licenced for LAMA
monotherapy in the UK: aclidinium, glycopyrronium, tiotropium and
umeclidinium. The following doses were used in the included clinical trials:

a. Aclidinium: 400 micrograms twice daily

b. Glycopyrronium: 50 micrograms daily

c. Tiotropium 18 micrograms once daily or 5 micrograms daily (2 doses

of 2.5 micrograms using the Respimat device)

d. Umeclidinium: 62.5 micrograms daily
In each case, the dose can be written in a number of ways, depending on
whether the delivered or pre-dispensed dose, and the corresponding salt or
active component alone is presented. For simplicity, in our analyses we have
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10.

11.

12.

13.

used the format listed above, which may not refer to the same formulation,
but matches the doses referred to in the included clinical trials.

The devices used to deliver the LAMAs were not investigated here as they
outside the scope of this review.

This review question aimed to look at the effect of LAMA monotherapy on
people with stable COPD. To try to ensure that any effects on outcomes could
be attributed to treatment with a LAMA, included trials were required to recruit
people who were not taking routine concomitant medication at the start of the
trial that could complicate this interpretation (in particular, Long-Acting Beta
agonists (LABAs)). Studies were included if trial participants who were taking
a LABA/ICS combination were switched to the same dose of ICS, with access
to rescue medication as required. Rescue medication including short-acting
bronchodilators, such as albuterol (salbutamol), and ipratropium was allowed.
Inhaled corticosteroids (ICS) were allowed providing they were only used in
participants who had been prescribed them prior to entering the trial and were
on a stable dose.

In cases where primary studies were included in a Cochrane review that was
judged to be of high quality and fully or partially applicable, evidence tables
were not compiled and the reader is referred to the Cochrane review for study
information. Risk of bias and applicability assessments are reported in
appendix E. The exceptions to this are studies that had already been
extracted before the Cochrane reviews were examined. Trials that have been
reported in multiple papers are grouped under the author of the first published
paper or, if they are reported in an included Cochrane review, under the name
used in that review. Studies that were not published in English are included if
the data is accessible from an included Cochrane review (e.g. Beeh et al,
2006).

The included Cochrane reviews were also used as a source of data in cases
where data was inaccessible or not available in the published papers.
However, studies were excluded if they were used in an included Cochrane
review, but there was no peer-reviewed primary publication available.

In cases where the data extracted by the Guideline Updates Team disagreed
substantially with those reported in the included Cochrane reviews and there
was no obvious explanation, then the data in the Cochrane review was
assumed to be correct as they may include data (for example, on sample
sizes) supplied by the study authors.

In cases where the judgement of risk of bias of studies differed between the
Cochrane review authors and the Guideline Updates Team, the risk of bias
reported in the evidence tables in appendix E was based on the Cochrane
review judgements. This decision was made because it was assumed that
these differences were based on additional information available to the
Cochrane review authors following contact with the authors of the primary
studies. However, the risk of bias judgements were also adjusted by the
Guideline Updates Team to maintain consistency across the studies included
from the 3 Cochrane reviews and the remaining primary studies that were
extracted separately.

Attrition bias was a particular issue in some of these trials. To simplify the
assessment of attrition bias, the following rules were used.

a. A gap of 2 10% in the number of drop-outs between trial arms was
considered to be uneven drop out.

b. High risk of attrition bias- if = 20% of the participants for either trial arm
dropped out or if the trial had a high drop-out (= 20%) and the rate
was uneven between arms.

c. Unclear risk of bias- if the trial had a high drop-out and the rate was
even between arms or if the trial had a relatively high drop-out
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14.

15.

16.

17.

18.

19.

20.

21.

22.

(between 15-20%) and the rate was uneven or even between arms or
if the trial had a low drop-out and the rate was uneven between arms.
d. Low risk of bias- if the trial had a low drop-out and the rate was even

between arms.
For the overall risk of bias for the study,1 domain with high risk of bias was
associated with a moderate risk of bias overall and =2 2 domains was a high
risk of bias. Large numbers of unclear risks of bias judgements could also
cause a study to move to moderate or high risk of bias overall. This decision
was based on the potential impact of the particular domains on the outcome
and likelihood that they were at high risk of bias given the judgement for other
domains. For example, if information about allocation concealment was not
provided (unclear risk of bias), but a study statistician carried out
randomisation using an acceptable method then it is likely that allocation
concealment occurred even if it was not described. A lack of information
leading to unclear risk of bias in both the randomisation and allocation
concealment domains would be judged to be more serious than the former
example.
The minimally important differences (MIDs) used in this review are
summarised in Table 15 in appendix B. These were selected based on the
literature with input from the committee.
Within trial subgroup analyses were not carried out for this review because
the maijority of included studies did not report data for the categories of
interest in an accessible format. Within the trials reporting subgroup analyses,
the outcomes were limited to trough FEV1 in 6 trials, SGRQ total score in 2
trials and 1 trial looked at exacerbations per year.
Between trial subgroup analysis was carried out for background ICS use
where data was available. Twenty two trials allowed ICS use, 2 did not and 1
was unclear as the paper was not in English. Since all of the trials involving
aclidinium, glycopyrronium or umeclidinium allowed concomitant ICS use,
only trials with tiotropium versus placebo were included in the subgroup
analysis. This was presented in forest plots, but not included in GRADE
tables as a meaningful difference was not identified between subgroups.
Where there was uncertainty regarding the number of people included in a
particular outcome, data was only presented graphically or was not in an
extractable format for our analyses, the study authors were contacted and
asked to supply the missing information. If no data was forthcoming, then it
was extracted from the graphs or calculated using estimated sample sizes
based on either the intention to treat population or numbers of people
completing the study as deemed appropriate from the study methods. This
was footnoted in relevant the forest plots.
The published NMAs were not used as a source of data for this review as a
new NMA was carried out to combine all the existing evidence and look at the
outcomes of interest identified by the committee. Instead, the published
NMAs were used to provide evidence to support or contrast with the findings
of this review.
The NMA models used in this review were based on models from the NICE
Decision Support Unit (DSU) technical support document 2. Models 5 and 6
were used for continuous outcomes and models 1c and 1d for dichotomous
outcomes.
Data was extracted for the mean effect and 95% credible intervals from the
NMA model with the best fit to the data based on the NICE Guideline Updates
team criteria for model choice detailed in appendix B.
The DSU code presents the results of dichotomous outcomes as OR. These
were converted to RR by the NICE Guideline Updates Team using data for
each outcome from the placebo arm versus tiotropium from the largest trial for
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that particular outcome. This was Bateman 2010b for most outcomes and
Dusser 2006 otherwise.

23. Where the data for the NMA for a particular outcome (for example mortality)
included trials with O events in both arms, these trials were not included as
part of the analysis.

24. Based on discussions with the committee, certain outcomes were prioritised
for the NMA and data is only presented for these outcomes. These outcomes
were: respiratory health- related quality of life measured by the St George’s
Respiratory Questionnaire (SGRQ) total score, SGRQ responders,
breathlessness assessed using TDI, moderate to severe and severe
exacerbations, dropouts due to adverse events, mortality and serious adverse
events.

25. Although there were studies at high risk of bias included in the NMA, a
sensitivity analysis excluding these studies was not carried out because the
sensitivity analysis carried out on the pair wise data did not alter the
interpretation of the effects of the treatments.

Declarations of interest were recorded according to NICE’s 2014 conflicts of interest
policy.

Protocol deviation

Based on discussion with the committee, it was agreed to prioritise the outcomes that
would be of most use for decision making, namely exacerbations, change in TDI
score, SGRQ score and the number of SGRQ responders. These outcomes were
also prioritised for the NMA for this review question.

Summary of studies included in the economic evidence review

Eklund 2016 conducted a cost—utility analysis with a lifetime time horizon comparing
tiotropium with glycopyrronium in patients with moderate to very severe COPD in the
UK. This study was funded by a manufacturer of tiotropium. It used a Markov model
with states based on GOLD stages 2, 3 and 4 (FEV1 50%—-80% predicted, 30%—-50%
predicted, and <30% predicted, respectively). In each cycle of the model, patients
could remain in the same GOLD stage, change GOLD stage or die. Patients could
also experience a severe or non-severe exacerbation in each cycle.

Baseline transition probabilities and exacerbation rates (stratified by disease severity)
were obtained from the UPLIFT trial of tiotropium. Treatment effect was implemented
via a relative risk of exacerbations for tiotropium versus glycopyrronium taken from
the SPARK trial (Wedzicha 2013 — excluded from the clinical review due to a lack of
blinding in the tiotropium arm). The analysis assumes that both treatments are
equivalent in their effect on FEV1.

Costs per cycle of the model, stratified by disease severity and patients’ exacerbation
status were taken directly from a previous economic analysis, which estimated
resource use via a Delphi panel and unit costs from HRG groups and standard NHS
sources. Drug costs were taken from the Monthly Index of Medical Specialities.
Baseline utilities, stratified by disease severity, were taken from a HRQoL study of
patients in the UPLIFT trial. Disutilities associated with moderate and severe
exacerbations were taken from a previous economic analysis, which used EQ-5D
scores and estimates of the length of exacerbations to calculate QALY loss.

Results showed that tiotropium generates a cost saving of €169 (~£147) and 0.23
additional QALYs compared with glycopyrronium and is therefore dominant. One-way
sensitivity analyses showed that tiotropium remained the cost-effective option when
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key parameters were set to high and low plausible values. Subgroup analyses
stratifying patients by disease severity at baseline found that tiotropium remained
dominant in all scenarios.

This study was classified as being partially applicable, as it considered only 2 of the
comparators of interest. It was categorised as having very serious limitations as it
only included effect of treatment on exacerbations, and did not conduct a probabilistic
sensitivity analysis. Furthermore, the treatment effect for tiotropium compared with
glycopyrronium was taken from a study in which tiotropium was prescribed on an
open-label basis. The authors also note that this treatment effect is not consistent
with previous studies or meta-analyses of within-class LAMA comparisons.
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11 Clinical evidence

12 Included studies

13 This review was conducted as part of a larger update of the 2010 NICE COPD

14 guideline (CG101). A systematic literature search for randomised controlled trials

15 (RCTs) and systematic reviews (SRs) was conducted and this returned 4,324

16 references. No date limits were used for the search as this is a new question, based
17 on evidence identified during routine surveillance. Additional references were added
18 from the old guideline (6) and from the surveillance report (40) to give 4,254

19 references after duplicated were removed.

20 These were screened on title and abstract, with 238 papers ordered as potentially
21 relevant Systematic Reviews (SRs), Network Meta-analyses (NMAs) or RCTs. RCTs
22 were excluded if they did not meet the criteria specified in the review protocol

23 (appendix A). Thirty-four papers were included after full text screening: 6 SRs, 3

24 NMAs and 25 RCTs. This process is presented in a PRISMA diagram in appendix D.

25 A second set of searches was conducted at the end of the guideline development
26 process for all updated review questions using the original search strategies, to

27 capture papers published whilst the guideline was being developed. These searches
28 returned 3,100 references in total for all the questions included in the update, and
29 these were screened on title and abstract. No additional relevant references were
30 found for this review question.

31 The process of study identification is summarised in the diagram in appendix D.

32 The included studies are presented in full evidence tables in appendix E and are
33 referenced in appendix M.

34 Excluded studies

35 Studies which allowed concomitant use of other LAMAs or LABAs (such as the

36 UPLIFT trial) were excluded (please refer to the methods and processes section

37 above for details).Trials with open-label interventions were also excluded. In addition,
38 individual papers were excluded if they contained no outcomes of interest, even if

39 they referred to an included clinical trial, as were studies reporting analyses of pooled
40 trial data if this data was available elsewhere.

41 The excluded studies are listed in appendix K with reasons for their exclusion, and as
42 full references in appendix M.
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1 Summary of clinical studies included in the evidence review
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This review identified a number of trials for each type of LAMA versus placebo, but
very few trials comparing different types of LAMA. The studies are summarised
below with full details provided in the evidence tables in appendix E.

e Two SRs, and 11 papers covering 15 RCTs with 8,275 people comparing
tiotropium to placebo. These trials were mainly tiotropium versus placebo alone,
but in some cases (OTEMTO 1 and 2) there were other, non-LAMA, treatment
arms that were excluded from the analysis.

e Two SRs, and 6 RCTs with 2,784 people comparing aclidinium to placebo. These
included the AUGMENT, ACLIFORM, ATTAIN, ACCORD COPD | and ACCORD
COPD Il trials.

e One SR and 4 RCTs with 2,774 people comparing glycopyrronium to placebo.
These included the SHINE, GLOW 1, GLOW 2 and GLOW 7 trials.

e One SR, and 2 RCTs with 888 people comparing umeclidinium versus placebo.
¢ One RCT (GLOW 5) with 657 people comparing glycopyrronium to tiotropium.
¢ One RCT comparing umeclidinium to tiotropium with 1,017 people.

The Guideline Updates Team would like to acknowledge additional information about
the number of people with moderate to severe and severe exacerbations provided by
Professor Bateman for the SHINE trial.

Data from another 3 trials were requested from trial authors and provided, but
received too late to be included in the consultation version of this guideline.
Specifically, additional data or clarification of effect and sample sizes for Bateman
2010 and Casaburi 2002 were provided by Boehringer Ingelheim (Bl). Data for the
UPLIFT trial were also provided by Bl for the group of participants who were not
taking a LABA during the trial.

Quality assessment of clinical studies included in the evidence review

The included studies were assessed for risk of bias and applicability as detailed in
the methods in appendix B. Some of the included studies are also included in the
inhaled therapy combinations Cochrane review and may have a different risk of bias
rating for that review compared to this one. One reason for this difference is because
the inhaled therapy combinations review included open label LAMAs (and other
drugs) whilst this review excluded them. In other cases, there were different ratings
of attrition bias as a result of the inclusion of different trial arms in each review.

Please refer to appendix H for full GRADE tables.

Economic evidence

Included studies

A single search was conducted to cover all review question topics in this guideline
update. This search returned 16,299 records, of which 16,198 were excluded on title
and abstract for this review question. The remaining 101 papers were screened using
a review of the full text and 1 was found to be relevant to the question. A relevant
UK-based cost-utility analysis was identified by the review, so only studies using an
NHS perspective were included.
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1 Excluded studies
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Details of the studies excluded at full text review are given in Appendix K.

Evidence statements

Clinical evidence statements

The format of the evidence statements is explained in the methods in appendix B. All
of the results described below are based on pooled data collected for the final time
point of each included study, apart from SGRQ and TDI scores. In these cases,
results were analysed at 3, 6 and 12 months and where no time points are stated
then the evidence statement applies to all time points examined.

Pair-wise analysis

The following outcomes were not included in the analysis due to a lack of data:
exercise capacity as measured by the 6MWD, COPD SAE and cardiac SAE.

Tiotropium bromide (18micrograms or 5micrograms in total) versus placebo

¢ Very low to moderate quality evidence from up to 10 RCTs with up to 5,421
people showed a reduction in drop-outs due to adverse events, improvement in
TDI and trough FEV1, and an increase in SGRQ responders in people offered
tiotropium compared to placebo.

¢ Very low to low quality evidence from up to 8 RCTs with up to 6,013 people found
a reduction in the number of people having moderate to severe exacerbation and
an improvement in SGRQ score in people offered tiotropium compared to placebo,
but the point estimates were less than the defined individual minimal clinically
important differences.

¢ Low quality evidence from 10 RCTs with 5,421 people found no meaningful
difference in the numbers of people with serious adverse events in people offered
tiotropium compared to placebo.

¢ Low quality evidence from up to 12 RCTS with up to 8,275 people could not
differentiate the numbers of people with severe exacerbations, all-cause mortality
and sessions of pneumonia in people offered tiotropium compared to placebo.

Publication bias: tiotropium versus placebo

There was no evidence identified that publication bias influenced the results of any of
the drug combinations and comparisons.

Sensitivity analysis (removing studies at high risk of bias)

The following differences were found:

¢ Low quality evidence from 1 RCT with up to 90 people could not differentiate the
TDI or SGRQ score at 3 months in people offered tiotropium compared to
placebo.

The remaining sensitivity analyses did not result in any meaningful change in results.

Aclidinium bromide (400 micrograms twice daily) versus placebo

¢ Very low to low quality evidence from up to 6 RCTS with up to 2,782 people found
improvements in trough FEV1, an increase in the numbers of SGRQ responders
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and a reduction in the number of people with moderate to severe exacerbations in
people offered aclidinium compared to placebo.

Low to high quality evidence from 3 RCTs with up to 1,522 people found
improvements in TDI scores, and SGRQ scores at 3 months in people offered
aclidinium compared to placebo, but the point estimates were less than the
defined individual minimal clinically important differences.

Very low to low quality evidence from up to 6 RCTs with up to 2,784 people could
not differentiate the numbers of people with severe exacerbation, non-fatal serious
adverse events, sessions of pneumonia, drop-outs due to adverse events, all-
cause mortality or SGRQ scores at 6 months in people offered aclidinium
compared to placebo.

Glycopyrronium bromide (50 micrograms once daily) versus placebo

Very low to moderate quality evidence from up to 4 RCTS with up to 2,670 people
found improvements in trough FEV1 at all time points and SGRQ score at 3
months, and a reduction in the numbers of people with moderate to severe or
severe exacerbations in people offered glycopyrronium compared to placebo.

Very low to low quality evidence from up to 4 RCTs with up to 2,485 people found
improvements in SGRQ score at 6 months and TDI scores in people offered
glycopyrronium compared to placebo, but the point estimates were less than the
defined individual minimal clinically important differences.

Moderate quality evidence from 4 RCTs with 2,427 people found no meaningful
difference in the numbers of SGRQ responders in people offered glycopyrronium
compared to placebo.

Low quality evidence from up to 4 RCTs with up to 2,779 people could not
differentiate the numbers of people with serious adverse events, sessions of
pneumonia, drop-outs due to adverse events and all-cause mortality in people
offered glycopyrronium compared to placebo.

Sensitivity analysis (removing studies at high risk of bias)

The following differences were found:

Low quality evidence from 1 RCT with 758 people found an improvement in
SGRQ at 3 months in people offered glycopyrronium compared to placebo, but the
point estimate was less than the defined individual minimal clinically important
difference.

Low quality evidence from 3 RCTs with 2,320 people found a decrease in
dropouts due to adverse events in people offered glycopyrronium compared to
placebo.

The remaining sensitivity analyses did not result in any meaningful change in results.

Umeclidinium bromide (62.5 micrograms once daily) versus placebo

Low to high quality evidence from up to 2 RCTs with up to 835 people found
improvements in TDI and SGRQ scores, trough FEV1 and the numbers of SGRQ
responders, with an increase in the numbers of people with serious adverse
events and drop-outs due to adverse events in people offered umeclidinium
compared to placebo.

Low to moderate quality evidence from up to 2 RCTs with up to 904 people could
not differentiate the numbers of people with moderate to severe or severe
exacerbations and all-cause mortality in people offered umeclidinium compared to
placebo.
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Glycopyrronium bromide (50 micrograms once daily) versus Tiotropium
bromide (5 micrograms or 18 micrograms in total)

¢ High quality evidence from 1 RCT with 630 people found no difference in SGRQ
and TDI scores, trough FEV1 and the number of SGRQ responders in people
offered glycopyrronium compared to tiotropium.

e Low quality evidence from 1 RCT with up to 657 people could not differentiate the
numbers of people with moderate to severe or severe exacerbations, non-fatal
serious adverse events, sessions of pneumonia or drop-outs due to adverse
events in people offered glycopyrronium compared to tiotropium.

Umeclidinium bromide (62.5 micrograms once daily) versus Tiotropium
bromide (5 micrograms or 18 micrograms in total)

¢ High quality evidence from 1 RCT with up to 1,012 people found no meaningful
difference in SGRQ and TDI scores, trough FEV1, and the number of SGRQ
responders in people offered umeclidinium compared to tiotropium.

¢ Low to moderate quality evidence from 1 RCT with up to 1,017 people could not
differentiate the numbers of people with moderate to severe exacerbations, non-
fatal serious adverse events, drop-outs due to adverse events and all-cause
mortality in people offered umeclidinium compared to tiotropium.

ICS subgroup analyses

e Between trial subgroup analyses for background ICS use did not show any
meaningful differences in outcomes for people using ICS compared to those not
using ICS in the tiotropium versus placebo trials. The aclidinium, glycopyrronium
and umeclidinium trials all allowed background ICS use.

Network meta-analyses

The format of the evidence statements is explained in the methods in appendix B.

Please refer to the summary of the NMA results shown in Table 67 in appendix N.

e Very low to moderate-quality evidence from 5 network meta-analyses containing
up to 11,137 participants could not differentiate SGRQ scores or responders, TDI
score, moderate to severe exacerbations or mortality between people offered
tiotropium, aclidinium, glycopyrronium or umeclidinium.

¢ Moderate to high quality and partially applicable evidence from 3 published
network meta-analyses did not detect any meaningful differences in FEV1, SGRQ
and TDI score, exacerbations or use of rescue medication between people offered
tiotropium, aclidinium, glycopyrronium or umeclidinium.

¢ Moderate quality evidence from 3 network meta-analyses containing up to 23,477
participants found higher rates of severe exacerbations, dropouts due to adverse
events and serious adverse events in people offered umeclidinium compared to
other LAMAS, but could not detect differences between tiotropium, aclidinium or
glycopyrronium.

Economic evidence statements

One partially applicable cost-utility analysis with potentially serious limitations found
that tiotropium dominates glycopyrronium in patients with moderate to very severe
COPD. This finding was robust to one-way sensitivity analyses, although no
probabilistic sensitivity analysis was conducted.
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Recommendations shaded in grey were not within the scope of the update. Evidence
for these was not reviewed and changes were made only to bring the wording in line
with current NICE style or to link the existing recommendation to a new one if the
treatment pathway changed.

F1. Do not assess the effectiveness of bronchodilator therapy using lung function
alone. Include a variety of other measures such as improvement in symptoms,
activities of daily living, exercise capacity, and rapidity of symptom relief. [2004]
F2. Offer LAMA+LABA" to people who:
¢ have spirometrically confirmed COPD and
e do not have asthmatic features/features suggesting steroid responsiveness? and
e remain breathless or have exacerbations despite:
o treatment for tobacco dependence if they smoke and
o optimised non-pharmacological management and relevant vaccinations and
o using a short-acting bronchodilator. [2018]

F3. Consider LABA+ICS for people who:

¢ have spirometrically confirmed COPD and

e have asthmatic features/features suggesting steroid responsiveness? and

¢ remain breathless or have exacerbations despite:
o treatment for tobacco dependence if they smoke and
o optimised non-pharmacological management and relevant vaccinations and
o using a short-acting bronchodilator. [2018]

F4. For guidance on managing asthma in people with COPD and asthma see the
NICE guideline on asthma. [2018]

F5 Offer LAMA+LABA+ICS' to people with COPD with asthmatic features/features
suggesting steroid responsiveness? who remain breathless or have exacerbations
despite taking LABA+ICS. [2010, amended 2018]

F6. Base the choice of drugs and inhalers on:

¢ how much they improve symptoms

¢ the person’s preferences and ability to use the inhalers

¢ the drugs’ potential to reduce exacerbations, and their side effects and cost.

Minimise the number of inhalers and the number of different types of inhaler used by
each person as far as possible. [2018]

F7. When prescribing long-acting drugs, ensure people receive inhalers they have
been trained to use (for example, by specifying the brand and inhaler in
prescriptions). [2018]

" The MHRA has published advice on the risk for people with certain cardiac conditions when taking
tiotropium delivered via Respimat or Handihaler (2015).

2 This includes any previous, secure diagnosis of asthma or of atopy, a higher blood eosinophil count,
substantial variation in FEV1 over time (at least 400 ml) or substantial diurnal variation in peak
expiratory flow (at least 20%).
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F8. What features predict inhaled corticosteroid responsiveness most accurately in
people with COPD?

F9. What is the clinical and cost effectiveness of inhaled therapies (bronchodilators
and/or inhaled corticosteroids) in people with both stable COPD and asthma?

Rationale and impact

Why the committee made the recommendations

The evidence showed that, compared with other dual therapy combinations and with
monotherapy, LAMA+LABA:

¢ provides the greatest benefit to overall quality of life

¢ s better than other inhaled treatments for many individual outcomes (such as
reducing the risk of moderate to severe exacerbations)

¢ is the most cost-effective option.

The committee did not recommend a particular LAMA because they were not
convinced that the evidence showed any meaningful differences in effectiveness
between the drugs in this class. Instead, they updated the existing recommendation
on drug and inhaler choice, based on their experience of what factors should be
taken into account. In particular, minimising the number and types of inhalers
prescribed will make it easier for people to use their inhalers correctly.

Most of the trials specifically excluded people with COPD and asthma, so there was
no direct evidence for this group. The committee recommended LABA+ICS based on
their clinical experience and knowledge of the likely benefit of inhaled corticosteroids
in certain specific COPD phenotypes.

Because most of the trials excluded people with asthma, there is a lack of evidence
on the most clinically and cost-effective treatments for people with COPD and
asthma. There is also no evidence on how to predict steroid responsiveness in
people with COPD. The committee made research recommendations to address
these points.

29 Impact of the recommendations on practice
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The recommendation on LAMA+LABA dual therapy is likely to increase the number
of people with COPD who are having this treatment. The higher cost of dual therapy
compared with monotherapy may result in a significant resource impact, but cost
savings are also likely from a reduction in treatments needed for exacerbations
(including hospitalisation).

Using LABA+ICS for people with features of asthma/features suggesting steroid
responsiveness is in line with current practice.

The recommendation on how to choose drugs and inhalers covers factors that
prescribers routinely consider, so is not a change in practice. However, minimising
the number and type of inhaler devices and avoiding unnecessary within-class
switching may produce cost savings through lower upfront spending and better
symptom control.
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The committee agreed that a key outcome for people with COPD was
breathlessness. The Transition Dyspnoea Index was the most commonly reported
measure of breathlessness in the inhaled therapy trials. They also agreed the quality
of life outcomes such as the SGRQ, and risk of exacerbations and adverse events
would also be of particular importance for these review questions. They noted that
although FEV1 is an important measure of the effect of bronchodilator medication it
was not an outcome that was as important for people with COPD as symptoms. They
commented that it was still important to capture FEV1 as a prognostic marker of
severity.

The quality of the evidence

The committee noted that triple therapy (LAMA+LABA+ICS) was outside of the scope
of this guideline update and that they were thefore unable to make any
recommendations for this part of the pathway during this update.

The committee noted that these questions were focused on choices of drug, and
comparisons between individual devices were not within the scope. The committee
agreed that the evidence from the Handihaler and Respimat devices used to deliver
tiotropium could be merged as they had very similar effects in head to head trials
(Calverley 2016). They also agreed that open-label tiotropium should be excluded
from the review looking at the within class effects of LAMAs that included data on
LAMAs versus placebo. This was because the use of open-label drugs results in a
greater risk of reporting bias due to the lack of blinding of participants when
compared to placebo. They noted that this was not as much of a problem for the
inhaled therapy combinations review as this question excluded placebo comparisons
and just focused on drug to drug comparisons, where all participants knew they were
on an active treatment. As a result, open-label drugs were not excluded from the
latter review, but the studies were marked as being at high risk of bias and a
sensitivity analysis was carried out for the pairwise data.

There was lack of evidence for people with COPD and comorbidities as these people
were usually excluded from trials. In particular, people with COPD and asthma were
excluded from the majority of included studies. The committee commented that this
could impact the generalisability of the recommendations to these groups of people.
They agreed that where both asthma and COPD are current diagnoses, asthma
guidance for inhaled therapy is likely to be the most salient.

The committee agreed that although the Cochrane review restricted their included
trials to studies that recruited people over 35 years old, this approach was not
inconsistent with that of the Guideline Updates Team for the LAMA monotherapy
review for the following reasons. Firstly, the vast majority of people in the UK are
diagnosed with COPD at over 51 years old?, with very few people being diagnosed
under 40 years old. It would therefore be hard to recruit people <35 years old due to
their small numbers and this is presumably the case in other countries too. Secondly,
not all of the LAMA montherapy trials and the Cochrane review trials specified a
minimum inclusion age, but the trials that did frequently used a cut off of over 40
years. It is likely therefore, that even if the Cochrane group had not used a date cut

3 British Lung Foundation. Chronic obstructive pulmonary disease (COPD) statistics [online; accessed
23 April 2018]
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off that a large number of trials would have recruited people = 40 years anyway.
Thirdly, the mean ages of study populations for trials in both reviews was around the
mid 60s, which is likely to be representative of the population of people with COPD in
the UK. Taking these factors into consideration, the committee agreed that restricting
the population to > 35 year olds was was unlikely to have resulted in the exclusion of
relevant trials from the evidence base for the Cochrane review. Inhaled therapy
combinations

The Cochrane review used as the basis of the evidence for this question stratified the
included studies by risk of exacerbation based on the previous exacerbation history
of the study participants. The committee agreed that this was a potentially useful way
to explain heterogeneity in the data. They noted that high risk studies specifically
recruited people with a history of hospital admission due to COPD exacerbation
within 12 months of study entry, but the low risk category was less well defined.
Since all other studies were classified as low risk by default this meant that the low
risk group would probably also include studies where previous exacerbations were
not an entry criteria, but may include many individuals who had had an exacerbation,
as well as studies that specifically recruited people without exacerbations requiring
hospitalisation within this time frame.

The committee agreed that there was no evidence that publication bias was a
problem for any of the drug combinations and comparisons. They also agreed that
since a sensitivity analysis of the pairwise data removing studies at high risk of bias
did not lead to a meaningful change in interpretation of the evidence, it was not
necessary to perform a sensitivity analysis on the NMA data.

The committee noted that the NMA results were presented at the class level to match
this review question and so they were unable to recommend individual drugs within a
class in comparison to each other. This is in comparison to the LAMA monotherapy
question that specifically looked at within class differences between drugs.

The committee noted that there was a discrepancy between the pairwise and NMA
data for certain outcomes, namely mortality, cardiac SAEs and pneumonia for
LABA+ICS compared to LAMA. For the low risk group, the mortality data for
LABA+ICS compared to LAMA has a RR point estimate of 0.44, but this is a non-
significant result as the 95% CI crosses 1. This is much lower than the RR for the
other treatment comparisons. The data underlying this result comes from 2 studies
with only 4 events for 815 people in total across both trials. As a result, the effect
estimate is associated with a large 95% ClI that crosses 1 and reflects the uncertain
effect of LABA/ICS compared to LAMA on mortality. The NMA model has taken this
into account and included data from indirect comparisons, resulting in an increase in
the RR point estimate so it is more in line with the other treatment comparisons and
has a tighter 95% Crl (credible interval). The committee agreed that the results of the
NMA were likely to be more accurate for these reasons.

Similar issues were noted for the low risk group with LABA+ICS versus LAMA for
cardiac SAEs and pneumonia. Here the RR point estimates were particularly small
(0.14) or large (5.83) respectively compared to the other treatment comparisons and
both 95% CI crossed 1. The RR for both outcomes were also based on relatively few
events and were brought into line with the other comparisons by the NMA using
additional information from the indirect comparisons.

In the case of the high risk group, the RR for mortality with LABA+ICS compared to
LAMA was significantly different and there were inconsistencies in the data between
comparisons. The majority of the weight in the pairwise meta-analysis for this
outcome came from the Wedzicha 2008 trial, which had nearly double the number of
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deaths in the LAMA arm compared to the LABA+ICS arm. The committee discussed
the characteristics of this study in detail, but were unable to identify a reason for this
finding only appearing in this individual study (this issue is discussed in more detail in
the cost effectiveness and resource use section below.) As above, the NMA model
used indirect data to resolve the inconsistency in the pairwise data. Based on their
discussions and the evidence, the committee decided that it was unlikely that the risk
of mortality was reduced by nearly 50% in people treated with LABA+ICS versus
LAMA and the committee agreed to accept the NMA result over the pairwise data.

For cardiac SAEs and pneumonia, the high risk group comparison of LABA+ICS
versus LAMA also showed inconsistency between the pairwise (from Wedzicha
2008) and NMA data. The low RR point estimate from the pairwise data was
overwritten in the NMA using indirect evidence.

LAMA monotherapy

The committee commented that ideally the trial population would be treatment naive
as this would be closest to the situation in real life where LAMA monotherapy was a
treatment choice for people with COPD. However, they noted that in most trials a
large proportion of the participants were also on ICS too and/or had been on
LABA+ICS at baseline. They agreed that trials where participants remained on LABA
or LABA+ICS during the trial should be excluded as this would complicate
interpretation of the data, making it hard to attribute any effects observed to the
LAMA. This decision is supported by the results of another LAMA monotherapy NMA,
Oba (2015), which showed that trials where LABA was prohibited had a greater
reductions in hazard ratios for exacerbations than trials where background LABA was
allowed.

The majority of trials allowed background ICS use. The committee agreed to include
these trials and this decision was supported by the whole trial subgroup analysis for
tiotropium that did not identify meaningful differences in outcomes for people using
ICS compared to those not using ICS. They also agreed to include trials with
background theophylline use as they did not expect this to affect the outcomes.

The committee agreed to exclude papers with more complex interventions (e.g.
Ambrosino 2008 using inhalers and pulmonary rehabilitation in same trial) as there
may be an interaction between these interventions that results in a different outcome
or degree of effect to inhalers alone.

The committee commented that the smoking rates were very high in some studies
(for example, Lee 2015) and greater than seen in clinical practice in UK. This has
issues for generalisability and affects exacerbation rates.

Despite its importance to people with COPD, the committee noted that most trials did
not include exercise capacity/tolerance as an outcome and, as a result, this outcome
was not included in the analysis.

Benefits and harms

Inhaled therapy combinations

The committee noted that LAMA+LABA had the highest probability of being ranked
best for outcomes where there were meaningful difference between treatment
alternatives, which included increased FEV1 and reductions in moderate to severe,
and severe exacerbation rates for the high risk stratified group (see summary Table
65 and Table 66). They also noted that LAMA+LABA showed benefits over other
treatments across a range of domains, and that even if outcomes in the individual
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domains were below the defined MIDs, these were likely to add up to a meaningful
difference overall. The committee agreed therefore that it was important not to
consider these individual outcomes in isolation, but to consider the overall impact on
quality of life, as estimated in the economic model. The committee also agreed there
was a clear pattern of dual therapies being better than monotherapy across a range
of outcomes.

Based on this clinical data and the results of the economic modelling which showed
that LAMA+LABA was the most cost effective choice for the majority of scenarios, the
committee felt able to make a strong recommendation for the use of LAMA+LABA as
first line inhaled treatment for people with COPD who fell into the high risk group (i.e.
had an hospital admission for an exacerbation of COPD in the last year) and did not
have comorbid asthma.

The results for the low risk group showed a similar pattern but with smaller absolute
differences between treatments. The NMAs showed a number of outcomes where
there were differences between comparators, but these were less than the MID and
so not considered to be clinically meaningful in isolation, and again the committee
agree it was important to consider the overall impact on quality of life estimated from
combining these outcomes in the model. The exception to this was moderate to
severe exacerbations, where LAMA+LABA was meaningfully better than LABA at
reducing the risk of exacerbations. If the outcomes with differences between
comparators that were less than the MID were considered, then LAMA+LABA had
the highest probability of being ranked best for the majority of these outcomes. As a
result, the committee decided to combine these results into 1 recommendation
irrespective of previous exacerbation history.

The exclusion criteria for most trials meant that people with common COPD
comorbidities such as asthma were not recruited. As a result, the committee were
able to make a strong recommendation for people with COPD without asthmatic
features/features suggesting steroid responsiveness* based on the NMA and cost
effectiveness evidence, but were forced to rely on their clinical expertise to make a
recommendation for people with COPD and asthmatic features/features suggesting
steroid responsiveness. The committee decided to use the term asthmatic features/
features suggesting steroid responsiveness rather than simply asthma to take into
account issues around the diagnosis of asthma in people with COPD and that some
people without clinically defined asthma may also have features that could lead them
to benefit from treatment with LABA+ICS instead of LAMA+LABA. They defined this
term in the recommendations based on their clinical experience.

The committee decided to recommend LABA+ICS as the first line treatment for
people with COPD who had asthmatic features/features suggesting steroid
responsiveness for the following reasons. Firstly, they decided that it was clinically
inapropriate to treat people with COPD and asthma as though they just had asthma
as they have different underlying disease mechanisms. As a result , the committee
decided against making a recommendation to treat people with COPD and asthmatic
features/features suggesting steroid responsiveness for breathlessness according to
the asthma guideline. Secondly, the committee felt that people with COPD who meet
criteria for long acting bronchodilators will need this therapy irrespective of whether
they have comorbid asthma and so ICS alone would not be a relevant treatment
option for this population. Thirdly, to treat the COPD symptoms, the committee
agreed that the same drug combinations that were effective for people with just

4 This includes any previous, secure diagnosis of asthma or of atopy, a higher blood eosinophil count,
substantial variation in FEV1 over time (at least 400 ml) or substantial diurnal variation in peak
expiratory flow (at least 20%).
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COPD should be considered. Based on the results of the NMAs, dual therapy was
more effective than monotherapy for most outcomes, even though the point
estimates of effect were often less than the MID. However, the committee thought
that for people with asthmatic features/features suggesting steroid responsiveness
LABA+ICS was likely to be a better initial treatment combination than LAMA+LABA,
as they agreed it would be clinically inappropriate for people with these features not
to be on an inhaled steroid since they are likely to benefit from the use of ICS in a
similar manner to people with diagnosed asthma. Finally, the committee agreed that
due to the lack of evidence in this population group, weaker wording should be used
for this recommendation.

The committee also agreed that people with COPD and asthma should be managed
taking both guidelines into account where relevant and they included a reference to
the asthma guideline to ensure that people with both COPD and asthma have their
asthma managed appropriately.

The committee noted the 2010 guideline contains a separate recommendation to add
a LAMA to LABA+ICS for people who remain breathless or have exacerbations
despite taking LABA+ICS, and therefore these people would reach a stage of being
on dual bronchodilator therapy, if this was needed to control their symptoms. The
committee amended the recommendation for triple therapy to include reference to
asthmatic features/features suggesting steroid responsiveness to match the format of
the new recommendations and the new treatment pathway.

They wrote a research recommendation to investigate which features could be used
to predict inhaled steroid responsiveness in people with COPD to help with the
identification of people who could benefit from following the LABA+ICS pathway.

The committee noted that for both low and high risk groups, the risk of pneumonia
was increased in people taking LABA+ICS compared to other treatments, but they
agreed the benefits for people with COPD and asthmatic features/features
suggesting steroid responsiveness outweighed the harms.

The committee noted the absence of any evidence looking at the optimal treatments
for people with both COPD and asthma, and therefore agreed it was appropriate to
make a research recommendation on this topic.

LAMA monotherapy

The majority of the included trials compared individual LAMAs to placebo and in all
cases the LAMAs showed improvements in some of the outcomes of interest versus
placebo. The committee noted, however, that the focus of this question was not the
effectiveness of LAMAs themselves, but differences between different LAMAs. Only
2 trials directly compared one LAMA to another LAMA and these looked at
glycopyrronium or umeclidinium versus tiotropium. In both studies, the pairwise data
found no differences or could not differentiate between the drugs. These findings are
supported by the NMA results for TDI scores, SQRQ scores and probability of being
a responder, and the risk of moderate to severe exacerbations and all-cause
mortality. However, the NMA results for severe exacerbations, dropouts due to
adverse events and serious adverse events were worse for umeclidinium compared
to the other LAMASs (see summary Table 67).

The committee discussed these findings in detail. They noted that the data for these
NMA findings came predominantly from 1 particular study (Donahue 2013) that was
carried out across 163 centres in 13 countries with 698 participants. The committee
noted that there were many more people with severe exacerbation events in the

umeclidinium arm in the Donahue 2013 study, compared to Trivedi 2014, which had
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none in either arm of the trial. In addition, for SAEs and dropouts due to adverse
events, the Trivedi 2014 study had very few or no events in each arm, but the small
study size resulted in very wide 95% CI.

The committee also noted that severe exacerbations were by definition serious
adverse events and that these were also common reasons for participants to drop
out of the trial. They thus concluded that there was likely to be overlap between the
outcomes. As a result, they decided that there was likely to be one negative finding
for umeclidinium rather than 3 and that this could have occurred by random chance.

The committee looked at data in the Ni (2017) Cochrane review, which also includes
trials using higher doses of umeclidinium (125 micrograms), as well as the 62.5
micrograms dose examined here, and noted these studies did not show an elevated
number of people with serious adverse events or discontinuations due to adverse
events at the higher doses compared to placebo. They commented that it was
biologically implausible that there would be more adverse effects with lower doses of
umeclidinium compared to higher doses.

In addition, the results of a published NMA did not detect any differences in FEV1,
SGRQ and TDI score, or use of rescue medication between people taking tiotropium,
aclidinium, glycopyrronium or umeclidinium.

Based on these discussions, the committee decided that there was insufficient
evidence to make a negative recommendation for umeclidium for the following
reasons:

e There was likely to be an overlap between the negative outcomes.

¢ There were no meaningful differences between the LAMAs for TDI score, SQRQ
score and responders, moderate to severe exacerbations or mortality.

e There was a lack of biological plausibility that there would be more adverse effects
with lower doses of umeclidinium compared to higher doses.

e The adverse events were not seen to the same extent in other comparable
umeclidinium trials.

Taking all of this information into account, the committee decided that there was
insufficient evidence to conclude that any LAMA was better or worse than another.
Instead, the evidence supported the view that there was probably no meaningful
difference between aclidinium, glycopyrronium, tiotropium and umeclidinium for the
outcomes of interest. As a result, the committee did not make a recommendation
favouring one drug over another, but rather recommended that a number of factors
be taken into consideration when making a choice of drug, including patient
preference regarding inhaler device and the ability to use it. However, since the
review question comparing inhaled therapy combinations led to recommendations to
start treatment with dual therapy rather than monotherapy, this recommendation was
kept as a general recommendation relevant to all stages of the inhaled therapy
decision making process. In particular, the committee wanted to make sure that
people were not being switched between drugs and devices without ensuring that
they are able to use the devices correctly. They noted that having fewer devices or
types of devices was likely to be less confusing for people and lead to better
adherence to treatment regimens.

Cost effectiveness and resource use

The committee were presented with economic evidence on the relative cost
effectiveness of different classes of long-acting bronchodilators, both from the
existing literature and from the economic model developed for this guideline. Overall,
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the committee were confident in prioritising the evidence from the original model over
that in the literature for a number of reasons. First, evidence from the literature
generally compares 2 specific products, rather than evaluating the entire decision
problem. Second, published economic analyses are generally informed by relatively
few clinical trials, whereas the de novo analysis uses outcomes from a network meta-
analysis which synthesises a large number of studies. Third, evidence from the
literature is commonly associated with limitations in terms of duration of analysis,
limited sensitivity analysis, lack of inclusion of adverse events, and opacity of sources
for model parameters. Finally, all of the included economic evaluations from the
literature were funded by manufacturers of long-acting bronchodilators and, as such,
were subject to a potential conflict of interest.

The committee considered the economic evidence from the de novo model and
noted that, when treatment effects on adverse events and mortality are not included,
starting patients on a LAMA+LABA is the most cost-effective option in the model
base case, and in all 5 individual treatment effect scenarios. Probabilistic sensitivity
analysis also showed that there is a high degree of certainty behind this result in
most cases. The committee noted that the reason for this is the favourable treatment
effect of LAMA+LABA on exacerbations, FEV1, TDI, and SGRQ compared to other
options. These treatment benefits mean that LAMA+LABA generally produces the
highest number of QALYs, and also generates cost savings through the reduction in
hospitalised and non-hospitalised exacerbations.

The committee noted that including treatment effects on adverse events and mortality
substantially increases the uncertainty in results. This is particularly due to the effect
on mortality, as this outcome is an important determinant of QALYs, and is
associated with wide confidence intervals which, in turn, causes greater uncertainty
in model results. It was also noted that the point estimates for mortality effects are
most favourable towards LABA+ICS, which reduces the probability that LAMA+LABA
is the most cost-effective strategy. The committee carefully considered the plausibility
of this mortality effect. It was observed that this result was largely produced by a
single trial — Wedzicha et al. (2008) — which reported a significant reduction in
mortality for LABA+ICS compared with LAMA monotherapy. This result also affects
the relative mortality effect between LAMA+LABA and LABA+ICS, as it provides
indirect evidence in the network meta-analysis. However, the committee observed
that the pairwise evidence comparing LAMA+LABA to LABA+ICS found no difference
in mortality between these 2 treatments. Moreover, none of the other studies used in
the network meta-analysis found a significant mortality effect for any of the pairwise
comparisons. The committee also noted that there is no evidence that LAMA
treatment has an effect on mortality per se, as the network meta-analysis results for
the LAMA monotherapy review do not show an effect on mortality compared to
placebo for any of the individual LAMA agents.

For these reasons, the committee agreed that the mortality benefit associated with
LABA+ICS is likely to be generated by an outlying result, and agreed that scenarios
which did not include a treatment-specific effect on mortality were a more accurate
representation of the true relative health benefits and costs of the treatments
assessed.

The committee also considered model subgroup results for patients at high- and low-
risk of exacerbations. It was noted that, for the high-risk population, LAMA+LABA is
associated with a lower ICER and a higher probability of being cost-effective than in
the overall population across all scenarios. This is primarily due to a higher baseline
exacerbation rate for this subgroup, meaning that more effective treatments achieve
a larger absolute reduction in exacerbations, and are therefore associated with
greater QALY gains and cost reductions. For the low-risk subgroup, the opposite is
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true; a lower baseline exacerbation rate results in higher ICERs and more uncertainty
that LAMA+LABA is the most cost-effective treatment. The committee noted that, for
this subgroup, LAMA+LABA retained the highest probability of being cost effective
when treatment effects on adverse events and mortality were excluded. However,
this ceased to be the case when either or both of these effects were included. A
strategy of LABA -to- LAMA+LABA had the highest probability of being cost effective
when adverse event effects were included, and a strategy of LABA -to- LABA+ICS
had the highest probability when both adverse event and mortality effects were
included. Despite these findings, the committee were still confident that LAMA+LABA
is likely to be the optimal strategy overall. This was firstly because the scenario in
which treatment effects on adverse events and mortality were excluded was deemed
to be the most plausible, due to the level of uncertainty in these outcomes. Secondly,
the patient population eligible for long-acting bronchodilator therapy is, by definition,
more akin to the high-risk population than to the low-risk population, as these
treatments are only offered to patients who remain breathless or have exacerbations
despite using short-acting bronchodilators. Therefore, if anything, LAMA+LABA is
likely to be more cost-effective than in the model base case, which is based on a
population containing both high- and low-risk patients.

For these reasons, the committee were confident in recommending LAMA+LABA as
first-line long-acting bronchodilator therapy for patients with stable COPD on both
economic and clinical grounds.

The committee discussed the implications of recommending LAMA+LABA as the
initial long-acting bronchodilator therapy on the rest of the treatment pathway. It was
noted that, as a result, an existing recommendation on triple therapy
(LAMA+LABA+ICS) for patients whose symptoms are not controlled with a LAMA
alone would become obsolete, since the treatment pathway no longer includes LAMA
monotherapy as an option. The committee considered evidence from the economic
model for a scenario in which progression from dual to triple therapy was not
permitted. It was observed that this scenario resulted in LAMA+LABA becoming more
cost effective than in the model base case, and so the committee remained confident
in their recommendations. It was agreed that it may be appropriate to revisit the place
of triple therapy in the treatment pathway in a future guideline update, especially
given recent evidence on the effectiveness of triple therapy fixed-dose combination
inhalers.

The committee noted that there was no economic or clinical evidence on inhaled
therapy for patients with COPD and features of asthma. However, it was observed
that inhaled corticosteroids are a mainstay of treatment for asthma and, as such, it is
logical that any recommended regimen should contain an ICS. The committee
discussed the possibility of recommending triple therapy (LAMA+LABA+ICS) for
patients with symptoms of both COPD and asthma, given that LAMA+LABA was
found to be cost effective in the de novo economic analysis, and that adding an ICS
to this regimen would be a logical step to address the asthma component. However,
it was decided that, given the uncertainty in the cost-effectiveness of triple therapy in
general, and the lack of evidence for patients with features of asthma, it would be
more appropriate to make a more conservative recommendation for LABA+ICS,
considering that patients with COPD and features of asthma whose symptoms
remain uncontrolled can be later stepped up to triple therapy.

The committee discussed choice of specific drugs and devices, and agreed that
giving regard to patient response, preferences, and ability to use the device would
generally be cost effective, given that these factors are likely to improve patients’ use
of medication and hence disease control, and therefore are likely to result in
downstream cost savings. Similarly, the committee agreed that minimising the
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number and type of inhaler devices would also be cost effective, as prescribing a
single fixed-dose combination product is typically cheaper than prescribing both
components individually, and also reduces clinician time in demonstrating how to use
inhalers. Furthermore the committee noted that patients’ adherence would, on
average, be improved by using fewer devices.

The committee discussed the clinical evidence for the relative effectiveness of
individual LAMAs, and determined that there is no strong evidence for differential
effectiveness of treatments within the class. However, it was noted that there are
some differences in costs of different drugs and inhalers. The committee agreed that
this point was captured in their recommendation to base drug choice on a drug’s cost
(as well as other factors). Given the lack of evidence for within-class treatment
differences, the committee recommended that medication switching within a class
should be avoided where possible, in order to minimise treatment disruption, drug
wastage, and use of clinicians’ time, given the opportunity costs involved.

The committee considered the potential resource impact of their recommendations. It
was determined that prescribing of LAMA+LABA is likely to increase as a result, and
this may have a significant impact on resource use, given that dual therapy is
typically more expensive than monotherapy. However, the committee were confident
in this recommendation, given the robust economic and clinical evidence supporting
it. Furthermore, many of the modelled scenarios show a downstream reduction in
costs due to prevented exacerbations, which may (partially or totally) mitigate the
total resource impact.

The committee agreed that the recommendation regarding the use of LABA+ICS for
patients with COPD with asthmatic features would be unlikely to result in a significant
resource impact, because LABA and ICS are common treatments for COPD and
asthma, respectively. Furthermore, this recommendation is a weaker ‘consider’
recommendation, and is therefore anticipated to have a less pronounced effect on
practice.

The committee agreed that the recommendations relating to the choice of specific
drugs and inhaler devices represented good clinical practice and, if anything, would
result in cost savings due to reduced waste in inhaler prescription, more effective
delivery of inhaled medication, and better control of symptoms.

Other factors the committee took into account

These reviews did not include consideration of the effectiveness of the delivery
device. The committee noted that it was important that people with COPD were
assessed for their ability to manage a specific inhaler device, its acceptability was
assessed and they were trained to use their inhaler device by healthcare
professionals competent to do so. They noted that since the inhaler devices were
different they may suit different people. In particular, some devices may be less
suited to older and elderly people who have problems with dexterity and/ or cognition.
As a result, the committee recommended that the choice of inhaler device and ability
to use it should also be taken into account when making decisions on inhaled
therapies. The committee also noted that in clinical practice the availability of each
LAMA in a different device would impact on medication choice.

48
Chronic obstructive pulmonary disease in over 16s: diagnosis and management
evidence reviews for Inhaled therapies DRAFT [June 2018]



1

DRAFT FOR CONSULTATION

Appendices

2 Appendix A — Review protocols

3 Review protocol for combinations of inhaled therapies

4
5

This review was carried out as a collaboration with the Cochrane Airways Group. The
following table is based on the published review protocol (Oba et al 2017).

Field (based on PRISMA-P)

Content

Review question

In people with stable COPD, what is the clinical
and cost effectiveness of a LAMA plus a LABA
compared with:

e alLAMA alone

e alLABA alone

e a LABA plus an inhaled corticosteroid (ICS)

Type of review question

Intervention

Objective of the review

To determine the comparative effectiveness of
different drug classes for managing stable COPD

Eligibility criteria — population

People diagnosed with COPD

Inclusion criteria from Cochrane Review:

e Patients aged > 35 years

e Diagnosis of COPD in accordance with
American Thoracic Society-European
Respiratory Society (ATS/ERS 2004), GOLD
report (GOLD 2017) or equivalent criteria.

e Obstructive ventilator defect should be at least
moderate, with a baseline FEV1 less than 80%
of predicted.

comparators

Eligibility criteria — e LAMA
interventions e LABA
e LAMA + LABA
e LABA+ICS
Eligibility criteria — Each other

Chronic obstructive pulmonary disease in over 16s: diagnosis and management evidence
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Outcomes

e COPD exacerbation (moderate to severe and
severe)

e St George’s Respiratory Questionnaire
(SGRQ) score and decrease in SGRQ score =
4 units (responder)

e Transition Dyspnoea Index (TDI)

e Mortality

e Total serious adverse events (SAEs)

e Cardiac and COPD SAEs

e Dropout due to adverse event

e Trough FEV1

e Pneumonia

e Resource use and costs

Eligibility criteria — study
design

e RCTs
e Systematic reviews of RCTs

Other inclusion exclusion
criteria

e Trials with a follow-up of less than 12 weeks

Proposed sensitivity/sub-
group analysis, or meta-
regression

Subgroups:

e Disease severity

e Treatment duration

e Smoking status

e Type of each arm (intraclass comparison)
e Dose of ICS component for pneumonia

e Publication status

Selection process — duplicate
screening/selection/analysis

10% of the abstracts were reviewed by two
reviewers, with any disagreements resolved by
discussion or, if necessary, a third independent
reviewer. If meaningful disagreements were found
between the different reviewers, a further 10% of
the abstracts were reviewed by two reviewers,
with this process continued until agreement is
achieved between the two reviewers. From this
point, the remaining abstracts will be screened by
a single reviewer.

This review made use of the priority screening
functionality with the EPPI-reviewer systematic
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reviewing software. See Appendix B for more
details.

Data management (software)

See Appendix B

Information sources —
databases and dates

See Appendix C

Cochrane Airways Group Specialised Register
(CAGR): searches for inhaled therapy
combinations

The searches will be undertaken by the Cochrane
Airways Group using the following databases:

e AMED (EBSCO)

e CINAHL (EBSCO)

e Cochrane Central Register of Controlled Trials
— CENTRAL (the Cochrane Library)

e EMBASE (Ovid)

e MEDLINE (Ovid)

e PsycINFO (Ovid)

e ClinicalTrials.gov
e World Health Organization (WHO) trials portal

All databases will be searched from their inception
to present.

Hand searches: core respiratory conference
abstracts

e American Academy of Allergy, Asthma and
Immunology (AAAAI)

e American Thoracic Society (ATS)

e Asia Pacific Society of Respirology (APSR)

e British Thoracic Society Winter Meeting
(BTS)

e Chest Meeting

e European Respiratory Society (ERS)

¢ International Primary Care Respiratory
Group Congress (IPCRG)

e Thoracic Society of Australia and New
Zealand (TSANZ)

NICE economic search:
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e NHS Economic Evaluation Database — NHS
EED (Wiley)

e Health Economic Evaluations Database —

HEED (Wiley)

EconLit (Ovid)

Embase (Ovid)

MEDLINE (Ovid)

MEDLINE In-Process (Ovid)

The economics search will cover all questions and
will be date limited from the previous search
January 2009-May 2017

Identify if an update

Update of 2010 COPD guideline questions:

What is the clinical and cost effectiveness of long-
acting muscarinic antagonists plus long-acting
beta2 agonists compared to long-acting beta2
agonists in the management of people with stable
COPD?

What is the clinical and cost effectiveness of long-
acting muscarinic antagonists plus long-acting
beta2 agonists compared to long-acting
muscarinic antagonists in the management of
people with stable COPD?

What is the clinical and cost effectiveness of long-
acting muscarinic antagonists plus long-acting
beta2 agonists compared to long-acting beta2
agonists plus inhaled corticosteroids in the
management of people with stable COPD?

Author contacts

Guideline update

Highlight if amendment to
previous protocol

For details please see section 4.5 of Developing
NICE guidelines: the manual

Search strategy — for one
database

For details please see appendix C

Data collection process —
forms/duplicate

A standardised evidence table format will be used,
and published as appendix E (clinical evidence
tables) or | (economic evidence tables).
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Data items — define all
variables to be collected

For details please see evidence tables in
appendix E (clinical evidence tables) or |
(economic evidence tables).

Methods for assessing bias at
outcome/study level

See Appendix B

Criteria for quantitative
synthesis

See Appendix B

Methods for quantitative
analysis — combining studies
and exploring (in)consistency

See Appendix B

Meta-bias assessment —
publication bias, selective
reporting bias

See Appendix B

Confidence in cumulative
evidence

See Appendix B

Rationale/context — what is
known

For details please see the introduction to the
evidence review in the main file.

Describe contributions of
authors and guarantor

A multidisciplinary committee developed the
evidence review. The committee was convened by
the NICE Guideline Updates Team and chaired by
Damien Longson initially, then Andrew Molyneux
from September 2017 onwards in line with section
3 of Developing NICE guidelines: the manual.

Staff from the NICE Guideline Updates Team
undertook systematic literature searches,
appraised the evidence, conducted meta-analysis
and cost-effectiveness analysis where
appropriate, and drafted the evidence review in
collaboration with the committee. For details
please see Developing NICE guidelines: the
manual.

Sources of funding/support

The NICE Guideline Updates Team is an internal
team within NICE.
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Name of sponsor

The NICE Guideline Updates Team is an internal
team within NICE.

Roles of sponsor

The NICE Guideline Updates Team is an internal
team within NICE.

1 Review protocol for the choice of long-acting anticholinergics (LAMAs)

Field (based on PRISMA-P)

Content

Review question

Which is the most clinically and cost-effective
long-acting anticholinergic (LAMA) for managing
stable COPD, and which subgroups of people
should receive treatment with it?

Type of review question

Intervention

Objective of the review

To determine the comparative effectiveness of
different LAMAs for managing stable COPD, and
to identify which subgroups of people benefit from
treatment.

Eligibility criteria — population

People diagnosed with COPD (by any means
including Global Strategy for the Diagnosis,
Management and Prevention of COPD, GOLD,
guideline; American Thoracic Society criteria for
COPD; European Respiratory Society criteria)

Eligibility criteria —
interventions

e Specific drug from LAMA class including:

e Tiotropium

e Glycopyrronium (sometimes called
glycopyrrolate)

e Aclidinium (Eklira brand name)

e Umeclidinium

Eligibility criteria — comparators

e Alternative drug from LAMA class
e Placebo

Outcomes

e Mortality

o Hospital admissions and readmissions
e Exacerbations

e Gas trapping (Residual Volume, RV)
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Gas transfer (carbon monoxide diffusion
capacity and arterial oxygen partial pressure,
Pa02)

Exercise capacity/ exercise tolerance (e.g. 6
minute walking distance, 6MWD, or the shuttle
walk test)

Symptoms including breathlessness (e.g.
Borg dyspnoea score, Modified MRC scale for
dyspnoea) and orthopnoea

Change in FEV1, rate of change in FEV1
Adverse events including:

Renal problems

Cardiac problems

Falls

Quality of life (e.g. St. George's respiratory
questionnaire, SGRQ, overall score)
Resource use and costs

Eligibility criteria — study
design

RCTs
Systematic reviews of RCTs

Other inclusion exclusion
criteria

Trials of less than 12 weeks duration (to
ensure trials looking at acute effects (e.g. on
exercise) are excluded and confine search to
trials looking at longer term effects of
interventions).

Non-English language publications

Proposed sensitivity/sub-group
analysis, or meta-regression

Subgroups:

Multimorbidities (including COPD with asthma,
bronchiectasis, anxiety or depression)
Smoking status (smokers versus non-smokers
or, data permitting, never smoked, ex-
smokers and current smokers).

Polypharmacy (defined as taking = 4
medicines; stratify by 25, = 8, = 10 medicines
as per NICE multi-morbidity guideline NG56)
Trials that recruited patients with at least one
COPD exacerbation in the 12 months before
study entry
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e People with cognitive decline

Subgroup analyses will only be conducted if the
majority of trials report data for the listed
categories in an accessible format

Selection process — duplicate
screening/selection/analysis

10% of the abstracts were reviewed by two
reviewers, with any disagreements resolved by
discussion or, if necessary, a third independent
reviewer. If meaningful disagreements were
found between the different reviewers, a further
10% of the abstracts were reviewed by two
reviewers, with this process continued until
agreement is achieved between the two
reviewers. From this point, the remaining
abstracts will be screened by a single reviewer.

This review made use of the priority screening
functionality with the EPPI-reviewer systematic
reviewing software. See Appendix B for more
details.

Data management (software)

See Appendix B

Information sources —
databases and dates

See Appendix C
Main Searches:

e Cochrane Database of Systematic Reviews —
CDSR (Wiley)

¢ Cochrane Central Register of Controlled Trials
— CENTRAL (Wiley)

e <Database of Abstracts of Reviews of Effects
— DARE (Wiley)

¢ Health Technology Assessment Database —
HTA (Wiley)

e EMBASE (Ovid)

e MEDLINE (Ovid)

e MEDLINE In-Process (Ovid)

The search will not be date limited due to
additional terminology to that in the searches
carried out in the 2010 guideline update.
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Economics:

e NHS Economic Evaluation Database — NHS
EED (Wiley)

¢ Health Economic Evaluations Database —

HEED (Wiley)

EconLit (Ovid)

Embase (Ovid)

MEDLINE (Ovid)

MEDLINE In-Process (Ovid)

The economics search will cover all questions
and will be date limited from the previous search
January 2009-May 2017.

Identify if an update

This is a new question for the 2017 COPD
guideline. It was derived from the 2004 questions:
Which patients with stable COPD should be
treated with long-acting anticholinergics? How
should the effects of this intervention be
assessed?

Author contacts

Guideline update

Highlight if amendment to
previous protocol

For details please see section 4.5 of Developing
NICE guidelines: the manual

Search strategy — for one
database

For details please see appendix C

Data collection process —
forms/duplicate

A standardised evidence table format will be
used, and published as appendix E (clinical
evidence tables) or | (economic evidence tables).

Data items — define all
variables to be collected

For details please see evidence tables in
appendix E (clinical evidence tables) or |
(economic evidence tables).

Methods for assessing bias at
outcome/study level

See Appendix B

Criteria for quantitative
synthesis

See Appendix B
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Methods for quantitative

analysis — combining studies
and exploring (in)consistency

See Appendix B

Meta-bias assessment —
publication bias, selective
reporting bias

See Appendix B

Confidence in cumulative
evidence

See Appendix B

Rationale/context — what is
known

For details please see the introduction to the
evidence review in the main file.

Describe contributions of
authors and guarantor

A multidisciplinary committee developed the
evidence review. The committee was convened
by the NICE Guideline Updates Team and
chaired by Damien Longson initially, then Andrew
Molyneux from September 2017 in line with
section 3 of Developing NICE guidelines: the
manual.

Staff from the NICE Guideline Updates Team
undertook systematic literature searches,
appraised the evidence, conducted meta-analysis
and cost-effectiveness analysis where
appropriate, and drafted the evidence review in
collaboration with the committee. For details
please see Developing NICE guidelines: the
manual.

Sources of funding/support

The NICE Guideline Updates Team is an internal
team within NICE.

Name of sponsor

The NICE Guideline Updates Team is an internal
team within NICE.

Roles of sponsor

The NICE Guideline Updates Team is an internal
team within NICE.
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1 Appendix B — Methods

2 Priority screening
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10
11
12
13

14
15
16
17
18
19
20

21
22
23

The reviews undertaken for this guideline all made use of the priority screening functionality
with the EPPI-reviewer systematic reviewing software. This uses a machine learning
algorithm (specifically, an SGD classifier) to take information on features (1, 2 and 3 word
blocks) in the titles and abstract of papers marked as being ‘includes’ or ‘excludes’ during the
title and abstract screening process, and re-orders the remaining records from most likely to
least likely to be an include, based on that algorithm. This re-ordering of the remaining
records occurs every time 25 additional records have been screened.

Research is currently ongoing as to what are the appropriate thresholds where reviewing of
abstract can be stopped, assuming a defined threshold for the proportion of relevant papers
it is acceptable to miss on primary screening. As a conservative approach until that research
has been completed, the following rules were adopted during the production of this guideline:

¢ In every review, at least 50% of the identified abstract (or 1,000 records, if that is a
greater number) were always screened.

e After this point, screening was only terminated if a pre-specified threshold was met for
a number of abstracts being screened without a single new include being identified.
This threshold was set according to the expected proportion of includes in the review
(with reviews with a lower proportion of includes needing a higher number of papers
without an identified study to justify termination), and was always a minimum of 250.

As an additional check to ensure this approach did not miss relevant studies, the included
studies lists of included systematic reviews were searched to identify any papers not
identified through the primary search.

24 Incorporating published systematic reviews

25
26
27
28

For all review questions where a literature search was undertaken looking for a particular
study design, systematic reviews containing studies of that design were also included. All
included studies from those systematic reviews were screened to identify any additional
relevant primary studies not found as part of the initial search.

29 Quality assessment

30
31

32
33
34

35
36
37

38
39

Individual systematic reviews were quality assessed using the ROBIS tool, with each
classified into one of the following three groups:

e High quality — It is unlikely that additional relevant and important data would be identified
from primary studies compared to that reported in the review, and unlikely that any
relevant and important studies have been missed by the review.

¢ Moderate quality — It is possible that additional relevant and important data would be
identified from primary studies compared to that reported in the review, but unlikely that
any relevant and important studies have been missed by the review.

e Low quality — It is possible that relevant and important studies have been missed by the
review.
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Each individual systematic review was also classified into one of three groups for its
applicability as a source of data, based on how closely the review matches the specified
review protocol in the guideline. Studies were rated as follows:

e Fully applicable — The identified review fully covers the review protocol in the guideline.

1
2
3
4
5 e Partially applicable — The identified review fully covers a discrete subsection of the review
6 protocol in the guideline.

7

8

9

¢ Not applicable — The identified review, despite including studies relevant to the review
question, does not fully cover any discrete subsection of the review protocol in the
guideline.

10 Using systematic reviews as a source of data

11 If systematic reviews were identified as being sufficiently applicable and high quality, they
12 were used as the primary source of data, rather than extracting information from primary
13  studies. The extent to which this was done depended on the quality and applicability of the
14  review, as defined in Table 14. When systematic reviews were used as a source of primary
15  data, any unpublished or additional data included in the review which is not in the primary
16  studies was also included. Data from these systematic reviews was then quality assessed
17  and presented in GRADE/CERQual tables as described below, in the same way as if data
18 had been extracted from primary studies. In questions where data was extracted from both
19  systematic reviews and primary studies, these were cross-referenced to ensure none of the
20 data had been double counted through this process.

21  Table 14: Criteria for using systematic reviews as a source of data

High Fully applicable Data from the published systematic review were used instead of
undertaking a new literature search or data analysis. Searches
were only done to cover the period of time since the search date
of the review.

High Partially applicable  Data from the published systematic review were used instead of
undertaking a new literature search and data analysis for the
relevant subsection of the protocol. For this section, searches
were only done to cover the period of time since the search date
of the review. For other sections not covered by the systematic
review, searches were undertaken as normal.

Moderate  Fully applicable Details of included studies were used instead of undertaking a
new literature search. Full-text papers of included studies were
still retrieved for the purposes of data analysis. Searches were
only done to cover the period of time since the search date of
the review.

Moderate Partially applicable  Details of included studies were used instead of undertaking a
new literature search for the relevant subsection of the protocol.
For this section, searches were only done to cover the period of
time since the search date of the review. For other sections not
covered by the systematic review, searches were undertaken as
normal.
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1 Incorporating published Network Meta-Analyses (NMAs)

2 Quality assessment

Individual NMA studies were quality assessed using a modified version of the PRISMA-NMA
checklist specified below. The modified version of the checklist includes only the subset of
items in the full checklist that are specifically applicable to reporting the results of network
meta-analysis. The full PRISMA-NMA statement with elaborations on each item is reported in
the following publication:

Hutton B, Salanti G, Caldwell DM et al. The PRISMA Extension Statement for Reporting of
Systematic Reviews Incorporating Network Meta-analyses of Health Care Interventions:
10  Checklist and Explanations. Ann Intern Med. 2015;162(11):777-784.

©ow Nk~ Ww

11 The checklist was adapted to allow ‘yes’ or ‘no’ answers for the provision of information in the
12 NMA. This checklist was used to provide an overall quality rating based on the number of ‘no’
13 answers and the relative importance of the different questions for study quality in the opinion

14  of the Guideline Updates Team.

15 Modified PRISMA-NMA checklist (reproduced and modified with permission)

16 1. Has the rationale for the review been described in the context of what is already

17 known, including mention of why a network meta-analysis has been conducted?

18 2. Have the study characteristics (e.g., PICOS, length of follow-up) and report

19 characteristics (e.g., years considered, language, publication status) used as criteria
20 for eligibility been specified, with rationale given for the choices made? Have eligible
21 treatments included in the treatment network been clearly described, and has it been
22 noted whether any have been clustered or merged into the same node (with

23 justification)?

24 3. Have the methods used to explore the geometry of the treatment network and

25 potential biases related to it been described? This should include how the evidence
26 base has been graphically summarised for presentation, and what characteristics
27 were compiled and used to describe the evidence base to readers.

28 4. Have the principal summary measures (e.g., risk ratio, difference in means) been
29 described? Also have the use of additional summary measures assessed, such as
30 treatment rankings and surface under the cumulative ranking curve (SUCRA) values,
31 as well as modified approaches used to present summary findings from meta-

32 analyses been described?

33 5. Have the methods of handling data and combining results of studies for each network
34 meta-analysis been described? This should include, but not be limited to:

35 a. Handling of multi-arm trials;

36 b. Selection of variance structure;

37 c. Selection of prior distributions in Bayesian analyses; and

38 d. Assessment of model fit

39 6. Have the statistical methods used to evaluate the agreement of direct and indirect
40 evidence in the treatment network(s) studied been described? Were efforts taken to
41 address inconsistency when found?

42 7. Have the methods of additional analyses been described if done, indicating which
43 were pre-specified. This may include, but not be limited to, the following:

44 a. Sensitivity or subgroup analyses;

45 b. Meta-regression analyses;

46 c. Alternative formulations of the treatment network; and

47 d. Use of alternative prior distributions for Bayesian analyses (if applicable).
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8. Has a network graph of the included studies been provided to enable visualisation of
the geometry of the treatment network?

9. Has a brief overview of characteristics of the treatment network been provided? This
may include commentary on the abundance of trials and randomised patients for the
different interventions and pairwise comparisons in the network, gaps of evidence in
the treatment network, and potential biases reflected by the network structure (for
example, publication bias).

10. Have the results, including confidence/credible intervals, of each meta-analysis
carried out been presented? In larger networks, authors may focus on comparisons
versus a particular comparator (e.g. placebo or standard care). League tables and
forest plots may be considered to summarise pairwise comparisons. If additional
summary measures were explored (such as treatment rankings), these should also
be presented.

11. Have the results from investigations of inconsistency been described? This may
include such information as measures of model fit to compare consistency and
inconsistency models, P values from statistical tests, or summary of inconsistency
estimates from different parts of the treatment network.

12. Have the results of additional analyses been presented, if done (e.g., sensitivity or
subgroup analyses, meta-regression analyses, alternative network geometries
studied, alternative choice of prior distributions for Bayesian analyses, and so forth)?

13. Do the authors discuss limitations at study and outcome level (e.g., risk of bias), and
at review level (e.g., incomplete retrieval of identified research, reporting bias)? Do
they comment on the validity of the assumptions, such as transitivity and consistency
and discuss any concerns regarding network geometry (e.g., avoidance of certain
comparisons)?

26 Using published NMAs as a source of data

27
28
29
30
31
32
33
34

If the NMAs were judged to be sufficiently applicable and high quality, they could be used as
the primary source of data, rather than extracting information from primary studies. The
extent to which this was done depended on the quality and applicability of the review, as
defined in Table 14. Data from these published NMAs was presented in GRADE tables as
described below. The quality of the systematic review used as a basis for the NMA was
assessed using ROBIS before data was extracted. However, if the published NMA was only
used in comparison to a new NMA being carried out to address the review question, then
ROBIS was not required.

35 Evidence synthesis and meta-analyses

36
37
38
39
40
41
42
43
44

Where possible, meta-analyses were conducted to combine the results of studies for each
outcome. For mean differences, where change from baseline data were reported in the trials
and were accompanied by a measure of spread (for example standard deviation), these were
extracted and used in the meta-analysis. Where measures of spread for change from
baseline values were not reported, the corresponding values at study end were used and
were combined with change from baseline values to produce summary estimates of effect.
All studies were assessed to ensure that baseline values were balanced across the
treatment groups; if there were significant differences in important confounding variables at
baseline these studies were not included in any meta-analysis and were reported separately.
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1 Evidence of effectiveness of interventions

2 Quality assessment
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Individual RCTs and quasi-randomised controlled trials were quality assessed using the
Cochrane Risk of Bias Tool. Cohort studies were quality assessed using the CASP cohort
study checklist. Each individual study was classified into one of the following three groups:

o Low risk of bias — The true effect size for the study is likely to be close to the estimated
effect size.

¢ Moderate risk of bias — There is a possibility the true effect size for the study is
substantially different to the estimated effect size.

e High risk of bias — It is likely the true effect size for the study is substantially different to
the estimated effect size.

Each individual study was also classified into one of three groups for directness, based on if
there were concerns about the population, intervention, comparator and/or outcomes in the

study and how directly these variables could address the specified review question. Studies
were rated as follows:

¢ Direct — No important deviations from the protocol in population, intervention, comparator
and/or outcomes.

¢ Partially indirect — Important deviations from the protocol in one of the population,
intervention, comparator and/or outcomes.

¢ Indirect — Important deviations from the protocol in at least two of the following areas:
population, intervention, comparator and/or outcomes.

Methods for combining intervention evidence

Meta-analyses of interventional data were conducted with reference to the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins et al. 2011).

Where different studies presented continuous data measuring the same outcome but using
different numerical scales (e.g. a 0-10 and a 0-100 visual analogue scale), these outcomes
were all converted to the same scale before meta-analysis was conducted on the mean
differences. Where outcomes measured the same underlying construct but used different
instruments/metrics, data were analysed using standardised mean differences (Hedges’ g).

A pooled relative risk was calculated for dichotomous outcomes (using the Mantel-Haenszel
method). Both relative and absolute risks were presented, with absolute risks calculated by
applying the relative risk to the pooled risk in the comparator arm of the meta-analysis (all
pooled trials).

Fixed- and random-effects models (der Simonian and Laird) were fitted for all syntheses, with
the presented analysis dependent on the degree of heterogeneity in the assembled
evidence. Fixed-effects models were the preferred choice to report, but in situations where
the assumption of a shared mean for fixed-effects model were clearly not met, even after
appropriate pre-specified subgroup analyses were conducted, random-effects results are
presented. Fixed-effects models were deemed to be inappropriate if one or both of the
following conditions was met:

¢ Significant between study heterogeneity in methodology, population, intervention or
comparator was identified by the reviewer in advance of data analysis. This decision was
made and recorded before any data analysis was undertaken.
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e The presence of significant statistical heterogeneity in the meta-analysis, defined as
12250%.

In any meta-analyses where some (but not all) of the data came from studies at high risk of
bias, a sensitivity analysis was conducted, excluding those studies from the analysis. Results
from both the full and restricted meta-analyses are reported. Similarly, in any meta-analyses
where some (but not all) of the data came from indirect studies, a sensitivity analysis was
conducted, excluding those studies from the analysis.

In situations where subgroup analyses were conducted, pooled results and results for the
individual subgroups are reported when there was evidence of between group heterogeneity,
defined as a statistically significant test for subgroup interactions (at the 95% confidence
level). Where no such evidence as identified, only pooled results are presented.

Meta-analyses were performed in Cochrane Review Manager v5.3.

13 Minimal clinically important differences (MIDs)

14
15
16
17
18
19
20
21
22

23
24
25

26

27
28
29
30
31
32

The Core Outcome Measures in Effectiveness Trials (COMET) database was searched to
identify published minimal clinically important difference thresholds relevant to this guideline.
Identified MIDs were assessed to ensure they had been developed and validated in a
methodologically rigorous way, and were applicable to the populations, interventions and
outcomes specified in this guideline. In addition, the Guideline Committee were asked to
prospectively specify any outcomes where they felt a consensus MID could be defined from
their experience. In particular, any questions looking to evaluate non-inferiority (that one
treatment is not meaningfully worse than another) required an MID to be defined to act as a
non-inferiority margin.

MIDs found through this process and used to assess imprecision in the guideline are given in
Table 15. For other mean differences where no MID is given below the line of no effect is
used.

Table 15: Identified MIDs

Total score in St. George’s 4 points Schiinemann HJ, Griffith L, Jaeschke R, et al.

respiratory questionnaire (_4,+4) Evaluation of the minimal important difference for the
feeling thermometer and the St. George’s
Respiratory Questionnaire in patients with chronic
airflow obstruction. J Clin Epidemiol (2003); 56:

1170-1176.

Change in Transition 1 point Witek TJ, Mahler DA. Minimal important difference of

Dyspnoea Index (TDI) (-1, +1) the transition dyspnoea index in a multinational
clinical trial. The European respiratory journal 2003;
21:267-272.

Change in FEV1 100ml Cazzola M, MacNee W, Martinez M et al. Outcomes

(-100, +100)  for COPD pharmacological trials: from lung function
to biomarkers. Eur Respir J 2008; 31: 416—468.

For standardised mean differences where no other MID was available, an MID of 0.2 was
used, corresponding to the threshold for a small effect size initially suggested by Cohen et al.
(1988). The committee specified that any difference in mortality would be clinically
meaningful, and therefore the line of no effect was used as an MID. For relative risks where
no other MID was available, the GRADE default MID interval for dichotomous outcomes of
0.8 to 1.25 was used.
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In cases where the point estimate of effect fell on an MID boundary, it was taken as being
within the MID and therefore not being a clinically meaningful effect. If the 95% ClI of the
point estimate fell on either or both of the MID boundaries it was taken as being within/inside
the MID.

When decisions were made in situations where MIDs were not available, the ‘Evidence to
Recommendations’ section of that review should make explicit the committee’s view of the
expected clinical importance and relevance of the findings.

8 GRADE for pairwise meta-analyses of interventional evidence

9
10
11
12
13
14
15

16

GRADE was used to assess the quality of evidence for the selected outcomes as specified in
‘Developing NICE guidelines: the manual (2014)’. Data from RCTs was initially rated as high
quality and the quality of the evidence for each outcome was downgraded or not from this
initial point. If non-RCT evidence was included for intervention-type systematic reviews then
these were initially rated as either moderate quality (quasi-randomised studies) or low quality
(cohort studies) and the quality of the evidence for each outcome was further downgraded or
not from this point, based on the criteria given in Table 16

Table 16: Rationale for downgrading quality of evidence for intervention studies

Risk of bias Not serious: If less than 33.3% of the weight in a meta-analysis came from
studies at moderate or high risk of bias, the overall outcome was not
downgraded.

Serious: If greater than 33.3% of the weight in a meta-analysis came from
studies at moderate or high risk of bias, the outcome was downgraded one
level.

Very serious: If greater than 33.3% of the weight in a meta-analysis came from
studies at high risk of bias, the outcome was downgraded two levels.
Outcomes meeting the criteria for downgrading above were not downgraded if
there was evidence the effect size was not meaningfully different between
studies at high and low risk of bias.

Indirectness Not serious: If less than 33.3% of the weight in a meta-analysis came from
partially indirect or indirect studies, the overall outcome was not downgraded.
Serious: If greater than 33.3% of the weight in a meta-analysis came from
partially indirect or indirect studies, the outcome was downgraded one level.
Very serious: If greater than 33.3% of the weight in a meta-analysis came from
indirect studies, the outcome was downgraded two levels.

Outcomes meeting the criteria for downgrading above were not downgraded if
there was evidence the effect size was not meaningfully different between
direct and indirect studies.

Inconsistency Concerns about inconsistency of effects across studies, occurring when there
is unexplained variability in the treatment effect demonstrated across studies
(heterogeneity), after appropriate pre-specified subgroup analyses have been
conducted. This was assessed using the I? statistic.

N/A: Inconsistency was marked as not applicable if data on the outcome was
only available from one study.

Not serious: If the |2 was less than 33.3%, the outcome was not downgraded.
Serious: If the |12 was between 33.3% and 66.7%, the outcome was
downgraded one level.

Very serious: If the |12 was greater than 66.7%, the outcome was downgraded
two levels.
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Outcomes meeting the criteria for downgrading above were not downgraded if
there was evidence the effect size was not meaningfully different between
studies with the smallest and largest effect sizes.

Imprecision If MIDs (1 corresponding to meaningful benefit; 1 corresponding to meaningful
harm) were defined for the outcome, the outcome was downgraded once if the
95% confidence interval for the effect size crossed 1 MID, and twice if it
crossed both the upper and lower MIDs.

If the line of no effect was defined as an MID for the outcome, it was
downgraded once if the 95% confidence interval for the effect size crossed the
line of no effect (i.e. the outcome was not statistically significant), and twice if
the sample size of the study was sufficiently small that it is not plausible any
realistic effect size could have been detected.

Outcomes meeting the criteria for downgrading above were not downgraded if
the confidence interval was sufficiently narrow that the upper and lower bounds
would correspond to clinically equivalent scenarios.

The quality of evidence for each outcome was upgraded if any of the following five conditions
were met:

¢ Data from non-randomised studies showing an effect size sufficiently large that it cannot
be explained by confounding alone.

¢ Data showing a dose-response gradient.

o Data where all plausible residual confounding is likely to increase our confidence in the
effect estimate.

8 Publication bias

9
10
11
12
13
14

Publication bias was assessed in two ways. First, if evidence of conducted but unpublished
studies was identified during the review (e.g. conference abstracts, trial protocols or trial
records without accompanying published data), available information on these unpublished
studies was reported as part of the review. Secondly, where 10 or more studies were
included as part of a single meta-analysis, a funnel plot was produced to graphically assess
the potential for publication bias.

15 Evidence statements

16
17

18
19
20
21

22
23
24
25
26

27
28
29

For outcomes with a defined MID, evidence statements were divided into 4 groups as
follows:

¢ Situations where the data are only consistent, at a 95% confidence level, with an effect in
one direction (i.e. one that is 'statistically significant'), and the magnitude of that effect is
most likely to meet or exceed the MID (i.e. the point estimate is not in the zone of
equivalence). In such cases, we state that the evidence showed that there is an effect.

¢ Situations where the data are only consistent, at a 95% confidence level, with an effect in
one direction (i.e. one that is 'statistically significant'), but the magnitude of that effect is
most likely to be less than the MID (i.e. the point estimate is in the zone of equivalence).
In such cases, we state that the evidence showed there is an effect, but it is less than the
defined MID.

e Situations where the confidence limits are smaller than the MIDs in both directions. In
such cases, we state that the evidence demonstrates that there is no meaningful
difference.
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¢ In all other cases, we state that the evidence could not differentiate between the
comparators.

For outcomes without a defined MID or where the MID is set as the line of no effect (for
example, in the case of mortality), evidence statements are divided into 2 groups as follows:

e We state that the evidence showed that there is an effect if the 95% CI| does not cross the
line of no effect.

e The evidence could not differentiate between comparators if the 95% CI crosses the line
of no effect.

O~N OO0 AW N-=-

9  The number of trials and participants per outcome are detailed in the evidence statements,
10  but in cases where there are several outcomes being summarised in a single evidence
11 statement and the numbers of participants and trials differ between outcomes, then the
12 number of trials and participants stated are taken from the outcome with the largest number
13  of trials. This is denoted using the terminology ‘up to’ in front of the numbers of trials and
14  participants.

15  The evidence statements also cover the quality of the outcome based on the GRADE table
16  entry. These can be included as single ratings of quality or go from one quality level to

17  another if multiple outcomes with different quality ratings are summarised by a single

18 evidence statement.

19 Methods for combining direct and indirect evidence (network meta-analysis) for
20 interventions

21 Conventional ‘pairwise’ meta-analysis involves the statistical combination of direct evidence
22  about pairs of interventions that originate from two or more separate studies (for example,
23  where there are two or more studies comparing A vs B).

24 In situations where there are more than two interventions, pairwise meta-analysis of the

25 direct evidence alone is of limited use. This is because multiple pairwise comparisons need
26  to be performed to analyse each pair of interventions in the evidence, and these results can
27  be difficult to interpret. Furthermore, direct evidence about interventions of interest may not
28 be available. For example studies may compare A vs B and B vs C, but there may be no
29 direct evidence comparing A vs C. Network meta-analysis overcomes these problems by
30 combining all evidence into a single, internally consistent model, synthesising data from

31 direct and indirect comparisons, and providing estimates of relative effectiveness for all

32  comparators and the ranking of different interventions. Network meta-analyses were

33  undertaken in all situations where the following three criteria were met:

34 e Atleast three treatment alternatives.
35 e A sufficiently connected network to enable valid estimates to be made.

36 e The aim of the review was to produce recommendations on the most effective option,
37 rather than simply an unordered list of treatment alternatives.

38 Synthesis

39 Two separate frameworks and software packages were used for undertaking network-meta
40 analyses in this guideline, with the chosen method dependent on the specifics of the

41  question (for certain datasets, it may be possible to run the preferred analysis in one program
42  but not the other, or it may be particularly more efficient to use one package over another):
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Hierarchical Bayesian Network Meta-Analysis (NMA) was performed using WinBUGS
version 1.4.3. The models used reflected the recommendations of the NICE Decision
Support Unit's Technical Support Documents (TSDs) on evidence synthesis, particularly TSD
2 ('A generalised linear modelling framework for pairwise and network meta-analysis of
randomised controlled trials'; see http://www.nicedsu.org.uk). The WinBUGS code provided
in the appendices of TSD 2 was used without substantive alteration to specify synthesis
models.

Results were reported summarising 10,000 samples from the posterior distribution of each
model, having first run and discarded 50,000 ‘burn-in’ iterations. Three separate chains with
different initial values were used.

Non-informative prior distributions were used in all models. Unless otherwise specified, trial-
specific baselines and treatment effects were assigned N (0, 1000) priors, and the between-
trial standard deviations used in random-effects models were given U (0, 5) priors. These are
consistent with the recommendations in TSD 2 for dichotomous outcomes.

Fixed- and random-effects models were explored for each outcome, with the final choice of
model based on deviance information criterion (DIC): if DIC was at least 3 points lower for
the random-effects model (or 6 points lower if the model contained 2 random effects terms),
it was preferred; otherwise, the fixed effects model was considered to provide an equivalent
fit to the data in a more parsimonious analysis, and was preferred.

Because different approaches and software had been applied, sensitivity analysis have
previously been undertaken to establish whether this might have led to any substantive
differences in output. Specimen dichotomous and continuous NMAs from the Bayesian
analysis were rerun in the frequentist framework and generated results that were materially
indistinguishable from the Bayesian version.

In any meta-analyses where some (but not all) of the data came from studies at high risk of
bias, a sensitivity analysis was conducted, excluding those studies from the analysis. Results
from both the full and restricted meta-analyses are reported. Similarly, in any meta-analyses
where some (but not all) of the data came from indirect studies, a sensitivity analysis was
conducted, excluding those studies from the analysis. Where sufficient studies were
available, meta-regression was undertaken to explore the effect of study level covariates.

Modified GRADE for network meta-analyses

A modified version of the standard GRADE approach for pairwise interventions was used to
assess the quality of evidence across the network meta-analyses undertaken. While most
criteria for pairwise meta-analyses still apply, it is important to adapt some of the criteria to
take into consideration additional factors, such as how each 'link' or pairwise comparison
within the network applies to the others. As a result, the following was used when modifying
the GRADE framework to a network meta-analysis. It is designed to provide a single overall
quality rating for an NMA, which can then be combined with pairwise quality ratings for
individual comparisons (if appropriate), to judge the overall strength of evidence for each
comparison.

Table 17: Rationale for downgrading quality of evidence for intervention studies

Risk of bias Not serious: If fewer than 33.3% of the studies in the network meta-analysis
were at moderate or high risk of bias, the overall network was not downgraded.
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Serious: If greater than 33.3% of the studies in the network meta-analysis were
at moderate or high risk of bias, the network was downgraded one level.

Very serious: If greater than 33.3% of the studies in the network meta-analysis
were at high risk of bias, the network was downgraded two levels.

Indirectness Not serious: If fewer than 33.3% of the studies in the network meta-analysis
were partially indirect or indirect, the overall network was not downgraded.
Serious: If greater than 33.3% of the studies in the network meta-analysis were
partially indirect or indirect, the network was downgraded one level.

Very serious: If greater than 33.3% of the studies in the network meta-analysis
were indirect, the network was downgraded two levels.

Inconsistency N/A: Inconsistency was marked as not applicable if there were no links in the
network where data from multiple studies (either direct or indirect) were
synthesised.

For network meta-analyses conducted under a Bayesian framework, the
network was downgraded one level if the DIC for a random-effects model was
lower than the DIC for a fixed-effects model.

In addition, under both frameworks, the direct and indirect treatment estimates
were compared as a check on the consistency of the network.

Imprecision The overall network was downgraded for imprecision if it was not possible to
differentiate between any meaningfully distinct treatments options in the
network (based on 95% confidence/credible intervals). Whether two options
were meaningfully distinct was judged using the MIDs defined above for
pairwise meta-analysis of the outcomes, if available; or statistical significance if
MIDs were not available.

1 Evidence statements

©oo~NOOPR,WDN

10

11
12
13
14
15

In contrast to the pair-wise data, the NMA evidence statements for the inhaled therapy
combinations review only described drug combinations and outcomes where there was an
effect that was greater than a defined MID. For simplicity, where the NMA found no
difference, could not differentiate or found statistically significant differences that were below
the MID no evidence statements were presented. However, to aid in the visualisation of
results, the summary tables in appendix N included both drug combinations and outcomes
where there was an effect greater than the MID and those where the effect was less than the
MID. (Please see the pair-wise evidence statements descriptions for an explanation of the
different categories of evidence statement referred to above.)

Since the LAMA monotherapy review was less complex, the NMA evidence statements
followed the pair-wise evidence statement format and all 4 categories of evidence statement
were reported where relevant. The NMA results showing an effect (greater or less than the
MID) were summarised in Table 67. An evidence statement was included to summarise the
results of the published NMAs.

16 Health economics

17
18
19
20
21
22

Literature reviews seeking to identify published cost-utility analyses of relevance to the
issues under consideration were conducted for all questions. In each case, the search
undertaken for the clinical review was modified, retaining population and intervention
descriptors, but removing any study-design filter and adding a filter designed to identify
relevant health economic analyses. In assessing studies for inclusion, population,
intervention and comparator, criteria were always identical to those used in the parallel
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clinical search; only cost—utility analyses were included. Economic evidence profiles,
including critical appraisal according to the Guidelines manual, were completed for included
studies.

Economic studies identified through a systematic search of the literature are appraised using
a methodology checklist designed for economic evaluations (NICE guidelines manual; 2014).
This checklist is not intended to judge the quality of a study per se, but to determine whether
an existing economic evaluation is useful to inform the decision-making of the committee for

a specific topic within the guideline.

There are 2 parts of the appraisal process. The first step is to assess applicability (that is, the
relevance of the study to the specific guideline topic and the NICE reference case);
evaluations are categorised according to the criteria in Table 18.

Table 18 Applicability criteria
Level Explanation

Directly applicable The study meets all applicability criteria, or fails to meet one or
more applicability criteria but this is unlikely to change the
conclusions about cost effectiveness

Partially applicable The study fails to meet one or more applicability criteria, and
this could change the conclusions about cost effectiveness
Not applicable The study fails to meet one or more applicability criteria, and

this is likely to change the conclusions about cost
effectiveness. These studies are excluded from further
consideration

In the second step, only those studies deemed directly or partially applicable are further
assessed for limitations (that is, methodological quality); see categorisation criteria in Table
19.

Table 19 Methodological criteria

Level Explanation

Minor limitations Meets all quality criteria, or fails to meet one or more quality
criteria but this is unlikely to change the conclusions about cost
effectiveness

Potentially serious Fails to meet one or more quality criteria and this could change

limitations the conclusions about cost effectiveness

Very serious limitations Fails to meet one or more quality criteria and this is highly likely
to change the conclusions about cost effectiveness. Such
studies should usually be excluded from further consideration

Studies were prioritised for inclusion based on their relative applicability to the development
of this guideline and the study limitations. For example, if a high quality, directly applicable
UK analysis was available, then other less relevant studies may not have been included.
Where selective exclusions were made on this basis, this is noted in the relevant section.

Where relevant, a summary of the main findings from the systematic search, review and
appraisal of economic evidence is presented in an economic evidence profile alongside the
clinical evidence.
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1 Appendix C — Literature search strategies

2 Cochrane Airways Group Specialised Register (CAGR): Sources and
3 search methods for the Inhaled therapy combinations

4 Review question search strategy

In people with stable COPD, what is the clinical and cost effectiveness of a LAMA
plus a LABA compared with:

e alLAMA alone

e alLABA alone

e a LABA plus an inhaled corticosteroid (ICS)

O © 00 NO O,

11 Electronic searches: core databases

Database :;z?;?ncy of |Search dates
CENTRAL (the Cochrane Library) [Monthly Inception to March 2017
MEDLINE (Ovid) Weekly 1946 to March 2017
Embase (Ovid) Weekly 1974 to March 2017
PsycINFO (Ovid) Monthly 1967 to March 2017
CINAHL (EBSCO) Monthly 1937 to March 2017
AMED (EBSCO) Monthly All years to March 2017
ClinicalTrials.gov

World Health Organization

(WHO) trials portal

12 Top- up searches were carried out from March 2017 to February 2018.

13  Handsearches: core respiratory conference abstracts

Conference Years searched

American Academy of Allergy, Asthma and Immunology 2001 onwards

(AAAAI)
American Thoracic Society (ATS) 2001 onwards
Asia Pacific Society of Respirology (APSR) 2004 onwards
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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

MEDLINE search strategy used to identify trials for the CAGR

COPD search

1. Lung Diseases, Obstructive/

. exp Pulmonary Disease, Chronic Obstructive/
. emphysema$.mp.

. (chronic$ adj3 bronchiti$).mp.

. COPD.mp.
. COAD.mp.
. COBD.mp.

© 0 N O O b~ W DN

. AECB.mp.
10. or/1-9

Filter to identify RCTs

1. exp "clinical trial [publication type]"/
2. (randomized or randomised).ab,ti.
3. placebo.abti.

4. dtfs.

5. randomly.abti.

6. trial.ab,ti.

7. groups.ab;ti.

8. or/1-7

9

. Animals/
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10. Humans/
11. 9 not (9 and 10)
12. 8 not 11

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

Search strategy to identify relevant trials from the CAGR

#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:MISCA1

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

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

#7 mometasone* AND formoterol*

#8 fluticasone* AND salmeterol*

#9 budesonide* AND formoterol*

#10 beclomethasone* AND formoterol*

#11 fluticasone* AND formoterol*

#12 Flutiform or Fostair or Simplyone

#13 fluticasone* AND vilanterol*

#14 mometasone* AND indacaterol*

#15 formoterol* and ciclesonide*

#16 QMF149

#17 GW685698 AND G\W642444

#18 steroid* OR corticosteroid* or ICS

#19 (long-acting® or long NEXT acting*) NEAR beta*

#20 #18 AND #19

#21 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #20
#21 formoterol* AND aclidinium*

#22 indacaterol* AND glycopyrronium*

#23 indacaterol* AND tiotropium*
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#24 olodaterol* AND tiotropium*

#25 vilanterol* AND umeclidinium*

#26 QVA149

#27 Ultibro or Stiolto or Duaklir Genuair
#28 Muscarinic* Next Antagonist*

#29 #19 AND #28

#30 #21 or # 22 or #23 or #24 or #25 or #26 or #27 or # 29
#31 combin* NEAR inhaler*

#32 FDC:ti,ab

#33 #21 or #30 or #31 or #32

#34 #6 AND #33

[In search line #4, MISC1 denotes the field in which the reference has been coded for
condition, in this case, COPD]

Further information on the CAGR can be found:
http://airways.cochrane.org/sites/airways.cochrane.org/files/public/uploads/Search%20strate
gies%20document_2013_0.pdf

17 NICE search methods for the LAMA monotherapy review question

18 Main searches

19
20
21
22
23
24
25
26

Sources searched for this review question:

e Cochrane Database of Systematic Reviews — CDSR (Wiley)

e Cochrane Central Register of Controlled Trials — CENTRAL (Wiley)
e Database of Abstracts of Reviews of Effects — DARE (Wiley)

¢ Health Technology Assessment Database — HTA (Wiley)

e EMBASE (Ovid)

e MEDLINE (Ovid)

¢ MEDLINE In-Process (Ovid)

27 ldentification of evidence

28
29
30

31
32

33
34

The population terms have been updated from the original guideline to include potential co-
morbidities such as asthma, bronchopulmonary dysplasia and bronchiectasis. These were
excluded in the original strategy.

In this update, several lines of the strategy have been focused with the use of the term
‘chronic’ to reduce retrieval of articles focusing on acute signs or symptoms.

Additional acronyms for COPD have been included and on recommendation from the
guideline committee, terms around ‘breathlessness’ have been added.
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1  Searches were re-run in February 2018 and also included searching Medline epub ahead of
2  print.

3 Review question search strategy

4 ¢ Which is the most clinically and cost-effective long-acting anticholinergic (LAMA) for
5 managing stable COPD, and which subgroups of people should receive treatment

6 with it?
7
8

The MEDLINE search strategy is presented below. This was translated for use in all of the
other databases.

9  Search strategy

1 lung diseases, obstructive/
exp pulmonary disease, chronic obstructive/
(copd or coad or cobd or aecb).tw.

2
3
4  emphysema*.tw.
5 (chronic* adj4 bronch*).tw.
6

(chronic* adj3 (airflow™ or airway* or bronch* or lung* or respirat* or pulmonary) adj3
obstruct®).tw.

7  (pulmonum adj4 (volumen or pneumatosis)).tw.
8 pneumonectasia.tw.
9 *Dyspnea/

10 (chronic* adj3 (breath* or respirat*) adj3 (difficult* or labor* or labour* or problem* or
short)).tw.

11 (chronic* adj3 (dyspnea* or dyspnoea* or dyspneic or breathless*)).tw.
12 or/1-11

13  Muscarinic Antagonists/

14  (long act* adj4 muscarinic*).tw.

15 (muscarinic* adj1 antagonist®).tw.

16 LAMA*.tw.

17  (anticholinergic* or antimuscarinic* or anti-muscarinic*).tw.

18 Tiotropium Bromide/

19 (tiotropium* or ba 679 br or ba679 br or spiriva® or handihaler* or braltus).tw.

Chronic obstructive pulmonary disease in over 16s: diagnosis and management evidence
reviews for Inhaled therapies DRAFT [June 2018]

75



DRAFT FOR CONSULTATION

20 (tiova adj2 rotacap®).tw.

21 Glycopyrrolate/

22  (glycopyrronium* or glycopyrrolate* or seebri* or nva237 or nva 237 or
dimethylpyrrolidinium* or ad237 or ad 237 or ahr504 or ahr 504 or asecryl or cuvposa or
drm04 or "drm 04" or enurev or gastrodyn or glersa or mobinul or nodapton or robinal or
robinol or robinul or sialanar or sroton or strodin or tarodyl or tarodyn or tovanor).tw.

23 (aclidinium or bretaris or eklira or las34273 or las 34273 or tudorza).tw.

24  (umeclidinium or ellipta or gsk573719* or gsk 573719 or incruse).tw.

25 (GSK233705 or BEA2180 or BEA 2180).tw.

26 or/13-25

27 12 and 26

28 animals/ not humans/

29 27 not 28

30 limit 29 to english language

31 limit 30 to (letter or historical article or comment or editorial or news or case reports)

32 30 not 31

1 Note: In-house RCT and systematic review filters were appended and crossover studies removed

2 Study design filters and limits

3  The MEDLINE systematic review (SR) and Randomized Controlled Trial (RCT) filters were
4  appended to the review question above and are presented below. They were translated for
5 use in the MEDLINE In-Process and Embase databases.

6  Study design filters

Systematic Review

1. Meta-Analysis.pt.

2. Meta-Analysis as Topic/

3. Review.pt.

4. exp Review Literature as Topic/

5. (metaanaly$ or metanaly$ or (meta adj3 analy$)).tw.

6. (review$ or overview$).ti.

7. (systematic$ adj5 (review$ or overview$)).tw.

8. ((quantitative$ or qualitative$) adj5 (review$ or overview$)).tw.
9. ((studies or trial$) adj2 (review$ or overview$)).tw.
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10. (integrat$ adj3 (research or review$ or literature)).tw.
11. (pool$ adj2 (analy$ or data)).tw.

12. (handsearch$ or (hand adj3 search$)).tw.

13. (manual$ adj3 search$).tw.

14. or/1-13

15. animals/ not humans/

16. 14 not 15

RCT

1 Randomized Controlled Trial.pt.
2 Controlled Clinical Trial.pt.
3 Clinical Trial.pt.

4  exp Clinical Trials as Topic/
5 Placebos/

6 Random Allocation/

7 Double-Blind Method/

8 Single-Blind Method/

©

((random$ or control$ or clinical$) adj3 (trial$ or stud$)).tw.

10 (random$ adj3 allocat$).tw.

11 placebo$.tw.

12 ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).tw.

13  or/1-12
14 animals/ not humans/
15 13 not 14

Note: analysts requested cross-over studies to be removed.

An English language limit has been applied. Animal studies and certain publication types
(letters, historical articles, comments, editorials, news and case reports) have been excluded.

The search is not date limited due to additional terminology to that in the searches carried
out in the 2010 guideline update.

5 Health Economics search strategy

6 Economic evaluations and quality of life data

7
8
9
10
11
12
13
14

15
16

Sources searched:

NHS Economic Evaluation Database — NHS EED (Wiley) (legacy database)
Health Technology Assessment (HTA Database)

EconLit (Ovid)

Embase (Ovid)

MEDLINE (Ovid)

MEDLINE In-Process (Ovid)

Search filters to retrieve economic evaluations and quality of life papers were appended to
population search terms in MEDLINE, MEDLINE In-Process and EMBASE to identify
relevant evidence and can be seen below. Searches were carried out on 5" May 2017 with a
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date limit from the previous search of January 2009 — May 2017. Searches were re-run in
February 2018.

An English language limit has been applied. Animal studies and certain publication types
(letters, historical articles, comments, editorials, news and case reports) have been excluded.

Health economics filters

1 Economics/

2 exp "Costs and Cost Analysis"/

3  Economics, Dental/

4 exp Economics, Hospital/

5 exp Economics, Medical/

6 Economics, Nursing/

7 Economics, Pharmaceutical/

8 Budgets/

9 exp Models, Economic/

10 Markov Chains/

11 Monte Carlo Method/

12  Decision Trees/

13  econom$.tw.

14 cba.tw.

15 cea.tw.

16 cua.tw.

17  markov$.tw.

18 (monte adj carlo).tw.

19 (decision adj3 (tree$ or analys$)).tw.
20 (cost or costs or costing$ or costly or costed).tw.
21  (price$ or pricing$).tw.

22  budget$.tw.

23  expenditure$.tw.

24  (value adj3 (money or monetary)).tw.
25 (pharmacoeconomic$ or (pharmaco adj economic$)).tw.
26 or/1-25

Quality of life

1 "Quality of Life"/

2 quality of life.tw.

3 "Value of Life"/

4  Quality-Adjusted Life Years/

5 quality adjusted life.tw.

6 (galy$ or gald$ or gale$ or gtime$).tw.
7 disability adjusted life.tw.

8 daly$.tw.

9 Health Status Indicators/

10 (sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform thirtysix
or shortform thirty six or short form thirtysix or short form thirty six).tw.

11 (sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form six).tw.
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12  (sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform twelve or
short form twelve).tw.

13  (sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortform sixteen or
short form sixteen).tw.

14  (sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform twenty or
short form twenty).tw.

15 (euroqol or euro qol or eq5d or eq 5d).tw.
16  (qol or hqgl or hgol or hrqol).tw.

17  (hye or hyes).tw.

18 health$ year$ equivalent$.tw.

19  utilit$.tw.
20  (hui or hui1 or hui2 or hui3).tw.
21 disutili$.tw.

22 rosser.tw.

23 quality of wellbeing.tw.
24 quality of well-being.tw.
25 qwb.tw.

26  willingness to pay.tw.
27 standard gamble$.tw.
28 time trade off.tw.

29 time tradeoff.tw.

30 ftto.tw.

31  or/1-30
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1 Appendix D — Clinical evidence study selection

2 Inhaled therapy combinations

3  Please refer directly to the Cochrane review for the PRISMA diagram.
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1 LAMA monotherapy

2

Databases Old guideline

4,234 Citation(s) 6 Citation(s)

Surveillance report

40 Citation(s)

e

4,254 Non-Duplicate
Citations Screened

Inclusion/Exclusion
Criteria Applied

238 Articles Retrieved

Inclusion/Exclusion
Criteria Applied

4,016 Articles Excluded
After Title/Abstract Screen

204 Articles Excluded
After Full Text Screen

0 Articles Excluded

During Data Extraction

6 SRs, 3 NMAs, 25 RCTs Articles Included
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1 Appendix E — Clinical evidence tables

2 Inhaled therapy combinations

3 Randomised Controlled Trials (RCTs)

4  The following tables were taken directly from the updated Cochrane review and are based on
5 the work of the Cochrane Airways Group.
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Fixed-dose combination inhalers compared to long-acting bronchodilators for chroni8D-Jan-2018

Characteristics of studies

Characteristics of included studies

205.137 2003
Methods See Brusasco 2003
Participants Population: 385 participants were randomised to salmeterol (192) and
tiotropium (193) See Brusasco 2003
Interventions See Brusasco 2003
Outcomes See Brusasco 2003
Notes Funding: Boehringer Ingelheim
Identifiers: NCT02173691
Risk of bias table
Bias Authors' judgement | Support for judgement
Random sequence generation (selection bias) Low risk See Brusasco 2003
Allocation concealment (selection bias) Low risk See Brusasco 2003
Blinding of participants and personnel (performance bias) | Low risk See Brusasco 2003
Blinding of outcome assessment (detection bias) Low risk See Brusasco 2003
Incomplete outcome data (attrition bias) Low risk See Brusasco 2003
Selective reporting (reporting bias) Low risk See Brusasco 2003
205.264 2004
Methods Design: randomized, double-blind, double-dummy, parallel design
Duration: 12 weeks
Location: Multicenter Study, Finland, Greece, Italy, Portugal, Sweden, Turkey,
United Kingdom, United States
Participants Population: Tiotropium: entered: 328 treated: 328 analysed (for primary
endpoint): 308
Salmeterol: entered: 325 treated: 325 analysed (for primary endpoint): 300
Baseline Characteristics: Not described
Inclusion Criteria: Outpatients of either sex, 40 years or older, with a diagnosis
of COPD (FEV1 < 60% and FEV1/FVC < 70%) and a smoking history of > 10
pack-years.
Exclusion Criteria: Not provided.
Interventions Inhaler Device: Tiotropium Inhalation Capsules via the Handihaler
Allowed Co-Medications: Salmeterol Inhalation Aerosol
Outcomes FEV1 AUCO-12, peak FEV1, trough FEV1, FVC AUCO0-12, trough and peak FVC,
individual FEV1 and FVC measurements, COPD exacerbations, use of rescue
medication. Adverse events.
Notes Funding: Boehringer Ingelheim
Identifiers: NCT00274560
Review Manager 5.3 1
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Fixed-dose combination inhalers compared to long-acting bronchodilators for chroni@D-Jan-2018

Risk of bias table

. Authors' .
Bias Judgament Support for judgement
Random sequence generation Low risk

2eleti it i) Randomised, no specific details but industry-funded

Allocation concealment (selection Unclear risk
bias)

No details

Blinding of participants and Low risk

Double-blind
personnel (performance bias) ouble-biin

Blinding of cutcome assessment Unclear risk
(detection bias)

No mention of outcome assessors

Incomplete outcome data (attrition | Low risk Withdrawal was low and even between two groups
bias) (7.7% SAL, 6.1% TIO)
Selective reporting (reporting bias) | High risk Study was prospectively registered but exacerbation

outcomes were not reported in detail.

A3401 2016

Methods Design: A Prospective, Multicenter, Randomized Open-label Study

Duration: 12-weeks

Location: 673 centers in 23 countries: Belgium(40), Estonia(6), Slovenia(4),
Greece(), Germany(236), United Kingdom(50), Lithuania(9), Slovakia (Slovak
Republic)(16), Spain(50), Latvia(7), Hungary(18), Russia(18), Austria(12),
Ireland(6), ltaly(72), Czech Republic(35), Sweden(12), Denmark(5), Norway(12),
Romania(8), France(32), Portugal(11), Poland(9)

Participants Population: 274 in group C1 (LABA/ICS) and 822 in group C2 (IND/Glyco)
Baseline Characteristics: age 64.4 (SD 9)in grp C1, 64.7 (SD 8.7)in grp C2,
Female/male: 106/168 in grp C1, 286/536 in grp C2.

Inclusion Criteria: Inclusion Criteria:Male and female adults aged > 40 years
Patients with moderate COPD according to the GOLD criteria 2013 Current or
ex-smokers who have a smoking history of at least 10 pack years Patients with
airflow limitation indicated by a postbronchodilator FEV1 = 50% and <80% of the
predicted normal value and a post-bronchodilator FEV1/FVC <0.7 at Visit 2.
Patients with an mMMRC score = 1 at Visit 1.

Exclusion Criteria: narrow-angle glaucoma or urinary retention, severe renal
impairment, including those with end-stage renal disease requiring dialysis,
asthma, malignancy of any organ system, a documented history of >1 COPD
exacerbation requiring treatment with systemic corticosteroids or antibiotics
and/or hospitalization in the previous 12 months, clinically significant condition
such as (but not limited to): *Unstable ischemic heart disease, left ventricular
failure (NYHA Class Il & IV), history of myocardial infarction,arrhythmia
(excluding chronic stable atrial fibrillation), and a body mass index (BMI) of more
than 40 kg/m2.

Review Manager 5.3 2
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Fixed-dose combination inhalers compared to long-acting bronchodilators for chroni@D-Jan-2018

Interventions Inhaler Device:

Glycopyrronium 50 ug capsule for inhalation via SDDPI

Indacaterol maleate and glycopyrronium bromide fixed dose combination (110/50
ug) capsule for inhalation via SDDPI

Short-acting p2-adrenergic agonist (SABA)

Long Acting Beta Agonist (LABA)

Short-acting muscarinic antagonist (SAMA)

Inhaled corticosteroid (ICS)

Allowed Co-Medications: Not described. The list of prohibited medication
(Table 5-2) not available.

Outcomes Primary Outcome: Trough FEV1 at week 12 for group: glycopyrronium vs.
short-acting bronchodilators (SABA and/or SAMA as monotherapy
orin free or FDC)

Notes Funding: Novartis
Identifiers: NCT01985334, CQVA149A3401

Risk of bias table
Authors'
Bias Support for judgement
judgement PP Lo
Rando_m seguence genetation Lew ek Randomised, no specific details but industry-funded
(selection bias)
Allocatlon concealment (selection | Unclear risk Kt deszriEed
bias)
Blinding of participants anfj High risk i TG
personnel (performance bias)
Blinding of outcome assessment High risk
Open label
(detection bias) P
Incomplete outcome data (attrition | Low risk Dropout was relatively low and even between groups
bias) (14.6%in grp C1 and 19% in grp C2).
Selective reporting (reporting bias) | Low risk Outcomes stated on pre-registered protocol were well
reported
Aaron 2007
Methods Design: randomised, double-blind, placebo-controlled, parallel-group trial
Duration: 52 weeks
Location: 27 Canadian medical centres
Participants Population: 304 adults, with a clinical history of moderate or severe COPD as
defined by ATS and GOLD guidelines, were randomised to tiotropium +
salmeterol (148 participants)
and tiotropium (156 participants)
Baseline Characteristics: mean age 68 years. COPD severity moderate to
severe with mean FEV1 predicted of 38%. 57% men
Inclusion Criteria: at least 1 exacerbation of COPD that required treatment with
systemic corticosteroids or antibiotics within the 12 months before randomisation;
age >35 years; a history of = 10 pack-years of cigarette smoking; documented
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chronic airflow obstruction, with an FEV1/FVC ratio < 0.70 and a
post-bronchodilator FEV1 < 65% of the predicted value

Exclusion Criteria: history of physician-diagnosed asthma before 40 years of
age; history of physician-diagnosed chronic congestive heart failure with known
persistent severe left

ventricular dysfunction; people receiving oral prednisone; people with a known
hypersensitivity or intolerance to tiotropium, salmeterol, or fluticasone-salmeteral,
history of severe glaucoma or severe urinary tract obstruction, previous lung
transplantation or lung volume reduction surgery, or diffuse bilateral
bronchiectasis; and people who were pregnant or were breastfeeding.

Interventions Inhaler Device:

# tiotropium + salmeterol: tiotropium 18 pg once daily using a HandiHaler +
salmeterol 25 pg/puff, 2 puffs twice daily using a pressurised metered-dose
inhaler using a spacer device

@ tiotropium + placebo: tiotropium, 18 pg once daily, + placebo inhaler, 2 puffs
twice daily

Allowed Co-Medications: as needed albuterol, antileukotrienes, and
methyixanthines

Outcomes Primary: proportion of participants with > 1 exacerbation of COPD

Secondary: mean number of COPD exacerbations per patient-year; total number
of exacerbations that resulted in urgent visits to a healthcare provider or
emergency department;

the number of hospitalisations for COPD; the total number of hospitalisations for
all causes; changes in health-related quality of life, dyspnoea, lung function

Notes Funding: Canadian Institutes of Health Research and OntarioThoracic Society
Identifiers: ISRCTN29870041

Risk of bias table

Authors'
Bias Support for judgement
judgement e lss

Random sequence generation | Low risk Randomisation was done through central allocation of a
(selection bias) randomisation schedule that was prepared from a
computer-generated random listing of the 3 treatment
allocations, blocked in variable blocks of 9 or 12 and stratified

by site
Allocation concealment Low risk Randomisation was done through central allocation of a
(selection bias) randomisation schedule that was prepared from a

computer-generated random listing of the 3 treatment
allocations, blocked in variable blocks of 9 or 12 and stratified

by site
Blinding of participants anq Low risk doiuble-blifd
personnel (performance bias)
Blinding of cutcome Low risk The assembled data from the visit for the suspected
assessment (detection bias) exacerbation were presented to a blinded adjudication

committee for review, and the committee confirmed whether
the encounter met the study definition of COPD exacerbation.
The statistician who performed the analysis was initially
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blinded to patient group assignments.

Incomplete outcome data Low risk The number of people who stopped drug therapy was high
(attrition bias) but even in both groups. 74 (47%) participants withdrew from
the tiotropium + placebo group and 64 (43%) participants on
LABA + tiotropium group but the breakdown for withdrawal
was similar between TIO vs TIO+SAL arms.

Selective reporting (reporting Low risk Results for all listed primary and secondary outcomes were
bias) reported.
Agusti 2014
Methods Design: a randomized, double-blind, double-dummy, multi-centre parallel group
study

Duration: 12 weeks
Location: Belgium, France, Germany, Italy, Philippines, Poland, Russian
Federation, Spain, Ukraine

Participants Population: FP/SAL (500/50) 262, FF/VI(100/25) 266
Baseline Characteristics: age 62.9 (SD 8.59) F:M 95:433
Inclusion Criteria:
@ Signed and dated written informed consent
@ Male or females = 40 years of age
@ Established clinical history of COPD by ATS/ERS definition
@ Females are eligible to enter and participate if of non-childbearing potential,
or if of child bearing potential, has a negative serum pregnancy test at
screening, and agrees to one of the acceptable contraceptive methods
listed in protocol, used consistently and correctly
@ Former or current smoker > 10 pack years
@ Post-albuterol spirometry criteria: FEV1/FVC ratio < 0.70 and FEV1 < 70%
of predicted normal (NHANES Il1)
® have been hospitalised or have been treated with oral corticosteroids or
antibiotics for their COPD within the last 3 years prior to Screening (Visit 1)

Exclusion Criteria:

@ Current diagnosis of asthma

® Subjects with other respiratory disorders including active tuberculosis,
a.1-antitrypsin deficiency, lung cancer, bronchiectasis, sarcoidosis, lung
fibrosis, pulmonary hypertension, interstitial lung diseases or other active
pulmonary diseases

@ Lung volume reduction surgery within previous 12 months

® Clinically significant abnormalities not due to COPD by chest x-ray

@ Hospitalized for poorly controlled COPD within 12 weeks of Screening

® Poorly controlled COPD 6 weeks prior to Screening, defined as acute
worsening of COPD that is managed by the subject with corticosteroids or
antibiotics or that requires treatment prescribed by a physician

® Lower respiratory infection requiring antibiotics 6 weeks prior to Screening

@ Uncontrolled or clinically significant (in opinion of PI) cardiovascular,
hypertension, neurological, psychiatric, renal, hepatic, immunological,
endocrine, peptic ulcer disease, or hematological abnormalities

@ Carcinoma not in complete remission for at least 5 years

@ Subjects with history of hypersensitivity to study medications (e.g.,
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beta-agonists, corticosteroid) or components of inhalation powder (e.g.,
lactose, magnesium stearate)

@ Subjects with history of severe milk protein allergy that, in opinion of study
physician, contraindicates subject's participation - Known/suspected history
of alcohol or drug abuse in the last 2 years

® WWomen who are pregnant or lactating or plan to become pregnant

® Subjects medically unable to withhold albuterol and/or ipratropium 4 hours
prior to spirometry testing at each study visit

@ Use of certain medications such as bronchodilators and corticosteroids for
the protocol-specific times prior to Visit 1 (the Investigator will discuss the
specific medications)

@ Long Term Oxygen Therapy (LTOT) or nocturnal oxygen therapy >12 hours
a day

@ Participation in the acute phase of a pulmonary rehabilitation program
within 4 weeks prior to Screening or during the study - Non-compliance or
inability to comply with study procedures or scheduled visits

@ Affiliation with investigator site

Interventions Fluticasone Furoate 100mcg/Vilanterol 25mcg

Fluticaosne Propionate 500mcg/Salmeterol 50mcg

Inhaler Device: ELLIPTA dry powder inhaler

Allowed Co-Medications: Salbutamol as needed, Ipratropium, mucolytics

Qutcomes Primary Outcome Measures: Change From Baseline Trough in 24-hour
Weighted-mean FEV1 on Treatment Day 84

Notes Funding: GlaxoSmithKline
Identifiers: NCT01342913, 113107

Risk of bias table

Bias E:t;::en " Support for judgement

Random sequence generation Low risk Interactive voice response system using RandAll and
(selection bias) RAMOS

Allocation concealment (selection Low risk Interactive voice response system using RandAll and
bias) RAMOS

Blinding of participants an.d Low risk Double-blind

personnel (performance bias)

Blinding of outcome assessment Low risk The investigator and treating physician were blinded till
(detection bias) an emergency arouse.

Incomplete outcome data (attrition | Low risk Dropout relatively low in both included groups (6.1 % in
bias) SAL/FP and 8.65 in FF/VI group).

Selective reporting (reporting bias) |Low risk Trial registration located. Outcomes well reported.
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Anzueto 2009
Methods Design: Randomised, double-blind, parallel-group, multicenter study
Duration: 52 weeks (+ 4 week run-in)
Location: 98 centres in the USA and Canada
Participants Population: 797 participants were randomised to salmeterol alone (403) and

salmeterolffluticasone combination therapy (394)

Baseline characteristics

Age (mean years): sal 65.3, salfflut 65.4

% Male: sal 57, salflut 51

% FEV1 predicted (pre BD): sal 33.9, salfflut 34.1

Pack-years (mean): sal 56.5, salflut 57.8

Inclusion criteria: >40 years of age with a diagnosis of COPD, a cigarette
smoking

history 10 pack-years, a pre-albuterol FEV1/FVC0.70, a FEV150%o0f predicted
normal and a documented history of at least 1 COPD exacerbation the year prior
to the study that required treatment with antibiotics, oral corticosteroids, and/or
hospitalisation.

Exclusion criteria: current diagnosis of asthma, a respiratory disorder other
thanCOPD, historical or current evidence of a clinically significant uncontrolled
disease, or had a COPD exacerbation that was not resolved at screening

Interventions Inhaler Device:1. Salmeterol 50 bid (LABA) 2. Salmeterolfluticasone 50/250 bid
(LABAVICS) Inhaler device: Diskus

Allowed Co-Medications: As-needed albuterol was provided for use throughout
the study. As needed ipratropium was not provided; however, it could be used
during the study. The use of concurrent inhaled long-acting bronchodilators
(beta2-agonist and anticholinergic), ipratropium/albuterol combination products,
oral beta-agonists, inhaled corticosteroids (ICS), leukotriene modifiers, inhaled
nedocromil and cromolyn, theophylline preparations, ritonavir and other
investigational medications were not allowed during the treatment period. Oral
corticosteroids and antibiotics were allowed for the acute treatment of a COPD
exacerbation

Outcomes Annual rate of moderate/severe exacerbations, time to firstmoderate/severe
exacerbation, the annual rate of exacerbations requiring oral corticosteroids, and
pre-dose FEV1.Diary records and health status measured on the StGeorge’'s
Respiratory Questionnaire (SGRQ)

Notes Funding: GlaxoSmithKline
Identifiers: NCT00115492, GSK NCT00115492

Risk of bias table

. Authors' .
Bias udgement Support for judgement

Random sequence generation | Low risk an interactive voice response system (IVRS) was used as a
(selection bias) means for central allocation of drug in accordance with the
randomization schedule
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Allocation concealment Low risk an interactive voice response system (IVRS) was used as a

(selection bias) means for central allocation of drug in accordance with the
randomization schedule

Blinding of participants and Low risk Described as double-blind [assumed participants and

personnel (performance bias) personnel/investigators]

Blinding of ocutcome Low risk The investigator and treating physician were blinded till an

assessment (detection bias) emergency arouse.

Incomplete outcome data High risk The withdrawal rates were very high , 39% discontinued in

(attrition bias) salmeterol arm and 32% in FPS arm. More patients were

withdrawn due to lack of efficacy and exacerbation with FPS
arm compared with SAL arm (8.2% vs 5.3%).

Selective reporting (reporting Low risk All outcomes stated in the protocol were reported and could

bias) be included
Asai 2013
Methods Design: multi-center, randomized, open label, parallel group study

Duration: 52 weeks
Location: 35 centers in Japan

Participants Population: 119 in QVA 149 group, 39 in Tio group.

Baseline Characteristics: age 69.3 (SD 6.8), M/F 95.6/4.4%,

Inclusion Criteria: severe stable COPD (Stage Il or Stage Ill), a smoking history
of at least 10 pack years, postbronchodilator forced expiratory volume in one
second (FEV1) = 30% and < 80% of the predicted normal, and
postbronchodilator FEV1/forced vital capacity (FVC) < 0.7 at Visit 2.

Exclusion Criteria: Pregnant women or nursing mothers, concomitant
pulmonary disease, a history of asthma, malignancy of any organ system, certain
cardiovascular comorbid conditions, alpha-1 antitrypsin deficiency, etc.

Interventions Inhaler Device:
QVA149 (110 mcg indacaterol / 50 mcg glycopyrrolate o.d. delivered via Concept1
tiotropium (18 mcg 0.d.)

Allowed Co-Medications: Not described.

Outcomes Primary Outcome: Number of participants with adverse events, serious adverse
events or death

Notes Funding: Novartis
Identifiers: NCT01285492, CQVA149A1301, ARISE

Risk of bias table

. Authors' .
Bias Ldibhient Support for judgement
Random sequence generation Low risk

(Seiciicn bias) Randomised, no specific details but industry-funded

Allocation concealment (selection | Unclear risk
bias)

Not described
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Blinding of participants and High risk
) open label
personnel (performance bias)
Blinding of outcome assessment | High risk G55 1EEEI
(detection bias) &
Incomplete outcome data High risk Dropout was relatively low but uneven between two groups
(attrition bias) (14.0% in QVA and 2.6 % in Tio group).
Selective reporting (reporting bias) Low risk Outcomes stated on pre-registered protocol were well
reported
B1303 2011
Methods Design: Multi-center, Randomized, Open Label, Parallel Group Study
Duration: 52 weeks
Location: Japan
Participants Population: Indacaterol 300 g 125, Salmeterol 50 pg 61
Baseline Characteristics: age 69.1 (SD 7.97) F:M 10:176
Inclusion Criteria:
@ Diagnosis of COPD (moderate-to-severe as classified by the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) Guidelines) and:
@ Smoking history of at least 20 pack-years
@ Post-bronchodilator FEV1 <80% and = 30% of the predicted normal value
@ Post-bronchodilator FEV1/FVC (forced vital capacity) <70%
Exclusion Criteria: a COPD exacerbation in the 6 weeks prior to Visit 1 or
during the run-in period, concomitant pulmonary disease, asthma,diabetes Type |
or uncontrolled diabetes Type Il, lung cancer or a history of lung cancer, certain
cardiovascular comorbid conditions
Interventions Inhaler Device:
Indacaterol 300 ug once daily (od) via SDDPI
Salmeterol 50 g twice daily (bid) via Diskus
Allowed Co-Medications: Salbutamol as rescue
Outcomes long term safety and tolerability (particularly with regard to ECG, laboratory tests,
vital signs and adverse events) of indacaterol
Notes Funding: Novartis
Identifiers: NCT00876694, CQAB149B1303
Risk of bias table
Authors'
Bias Support for judgement
judgement el £
Random seguence generaiion Lev fisk Randomised, no specific details but industry-funded
(selection bias)
Allocatlon concealment (selection | Unclear risk Nk deseribad
bias)
Blinding of participants anFﬂ High risk open label
personnel (performance bias)
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Blinding of outcome assessment High risk

label
(detection bias) open label

Incomplete outcome data (attrition | Low risk Dropout was relatively low and even between two groups
bias) (16.8% in IND, 19.7% in SAL group).

Selective reporting (reporting bias) | Low risk Outcomes stated on pre-registered protocol were well
reported

Bateman 2013

Methods Design: multi-centre, randomised, double-blind, parallel-group, placebo- and
activecontrolled trial

Duration: 26 weeks (+ 2 week run-in)

Location: academic and clinical research centres inEurope,NorthAmerica,
SouthAmerica, Asia (Philippines, Japan, India), Australia, China, Taiwan and
South Africa

Participants Population: 2144 participants were randomised to indacaterol (477),
glycopyrronium (475), open-label tiotropium (483), placebo (234), and one other
arm that was not included in this review (QVA149 combination, 475)

Baseline Characteristics:

Age (mean years). ind 63.6, gly 64.3, tio 63.5, pbo 64,4

% Male: ind 74.4, gly 77.2, tio 75.0, pbo 72.8

% FEV1 predicted: ind 54.9, gly 55.1, tio 55.1, pbo 53.2

Inclusion Criteria: Participants were aged 40 years, had moderate-to-severe
stable COPD (Stage Il or lll according to GOLD 2008 criteria), and a smoking
history of

10 pack-years. At screening, they were required to have a post-bronchodilator
forced expiratory volume in 1 second (FEV1) 30% and <80% of predicted normal
and postbronchodilator. FEV1/orced vital capacity (FVC) <0.70.

Exclusion Criteria: respiratory tract infection within 4 weeks prior to Visit 1;
concomitant pulmonary disease; history of asthma; lung cancer or a history of
lung cancer; history

of certain cardiovascular co-morbid conditions; known history and diagnosis of
alpha-1 antitrypsin deficiency; in the active phase of a supervised pulmonary
rehabilitation

program; contraindicated for inhaled anticholinergic agents and 2 agonists; other
protocol-defined inclusion/exclusion criteria may apply

Interventions 1. Indacaterol 150 qd (LABA)

2. Glycopyrronium 50 qd (LAMA)

3. Tiotropium 18 qd (LAMA) - open label

4. Placebo (PBO)

Inhaler Device: All medications were administered once daily in the morning via
the Breezhaler® device except for tiotropium, which was administered open-label
via the Handihaler® device.

Allowed Co-Medications: Participants remained on a stable dose of inhaled
corticosteroid (ICS) and salbutamol/albuterol was available for use as
rescuemedication throughout the study

Outcomes Trough FEV1, dyspnoea, health status measured on the SGRQ, rescue
medication use and safety
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Notes Funding: Novartis
Identifiers: NCT01202188
Risk of bias table
. Authors’ .
Bias idganiont Support for judgement
Random sequence generation | Low risk No specific details of sequence generation but done
(selection bias) electronically and presumed valid
Allocation concealment Low risk Eligible patients were assigned a randomisation number via
(selection bias) Interactive Response Technology (IRT), linking the patient to
a treatment arm and specific unique medication number for
the study drug. The randomisation humber was not
communicated to the investigator contacting the IRT
Blinding of participants and High risk Blinding procedures were sound, but tiotropium was delivered
personnel (performance bias) open label which introduced bias for these comparisons.
Blinding of patients, investigator staff, personnel performing
assessments and data analysts was maintained by ensuring
randomisation data remained strictly confidential and
inaccessible to anyone involved in the study until the time of
unblinding. In addition, the identity of the treatments was
concealed by the use of study drugs that were all identical in
packaging, labelling, and schedule of administration,
appearance, taste and odour. Unblinding occurred in the case
of emergencies and at the conclusion of the study
Blinding of outcome. . High risk Same as above.
assessment (detection bias)
Incomplete outcome data Low risk Dropout was between 9% and 20% across the five groups,
(attrition bias) and over 99% were included in the analysis
Selective reporting (reporting Low risk Prospectively registered and well reported with additional
bias) online supplemental material available
BI1237.22 2014
Methods Design: A Randomised, Double-blind, Parallel-group Study
Duration: 52 weeks
Location: Japan
Participants Population: Olodaterol (5 ng) 41, Tiotropium + Olodaterol (2.5 /5 pg) 40,
Tiotropium + Olodaterol (5 /5 pg) 41
Baseline Characteristics: age 69.9 (SD7.3), F:M 5:117
Inclusion Criteria:
1. Diagnosis of chronic obstructive pulmonary disease.
2. Relatively stable airway obstruction with post FEV1< 80% predicted normal
and post FEV1/FVC <70%.
3. Male or female Japanese patients, 40 years of age or older.
4. Smoking history of more than 10 pack years.
Exclusion Criteria:
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Significant disease other than COPD, Clinically relevant abnormal lab values,
History of asthma.significant co-morbidities, known active tuberculosis.
malignancy for which patient has undergone resection, radiation therapy or
chematherapy within last five years, other pulmonary diseases, regular use of
daytime oxygen therapy for more than one hour per day, pregnant or nursing
women.women of childbearing potential not using a highly effective method of
birth control, narrow-angle glaucoma or micturition disorder due to prostatic
hyperplasia etc.

Interventions Inhaler Device:

Tiotropium and Olodaterol FDC once daily inhalation: Respimat
Olodaterol once daily inhalation: Respimat

Tiotropium and Olodaterol FDC once daily inhalation: Respimat
Allowed Co-Medications:

Outcomes Primary Outcome Measures :Number (%) of Patients With Drug-related AEs

Notes Funding: Boehringer Ingelheim
Identifiers: NCT01536262, 1237.22

Risk of bias table
Bias }le:jt;:;sent Support for judgement
Random sequence generation Low risk

Randomised, no specific details but industry-funded
(selection bias) ' P v

Allocation concealment (selection Unclear risk

biae) Not described

Blinding of participants and Low risk

Double-blind
personnel (performance bias)

Blinding of outcome assessment Unclear risk

Not described
(detection bias)

Incomplete outcome data (attrition High risk Dropout was high with clodateral 5 (19.5%) uneven
bias) compared with Tio/Olo 5/5 (4.9%)
Selective reporting (reporting bias) | Low risk Qutcomes stated on pre-registered protocol were well
reported
Bogdan 2011
Methods Design: Randomised, Double-blind, Placebo-controlled, Parallel-group,

Multi-national, Phase I, Efficacy and Safety Study
Duration: 12 weeks
Location: Bulgaria, Japan, Romania, Russian Federation, Ukraine

Participants Population: FM 4.5 bid 206 subjects, FM 9 bid 199 subjects
Baseline Characteristics: age 66.75 (SD 9.4), F:M 74:539
Inclusion Criteria:
® Males or females aged above 40 with a clinical diagnosis of COPD and
current COPD symptoms
@ Current or previous smoker with a smoking history of 10 or more pack years
@ Lung function parameters: FEV1/FVC < 70%, post-bronchodilator and
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post-bronchodilator FEV1 < 80% of predicted normal value

Exclusion Criteria:
@ History and/or current clinical diagnosis of asthma or atopic diseases such
as allergic rhinitis
@ Use of inhaled glucocorticosteroids within 4 weeks prior to Visit 2
® Any relevant cardiovascular disorder as judged by the investigator or any
current respiratory tract disorder other than COPD.

Interventions Inhaler Device:

Formoterol Turbuhaler 4.5mg

Formoterol Turbuhaler 9 mg

Turbuhaler placebo

Allowed Co-Medications: Salbutamol as rescue, short-acting anticholinergics

Outcomes Primary Outcome Measures: Forced Expiratory Volume in 1 Second (FEV1; L)
60 Minutes Post-dose

Notes Funding: AstraZeneca
Identifiers: NCT00628862, D5122C00001

Risk of bias table
3 Authors' :
Bias ot Support for judgement
Random sequence generation Low risk : : : ;
: ; Randomised, no specific details but industry-funded
(selection bias)
Allocatlon concealment (selection Unclear risk Not described
bias)
Blinding of participants anq Low risk Double-blind
personnel (performance bias)
Bllndlng of gutcome assessment Unclear risk Kt deseribied
(detection bias)
Incomplete outcome data (attrition | Low risk Dropout was low and even between two groups (5.3% in
bias) FM 4.5 and 8.5% in FM 9 group)
Selective reporting (reporting bias) | Low risk Outcomes stated on pre-registered protocol were well
reported
Briggs 2005
Methods Design: randomised, double-blind, double-dummy, parallel-group study
Duration: 12 weeks
Location: 50 centres located in 8 countries, including Finland, Greece, Italy,
Portugal, Sweden, Turkey, the United Kingdom and the United States
Participants Population: n = 653 (tiotropium: 328, salmeterol: 325)
Baseline Characteristics: mean age (tiotropium: 64.2 years, salmeterol 64.6
years); gender (tiotropium 65%male, salmeterol 68%male); mean%predicted
FEV1 (tiotropium 37.
7, salmeterol 37.7%);mean smoking pack year history (tiotropium55.6 years,
salmeterol 56.1 years)
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Inclusion Criteria: patients who were = 40 years of age, with a cigarette
smoking history of = 10 pack years, and a clinical diagnosis of COPD, were
eligible for inclusion in the

study if they had a FEV1 % predicted < 60% and FVC < 70%

Exclusion Criteria: patients with a history of asthma, allergic rhinitis, atopy or a
total (absolute) blood eosinophil count = 600 mm were excluded from the study,
as were

those with any significant medical condition that could preclude participation for
the full duration of the trial or interfere with the interpretation of the study resuits.
Patients were also excluded from the study if they took systemic corticosteroids
at unstable doses or in daily doses of = 10 mg (or its equivalent), if they were
using heta-blockers, cromones, or anti-leukotrienes prior to enroment in the trial,
or if they had experienced a respiratory tract infection or a COPD exacerbation
within 30 days of randomisation. Patients using

oxygen for more than 1 h per day and who were unable to refrain from its use
during pulmonary function testing were also excluded. Additionally, patients were
excluded who were actively participating in a rehabilitation programme or had
completed such a programme during the previous 30 days

Interventions 1. Tiotropium, 18 pg once daily via the HandiHaler device; or

2. Salmeterol, 2 actuations of 25 ng each, twice daily via a metered dose inhaler
Inhaler Device: HandiHaler device for tiotropium, MDI for salmeterol.

Allowed Co-Medications: As-needed albuterol, Inhaled corticosteroid

Outcomes Primary outcome(s): the co-primary efficacy outcomes were average post-dose
FEV1 over 12 h and peak FEV1 after 12 weeks of treatment. Average FEV1 was
estimated from the

area under the curve from 0 to 12 h (AUC 0- 12). Secondary outcome(s):
secondary outcomes including morning pre-dose FEV1, FEV1 at each time point
over 12 h, corresponding FVC parameters, incidence and frequency of COPD
exacerbations (the number or percentage of patients with at least one COPD
exacerbation, time to first exacerbation, number of exacerbations, and
exacerbation days), rescue medication use, and incidence of serious adverse
events

Notes Funding: Boehringer Ingelheim and Pfizer
Identifiers: 205.264

Risk of bias table

Authors'
Bi S rt for jud t
ias judgement upport for judgemen

Random sequence generation | Low risk The randomisation list was generated by Boehringer
(selection bias) Ingelheim using a validated system, which involved a
pseudo-random number generator so that the resulting
treatment sequence was both reproducible and non-predictable

Allocation concealment Low risk All investigational medication for each patient was identified
(selection bias) by a uniguemedication number. Each eligible patient was
assigned the lowest medication number available to the
investigator at the time of randomisation
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Blinding of participants and Low risk Boehringer Ingelheim was responsible for preparing and
personnel (performance bias) coding study medication in a blinded fashion (Boehringer
Ingelheim study drug and control were indistinguishable).
Patients, investigators and study personnel remained blinded
with regard to the treatment assignments up to database lock

Blinding of cutcome Low risk In all studies, a selection of standard respiratory endpoints
assessment (detection bias) like pulmonary function, SGRQ, TDI, treadmill, exacerbations,
etc. were used. Qutcome assessors remained blinded with
regard to the treatment assignments up to database lock

Incomplete outcome data Low risk The withdrawal rates were relatively samll and even between
(attrition bias) the groups (tiotropium 8.8%, salmeterol 12.6%)

Selective reporting (reporting Unclear risk Unable to locate protocal.

bias)
Brusasco 2003

Methods Design: pooled results from two randomised, double-blind, double-dummy,
parallelgroup studies
Duration: 6 months (+ 2 weeks run-in period)
Location: The studies were performed in 18 countries The only difference in the
two studies was the duration of serial spirometry in the clinic (12 hours in one
study, 3 hours in the second)

Participants Population: 805 participants were randomised to salmeterol (405) and placebo

(400)

Baseline Characteristics:

Age (mean years): sal, 64.1; pbo, 64.6

% Male: sal, 75.1; pbo, 76.3

% FEV1 predicted: sal 37.7; pbo, 38.7

Pack-years (mean); sal, 44.8; pho, 42.4

Inclusion Criteria: Participants were required to have relatively stable airway
obstruction with FEV1 < 65% of predicted normal and < 70% of FVC, > 40 years
of age, with a smoking history of > 10 pack-years

Exclusion Criteria: Patients with a history of asthma, allergic rhinitis or atopy or
with an increased total eosinophil count were excluded. Other exclusion criteria
included use of supplemental oxygen or an upper respiratory tract infection in the
six weeks before screening. Patients with a significant disease other than COPD
were not enrolled. Significant disease was defined as a disease that, in the
opinion of the investigator, would put the patient at risk because of participation
in the study, or a disease that would influence the results of the study.

Interventions 1. Salmeterol 50 bid (LABA)

2. Tiotropium 18 gd (LAMA)

3. Placeho (PBO)

Inhaler Device: metered dose

Allowed Co-Medications: Participants were allowed to continue previously
prescribed regular inhaled steroids or regular oral steroids, not exceeding a dose
equivalent to approximately 10 mg prednisone daily. The number of participants
taking these medications during the stucy was not located.
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Outcomes Mean change from baseline on the SGRQ and number whose score decreased
by at least 4 units; exacerbations (number, time to first etc.), hospital admissions,
FEV1, FVC, dyspnoea (evaluated using the Baseline Dyspnoea Index (BDI) and
the TDI), diary card data

Notes Funding: Boehringer Ingelheim
Identifiers: NCT02172287, NCT02173691, 205.130, and 205.137

Risk of bias table

Bias ﬁjl:lt;::en t Support for judgement

Random sequence generation | Low risk The randomisation list was generated by Boehringer
(selection bias) Ingelheim using a validated system, which involved a
pseudo-random number generator so that the resulting
treatment sequence was both reproducible and non-predictabls

Allocation concealment Low risk All investigational medication for each patient was identified
(selection bias) by a unigue medication number. Each eligible patient was
assighed the lowest medication number available to the
investigator at the time of randomisation

Blinding of participants and Low risk Boehringer Ingelheim was responsible for preparing and
personnel (performance bias) coding study medication in a blinded fashion (Boehringer
Ingelheim study drug and control were indistinguishable).
Patients, investigators and study personnel remained blinded
with regard to the treatment assignments up to database lock.
Double dummy technique was used to blind different
application devices

Blinding of outcome Low risk In all studies, a selection of standard respiratory endpoints
assessment (detection bias) like pulmonary function, SGRQ, TDI, treadmill, exacerbations,
etc. were used. Outcome assessors remained blinded with
regard to the treatment assignments up to database lock.

Incomplete outcome data Low risk The withdrawal rates were relatively even between groups

(attrition bias) (salmeterol [18.8%)], tiotropium [15.4%])

Selective reporting (reporting Low risk Results for all expected and specified outcomes were

bias) reported (except FEV1 [secondary outcome] was not reported
in a way that could be included in the qualitative
synthesis.

Buhl 2011
Methods Design: randomised, placebo controlled, double blind, double dummy

Duration: 12 weeks

Location: 223 centres in 22 countries: Austria, Belgium, Canada, Colombia,
Denmark, Finland, France, Germany, Greece ,Hungary, Israel, ltaly,Mexico,
Norway, Poland, Russia,

Slovakia, Spain, Switzerland, Turkey, UK and USA
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Participants Population: n = 1598 (tiotropium: 797, indacaterol: 801)

Baseline Characteristics:

mean age (tiotropium: 63.6 years, indacaterol 63.4 years); gender (tiotropium
70% male, indacaterol 67%); mean% predicted FEV1 (tiotropium 54.3%,
indacaterol 54.6%); mean smoking pack year history (tiotropium 41.8 years,
indacaterol 43.2 years)

Inclusion Criteria: patients with a diagnosis of COPD, smoking history of at
least 10 pack years, post-bronchodilator FEV1 < 80% and > 30%of the predicted
normal value, post-bronchodilator FEV1/FVC < 70%

Exclusion Criteria: patients who have received systemic corticosteroids or
antibictics and/or was hospitalised for a COPD exacerbation in the 6 weeks prior
to screening,

respiratory tract infection within 6 weeks prior to screening, concomitant
pulmonary disease, history of asthma, diabetes Type | or uncontrolled diabetes
Type Il, lung cancer or history of lung cancer, history of certain cardiovascular
comorbid conditions.

Interventions Inhaler Device:

1. Tiotropium, 18 g once daily via the HandiHaler device

2. Indacaterol 150 pg delivered via a SDDPI (single-dose dry powder inhaler)
Allowed Co-Medications: As-needed albuterol, Inhaled corticosteroid

Outcomes Primary outcome(s): trough FEV1 24h post-dose after 12 weeks of treatment.
Secondary outcome(s): FEV1 AUC 5 min to 4 hours post-dose on day 1, week 4
and week 12. Rescue medication use over 12 weeks. Safety and tolerability

Notes Funding: Novartis
Identifiers: NCT00900731, CQAB149B2350

Risk of bias table
Bias ..Authors Support for judgement
judgement
Random sequence generation Low risk Patients were randomized to treatment via an
(selection bias) Interactive Voice Response System
Allocation concealment (selection Low risk Patients were randomized to treatment via an
bias) Interactive Voice Response System
Blinding of participants an.d Low risk double blind, double dummy
personnel (performance bias)
Blinding of outcome assessment Low risk Investigators, study staff performing the assessments
(detection bias) and data analysts were blinded
Incomplete outcome data (attrition Low risk Withdrawal rates were low and even (tiotropium 7.6%,
bias) indacaterol 7.5%)
Selective reporting (reporting bias) Low risk All outcomes stated in the prospectively registered
protocol were reported in full
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Buhl 2015

Methods Design: randomised, double-blind, parallel-group, multicentre

Duration: 52 weeks

Location: 25 countries including US, Canada, UK, EU coutries, Australia, South
Africa, Brazil etc.

Participants Population: 5162 patients

Baseline Characteristics: See Buhl 2015a&b

Inclusion Criteria: outpatients aged > 40 years with a history of
moderate-to-very severe COPD(GOLDstage 2-4); post-bronchodilator FEV1 <
80%of predicted normal; postbronchodilator FEV1/FVC < 70%; current or
ex-smokers with a smoking history of >10 pack-years

Exclusion Criteria: clinically relevant abnormal baseline laboratory parameters
or a historyof asthma; M| within 1 year of screening; unstable or life-threatening
cardiac arrhythmia;

known activeTB; clinically evident bronchiectasis; cystic fibrosis or
life-threatening pulmonary obstruction; hospitalised for heart failure within the
past year; diagnosed thyrotoxicosis or paroxysmal tachycardia; previous
thoracotomy with pulmonary resection; regular use of daytime oxygen if people
were unable to abstain during clinic visits; or currently enrolled in a pulmonary
rehabilitation programme (or completed in the 6 weeks before screening)

Interventions Inhaler Device:

 tiotropium 5 pg + olodaterol 5 pg fixed-dose combination via Respimat once
daily

® tiotropium 2.5 png + olodaterol 5 g fixed-dose combination via Respimat once
daily

® Olodaterol pg Respimat once daily

® tiotropium 5 pg Respimat once daily

® tiotropium 2.5 ng Respimat once daily

Allowed Co-Medications: as needed albuterol, inhaled corticosteroid,
theophylline

Outcomes Primary:

@ FEV1 AUC (0-3 h) response on day 169

@ Trough FEV1 response on day 170

® SGRQ total score on day 169 from the 2 twin trials, Buhl 2015a
(NCT01431274) and Buhl 2015b (NCT01431287) These outcomes were also
measured at days 85 and 365

Notes Funding: Boehringer Ingelheim
Identifiers: NCT01431274, NCT01431287, 1237.5, 1237.6

Risk of bias table

Authors'
Bias Support for judgement
judgement o tss

Random sequence generation | Low risk Treatment was assigned via an Interactive VVoice Response
(selection bias) System/Interactive Web Response System

Allocation concealment Low risk Treatment was assigned via an Interactive Voice Response
(selection bias) System/Interactive Web Response System
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Blinding of participants and Low risk

. Double-blind for all arms
personnel (performance bias)

Blinding of outcome Unclear risk

assessment (detection bias) Nt descrlbed,

Incomplete outcome data High risk Withdrwal was uneven among comparators of interest (18.3%
(attrition bias) inolo5, 13.7%in tio 5 and 10.7% in tio/olo 5/5 arms.

Selective reporting (reporting Low risk

b Prospectively registered and well reported.

Buhl 2015a

Methods Design: randomised, double-blind, parallel-group, multicentre
Duration: 52 weeks
Location: See Buhl 2015

Participants Population: 2624 participants with moderate-to-very severe COPD

Baseline Characteristics:

mean age 64.2 years. COPD severity was GOLD stage 2 (FEV1 50-80%
predicted) in 50% of participants, stage 3 (30-50% predicted) in 39% of
participants, and stage 4 (< 30% predicted) in 11% of participants, with mean
FEV1 of 50% predicted. 74% were men. 38% were current smokers. 48% were
taking ICS. 86% had co-morbidity at baseline

Inclusion Criteria: outpatients aged > 40 years with a history of
moderate-to-very severe COPD(GOLDstage 2-4); post-bronchodilator FEV1 <
80%of predicted normal; postbronchodilator FEV1/FVC < 70%; current or
ex-smokers with a smoking history of >10 pack-years

Exclusion Criteria: clinically relevant abnormal baseline laboratory parameters
or a historyof asthma; Ml within 1 year of screening; unstable or life-threatening
cardiac arrhythmia;

known activeTB; clinically evident bronchiectasis; cystic fibrosis or
life-threatening pulmonary obstruction:; hospitalised for heart failure within the
past year; diagnosed thyrotoxicosis or paroxysmal tachycardia; previous
thoracotomy with pulmonary resection; regular use of daytime oxygen if people
were unable to abstain during clinic visits; or currently enrolled in a pulmonary
rehabilitation programme (or completed in the 6 weeks before screening)

Interventions Inhaler Device:

e tiotropium 5 pg + olodaterol 5 pg fixed-dose combination via Respimat once
daily

® tiotropium 2.5 pg + olodaterol 5 g fixed-dose combination via Respimat once
daily

» Olodaterol pg Respimat once daily

® tiotropium 5 pg Respimat once daily

@ tiotropium 2.5 ng Respimat once daily

Allowed Co-Medications: as needed albuterol, inhaled corticosteroid,
theophylline

QOutcomes Primary:

e FEV1 AUC (0-3 h) response on day 169

@ Trough FEV1 response on day 170

¢ SGRQ total score on day 169 from the 2 twin trials, Buhl 2015a
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(NCT01431274) and Buhl 2015b (NCT01431287) These outcomes were also
measured at days 85 and 365
Notes Funding: Boehringer Ingelheim
Identifiers: NCT01431274, 1237.5
Risk of bias table
Bias Authors' judgement |Support for jJudgement
Random sequence generation (selection bias) Low risk See Buhl 2015
Allocation concealment (selection bias) Low risk See Buhl 2015
Blinding of participants and personnel (performance bias) | Low risk See Buhl 2015
Blinding of ocutcome assessment (detection bias) Unclear risk See Buhl 2015
Incomplete outcome data (attrition bias) High risk See Buhl 2015
Selective reporting (reporting bias) Low risk See Buhl 2015
Buhl 2015b
Methods Design: randomised, double-blind, parallel-group, multicentre
Duration: 52 weeks
Location: See Buhl 2015
Participants Population: 2539 participants with moderate-to-very severe COPD
Baseline Characteristics:
mean age 63.8 years.COPDseveritywasGOLDstage 2 (FEV1 50-80%predicted)
in 50%of participants, stage 3 (30-50%predicted) in 38%, and stage 4 (< 30%
predicted) in 12% of participants, with mean FEV1 of 50% predicted. 72% were
men. 36% were current smokers. 47% were taking |CS. 87% had co-morbidity at
baseline
Inclusion Criteria: outpatients aged > 40 years with a history of
moderate-to-very severe COPD(GOLDstage 2-4); post-bronchodilator FEV1 <
80%of predicted normal; postbronchodilator FEV1/FVC < 70%; current or
ex-smokers with a smoking history of >10 pack-years
Exclusion Criteria: clinically relevant abnormal baseline laboratory parameters
or a historyof asthma; M| within 1 year of screening; unstable or life-threatening
cardiac arrhythmia;
known activeTB; clinically evident bronchiectasis; cystic fibrosis or
life-threatening pulmonary obstruction; hospitalised for heart failure within the
past year; diagnosed thyrotoxicosis or paroxysmal tachycardia; previous
thoracotomy with pulmonary resection; regular use of daytime oxygen if people
were unable to abstain during clinic visits; or currently enrolled in a pulmonary
rehabilitation programme (or completed in the 6 weeks before screening)
Interventions Inhaler Device:
® tiotropium 5 pg + olodaterol 5 pg fixed-dose combination via Respimat once
daily
e tioctropium 2.5 pg + olodaterol 5 g fixed-dose combination via Respimat once
daily
® QOlodaterol ng Respimat once daily
® tiotropium 5 pg Respimat once daily
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# tiotropium 2.5 ng Respimat once daily
Allowed Co-Medications: as needed albuterol, inhaled corticosteroid,
theophylline

Outcomes Primary:

o FEV1 AUC (0-3 h) response on day 169

@ Trough FEV1 response on day 170

® SGRAQ total score on day 169 from the 2 twin trials, Buhl 2015a
(NCT01431274) and Buhl 2015b (NCT01431287) These outcomes were also
measured at days 85 and 365

Notes Funding: Boehringer Ingelheim
Identifiers: NCT01431287, 1237.6

Risk of bias table
Bias Authors' judgement | Support for judgement
Random sequence generation (selection bias) Low risk See Buhl 2015
Allocation concealment (selection bias) Low risk See Buhl 2015
Blinding of participants and personnel (performance bias) | Low risk See Buhl 2015
Blinding of outcome assessment (detection bias) Unclear risk See Buhl 2015
Incomplete outcome data (attrition bias) High risk See Buhl 2015
Selective reporting (reporting bias) Low risk See Buhl 2015
Buhl 2015¢
Methods Design: Multicenter, Randomized, Parallel Group, Blinded Study

Duration: 26 weeks
Location: Germany

Participants Population: IND/Glyco (110/50) 476, Tio (18)+FM (12) 458
Baseline Characteristics: age 62.9 (SD 8.29) F:M 319:615
Inclusion Criteria:
® Male or female adults aged > 40 yrs
@ Patients with moderate to severe chronic obstructive pulmonary disease
(GOLD 2010 guidelines)
® Smoking history of at least 10 pack years
@ Post-bronchodilator FEV1 < 80% and = 30% of the predicted normal value
and post-bronchodilator FEV1/FVC (forced vital capacity) <70%

Exclusion Criteria:

® Pregnant women or nursing mothers or women of child-bearing potential
not using adequate contraception

@ Patients with a history of long QT syndrome

@ Patients with Type | or uncontrolled Type |l diabetes

@ Patients who have had a COPD exacerbation or respiratory tract infection
within 6 weeks prior to screening

@ Patients with any history of asthma

@ Patients with pulmonary lobectomy, lung volume reduction surgery, or lung
transplantation

@ Patients with concomitant pulmonary disease
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® Patients requiring long term oxygen therapy (=15 h a day)

Interventions Inhaler Device:

QVA149 110/50ug a single-dose dry powder inhaler
tiotropium proprietary inhaler (Handihaler).
formoterol capsules Aeralizer device

Allowed Co-Medications:

Outcomes Primary Outcome Measures: St. George's Respiratory Questionnaire (SGRQ-C)
Total Score After 26 Weeks of Treatment (Non-inferiority Analysis).

Notes Funding: Novartis
Identifiers: NCT01574651, CQVA149ADEOQ1

Risk of bias table
Bias {-\uthors Support for judgement
judgement
Random sequence generation | Low risk a validated system that automated the random assignment of
(selection bias) treatment arms to randomisation numbers in the specified
ratio.
Allocation concealment Low risk a validated system that automated the random assignment of
(selection bias) treatment arms to randomisation numbers in the specified
ratio.
Blinding of participants an.d Low risk Double-blind
personnel (performance bias)
Blinding of cutcome Low risk investigator staff, personnel performing assessments, and
assessment (detection bias) data analysts remained blinded from randomisation until

database lock.

Incomplete outcome data Low risk Dropout relatively low in both included groups (12.8 % in
(attrition bias) QVA149 and 11.4% in Tio+FM)

L UL Located trial registration - outcomes well reported

bias)
Calverley 2003
Methods Design: randomised, double-blind, placebo-controlled, parallel-group study
Duration: 12 months (+ 2 weeks run-in)
Location: 109 centres in 15 countries or regions
Participants Population: 1022 participants were randomised to formoterol (255), budesonide
(257), formoterol/budesonide combination (254) and placebo (256)
Baseline Characteristics:
Mean age (years): form 63, bud 64, form/bud 64, pbo 65
% Male: form 75, bud 74, form/bud 78, pbo 75
% FEV1 predicted: form 36, bud, form/bud, pbo 36
Pack-years: form 38, bud 39, form/ud 39, pbo 39
Inclusion Criteria: Males and females > 40 years old; history of at least 10
pack-years; COPD for at least 2 years; < 70% FEV1/FVC, FEV1 < 50%
predicted; 1+ COPD exacerbations requiring medication in previous 2to 12
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months
Exclusion Criteria: history of asthma or seasonal allergic rhinitis before age 40;
any relevant cardiovascular disorders or other disease

Interventions 1. Formoterol 9 bid (LABA)

2. Budesonide 400 bid (ICS)

3. Formoterol/budesonide 9/320 bid (LABA/ICS)

4. Placeho (PBO)

Inhaler Device: dry powder inhaler

Allowed Co-Medications: terbutaline (0.5 mg) as needed; maximum 3-week
course of oral corticosteroids and antibiotics were allowed in the event of
exacerbations; parenteral steroids and/or nebulised treatment were allowed at
emergency visits. Medications excluded during the study period were oxygen
therapy; beta-blocking agents; inhaled corticosteroids; disodium cromoglycate;
leukotriene antagonists or 5-lipoxygenase inhibitors; other bronchadilators;
antihistamines and medications containing ephedrine.

Outcomes St Georges Respiratory Questionnaire (SGRQ), COPD exacerbations, FEV1,
FVC, morning and evening PEF, diary card data

Notes Funding: AstraZeneca
Identifiers: SD-039-0670

Risk of bias table
. Authors' .

Bias lidasniont Support for judgement

Random sequence generation | Low risk Patients were randomized to treatment.No details of

(selection bias) sequence generationmethods but assumed to adhere to usual
AstraZeneca methods

AIIocat_lon cpncealment Unclear risk Not described.

(selection bias)

Blinding of participants an.d AL Study reported as double-blind (patient and investigators)

personnel (performance bias)

A outcome. : e No subjective assessor-rated outcomes were reported

assessment (detection bias)

Incomplete outcome data High risk Withdrawal was high and uneven in the arms of interest

(attrition bias) (formoterol, 43.5%; BUD/FM 29.1%). An intention-to-treat
analysis was used and all hypothesis testing but no
information regarding method of imputation was provided

Selective reporting (reporting Low risk Protocol could not be located but all relevant outcomes were

bias) reported.

Calverley 2003 TRISTAN

Methods Design: randomised, double-blind, placebo-controlled, parallel-group design
Duration: 12 months (+ 2 weeks run-in period)
Location: 196 centres in 25 countries
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Participants Population: 1466 participants were randomised to salmeterol (372), fluticasone
(375), salmeterolfluticasone combination (358) and placebo (361)

Baseline Characteristics:

Mean age (years): salm 63.2, flut 63.5, salm/flut 62.7, pbo 63.4

% Male: salm 70, flut 69.5, salmfflut 75.4, pbo 75

% FEV1 predicted: salm 44.3, flut 45.0, salm/lut 44.8, pbo 44.2

Pack-years: salm 43.7, flut 41.5, salm/flut 42.0, pbo 43.4

Inclusion Criteria: 10-Pack-year history of cigarette smoking; a history of cough
productive of sputum on most days for at least 3 months of the year, for at least 2
years; documented history of COPD exacerbations each year for the previous 3
years, including at least one exacerbation in the last year that required oral
corticosteroids and/or antibictics; a baseline (pre-bronchodilator) FEV1 25%to
70%of predicted normal; poor reversibility of airflowobstruction (defined as an
increase < 10%of predicted normal FEV1 value 30 minutes after inhalation of 400
1g salbutamal) and FEV1/forced vital capacity (FVC) ratio 70%

Exclusion Criteria: respiratory disorders other than COPD. Patients were also
excluded if they had received systemic corticosteroids, high doses of inhaled
corticosteroids or antibiotics in the 4 weeks before the 2 weeks run-in

Interventions 1. Salmeterol 50 bid (LABA)

2. Fluticasone 500 bid (ICS)

3. Salmeterol/fluticasone 50/500 bid (LABA/ICS)

4. Placebo (PBO)

Inhaler Device: multi-dose dry powder

Allowed Co-Medications: Inhaled salbutamol was used as relief medication
throughout the study, and regular treatment with anticholinergics, mucolytics and
theophylline was allowed. Medications not allowed during the study period were
inhaled corticosteroids and LABAs.

Outcomes St George’s Respiratory Questionnaire (SGRQ), COPD exacerbations, FEV1 (at
least 6 hours after medication), pretreatment FVVC and post-bronchodilator FEV1
and FVC, morning PEF, diary card data

Notes Funding: GlaxoSmithKline
Identifiers: SFCB3024

Risk of bias table

Authors'
Bias Support for judgement
judgement £e e

Random sequence generation | Low risk We used a randomisation schedule generated by the patient
(selection bias) allocation for clinical trials (PACT) programto assign patients
to study treatment groups

Allocation concealment Low risk Every participating centre was supplied with a list of patient
(selection bias) numbers (assigned to patients at their first visit) and a list of
treatment numbers. Patients who satisfied the eligibility
criteria were assigned the next sequential treatment number

from the list
Blinding of participants and Low risk Study drugswere labelled in away to ensure that both the
personnel (performance bias) patient and the investigator were unaware of the allocated
treatment
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Blinding of ocutcome Low risk No subjective assessor-rated outcomes and investigators
assessment (detection bias) remained blind

Incomplete outcome data Unclear risk | Withdrawal relatively even but high in both groups (salmeterol
(attrition bias) 32.0%, placebo 38.8%) but the Intent-to-Treat (ITT)

population, consisting of all subjects who were randomised to
treatment and received at least one dose of the study
medication, was used for all analyses of efficacy and safety.
Unclear what method of imputation was used for each outcomg

== Bt enaOing e 0aIng 26 nsk All outcomes stated in the protocol were reported in detail

bias)

Calverley 2007

Methods Design: multi-centre, randomised, double-blind, parallel-group,
placebo-controlled study
Duration: 3 years (+ 3 weeks run-in period)
Location: 466 centres in 42 countries comprising 190 centres in USA, 134
centres in Western Europe, 46 centres in Eastern Europe, 37 centres in Asia
Pacific, and 59 centres in other regions

Participants Population: 6184 participantswere randomised to salmeterol (1542), fluticasone

(1551), salmeterolffluticasone combination (1546) and placebo (1545)

Baseline Characteristics:

Mean age (years): salm 65.1, flut 65.0, salm/lut 65.0, pbo 65.0

% Male: salm 76.3, flut 75.4, salmfflut 75.1, pbo 76.3

% FEV1 predicted: salm 43.6, flut 44.1, salm/lut 44.3, pbo 44 .1

Pack-years: salm 49.3, flut 49.2, saim/flut 47.0, pbo 48.6

Inclusion Criteria: male or female current or former smokers; history of at least
10 packyears; clinical diagnosis of COPD; aged 40 to 80 years inclusive, with
pre-bronchodilator FEV1 < 60% predicted at entry to the study

Exclusion Criteria: current diagnosis of asthma; current respiratory disorders
other than COPD; lung volume reduction surgery and/or transplant; serious
uncontrolled disease; evidence of alcohol, drug or solvent abuse, hypersensitivity
to ICS, bronchodilators or lactose; deficiency of alpha1-antitrypsin; exacerbation
during run-in period

Interventions 1. Salmeterol 50 bid (LABA)

2. Fluticasone 500 bid (ICS)

3. Salmeterol/fluticasone 50/500 bid (LABA/ICS)

4. Placebho (PBO)

Inhaler Device: multi-dose dry powder

Allowed Co-Medications: Ventolin as relief, inhaled long-acting bronchodilators
and long-term oral corticosteroids (theophyllines long- and short-acting, SABAs
and shortacting anticholinergic agents allowed). Medications not allowed during
the study period were inhaled corticosteroids, inhaled long-acting
bronchodilators, long-term oral corticosteroids and long-term oxygen therapy

Outcomes St. George's Respiratory Questionnaire (SGRQ), COPD exacerbations, adjusted
mean
change FEV1
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Review Manager 5.3

Notes Funding: GlaxoSmithKline
Identifiers: NCT0026821, GSK SC030003, TORCH
Risk of bias table
Bias ﬁll:;:r;sent Support for judgement
Random sequence generation | Low risk [Fromprotocol] Subjectswill be assigned to study treatment in
(selection bias) accordancewith the randomisation schedule, which will be
generated using the GWcomputer program Patient Allocation
for Clinical Trials (PACT)
Allocation concealment Low risk From protocol] Subjects will be centrally randomised to one of
(selection bias) the four treatment groups via the System for Central
Allocation of Drug (SCAD) and will be stratified by smoking
status
Blinding of participants and Low risk [From protocol] Once the database has been frozen, the
personnel (performance bias) treatment allocations will be unblinded and all of the analyses
detailed in this document will be performed. The treatment
allocations will be unblinded using standard GSK systems.
The database will be frozen by BDS Respiratory Data
Management, GSK
Blinding of ocutcome Low risk An independent clinical end point committee, whose members
assessment (detection bias) were unaware of the treatment assignments, determined the
primary cause of death and whether death was related to
COPD. No other outcomes were assessor-rated
Incomplete outcome data Low risk Withdrawal rates quite similar but both high by the end of the
(attrition bias) 36 month treatment period. Acceptable methods of imputation
used in all cases. For any subject who withdraws prematurely
fromthe study, all available data up to the time of
discontinuation were included in the analyses. Mortality data
were collected for subjects who withdrew early
Selective reporting (reporting Low risk All relevant outcomes stated in the protocol were reported in
bias) detail
Calverley 2010
Methods Design: double-blind, double-dummy, randomised, active-controlled,
parallel-group study
Duration: 11 months (+ 4 week run-in)
Location: Conducted at 76 centres in 8 countries across Europe
Participants Population: 718 participants were randomised to formoterol (239) and
formoterol/budesonide combination (242), and one other treatment arm which
was hot eligible for this review (237)
Baseline characteristics
Age (mean years): bud/form 64.1, form 63.7
% Male: budfform 81.5, form 81.1
% FEV1 predicted: budfform 42.3, form 42.5
Pack-years (mean): budfform 37.8, form 39.7
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Inclusion criteria: Hospital outpatients with severe stable COPD according to
the GOLD guidelines; aged 40 years with a diagnosis of symptomatic COPD for
>2 years, at least a 20 pack-years smoking history, a post-bronchodilator FEV1
between 30% and 50%of the predicted normal and at least 0.7 L absolute value
and a pre-dose FEV1 /forced vital capacity (FVC) of 0.7; at least one
exacerbation requiring medical intervention (oral corticosteroid and/or antibictic
treatment and/or need for a visit to an emergency department and/or
hospitalisation) within 2-12 months before the screening visit and to be clinically
stable for the 2 months before study entry; change in FEV1 <12% of predicted
normal value 30 min following inhalation of 200 mg of salbutamol pMDI
Exclusion criteria: History of asthma, allergic rhinitis or other atopic disease,
variability of symptoms from day to day and frequent symptoms at night and early
morning (suggestive of asthma); receiving long term oxygen therapy or they had
a lower respiratory tract infection or had been hospitalised for an acute COPD
exacerbation within two months before screening or during the run-in period.
Treatment with oral, injectable or depot corticosteroids and antibictics,
long-acting antihistamines or changes in the dose of an oral modified release
theophylline in the two months preceding screening and during the run-in period
were excluded

Interventions 1. Formoterol 12 bid (LABA)

2. Formoterol/budesonide 12/400 bid (LABA/ICS)
Inhaler device: Dry powder

Allowed co-medications: not described

Outcomes Change in pre-dose morning FEV1 and mean rate of COPD exacerbations per
patient per year, FVC, PEF, SGRQ total score, six-minute walking test, BMI,
BODE index, safety evaluations including ECG

Notes Funding: Chiesi Farmaceutici
Identifier(s): NCT00476099

Risk of bias table

Authors'
Bias Support for judgement

judgement PP 4168
Random sequence generation | Low risk The randomisation scheme followed a balanced-block
(selection bias) centre-stratified design and was prepared via a computerised

system

Allocation concealment Low risk Patients were centrally assigned, in each centre, to one of the
(selection bias) three treatment arms at the end of the run-in period through

an Interactive Voice/WWeb Response System (IXRS)

Blinding of participants and Low risk On each study day, patients took both active medications and
personnel (performance bias) matched placebo twice daily, in order to maintain blinding
Blinding of cutcome Low risk On each study day, patients took both active medications and
assessment (detection bias) matched placebo twice daily, in order to maintain blinding. In

case of emergency, un-blinding of the treatment code was
done through IXRS
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Incomplete outcome data Low risk 12.3% withdrew from the combination group and 14.2% from
(attrition bias) the formoterol group. Judged to be relatively low and even
between groups, and the intention-to-treat

populationwere used using last observation carried forward

Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol

bias) were reported in full
Chapman 2014
Methods Design: a randomized, blinded, double-dummy, parallel-group study

Duration: 12 weeks

Location: Canada, Croatia, Czech Republic, Estonia, France, Germany,
Guatemala, India, Korea, Republic of, Latvia, Lithuania, Philippines, Poland,
South Africa, Taiwan

Participants Population: Glyco (50) 123 subjects, Tio (18) 40 subjects
Baseline Characteristics: age 63.5 (SD8.0), F:M 172:485
Inclusion Criteria:

@ Patients with moderate to severe stable COPD (Stage |l or Stage II)
according to the current GOLD Guidelines (GOLD 2010).

@ Patients with a post-bronchodilator Forced Expiratory Volume in 1 second
(FEV1) > 30% and < 80% of the predicted normal, and a
post-bronchodilator FEV1/ Forced Vital Capacity (FVC) < 0.70 at screening

® Current or ex-smokers who have a smoking history of at least 10 pack
years (e.g. 10 pack years = 1 pack/day x 10 yrs, or ¥z pack/day x 20 yrs).

@ Symptomatic patients, according to daily electronic diary data between Visit
2 (Day -14) and Visit 3 (Day 1), with a total score of 1 or more on at least 4
of the last 7 days prior to Visit 3.

Exclusion Criteria:

@ Pregnant or nursing (lactating) women

@ Patients who, in the judgment of the investigator, or the responsible
Novartis personnel, have a clinically relevant laboratory abnormality or a
clinically significant condition before Visit 1.

@ Patients with narrow-angle glaucoma, symptomatic benign prostatic
hyperplasia or bladder-neck obstruction or moderate to severe renal
impairment or urinary retention. (BPH patients who are stable on treatment
can be considered).

@ Patients receiving medications in the classes listed in the protocol as
prohibited

Interventions Inhaler Device:

NVA237 (glycopyrronium) 50 g inhalation capsules once a day, delivered via
SDDPI

Tiotropium 18 nug once a day delivered via HandiHaler device

Allowed Co-Medications: salbutamol/albuterol as rescue.

Outcomes Primary Outcome Measures: Trough Forced Expiratory Volume in 1 Second
(FEV1) After 12 Weeks of Treatment

Notes Funding: Novartis
Identifiers: NCT01613326, CNVA237A2314
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Risk of bias table

. Authors' .
Bias lidgamont Support for judgement

Random sequence generation | Low risk An automated, interactive, voice-response technology was

(selection bias) used

Allocation concealment Low risk An automated, interactive, voice-response technology was
(selection bias) used

Blinding of participants anq Low risk Double-blind

personnel (performance bias)

Blinding of cutcome Low risk Randomization data were kept strictly confidential until the
assessment (detection bias) time of unblinding, and were not accessible by anyone

involved in the conduct of the study.

Incomplete outcome data Low risk Dropout was low and even between two groups (4.0%in
(attrition bias) NVA237 and 4.2% in Tio group)

Selective reporting (reporting Low risk

Hias) Qutcomes stated on pre-registered protocol were well reported

COMBINE 2017

Methods Design: randomized, open-label, parallel group, 2-treatment arm, active
controlled, fixed dose, phase IV, clinical study

Duration: 24 weeks

Location: Argentina, Brazil, Chile, Dominican Republic, Ecuador, Honduras,
Mexico, Panama

Participants Population: FP+SAL 133, BUD+IND 109
Baseline Characteristics: age 67.2 (SD 8.7) F:M 95:127
Inclusion Criteria:
Inclusion Criteria:
@ \Written informed consent must be obtained before any assessment is
performed
@ Outpatients with stable COPD groups C and D according to the 2011
GOLD Guidelines.
@ Current or ex-smokers who have a smoking history of at least 10 pack years
@ Patients with a history of at least one exacerbation.
@ Patients able to read and complete

Exclusion Criteria:

@ Use of other investigational drugs within 30 days

@ Patients with a history of hypersensitivity to any of the study drugs

@ History or current diagnosis of ECG abnormalities

@ Patients with diabetes Type | or uncontrolled diabetes Type Il including
patients with a history of blood glucose levels consistently outside the
normal range

@ Patients who have not achieved an acceptable spirometry result at Visit 1

@ Patients with a body mass index (BMI) of more than 40 kg/m2

® Patients with lung cancer or a history of lung cancer

@ Patients with a history of malignancy of any organ system
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@ Pregnant or nursing (lactating) women

® Women of child-bearing potential, defined as all women physiologically
capable of becoming pregnant, unless they are using effective methods of
contraception during dosing of study treatment

@ Patients who do not maintain regular day/night, waking/sleeping cycles
(e.g., night shift workers)

@ Patients that are uncontrolled or unstable on permitted therapy, who in the
opinion of the investigator, have clinically significant renal, cardiovascular,
neurological, endocrine, immunological, psychiatric, gastrointestinal,
hepatic, or haematological abnormalities which could interfere with the
assessment of the efficacy and safety of the study treatment

® Patients requiring oxygen therapy for chronic hypoxemia

@ Patients who have had a respiratory tract infection within 6 weeks prior to
Visit 1

@ Patients with concomitant pulmonary disease, e.g. pulmonary tuberculosis,
bronchiectasis, sarcoidosis, interstitial lung disorder or pulmonary
hypertension

® Patients with a known diagnosis of Alpha-1 Antitrypsin deficiency.

@ Patients with history of lung surgery

@ Patients who are participating in the active phase of a supervised
pulmonary rehabilitation program.

Interventions Budesonide + Indacaterol

Fluticasone + Salmeterol

Inhaler Device: Budesonide 400 mcg twice a day via Breezhaler device,
Fluticasone 250 mcg twice daily via Accuhaler device, Indacaterol 150 mcg once
daily via Breezhaler® device,Salmeterol 50 mcg twice daily via Diskus device
Allowed Co-Medications: "rescue medication" as needed

Outcomes Primary OQutcome Measures: Change From Baseline in Trough Forced Expiratory
Volume in 1 Second (Non-inferiority Analysis).

Notes Funding: Novartis
Identifiers: NCT02055352, CQAB149BAR01

Risk of bias table

. Authors’ .
Bias ine Support for judgement
Random sequence generation Low risk

el b Randomised, no specific details but industry-funded

Allocation concealment (selection | Unclear risk

bias) No details
Blinding of participants anFi High risk Open label
personnel (performance bias)
Blinding of outcome assessment High risk
Open label
(detection bias) P
Incomplete outcome data (attrition | High risk Dropout relatively low but uneven between two groups
bias) (5.5% in BUD/FM and 15% in FP/SAL).
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|| Selective reporting (reporting bias) | Unclear risk | Located trial registration - outcomes well reported "

COSMOS-J 2016

Methods Design: a multi-center, randomized, double-dummy, study
Duration: 24 weeks
Location: 39 sites in Japan.

Participants Population: FP/SAL (250/50) 136, Tio (18) 126
Baseline Characteristics: age 68.3 (SD 7.02), F:M 20:385
Inclusion Criteria:

1. Male or female aged 40 - 80 years inclusive

2. Has an established clinical history of COPD (defined as per the GOLD
definition)

3. The subject achieves a grade of = 1 on mMRC at Visit 1

4. A signed and dated written informed consent is obtained from the subject
prior to study participation

5. The subject has a post-bronchodilator FEV1 of = 30%to < 80% of
predicted normal

6. The subject has a post-bronchodilator FEV1 / FVC ratio < 70%

7. The subject is a current or ex-smoker with a smoking history of > 10
pack-years Ex-smokers are required to have stopped smoking for at least 6
months prior to visit 1. Ex-smokers who stopped smoking less than 6
months ago will be defined as current smokers.

8. QTe < 450 msec at Visit 1; or for patients with bundle branch block QTc
should be < 480 msec.

Exclusion Criteria:

1. Has a predominant asthma (comorbid asthma is not an exclusion criteria)
2. Has a medical diagnosis of narrow-angle glaucoma, prostatic hyperplasia
or bladder neck obstruction that in the opinion of the investigator should
prevent them from entering the study Note: As with other anticholinergic

drugs, subjects with narrow-angle glaucoma, prostatic hyperplasia or
bladder neck obstruction should only be entered into the study at the
Investigator's discretion

3. Has known respiratory disorders other than COPD (e.g. lung cancer,
sarcoidosis, tuberculosis or lung fibrosis)

4. Has undergone lung surgery e.g., lung transplant and/or lung volume
reduction

5. Had a chest X-ray indicating diagnosis other than COPD that might
interfere with the study (chest X-ray to be taken at Visit 1, if subject has not
had one and/or CT image taken within 3 months of Visit 1)

6. Requires regular (daily) or long term oxygen therapy (LTOT). (LTOT is
defined as > 12 hours oxygen use per day)

7. Has plan to start or to change the pulmonary rehabilitation program during
the study period

8. Requires regular treatment with oral, parenteral, or depot corticosteroids

9. Has serious, uncontrolled disease likely to interfere with the study (e.g. Left
Ventricular failure, anaemia, renal or hepatic disease or serious
psychological disorders)

10. Received any other investigational drugs within 4 weeks (or 5 half lives)

prior to Visit 1
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11. Has, in the opinion of the investigator, evidence of alcohol, drug or solvent
abuse

12. Has a known or suspected hypersensitivity to B2-agonists, steroids,
anticholinergic treatments or any components of the formulations

13. Has previously been enralled to this study and investigational drugs has
been administered

14. Is not eligible to participate this study in the opinion of the
investigator/subinvestigator

Interventions Inhaler Device: Salmeterol xinafoate / fluticasone propionate 50/250 DISKUS,
Tiotropium bromide capsule
Allowed Co-Medications: salbutamol asrescue

Outcomes Primary Outcome Measures: Trough Forced Expiratory Volume in 1 Second
(FEV1) After 12 Weeks of Treatment

Notes Funding: GlaxoSmithKline
Identifiers: NCT01762800, SCO116717

Risk of bias table
Bias ﬁjl:;::ent Support for judgement
Random sequence generation Low risk

tsolaehon bias) Randomised, no specific details but industry-funded

Allocation concealment (selection Unclear risk
bias)

Not described

Blinding of participants and Low risk

Double-blind
personnel (performance bias)

Blinding of outcome assessment Unclear risk
(detection bias)

Not described

Incomplete outcome data (attrition | Low risk Dropout was low and even between two groups (9.4% in
bias) Tioand 10.2 % in FP/SAL group)
Selective reporting (reporting bias) | Low risk Qutcomes stated on pre-registered protocol were well
reported
Covelli 2016
Methods Design: a randomized, double-blind, double-dummy, multi-center, parallel-group
study

Duration: 12 weeks
Location: Canada, Czechia, Germany, Poland, Romania, United States

Participants Population: FF/VI (100/25) 310, TIO (18) 313
Baseline Characteristics: age 62.6 (SD 8.03), F:M 221:402
Inclusion Criteria:
® Signed and dated written informed consent
@ Male or females > 40 years of age
® Females must be post-menopausal or using a highly effective method for
avoidance of pregnancy
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® Established clinical history of COPD by ATS/ERS definition

@ Post-albuterol spirometry criteria: FEV1/FVC ratio < 0.70 and FEV1 > 30 to
< 70% of predicted normal (NHANES IlI)

® Former or current smoker = 10 pack years

@ A history of diagnosed cardiovascular disease or a prior cardiovascular
event including any of the following:

@ Established (i.e., by clinical signs or imaging studies) coronary artery
disease (CAD)

@ Established (i.e., by clinical signs or imaging studies) peripheral vascular
(i.e., arterial) disease (PVD)

@ Previous stroke

@ Obijectively confirmed transient ischemic attack (TIA) (i.e., transient
neurological deficit documented by a health-care professional)

@ Previous myocardial infarction (MI) (Note: An Ml within 6 months prior to
Visit 1 is exclusionary)

OR
@ Presence of one of the following cardiovascular risk factors (in addition to
being a former/current smoker):
® Current diagnosis of hypertension
@ Current diagnosis of hypercholesterolemia
@ Diabetes mellitus treated with pharmacotherapy

Exclusion Criteria:

@ Current diagnosis of asthma

® Subjects with other respiratory disorders including o1-antitrypsin deficiency
as the underlying cause of COPD, active tuberculosis, lung cancer,
bronchiectasis (Note: focal bronchiectasis is not exclusionary), sarcoidosis,
pulmonary fibrosis (Note: focal fibrotic pulmonary lesions are not
exclusionary), pulmonary hypertension, interstitial lung diseases or other
active pulmonary diseases

® Lung volume reduction surgery within previous 12 months

@ Clinically significant abnormalities not due to COPD by chest X-ray or CT
scan

@ Hospitalized for poorly controlled COPD within 12 weeks of Screening

@ Poorly controlled COPD 6 weeks prior to Screening, defined as acute
worsening of COPD that is managed by the subject with corticosteroids or
antibiotics or that requires treatment prescribed by a physician

® Lower respiratory infection requiring antibiotics 6 weeks prior to Screening

@ A moderate or severe COPD exacerbation and/or a lower respiratory tract
infection (including pnuemonia) during the Run-In Period

@ An abnormal, clinically significant finding in any liver chemistry,
biochemical, or haematology tests at Screening (Visit 1) or upon repeat
prior to randomization

® An abnormal, clinically significant ECG finding at Screening (Visit 1) or
upon repeat prior to randomization

@ An abnormal, clinically significant Holter finding at Screening (Visit 1) or
upon repeat prior to randomization (sub-set of subjects)

@ Historical or current evidence of clinically significant (in opinion of the
Investigator) and unstable disease such as cardiovascular (e.g., patients
requiring ICD, pacemaker requiring a ventricular pace rate set at >60 bpm,
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uncontrolled hypertension, New York Heart Association Class IV (New York
Heart Association,1994), known left ventricular ejection fraction <30%),
neurological, psychiatric, renal, hepatic, immunological, endocrine
(including uncontrolled diabetes or thyroid disease), peptic ulcer disease, or
haematological abnormalities

@ Carcinoma not in complete remission for at least 5 years

@ History of allergy or hypersensitivity to any of the study medications (e.g.,
anticholinergic/muscarinic receptor antagonist, beta2-agonist,
corticosteroid) or components of the inhalation powder (e.g., lactose,
magnesium stearate) or a medical condition such as narrow-angle
glaucoma, prostatic hypertrophy or bladder neck obstruction that, in the
opinion of the study physician contraindicates study participation or use of
an inhaled anticholinergic. In addition, subjects with a history of severe milk
protein allergy that, in the opinion of the Investigator, contraindicates the
subject's participation will also be excluded

@ Known/suspected history of alcohol or drug abuse in the last 2 years

® \Women who are pregnant or lactating or plan to become pregnant

@ Subjects medically unable to withhold albuterol /salbutamol for 4 hours prior
to spirometry testing at each study visit

® Use of certain medications such as bronchodilators and corticosteroids for
the protocol-specific times prior to Visit 1 (the Investigator will discuss the
specific medications)

® Long Term Oxygen Therapy (LTOT) or nocturnal oxygen therapy >12 hours
a day

@ Participation in the acute phase of a pulmonary rehabilitation program
within 4 weeks prior to Screening or during the study

@ Failure to demonstrate adequate compliance defined as completion of the
Diary Card (completed all diary entries on at least 4 of the last 7
consecutive days), the ability to withhold COPD medications and to keep
clinic visit appointments

@ Non-compliance or inability to comply with study procedures or scheduled
visits

® History of psychiatric disease, intellectual deficiency, poor motivation or
other conditions that will limit the validity of informed consent to participate
in the study

@ Affiliation with investigator site

@ Women who are pregnant or lactating or are planning on becoming
pregnant during the study

Interventions Inhaler Device:

fluticasone furoate/vilanterol 100/25mcg inhalation powder

tiotropium bromide 18mcg inhalation powder

Allowed Co-Medications: rescue medication (albuterol) and mucolytics at a
constant dosage.

Outcomes Primary Outcome Measures: Change From Baseline Trough in 24-hour
Weighted Mean FEV1 on Treatment Day 84

Notes Funding: GlaxoSmithKline
Identifiers: NCT01627327, HZC115803
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Risk of bias table
. Authors' .
Bias iidaemen Support for judgement
Random sequence generation | Low risk A central randomization schedule was generated using a
(selection bias) validated computerized system (RandAll; GSK) and
communicated with a validated computerized voice response
system, the Registration and Medication Ordering System
(RAMOS; GSK)
Allocation concealment Low risk A central randomization schedule was generated using a
(selection bias) validated computerized system (RandAll; GSK) and
communicated with a validated computerized voice response
system, the Registration and Medication Ordering System
(RAMOS; GSK),
Blinding of participants anfj Low risk Double-blind
personnel (performance bias)
Blinding of cutcome Low risk Investigator and treating physician were kept blinded unless a
assessment (detection bias) medical emergency or a serious adverse medical condition
arouse.
Incomplete outcome data High risk Dropout was uneven between two groups. (FF/V/I 6.1% and
(attrition bias) Tio 12.4%).
Selective reporting (reporting Low risk Outcomes stated on pre-registered protocol were well
bias) reported.
D'Urzo 2014
Methods Design: A Phase lll, Randomized, Double-blind, Placebo-Controlled Study

Duration: 24 weeks
Location: Australia, Canada, New Zealand, United States

Participants

Review Manager 5.3

Population: ACL/FM (400/12) 325, ACL (400) 337, FM (12) 332
Baseline Characteristics: age 63.9 (SD 8.9) F:M 782:887
Inclusion Criteria:

@ Male or female patients at least 40 years of age

@ Current or former cigarette smoker with a cigarette smoking history of at
least 10 pack-years

@ Adiagnosis of stable moderate to severe COPD and stable airway
obstruction as defined by the GOLD guidelines and stable airway
obstruction. Patients had to have a postbronchodilator FEV1/FVC ratio <
70% at Visit 1 (GOLD, 2010)

® Post-albuterol/salbutamol FEV1 values = 30% and < 80% of predicted
value. FEV1 was measured at the Screening Visit (Visit 1) 10 to 15 minutes
after inhalation of albuterol/salbutamol. Predicted normal used for
calculation purposes were based on National Health and Nutrition
Examination Survey Il predicted values (Hankinson et al, 1999)

@ Able to perform acceptable and repeatable pulmonary function testing for
FEV1 according to ATS/ERS criteria (Miller et al, 2005) at Screening Visit
(Visit 1) and throughout their participation in the trial

® Negative serum pB-human chorionic gonadotropin pregnancy test at Visit 1

35
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and must have been using hormonal contraceptives or a barrier method
plus a spermicidal agent; otherwise at least 1-year postmenopausal or
surgically sterile, defined as having a hysterectomy or tubal ligation (applied
to female patients only)

@ Judged by the Principal Investigator to be in otherwise good stable health
based on medical history, physical examination, ECGs, and routine
laboratory data evaluations

@ Patients previously randomized in an aclidinium monotherapy trial were
permitted as long as it had been at least 6 months since the completion of
their previous trial participation

@ Able to understand the study procedures and be willing to participate in the
study as indicated by signing the informed consent

Exclusion Criteria:

® Hospitalization for an acute COPD exacerbation within 3 months before
Visit 1

® Any respiratory tract infection (including the upper respiratory tract) or
COPD exacerbation in the 6 weeks before Visit 1. Patients who developed
a respiratory tract infection or COPD exacerbation during the washout or
run-in period were discontinued from the study before randomization

@ Any clinically significant respiratory conditions other than COPD, including
active tuberculosis, history of interstitial lung disease, pulmonary
thromboembolic disease, history of a1-antitrypsin deficiency, pulmonary
resection, lung volume surgery, or any other thoracic surgery during the
past 12 months, history of bronchiectasis secondary to respiratory diseases
other than COPD (eg, cystic fibrosis, Kartagener syndrome), post organ
transplantation, or expected to require thoracotomy or other lung surgery
during the study

® Clinical history suggesting that the patient had asthma as opposed to
COPD (Study Physician was to be contacted to discuss eligibility, if
necessary)

@ Chronic use of oxygen therapy = 15 hours/day

@ Body mass index(BMI) = 40 kg/m2

@ Patients who intended to start a pulmonary rehabilitation program during
the trial were excluded, as well as those who finished or started it within 3
months prior to Screening Visit

@ Clinically significant cardiovascular conditions including: myocardial
infarction within the previous 6 months; newly diagnosed arrhythmia within
the previous 3 months; unstable angina; unstable arrhythmia that had
required changes in pharmacological therapy or other intervention within
the previous 6 months; the presence of an automated implantable
cardioverter-defibrillator; history of thoracic surgery within the past year
before screening; hospitalization within the previous 12 months for heart
failure of New York Heart Association functional class Ill (marked limitation
of physical activity and only comfortable at rest, less than ordinary activity
causes fatigue, palpitation or dyspnea), or class IV (unable to carry out any
physical activity without discomfort) (Criteria Committee of the New York
Heart Association criteria, 1994)

@ Any uncontrolled infection that may have placed the patient at risk resulting
from human immunodeficiency virus, active hepatitis and/or patients with
diagnosed active tuberculosis
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® QTcB > 470 msec in the resting ECGs performed at Screening (Visit 1), as
indicated in the centralized ECG vendor generated report. Patients who
were on a stable dose of medication that may prolong the QTc, but had a
documented, stable, and normal QTc, could have been considered

@ QTcB > 470 msec in the resting ECGs performed before randomization at
Visit 2, as indicated in the paper tracing generated by the Sponsor-provided
ECG equipment

@ Clinically relevant abnormalities in the results of the clinical laboratory tests,
in ECG parameters other than QTc, or in the physical examination or vital
signs at Visit 1 except for those related to COPD

@ History of drug or alcohol abuse within the previous 5 years

@ Any other serious or uncontrolled physical or mental condition/disease that,
as judged by the Investigator, could have placed the patient at higher risk
derived from his/her participation in the study, could have confounded the
results of the study, or would be likely to have prevented the patient from
complying with the requirements of the study or completing the study. If
there was a history of such disease, but the condition had been stable for
more than 1 year and was judged by the Investigator not to interfere with
the patient's participation in the study, the patient may have been included,
with the documented approval of the Study Physician

@ History of hypersensitivity reaction to inhaled anticholinergics, beta-2
agonists, sympathomimetic amines, or inhaled medication or any
component thereof (including report of paradoxical bronchospasm) or a
history of acute urinary retention, symptomatic benign prostatic hyperplasia,
bladder neck obstruction, or narrow-angle glaucoma. (Note: Patients who
had well controlled, stable, asymptomatic benign prostatic hyperplasia were
not to be excluded)

® Sitting, resting systolic BP = 160 mm Hg and/or diastolic BP > 100 mm Hg
at Visit 1 and Visit 2

® Unable to use a multidose dry-powder inhaler or a pressurized
metered-dose inhaler

@ Treatment with any other investigational product within 30 days (or 6
half-lives, whichever was longer) before Visit 1

@ Previous participation in a clinical trial with aclidinium bromide in an FDC
therapy

® Pregnant or breastfeeding

@ Current diagnosis of cancer (present in the patient) other than basal or
squamous cell skin cancer. Patients who had a history of cancer must have
been cleared before Visit 1 (Screening) on a case-by-case basis

@ Patients who did not maintain regular day/night, waking/sleeping cycles (eg,
night shift workers)

® Patients who intended to use any concomitant medication not permitted by
this protocol or who had not undergone the required washout period for a
particular prohibited medication (Appendix Il of the protocol, which can be
found in Appendix 16.1.1 of this report)

@ Patients who were unlikely to be compliant with study requirements (eg,
take their medication, complete their electronic diaries, attend clinic at the
required times)

@ Patients who were employees or relatives of employees of the investigative
study center, FRI, Almirall, SA, or Pharmaceutical Product Development
(PPD, Inc.)
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® Patients who had any other conditions that, in the Investigator's opinion,
might have indicated the patient to be unsuitable for the study or supported
excluding the patient from the study

Interventions Inhaled Aclidinium/formoterol FDC 400/12p.9, twice per day

nhaled Aclidinium 400 pg, twice per day

Inhaled Formoterol 12 pg, twice per day

Inhaled dose-matched placebo, twice per day

Inhaler Device: multidose dry powder inhaler

Allowed Co-Medications: albuterol/salbutamol as rescue, theophylline, inhaled
corticosteroids (ICS),

oral or parenteral corticosteroids (< 10 mg/day or 20 mg every other day of
prednisone) were allowed if treatment was stable > 4 weeks prior to screening

Outcomes Primary Outcome Measures: Change From Baseline in 1-hour Morning
Post-dose Forced Expiratory Volume in One Second (FEV1), Change From
Baseline in Morning Trough Forced Expiratory Volume in One Second (FEV1)

Notes Funding: AstraZeneca
Identifiers: NCT01437397, LAC-MD-31

Risk of bias table

. Authors' :
Bias e Support for judgement

Random sequence generation | Low risk

= oS Randomised, no specific details but industry-funded

Allocation concealment Unclear risk

(selection bias) Bet described

Blinding of participants and Low risk

Double-blind
personnel (performance bias)
Blinding of outcome Low risk Cardiac adverse events were evaluated by an adjudication
assessment (detection bias) committee of independent cardiologists who were not

participating in the study and were blinded to treatment.

Incomplete outcome data Low risk Dropout was relatively high but even among the arms of
(attrition bias) interest (19.5% in ACL/FM 400/12, 21.2% in ACL 400 ,and
20.3% in FM 12.)

Selective reporting (reporting Low risk Qutcomes stated on pre-registered protocol were well

bias) reported.
D'Urzo 2017
Methods Design: A Phase lll, Long-term, Randomized, Double-blind, Extension Study

Duration: 28-52 weeks
Location: Australia, Canada, New Zealand, United States

Participants Population: ACL/FM (400/12) 338, ACL (400) 340, FM (12) 339
Baseline Characteristics: age 63.2 (SD 8.8), F:M 435:483
Inclusion Criteria:

® Completion of the treatment phase of the lead-in study, LAC-MD-31
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® Written informed consent obtained from the patient before the initiation of
any study specific procedures

@ No medical contraindication as judged by the Pl

® Compliance with LAC-MD-31 study procedures and IP dosing.

Exclusion Criteria:
® No specific exclusion criteria

Interventions Inhaler Device:

Inhaled Aclidinium/formoterol FDC 400/12p.g, twice per day

nhaled Aclidinium 400 pg, twice per day

Inhaled Formoterol 12 pg, twice per day

Inhaled dose-matched placebo, twice per day

Allowed Co-Medications:theophylline, inhaled corticosteroids (ICS), oral or
parenteral corticosteroids (10 mg/day or 20 mg every other day prednisone) were
allowed if treatment was stable within 4 weeks of the lead-in trial start. Albuterol
(108 mg/puff) or salbutamol (100 mg/puff) were the only rescue medications
permitted during the study

Outcomes Primary Outcome Measures: Percentage of Patients to Experience Any
Treatment-emergent Adverse Event

Notes Funding: AstraZeneca
Identifiers: NCT01572792, LAC-MD-36

Risk of bias table

Bias ;:Jl:lt::r;sent Support for judgement

Random sequence generation | Low risk

(aplction Lias) Randomised, no specific details but industry-funded

Allocation concealment Unclear risk ;

. . Not described
(selection bias)
Blinding of participants and Low risk Double-blind

personnel (performance bias)

Blinding of outcome Unclear risk

Not described
assessment (detection bias)

Incomplete outcome data Low risk Dropout was relatively high but even among the arms of
(attrition bias) interest (19.5% in ACL/FM 400/12, 21.2% in ACL 400 ,and
20.3%in FM 12)

Selective reporting (reporting Low risk Outcomes stated on pre-registered protocol were well

bias) reported.
Dahl 2010
Methods Design: randomised double-blind double-dummy parallel-group study

Duration: 12 months (+ 2 weeks run-in period)
Location: Denmark, UK, Germany, Russia, USA (unclear how many centres)
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Participants Population: 1732 participants were randomised to formoterol (435), two doses
of indacaterol (437 and 428) and placebo (432)

Baseline characteristics

Mean age (years): form 64, ind300 64, ind600 63, pbo 63

% Male: form 80.2, ind300 80.3, ind600 76.9, pbo 81.5

% FEV1 predicted: form 52.5, ind300 51.5, ind600 50.8, pbo 52.0

Pack-years: form 40, ind300 40, ind600 40, pbo 43

Inclusion criteria: males and females aged 40 and older; clinical diagnosis of
moderate to severe COPD; history of at least 20 pack-years

Exclusion criteria: history of asthma; current respiratory tract infection or
hospitalization for COPD exacerbation within the previous 6 weeks

Interventions 1. Formoterol 12 bid (LABA)

2. Indacaterol 300 qd (LABA)

3. Indacaterol 600 qd (LABA)

4. Placeho (PBO)

Inhaler device: dry powder turbuhaler and single dose dry powder inhaler
Allowed co-medications: Fixed-dose combinations of inhaled corticosteroids
(IC8) plus LABA were replaced by monotherapy ICS at an equivalent dose and
regimen plus salbutamol as needed. Participants receiving ICS monotherapy
continued treatment at a stable dose throughout the study. Oral corticosteroids
were not allowed, or a change in ICS was noted during the previous month

Outcomes St George's Respiratory Questionnaire (SGRQ), COPD exacerbations, trough
FEV1 and PEF, dyspnoea (baseline and transition scores), diary card data,
6-minute walk test, ECG, vital signs and haematology

Notes Funding: Novartis
Identifier(s): NCT00393458

Risk of bias table
Authors'
Bias Support for judgement
judgement PP judg

Random sequence generation | Low risk Randomised to treatment (1:1:1:1) with stratification for

(selection bias) smoking status (current/ ex-smoker) using an automated
interactive system

Allocation concealment Low risk Using an automated interactive system [concealment

(selection bias) assumed by automatisation]

Blinding o periisiparitsiand Lowrisk 1 ble-blind double-dummy trial

personnel (performance bias)

Blinding of outcome Low risk Protocal state double blind for subject, caregiver, investigator

assessment (detection bias) and outcomes assessor http:/Avww clinicaltrials.gov/ct2/
show/NCT00393458

Incomplete outcome data Low risk Efficacy results are presented for the modified

(attrition bias) intention-to-treat (ITT) population including all randomised
patients who received at least one dose of study drug
Withdrawal relatively high (Indacaterol 300 22.7%; formoterol
25.7%) but reasons for dropout were similar across the active
comparators.

Review Manager 5.3 40

Chronic obstructive pulmonary disease in over 16s: diagnosis and management evidence
reviews for Inhaled therapies DRAFT [June 2018]

122



DRAFT FOR CONSULTATION

Fixed-dose combination inhalers compared to long-acting bronchodilators for chroni@D-Jan-2018

tS,izI:)ctlve Fepering Gepoting il All stated and expected outcomes reported in detail
Decramer 2013
Methods Design: A Phase lllb Multicenter, 52 Week Treatment, Randomized, Blinded,

Double Dummy, Parallel Group Efficacy Study

Duration: 52 weeks

Location: Argentina, Australia, Austria, Belgium, Brazil, Canada, China,
Colombia, Costa Rica, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Hungary, Iceland, India, Israel, ltaly, Latvia, Lithuania, Mexico,
Netherlands, Peru, Philippines, Poland, Portugal, Romania, Russian Federation,
Slovakia, South Africa, Spain, Sweden, Switzerland, Taiwan, Thailand, Turkey,
United Kingdom, Venezuela

Participants Population: IND (150) 1721, Tio (18) 1718
Baseline Characteristics: age 64.0 (range 40-91) F:M 782:2657
Inclusion Criteria:
@ Male and female adults aged > 40 years, who have signed an Informed
Consent form prior to initiation of any study-related procedure
@ Patients diagnosed with COPD at age 40 and over and with a current
diagnosis of severe COPD and including:Smoking history of at least 10
pack years, both current and ex-smokers are eligibleA documented history
of at least 1 moderate or severe exacerbation in the previous 12 months

Exclusion Criteria:

® Patients who have received systemic corticosteroids and/or antibictics for a
COPD exacerbation in the 6 weeks prior to screening or during the run-in
period

@ Patients who have had a respiratory tract infection within 6 weeks prior to
screening

@ Patients with concomitant pulmonary disease

@ Patients with a history of asthma

® Patients with diabetes Type | or uncontrolled diabetes Type Il

@ Any patient with lung cancer or a history of lung cancer

@ Patients with a history of certain cardiovascular comorbid condition

Interventions Inhaler Device:

Indacaterol 150 pg o.d. delivered via SDDPI

Tiotropium 18 pg o.d. delivered via handihaler

Allowed Co-Medications: as needed albuterol or salbutamol, ICS.

Outcomes Primary Outcome Measures: Trough Forced Expiratory Volume in 1 Second
(FEV1).
Notes Funding: Novartis

Identifiers: NCT00845728, QAB149B2348

Risk of bias table
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" Authors' ;
Bias ldasmert Support for judgement

Random sequence generation | Low risk randomisation sequence was computer-generated by an
(selection bias) interactive voice response system (IVRS; Oracle America Inc,
Redwocod City, CA, USA)

Allocation concealment Low risk randomisation sequence was computer-generated by an
(selection bias) interactive voice response system (IVRS; Oracle America Inc,
Redwood City, CA, USA)

N bl biind ciouble-durinny tril

personnel (performance bias)

Blinding of outcome. . Unclear risk Nt diseribisd

assessment (detection bias)

Incomplete outcome data Low risk Dropout was relatively high but even among the arms of
(attrition bias) interest (22.4% in IND, 19.9% in Tio)

Selective reporting (reporting Unclear risk

bigs) All stated and expected outcomes reported in detail.

Decramer 2014a

Methods Design: Phase lll multicenter, randomized, double-blind, double-dummy,
parallel-group study

Duration: 24 weeks

Location: France, Germany, Italy, Mexico, Peru, Poland, Romania, Russian
Federation, Ukraine, United States

Participants Population: UMEC/VI (62.5/25) 212 Tio (18) 208
Baseline Characteristics: age 62.9 (SD 9), F:M 261:582
Inclusion Criteria:
@ outpatient
® signed and dated written informed consent
@ 40 years of age or older
@ male and female subjects
® COPD diagnosis
@ at least 10 pack-year smoking history
@ post-albuterd/salbutamol FEV1/FVC ratio of <0.70 and
post-albuterd/salbutamol FEV1 of less than or equal to 70% predicted
normal values
@ score of greater than or equal to 2 on the Modified Medical Resarch Council
Dyspnea Scale (MMRC)

Exclusion Criteria:

@ women who are pregnant or lactating or are planning on becoming
pregnant during the study

@ current diagnosis of asthma

@ other respiratory disorders other than COPD

@ other diseases/abnormalities that are uncontrolled including cancer not in
remission for at least 5 years

@ chest x-ray or CT scan with clinically significant abnormalities not believed
to be due to COPD
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® hypersensitivity to anticholinergics, beta-agonists, lactose/milk protein or
magnesium stearate or medical conditions associated with inhaled
anticholinergics

® hospitalization for COPD or pneumonia within 12 weeks prior to Visit 1

@ lung volume reduction surgery within 12 months prior to Visit 1

@ abnormal and clinically significant ECG at Visit 1

@ significantly abnormal finding from laboratory tests at \Visit 1

@ unable to withhold albuterol/salbutamol at least 4 hours prior to spirometry
at each visit

@ use of depot corticosteroids within 12 weeks of Visit 1

@ use of oral or parenteral corticosteroids, antibiotics for lower respiratory
tract infection, or cytochrome P450 3A4 inhibitors, within 6 weeks of Visit 1

@ use of long-acting beta-agonist (LABA)/inhaled corticosteroid (ICS) product
if LABA/ICS therapy is discontinued withing 30 days of Visit 1

@ use of ICS at a dose of >1000mcg/day of fluticasone propionate or
equivalent within 30 days of Visit 1

@ initiation or discontinuation of ICS within 30 days of Visit 1

@ use of tiotropium or roflumilast within 14 days of Visit 1

@ use of theophyllines, oral leukotriene inhibitors, long-acting oral
beta-agonists, or inhaled long-acting beta-agonists within 48 hours of Visit 1

® short-acting oral beta-agonists within 12 hours of Visit 1

@ use of LABA/ICS combination products only if discontinuing LABA therapy
and switching to ICS monotherapy within 48 hours of Visit 1 for the LABA
component

@ use of sodium cromoglycate or nedocromil sodium within 24 hours of Visit 1

® use of inhaled short-acting beta-agonists, inhaled short-acting
anticholinergics, or inhaled short-acting anticholinergic/short-acting
beta-agonist combination products within 4 hours of Visit 1

@ use of any other investigational medication within 30 days or 5 drug
half-lives (whichever is longer)

@ long-term oxygen therapy prescribed for >12 hours per day

@ regular use of nebulized short-acting bronchodilators

® participation in acute phase of pulmonary rehabilitation program

@ known or suspected history of alcohol or drug abse within 2 years prior to
Visit 1

® anyone affiliated with the investigator site (e.g., investigator,
sub-investigator, study coordinator, employee of a participating investigator
or study site, or immediate family member)

@ previous exposure to GSK573719, GSK573719/GW64 2444 combination,
GW642444 (vilanterol), or fluticasone furoate/GW642444 combination

Interventions GSK573719/GW6E42444 (UMEC/VI) 62.5/25 meg

GW642444 (vilanterol trifenatate) 25 mcg

tiotropium bromide 18 mcg

Inhaler Device: ELLIPTA dry powder inhaler and the HandiHaler dry powder
inhaler

Allowed Co-Medications: albuterol as needed, ICS.

Outcomes Change From Baseline (BL) in Trough Forced Expiratory Volume in One Second
(FEV1) on Day 169 (Week 24)
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Notes Funding: GlaxoSmithKline
Identifiers: NCT01316900, DB2113360
Risk of bias table
Bias j:?:c‘lt;:rfent Support for judgement
Random sequence generation | Low risk Registration and Medication Ordering System (RAMOS),
(selection bias) using an. Interactive Voice Response System (IVRS), was
used
Allocation concealment Low risk Registration and Medication Ordering System (RAMOS),
(selection bias) using an. Interactive VVoice Response System (IVRS), was
used
Blinding of participants an.d Low risk double-Blifid
personnel (performance bias)
Blinding of outcome Low risk Investigator and treating physician were kept blinded unless a
assessment (detection bias) medical emergency or a serious adverse medical condition
arouse.
Incomplete outcome data Low risk Dropout was relatively high but even among the arms of
(attrition bias) interest (14.6% in UMEC/VI 62.5/25, 14 9% in Tio group)
Selective reporting (reporting Low risk Outcomes stated on pre-registered protocol were well
bias) reported.
Decramer 2014b
Methods Design: a Phase Ill multicenter, randomized, double-blind, double-dummy,

parallel-group study

Duration: 24 weeks

Location: Argentina, Australia, Canada, Chile, Germany, Korea, Republic of,
Mexico, Romania, South Africa, United States

Participants Population: UMEC//I (62.5/25) 212 Tio (18) 208
Baseline Characteristics: age 64.6 (SD 8.44) F:M 280:589
Inclusion Criteria:
@ outpatient
® signed and dated written informed consent
® 40 years of age or older
® male and female subjects
@ COPD diagnosis
@ at least 10 pack-year smoking history
@ post-albuterd/salbutamol FEV1/FVC ratio of <0.70 and
post-albuterol/salbutamol FEV1 of less than or equal to 70% predicted
normal values
@ score of greater than or equal to 2 on the Modified Medical Resarch Council
Dyspnea Scale (mMMRC)

Exclusion Criteria:
@ women who are pregnant or lactating or are planning on becoming
pregnant during the study
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® current diagnosis of asthma

@ other respiratory disorders other than COPD

@ other diseases/abnormalities that are uncontrolled including cancer not in
remission for at least 5 years

@ chest x-ray or CT scan with clinically significant abnormalities not believed
to be due to COPD

® hypersensitivity to anticholinergics, beta-agonists, lactose/milk protein or
magnesium stearate or medical conditions associated with inhaled
anticholinergics

@ hospitalization for COPD or pneumonia within 12 weeks prior to Visit 1

@ lung volume reduction surgery within 12 months prior to Visit 1

@ abnormal and clinically significant ECG at Visit 1

@ significantly abnormal finding from laboratory tests at Visit 1

@ unable to withhold albuterol/salbutamol at least 4 hours prior to spirometry
at each visit

@ use of depot corticosteroids within 12 weeks of Visit 1

@ use of oral or parenteral corticosteroids, antibiotics for lower respiratory
tract infection, or cytochrome P450 3A4 inhibitors, within 6 weeks of Visit 1

@ use of long-acting beta-agonist (LABA)/inhaled corticostercid (ICS) product
if LABA/ICS therapy is discontinued withing 30 days of Visit 1

® use of ICS at a dose of >1000mcg/day of fluticasone propionate or
equivalent within 30 days of Visit 1

@ initiation or discontinuation of ICS within 30 days of Visit 1

@ use of tiotropium or roflumilast within 14 days of Visit 1

@ use of theophyllines, oral leukotriene inhibitors, long-acting oral
beta-agonists, or inhaled long-acting beta-agonists within 48 hours of Visit 1

@ short-acting oral beta-agonists within 12 hours of Visit 1

® use of LABA/ICS combination products only if discontinuing LABA therapy
and switching to ICS monotherapy within 48 hours of Visit 1 for the LABA
component

@ use of sodium cromoglycate or nedocromil sodium within 24 hours of Visit 1

@ use of inhaled short-acting beta-agonists, inhaled short-acting
anticholinergics, or inhaled short-acting anticholinergic/short-acting
beta-agonist combination products within 4 hours of Visit 1

@ use of any other investigational medication within 30 days or 5 drug
half-lives (whichever is longer)

@ long-term oxygen therapy prescribed for >12 hours per day

® regular use of nebulized short-acting bronch odilators

@ participation in acute phase of pulmonary rehabilitation program

® known or suspected history of alcohol or drug abse within 2 years prior to
Visit 1

® anyone affiliated with the investigator site (e.g., investigator,
sub-investigator, study coordinator, employee of a participating investigator
or study site, or immediate family member)

@ previous exposure to GSK573719, GSK373719/GW64 2444 combhination,
GW642444 (vilanterdl), or fluticasone furoate/GW642444 combination

Interventions GSK573719/GW642444 62.5/25 mcg

GW642444 (vilanterol trifenatate) 25 mcg

tiotropium bromide 18 mcg

Inhaler Device: ELLIPTA dry powder inhaler and the HandiHaler dry powder
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inhaler
Allowed Co-Medications: albuterol as needed, ICS.
Outcomes Primary Outcome Measures: Change From Baseline in Clinic Visit Trough
Forced Expiratory Volume in One Second (FEV1) at Day 169
Notes Funding: GlaxoSmithKline
Identifiers: NCT01316913, DB2113374
Risk of bias table
. Authors' .
Bias Iidusmort Support for judgement
Random sequence generation | Low risk Registration and Medication Ordering System (RAMOS),
(selection bias) using an. Interactive Voice Response System (IVRS), was
used
Allocation concealment Low risk Registration and Medication Ordering System (RAMOS),
(selection bias) using an. Interactive Voice Response System (IVRS), was
used
Blinding of participants an.d Low risk double-blind
personnel (performance bias)
Blinding of cutcome Low risk Investigator and treating physician were kept blinded unless a
assessment (detection bias) medical emergency or a serious adverse medical condition
arouse.
Incomplete outcome data High risk Dropout was relatively high and uneven among the arms of
(attrition bias) interest (24.9% in UMEC/VI 62.5/25, 18.1% in Tio group)
Selective reporting (reporting Low risk Qutcomes stated on pre-registered protocol were well
bias) reported.
Donohue 2010
Methods Design: This study was performed in two stages in an adaptive seamless design.

In stage 1, patients were randomized to receive indacaterol 75, 150, 300, or 600
mg once daily formoterol 12 mg twice daily, or placebo, all double-blind, or
open-label tiotropium 18mg once daily. An independent committee used
predefined efficacy criteria to select two indacateroldoses based on 2-week
efficacy and safety data. As reported elsewhere, the two indacaterol doses
selected were 150 and 300 mg (18). In stage 2, the four treatment groups were
the two selected doses of indacaterol, tiotropium, and placebo. Treatment
continued to 26 weeks, with additional patients recruited and randomized
Duration: 26 weeks (+ 2 week run-in)

Location: 345 centres in 12 countries

Participants Population: 1683 participants were randomised to indacaterol at two doses (416
and 416), open-label tiotropium (415), and placebo (418)

Baseline characteristics

Age (mean years): ind150 63.4, ind300 63.3, tio 64.0, pbo 63.6

% Male: ind150 62.3, ind300 63.2, tio 64.8, pbo 61.0

% FEV1 predicted: ind150 56.1, ind300 56.3, tio 53.9, pbo 56.1

Pack-years (mean): ind150 48.3, ind300 50.8, tio 50.0, pbo 49.7
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Inclusion criteria: Male and female adults aged _ 40 years, who have signed an
Informed Consent Form prior to initiation of any study-related procedure.
Co-operative outpatients with a diagnosis of COPD (moderate to severe as
classified by the Global

Initiative for Chronic Obstructive Pulmonary Disease (GOLD) Guidelines, 2005)
and smoking history of at least 20 pack yearsPost-bronchodilator FEV1 < 80%
and _ 30% of the predicted normal value. Post-bronchedilator FEV1/FVC < 70%
(Post refers to within 30 min of inhalation of 400 pg of salbutamol)

Exclusion criteria: lactating females; hospitalised for a COPD exacerbation in
the 6 weeks prior to Visit 1 or during the run-in period; requiring long termoxygen
therapy (> 15 h a day); respiratory tract infection 6 weeks prior to VV1;
concomitant pulmonary disease, pulmonary tuberculosis, or clinically significant
bronchiectasis; history of asthma; Type | or uncontrolled Type |l diabetes;
contraindications for tiotropium; clinically relevant laboratory abnormalities or a
clinically significant abnormality; active cancer or a history of cancer with less
than 5 years disease free survival time; history of long QT syndrome or whose
QTc interval is prolonged; hypersensitivity to any of the study drugs or drugs with
similar chemical structures; treatment with the investigational drug (with further
criteria); live attenuated vaccinations within 30 days prior to visit 1, or during
run-in period; known history of non compliance to medication; unable to
satisfactorily use a dry powder inhaler device or perform spirometry
measurements

Interventions 1. Indacaterol 150 qd (LABA)

2. Indacaterol 300 qd (LABA)

3. Tiotropium 18 qd (LAMA) - open-label

4. Placeho (PBO)

Inhaler device: 1, 2, and 4 via single-dose dry powder inhaler, open-label
tiotropium via HandiHaler

Allowed co-medications: Patients could continue inhaled corticosteroid (ICS)
monotherapy if stable for 1 month before screening; dose and regimen were to
remain stable throughout the study. Before the start of the run-in period,
treatment with anticholinergic bronchodilators or with 2-agonists was
discontinued with appropriate washout, and patients receiving fixed-combination
2-agonist/ICS were switched to ICS monotherapy at an equivalent dose. All
patients were supplied with albuterol for use as needed

Outcomes The primary efficacy outcome was trough FEV1 at 12 weeks. Additional analyses
(not adjusted for multiplicity) included transition dyspnoea index (TDI), health
status (St George's Respiratory Questionnaire [SGRQ)), and exacerbations.
Serum potassium, blood glucose, and QTc interval were measured

Notes Funding: Novartis
Identifier(s): NCT00463567 and CQAB149B2335S

Risk of bias table
: Authors' T
Bias iidaemant Support for judgement
Random sequence generation | Low risk Randomization was performed using an automated interactive
(selection bias) voice response system, and was stratified by smoking status
(current or ex-smoker)
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Allocation concealment Low risk

. ) Interactive voice response system
(selection bias) P L

Blinding of participants and High risk Blinding procedures were sound, but tiotropium was delivered
personnel (performance bias) open label which introduced bias for these comparisons. On
completion of stage 1, the independent dose selection
committee had access to unblinded data. The only
information communicated with the sponsor and investigators
was the two selected indacaterol doses, and personnel
involved in the continuing clinical study remained blinded for
the remainder of the study. The blinding of indacaterol and
placebo continued until the study database was locked at the
end of stage 2

Blinding of outcome High risk Blinding procedures were sound, but tiotropium was delivered
assessment (detection bias) open label which introduced bias for these comparisons.
Double Blind (Subject, Caregiver, Investigator, Outcomes
Assessor) [clinicaltrials.gov]

Incomplete outcome data Low risk Efficacy was evaluated for the intention-totreat population,
(attrition bias) comprising all randomized patients who received at least one
dose of study drug. Dropout was variable and generally high
across groups (ranging from 18 to 31%). 98.9% were included
in the analysis.

Selective reporting (reporting Low risk Study was prospectively registered, and all results were

bias) available from the published reports and clinicaltrials.gov
Donohue 2013
Methods Design: a phase Il multicenter, randomized, double-blind, placebo-controlled,

parallel-group study

Duration: 24 weeks

Location: Bulgaria, Canada, Chile, Czechia, Greece, Japan, Mexico, Poland,
Russian Federation, South Africa, Spain, Thailand, United States

Participants Population: UMEC/VI (62.5/25) 413, UMEC (62.5) 418
Baseline Characteristics: age 63.1 (SD 8.86) F:M 449: 1083
Inclusion Criteria:
@ Diagnosis of COPD
® 10 pack-year or greater history of cigarette smoking
@ Post-bronchodilator FEV1/FVC of <0.7
@ Predicted FEV1 of 70% of normal or less
® Modified Medical Research Council (nMRC) dyspnea score of 2 or greater

Exclusion Criteria:

® \Women who are pregnant, lactating, or planning to become pregnant

® Respiratory disorders other than COPD, including a current diagnosis of
asthma

@ Clinically significant non-respiratory diseases or abnormalities that are not
adequate controlled

@ Significant allergy or hypersensitivity to anticholinergics, beta-agonist, or
the excipients of magnesium stereate or lactose used in the inhaler delivery
device
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® Hospitalization for COPD or pneumonia within 12 weeks prior to screening

@ Lung volume reduction surgery within 12 weeks prior to screening

@ Abnormal and clinically significant ECG findings at screening

@ Clinically significant laboratory findings at screening

@ Use of systemic corticosteroids, antibiotics for respiratory tract infections,
strong cytochrome P450 3A4 inhibitors, high dose inhaled steroids
(>1000mcg fluticasone propionate or equivalent), PDE4 inhibitors,
tiotropium, oral beta2-agoinists, short- and long-acting inhaled
beta2-agonists, ipratropium, inhaled sodium cromoglycate or nedocromil
sodium, or investigational medicines for defined time periods prior to the
screening visit

@ Use of long-term oxygen therapy (12 hours or greater per day)

® Regular use of nebulized treatment with short-acting bronchodilators

@ Participation in the acute phase of a pulmonary rehabilitation program

@ A know or suspected history of alcohol or drug abuse

@ Affiliation with the investigational site

® Previous use of GSK573719 or GW642444 alone or in combination,
including the combination of fluticasone furcate and G\W64244

Interventions GSK573719/GW64244 62.5/25mcg (umeclidinium/vilanterol)

GSK573719 62.5mcg (umeclidinium)

Inhaler Device: a dry powder inhaler (DPI)

Allowed Co-Medications: salbutamol (albuterol) as rescue medication was
allowed. Inhaled corticosteroids (ICS) were allowed at a stable dose of 1000
mcg/day of fluticasone propionate or equivalent

Outcomes Primary Outcome Measures: Change From Baseline (BL) in Trough Forced
Expiratory Volume in One Second (FEV1) on Day 169 (Week 24)

Notes Funding: GlaxoSmithKline
Identifiers: NCT01313650, DB2113373

Risk of bias table

Authors'
Bias Support for judgement
judgement PP Jucg

Random sequence generation | Low risk A central randomisation schedule was generated using a
(selection bias) validated computerised system (RandAll). Patients were
randomised using an automated, interactive telephone based
system that registered and randomised medication

assignment.
Allocation concealment Low risk A central randomisation schedule was generated using a
(selection bias) validated computerised system (RandAll). Patients were

randomised using an automated, interactive telephone based
system that registered and randomised medication

assignment.
Blinding of participants an.d Low risk Double-blind
personnel (performance bias)
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Blinding of outcome Low risk Investigator and treating physician were kept blinded unless a

assessment (detection bias) medical emergency or a serious adverse medical condition
arouse.

Incomplete outcome data Low risk Dropout was relatively high but even between the arms of

(attrition bias) interest (22.5% in UMEC 62.5 , 19.6 % in UMEC/BI 62.5/25
group)

Selective reporting (reporting Low risk Study was prospectively registered, and all results were

bias) available from the published reports and clinicaltrials.gov.

Donohue 2015a
Methods Design: randomised, double-blind, parallel-group, double-dummy,

placebo-controlled trial
Duration: 7 countries (US and European countries).63 centres.
Location: 12 weeks.

Participants Population: UMEC/VI 353, FP/SAL 353

Baseline Characteristics:

Age: 62.8 (SD 9.0) years.

Maleffemale: 497/209.

%pred FEV1: 49.4% (SD 10.9).

Inclusion Criteria:

%pred FEV1 30% to 70%, mMRC > 2, no recent exacerbation

Exclusion Criteria: Pregnancy/breast feeding, asthma, other respiratory
disorders, clinically significant co-morbidities, hypersensitivity to any
anticholinergic/muscarinic receptor antagonist, beta2-agonist, corticosteroid,
history of COPD Exacerbation: A documented history of at least one COPD
exacerbation in the 12 months prior to Visit 1, recent lung resection <12 months,
long-term oxygen therapy > 12 hours a day, drug or alcohol abuse.

Interventions umeclidiniumAvilanterol (62.5/25 ng) once daily. LAMA/LABA
salmeterolfluticasone (50/250 pg) twice daily. LABA/ICS
Placebo

Inhaler Device: Dry white powder delivered via NDPI (UMEC/VI), Dry white
powder delivered via ACCUHALER/DISKUS (FP/SAL)
Allowed Co-Medications: short-acting inhaled beta-agonists as rescue

Outcomes Primary endpoint: change from baseline in 24-h weighted-mean serial FEV1 on
day 84.
Notes Funding: GlaxoSmithKline

Identifiers: NCT01817764, DB2114930

Risk of bias table

Bias ﬁjl:it;::ent Support for judgement

Random sequence generation | Low risk Central randomisation schedule was generated using a

(selection bias) validated computer system (RanAll, GSK)

Allocation concealment Low risk Central randomisation schedule was generated using a
(selection bias) validated computer system (RanAll, GSK)
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Blinding of participants and Low risk

personnel (performance bias) Slhdywasdedile-bliasd

Blinding of outcome Low risk The site personnel involved in making study assessment was
assessment (detection bias) aware of a subject’s treatment allocation.

Incomplete outcome data Low risk Withdrawal rate was low and even between active

(attrition bias) comparators, 9.6% in umeclidinium/vilanterol arm and 10.8%

in salmeterol/fluticasone arm.

Selective reporting (reporting Low risk Study was registered and the prespecified outcomes were

bias) appropriately described
Donohue 2015b
Methods Design: randomised, double-blind, parallel-group, double-dummy,

placebo-controlled
Duration: 12 weeks.
Location: 7 countries (US and European countries and Russia) and 71 centres.

Participants Population: UMEC/VI 349, FP/SAL 348

Baseline Characteristics:

Age: 63.6 (SD 8.9) years.

Male/female: 528/169.

%pred FEV1: 49.5% (SD 10.9).

Inclusion Criteria:

%pred FEV1 30% to 70%, mMRC = 2, no recent exacerbation

Exclusion Criteria: Pregnancy/breast feeding, asthma, other respiratory
disorders, clinically significant co-morbidities, hypersensitivity to any
anticholinergic/muscarinic receptor antagonist, beta2-agonist, corticosteroid,
history of COPD Exacerbation: A documented history of at least one COPD
exacerbation in the 12 months prior to Visit 1, recent lung resection <12 months,
long-term oxygen therapy > 12 hours a day, drug or alcohol abuse.

Interventions umeclidiniumAvilanterol (62.5/25 pg). LAMA/LABA

salmeterolfluticasone (50/250 pg) twice daily. LABA/ICS

Inhaler Device: Dry white powder delivered via NDPI (UMEC/VI), Dry white
powder delivered via ACCUHALER/DISKUS (FP/SAL)

Allowed Co-Medications: short-acting inhaled beta-agonists as rescue

Outcomes Primary endpoint: Change from baseline in 24-h weighted-mean serial FEV1 on
treatment day 84.

Notes Funding: GlaxoSmithKline
Identifiers: NCT01879410, DB2114951

Risk of bias table

Authors'
Bias Support for judgement
judgement PP Mueg

Random sequence generation | Low risk Central randomisation schedule was generated using a

(selection bias) validated computer system (RanAll, GSK)

Allocation concealment Low risk Central randomisation schedule was generated using a
(selection bias) validated computer system (RanAll, GSK)
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Blinding of participants and Low risk

personnel (performance bias) Slhdywasdedile-bliasd

Blinding of outcome Low risk The site personnel involved in making study assessment was
assessment (detection bias) aware of a subject’s treatment allocation.

Incomplete outcome data Low risk Withdrawal rate was low and relatively even between active
(attrition bias) comparators, 6.9% in umeclidinium/vilanterol arm and 10.9%

in salmeterol/fluticasone arm.

Selective reporting (reporting Low risk Study was registered and the prespecified outcomes were

bias) appropriately described
Donohue 2016
Methods Design: Phase lll randomized, double-blind, parallel-group, active-control study

Duration: 52 weeks.
Location: 127 centers in the US

Participants Population: ACL/FM (400/12) 392, FM (12) 384
Baseline Characteristics: age 64.2 (SD 9.4) F:M 265:325
Inclusion Criteria:
@ Current or former cigarette smokers with a cigarette smoking history of at
least 10 pack-years
@ Adiagnosis of stable moderate to severe COPD and stable airway
obstruction as defined by the Global Initiative for Chronic Obstructive Lung
Disease guidelines and stable airway obstruction.

Exclusion Criteria:

@ Patients who have been hospitalized for an acute COPD exacerbation
within three months prior to Visit 1

® Any respiratory tract infection (including the upper respiratory tract) or
COPD exacerbation in the six weeks before Visit 1.

@ Patients with any clinically significant respiratory conditions other than COPL

@ Clinical history that suggests that the patient has asthma as opposed to
COPD

@ Chronic use of oxygen therapy > 15 hours/day

® Patients with clinically significant cardiovascular conditions

@ Patients with uncontrolled infection that may place the patient at risk
resulting from human immunodeficiency virus (HIV), active hepatitis and/or
patients with diagnosed active tuberculosis

@ Patients with a history of hypersensitivity reaction to inhaled
anticholinergics,

@ Patients with Stage Il hypertension, defined as systolic pressure of 160 and
above, and/or diastolic pressure of 100 and above

@ Current diagnosis of cancer other than basal or squamous cell skin cancer

Interventions Inhaler Device: a multidose dry powder inhaler,

Aclidinium Bromide/Formoterol Fumarate

Formoterol Fumarate

Allowed Co-Medications: as needed albuterol, ICS and oral or parenteral
corticosteroids at doses 10 mg/day, theophylline and H1-

antihistamine were permitted
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Outcomes Primary Outcome Measures: Percentage of Patients to Experience at Least One
Treatment-emergent Adverse Event (TEAE)

Notes Funding: AstraZeneca
Identifiers: NCT01437540, LAC-MD-32

Risk of bias table
Authors'
Bias Support for judgement
judgement o tes
Random sequence generation | Low risk Randomization was carried out by assigning patient
(selection bias) identification numbers via an interactive web response system
Allocation concealment Low risk Randomization was carried out by assigning patient
(selection bias) identification numbers via an interactive web response system
Blinding of participants anFj Low risk Double-blind
personnel (performance bias)
Blinding of outcome Low risk Major adverse cardiac events (MACE) were evaluated and
assessment (detection bias) classified according to the criteria

prespecified by three blinded independent expert cardiologists
not participating in the study

Incomplete outcome data High risk Dropout was relatively high (32.6%) and breakdown for
(attrition bias) dropouts was uneven.

Selective reporting (reporting Low risk Study was prospectively registered, and all results were
bias) available from the published reports
Dransfield 2014

Methods Design: randomized, multi-center, double-blind, double-dummy, parallel-group,

comparative studies

Duration: 12 weeks

Location: Study 1: 51 centers in six countries (Czech Republic, Germany,
Poland, Romania, Russia, United States). Study 2: 48 centers in five countries
(ltaly, South Africa, Spain, Ukraine, United States) Study 3. 68 centers in five
countries (Germany, Romania, Russia, Ukraine, United States).

Participants Population: FP/SAL (250/50) 927, FF/VI (100/25) 931
Baseline Characteristics: age 61 (SD 9), F:M 582:1276
Inclusion Criteria:
@ Signed and dated written informed consent
@ Male or females > 40 years of age
@ Established clinical history of COPD by ATS/ERS definition
@ Females are eligible to enter and participate if of non-childbearing potential,
or if of child bearing potential, has a negative serum pregnancy test at
screening, and agrees to one of the acceptable contraceptive methods
listed in protocol, used consistently and correctly
@ Former or current smoker > 10 pack years
® Post-albuterol spirometry criteria: FEV1/FVC ratio < 0.70 and FEV1 < 70%
of predicted normal (NHANES IlI)

Exclusion Criteria:
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® Current diagnosis of asthma

@ Subjects with other respiratory disorders including active tuberculosis,
a1-antitrypsin deficiency, lung cancer, bronchiectasis, sarcoidosis, lung
fibrosis, pulmonary hypertension, interstitial lung diseases or other active
pulmonary diseases

@ Lung volume reduction surgery within previous 12 months

@ Clinically significant abnormalities not due to COPD by chest x-ray

@ Hospitalized for poorly controlled COPD within 12 weeks of Screening

@ Poorly controlled COPD 6 weeks prior to Screening, defined as acute
worsening of COPD that is managed by the subject with corticosteroids or
antibiotics or that requires treatment prescribed by a physician

@ Lower respiratory infection requiring antibiotics 6 weeks prior to Screening

@ Uncontrolled or clinically significant (in opinion of PI) cardiovascular,
hypertension, neurological, psychiatric, renal, hepatic, immunological,
endocrine, peptic ulcer disease, or hematological abnormalities

@ Carcinoma not in complete remission for at least 5 years

@ Subjects with history of hypersensitivity to study medications (e.g.,
beta-agonists, corticosteroid) or components of inhalation powder (e.g.,
lactose, magnesium stearate)

® Subjects with history of severe milk protein allergy that, in opinion of study
physician, contraindicates subject's participation

@ Known/suspected history of alcohol or drug abuse in the last 2 years

® WWomen who are pregnant or lactating or plan to become pregnant

@ Subjects medically unable to withhold albuterol and/or ipratropium 4 hours
prior to spirometry testing at each study visit

® Use of certain medications such as bronchodilators and corticosteroids for
the protocol-specific times prior to Visit 1 (the Investigator will discuss the
specific medications)

@ Long Term Oxygen Therapy (LTOT) or nocturnal oxygen therapy >12 hours
a day

@ Participation in the acute phase of a pulmonary rehabilitation program
within 4 weeks prior to Screening or during the study

® Non-compliance or inability to comply with study procedures or scheduled
visits

Interventions Inhaler Device:

Fluticasone Furoate/Vilanterol (FF/\VI) Inhalation Powder 100/25 mcg
Fluticasone Propionate/Salmeterol Inhalation Powder 250/50 mcg
Allowed Co-Medications: as needed albuterol, ipratropium

and mucolytics

Outcomes Primary Outcome Measures: Change From Baseline Trough in 24-Hour
Weighted Mean FEV1 on Treatment Day 84
Notes Funding: GlaxoSmithKline

Identifiers: NCT01323621; NCT01323634,NCT01706328, HZC112352;
HZC113109; RLV116974

Risk of bias table
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" Authors' ;

Bias ldasmert Support for judgement

Random sequence generation | Low risk a validated computerised system (RandAll; GlaxoSmithKline,

(selection bias) UK) - using the Registration and Medication Ordering System
(RAMOS; GlaxoSmithKline, UK), an automated, interactive
telephone-based system.

Allocation concealment Low risk a validated computerised system (RandAll; GlaxoSmithKline,

(selection bias) UK) - using the Registration and Medication Ordering System
(RAMOS; GlaxoSmithKline, UK), an automated, interactive
telephone-based system.

Blinding of participants an.d Low risk Double-blind

personnel (performance bias)

Blinding of outcome Low risk The investigator and treating physician were blinded till an

assessment (detection bias) emergency arouse.

Incomplete outcome data Low risk Dropout low in both included groups (9.3% in FF/VI and 9.1%

(attrition bias) in FP/SAL group).

bSizlse)ctlve (eReding/RREg LavhHEk Located trial registration - outcomes well reported

Feldman 2016

Methods

Design: a multicentre, randomized, blinded, double dummy, parallel group study
Duration: 12 weeks.

Location: Argentina, Canada, Chile, Denmark, France, Germany, ltaly, Korea,
Republic of, Romania, Russian Federation, South Africa, Ukraine, United States.

Population: UMEC(62.5) 509 Tio (18) 508
Baseline Characteristics: age 64.2 (SD 8.2), F: M 282:735
Inclusion Criteria:
® Type of subject: cutpatient.
@ Informed Consent: A signed and dated written informed consent prior to
study participation.
® Age: Subjects 40 years of age or older at Visit 1.
@ Gender: Male and female subjects are eligible to participate in the study. A
female is eligible to enter and participate in the study if she is of:

Participants

Exclusion Criteria:

@ Pregnancy: Women who are pregnant or lactating or are planning on
becoming pregnant during the study.

@ Asthma: A current diagnosis of asthma.

@ Other Respiratory Disorders: Known Alpha-1 antitrypsin deficiency, active
lung infections (such as tuberculosis), and lung cancer are absolute
exclusionary conditions. A subject who, in the opinion of the investigator,
has any other significant respiratory conditions in addition to COPD should
be excluded. Examples may include clinically significant bronchiectasis,
pulmonary hypertension, sarcoidosis, or interstitial lung disease.

@ Other Diseases/Abnormalities: Any subject who is considered unlikely to
survive the duration of the study period or has any rapidly progressing
disease or immediate life-threatening illness (e.g. cancer). In addition, any
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subject who has any condition (e.g. neurological condition) that is likely to
affect respiratory function should not be included in the study.

@ Severe Hepatic Impairment: Patients with severe hepatic impairment
(Child-Pugh class C) should be excluded unless, in the opinion of the
investigator, the benefit is likely to outweigh the risk.

@ Moderate to severe Renal Impairment: Patients with moderate to severe
renal impairment (e.q., end-stage renal disease requiring dialysis) should
be excluded, unless in the opinion of the investigator, the benefit is likely to
outweigh the risk.

@ Unstable or life threatening cardiac disease: Long-acting muscarinic
antagonists (LAMAs) should be used with caution in subjects with severe
cardiovascular disease. In the opinion of the investigator, use should only
be considered if the benefit is likely to outweigh the risk in conditions such
as: Myocardial infarction or unstable angina in the last 6 months; Unstable
or life threatening cardiac arrhythmia requiring intervention in the last 3
months; New York Heart Association Class IV heart failure

® Contraindications: Any history of allergy or hypersensitivity to any
anticholinergic/muscarinic receptor antagonist, sympathomimetic,
lactose/milk protein or magnhesium stearate.

® Antimuscarinic effects: Subjects with medical conditions such as
narrow-angle glaucoma, urinary retention, prostatic hypertrophy, or bladder
neck obstruction should only be included if, in the opinion of the study
physician, the benefit outweighs the risk.

@ Hospitalization: Hospitalization for COPD or pneumonia within 12 weeks
prior to Visit 1.

® Lung Resection: Lung volume reduction surgery within the 12 months prior
to Visit 1.

® 12-Lead electrocardiogram (ECG): Investigators will be provided with ECG
reviews conducted by a centralized independent cardiologist to assist in
evaluation of subject eligibility. The Investigator will determine the clinical
significance of each abnormal ECG finding in relation to the subject's
medical history and exclude subjects who would be at undue risk by
participating in the trial. Subjects with the following abnormalities are
excluded from participation in the study: Atrial fibrillation with rapid
ventricular rate >120 beats per minute; Sustained or nonsustained
ventricular tachycardia; Second degree heart block Mobitz type Il or third
degree heart block (unless pacemaker or defibrillator had been inserted)

® Medication Prior to Spirometry: Unable to withhold albuterol/salbutamol for
the 4 hour period required prior to spirometry testing at each study visit.

® Medications Prior to Screening: Use of the following medications according
to the following defined time intervals prior to Visit 1: Depot
corticosteroids-12 weeks; Systemic, oral or parenteral corticosteroids- 6
weeks; Antibiotics (for lower respiratory tract infection)- 6 weeks ;
long-acting beta2-agonists/inhaled corticosteroids (LABA/ICS) combination
products if LABA/ICS therapy is discontinued completely-30 days;
LABAV/ICS combination products only If discontinuing ICS/LABA therapy
and switching to ICS monotherapy- 48 hours for the salmeterol or
formoterol component, 14 days for the vilanterol component [The dose of
ICS must be a dose of fluticasone propionate (FP) or equivalent but not to
exceed 1000 mcg/day] ; Use of ICS at a dose >1000 mcg/day of FP or
equivalent- 30 days; Initiation or discontinuation of ICS use-30 days (Use of
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ICSis permitted provided the dose does not exceed 1000mcg of FP or
equivalent; ICS use not to be initiated or discontinued within 30 days prior
to Visit 1, except for subjects on LABA/ICS therapy who may discontinue
the ICS/LABA product as indicated in the table above and switch to ICS
monotherapy); Phosphodiesterase 4 (PDE4) Inhibitor (roflumilast)- 14 days;
Inhaled long acting beta2 agonists (LABAS): salmeterol, formoterol-48
hours, olodateral, indacaterol, vilanterol- 14 days; LAMAs: tiotropium,
aclidinium, glycopyrronium, umeclidinium- 7 days; LAMA/LABA combination
products if LAMA/LABA therapy is discontinued completely- Apply
whichever mono component has the longest washout; Theophyllines- 48
hours; Oral beta2-agonists: Long-acting- 48 hours, Short-acting 12 hours;
Inhaled short acting beta2-agonists- 4 hours (Use of study provided
albuterol/salbutamol is permitted during the study, except in the 4-hour
period prior to spirometry testing) ; Inhaled short-acting anticholinergics- 4
hours; Inhaled short-acting anticholinergic/short-acting beta2-agonist
combination products- 4 hours; Any other investigational medication - 30
days or within 5 drug half lives (whichever is longer).

® Oxygen: Use of long-term oxygen therapy (LTOT) described as oxygen
therapy prescribed for greater than 12 hours a day. As-needed oxygen use
(i.e. <=12 hours per day) is not exclusionary.

® Nebulized Therapy: Regular use (prescribed for use every day, not for
as-needed use) of short-acting bronchodilators (e.g. albuterol/salbutamol)
via nebulized therapy.

@ Pulmonary Rehabilitation Program: Participation in the acute phase of a
pulmonary rehabilitation program within 4 weeks prior to Visit 1. Subjects
who are in the maintenance phase of a pulmonary rehabilitation program
are not excluded.

® Drug or Alcohol Abuse: A known or suspected history of alcohal or drug
abuse within 2 years prior to Visit 1.

@ Affiliation with Investigator Site: Is an investigator, sub-investigator, study
coordinator, employee of a participating investigator or study site, or
immediate family member of the aforementioned that is involved in this
study.

@ Inability to read: In the opinion of the investigator, any subject who is unable
to read and/or write would not be able to complete a questionnaire

Interventions Inhaler Device:

Umeclidinium nDPI

Tiotropium HANDIHALER inhaler

Allowed Co-Medications: albuterol/salbutamol for use as a rescue medication,
inhaled corticosteroids

Outcomes Primary Outcome Measures: Change From Baseline in Trough Forced Expiratory
Volume in One Second (FEV1) on Day 85

Notes Funding: GlaxoSmithKline
Identifiers: NCT02207829, GSK201316

Risk of bias table
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" Authors' ;
Bias ldasmert Support for judgement
Random sequence generation | Low risk Patients were randomized using RAMOS interactive voice
(selection bias) technology
Allocation concealment Low risk Patients were randomized using RAMOS interactive voice
(selection bias) technology
Blinding of participants ang Low risk Double-blind
personnel (performance bias)
Blinding of ocutcome Low risk Investigator and treating physician were kept blinded unless a
assessment (detection bias) medical emergency or a serious adverse medical condition
arouse.
Incomplete outcome data Low risk Dropout was low and even between two groups.(8.3% in
(attrition bias) UMEC 6.7% in Tio group)
Selective reporting (reporting Low risk Study was prospectively registered, and all results were
bias) available from the published reports
Ferguson 2008
Methods Design: Randomized, double-blind, parallel-group study

Duration: 12 months (+ 4 week run-in)
Location: 94 research sites in the United States and Canada

Participants Population: 782 people were randomised to salmeterol (388) and
fluticasone/salmeterol

combination (394)

Baseline characteristics

Age (mean years): salm 65.0, flut/salm 64.9

% Male: salm 52, flut/salm 58

% FEV1 predicted: salm 32.8, flut/salm 32.8

Pack-years (mean): salm 54.4, flut/salm 58.5

Inclusion criteria: 40 years of age or olderwith a diagnosis of COPDa cigarette
smoking history of greater than or equal to 10 pack-years, a pre-albuterol
FEV1/FVC of 0.70 or less, a FEV1 of 50% of predicted normal or less and a
history of 1 or more exacerbations of COPDin the year prior to the study that
required treatment with oral corticosteroids, antibiotics, or hospitalisation.
Exclusion criteria: diagnosis of asthma, a significant lung disease other than
COPD, a clinically significant and uncontrolled medical disorder including but not
limited to cardiovascular, endocrine or metabolic, neurological, psychiatric,
hepatic, renal, gastric, and neuromuscular diseases, or had a COPD
exacerbation that was not resolved at screening

Interventions 1. Salmeterol 50 bid (LABA)

2. Salmeterolffluticasone 50/250 bid (LABA/ICS)

Inhaler Device: Diskus dry powder

Allowed Co-Medications: As-needed albuterol was provided for use throughout
the study. The use of concurrent inhaled long-acting bronchodilators
(beta2-agonist and anticholinergic), ipratropium/albuterol combination products,
oral beta-agonists, inhaled corticosteroids, and theophylline preparations were
not allowed during the treatment period.
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Oral corticosteroids and antibictics were allowed for the acute treatment of
COPD exacerbations

Outcomes COPDexacerbations, pre-dose FEV1, diary records of dyspnoea, night-time
awakenings due to COPD, and use of supplemental albuterol

Notes Funding: GlaxoSmithKline
Identifiers: NCT00144911, GSK SC0O40043

Risk of bias table

Bias ﬁjl:it::r;sent Support for judgement

Random sequence generation | Low risk
(selection bias)

Centre based randomisation schedule

Allocation concealment Unclear risk .
) . Not described
(selection bias)
Blinding of participants and Low risk Described as double-blind [presumed participants and
personnel (performance bias) personnel/finvestigators]

Blinding of outcome Unclear risk

assessment (detection bias) Nex gescribed

Incomplete outcome data High risk Dropout high and fairly even (30% vs.38%). More patients in
(attrition bias) salmeterol arm compared with salmeterol/fluticasone group
were discontinued from the study due to lack of efficacy and
exacerbation.

Selective reporting (reporting Low risk Study was prospectively registered, and all results were

bias) available from the published reports and clinicaltrials.gov
Ferguson 2016
Methods Design: multicenter, randomized, double-blind, parallel-group study

Duration: 52 weeks
Location: 88 centers in 6 countries: Bulgaria (5), Finland (4), Hungary (10),
Romania (10), Spain (8), and the United States (51)

Participants Population: 615 patients randomized to indacaterol/gycopyrrolate 27.5/15.6 bid
(204), indacaterol/gycopyrrolate 27.5/31.2 bid (204), indacaterol 75 daily (207)
groups.

Baseline Characteristics:

Age (mean): IND/GLY27.5/15.6 (64.7), IND/GLY27.5/31.2 (63.9), IND75 (62.8)
Male (%): IND/GLY27.5/15.6 (64.2), IND/GLY27.5/31.2 (60.3), IND75 (72)
FEV1 L (pre BD): IND/GLY27.5/15.6 (1.254), IND/GLY27.5/31.2 (1.232), IND75

(1.278)

Current Smokers (%):IND/GLY 27.5/15.6 (49.5), IND/GLY27.5/31.2 (51.5), IND75
(51.7)

Inclusion Criteria:

Male and female patients aged > 40 years who had stable COPD according to
the 2011 Global initiative for chronic Obstructive Lung Disease (GOLD) criteria.
Patients were included if they had moderate-to-severe airflow limitation, as
indicated by post-bronchodilator forced expiratory volume in 1 second (FEV1)
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> 30% and <80% of the predicted normal and a post-bronchodilator FEV1Iforced

vital capacity (FVC) ratio <0.70 at run in. The patients were either current or
ex-smokers, with a smoking history of at least 10 pack years, and were
symptomatic, as defined by a modified Medical Research Council (ImMMRC)
dyspnea scale, Grade = 2.

Exclusion Criteria:

Patients with any history of asthma or concomitant pulmonary disease or with a
significant disease other than COPD that could significantly confound the trial
results or preclude trial completion (including cardiovascular [CV], neurological,
endocrine, immunological, psychiatric, gastrointestinal, hepatic, or hematological
abnormalities) were excluded. Patients were also excluded if they had a COPD
exacerbation that required treatment with antibictics and/or systemic
corticosteroids and/or hospitalization in the 6 weeks prior to Visit 1.

Interventions 1. IND/GLY (27.5/15.6mcg bid); 1 capsule (between 0700-1100) and (between
1900-2300)

2. IND/GLY (27.5/31.2mcg bid); 1 capsule (between 0700-1100) and (between
1900-2300)

3. IND (75mcg daily).

Inhaler Device: All treatments delivered via Neohaler device.

Allowed Co-Medications:

Each patient was provided with salbutamol/albuterol inhaler, which was permitted
for use as rescue medication throughout study. Nebulized salbutamol/albuterol
was hot permitted. Patients had to use electronic diary to capture use of the
rescue inhaler.

Outcomes Adverse events, bronchodilator effect on mean trough FEV1 pre-dose 15 minutes
and 45 minutes at week 52 and on FEV1 and FVC at all post-baseline time

points, vital signs, electrocardiogram (ECG), laboratory evaluations and time to
first moderate or severe exacerbation, COPD symptoms reported and humber of
puffs/day of rescue medication during 52 week treatment.

Notes Funding: Novartis Pharmaceuticals Corp.
Identifiers: NCT01682863

Risk of bias table

Authors'
Bias Support for judgement
judgement £ el

Random sequence generation | Low risk Patients were randomly allocated to treatment group in a
(selection bias) 1:1:1 ratio (with stratification for smoking status, ICS use, and
severity of airflow limitation) using

Interactive Response Technology.

Allocation concealment Low risk All eligible patients were randomized via Interactive Response
(selection bias) Technology [concealment assumed by automatization].
Blinding of participants and Low risk Described as double blind; (Participant, Care Provider,
personnel (performance bias) Investigator, Outcomes Assessor)

Blinding of ocutcome Low risk Described as double blind; (Participant, Care Provider,
assessment (detection bias) Investigator, Outcomes Assessor)
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Incomplete outcome data Low risk Dropout was relatively high but even in the included arms,
(attrition bias) 13.2% in IND/GLY group and 11.6% in the IND group.

Efficacy was assessed in the Full Analysis set (FAS) which
included all randomized patients who received at least one
dose of the study drug; patients in the FAS were analyzed
according to the treatment to which they were randomized.

Selective reporting (reporting Low risk All outcomes were reported in the results Summary on

bias) clinicaltrials.gov.
Fukuchi 2013
Methods Design: double-blind, parallel-group, active-controlled, phase Il study

Duration: 12 weeks
Location: 163 centers in nine countries (Japan, Korea, Taiwan, Philippines,
Vietnam, India, Russia, Poland and Ukraine).

Participants Population: 1293 randomized to Budesonide/Formoterol (636) and Formoterol
only (657) groups.

Baseline Characteristics:

Age (mean): Budesonide/Formoterol (64.5), Formoterol (65.6)

Male (%): Budesonide/Formoterol (87.6), Formoterol (90.3)

FEV_I L (post BD): Budesonide/Formoterol (1.14), Formoterol (1.11)

Current Smokers (%): Budesonide/Formoterol (33.8), Formoterol (34.8)
Inclusion Criteria:

Male and female patients aged > 40 years with a diagnosis of moderate to
severe COPD for at least 2 years (pre-bronchodilator forced expiratory volume in
1s (FEV1) 50% of predicted normal, post-bronchedilator FEV1/forced vital
capacity (FVC) < 70%), a current or previous smoking history of 10 pack-years,
and having at least one COPD exacerbation in the 12 months prior to study entry
were eligible to participate in the study.

Exclusion Criteria:

Patient with a history or current clinical diagnosis of asthma or atopic disease
such as allergic rhinitis; significant or unstable ischemic heart disease,
arrhythmia, cardiomyopathy, heart failure, uncontrolled hypertension or any other
relevant cardiovascular disorder; experiencing a COPD exacerbation during the
run-in period or within 4 weeks prior to randomization that required
hospitalization and/or a course of oral or parenteral steroids and requiring regular
oxygen therapy were excluded from the surgery.

Interventions 1. Budesonide/Formoterol 160/4.5mcg two inhalations twice daily.

2. Formoteraol 4.5mcg two inhalations twice daily.

Inhaler Device: All treatments delivered via Turbuhaler device.

Allowed Co-Medications: Salbutamol 100 mg/actuation was available as
reliever medication through the treatment period. In the case of a COPD
exacerbation, patients were permitted any medication considered necessary for
the patient's safety and wellbeing at the discretion of the investigator.

Outcomes Change in pre-dose FEV1 from baseline to the treatment period, 1 hour

post-dose, pre-dose and 1 hour post-dose FVC, COPD symptoms
(breathlessness, cough, nighttime awakenings due to symptoms, time to first
COPD exacerbation, number of COPD exacerbations (defined as a worsening in
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symptoms requiring treatment with a course of systemic stercid or
hospitalization), health related quality of life (SGRQ; St. George's Respiratory
Questionairre) and morning and evening peak expiratory flow.

Notes Funding: AstraZeneca
Identifiers: NCT01069289

Risk of bias table

Bias ﬁjl:it:::ent Support for judgement

Random sequence generation | Low risk Patients were randomized 1:1 ratio to either treatment group.

(selection bias) [sequence generation not described, but industry funded so
presumed electronic]

AIIocat_lon c.oncealment Unclear risk Not described.

(selection bias)

Blinding of participants and Low risk Described as double blind (Participant, Care Provider,

personnel (performance bias) Investigator, Outcomes Assessor)

Blinding of ocutcome Low risk Described as double blind (Participant, Care Provider,

assessment (detection bias) Investigator, Outcomes Assessor)

Incomplete outcome data Low risk Dropout was low and relatively even in the included groups

(attrition bias) (8.5% in the formoterol group and 6.6% in the
Budesonide/Formoterol group). The analysis set for efficacy
was based on the Full Analysis Set (FAS). Available data
represent patients who had both baseline and on treatment
data which is required to be included in the analysis.

Selective reporting (reporting Low risk Full results were available from the published report and on

bias) clinicaltrials.gov in accordance with the protocol.

GLOW4 2012

Methods Design: a multi-center, randomized, open label, parallel group study

Duration: 52 weeks
Location: Japan

Population: Glyco (50) 525, Tio (18) 267
Baseline Characteristics: age 68.7 (SD 7.32), F:M 4.159
Inclusion Criteria:
@ Patients with moderate to severe stable COPD (Stage |l or Stage 1ll)
according to the Gold Guideline 2008.
® Current or ex-smokers who have a smoking history of at least 10 pack
years.
® Patients with a post-bronchodilator FEV1 = 30% and < 80% of the predicted
normal, and postbronchodilator FEV1/FVC < 0.7 at Visit 2 (day -7)

Participants

Exclusion Criteria:
@ Pregnant women or nursing mothers or women of child-bearing potential
not using an acceptable meth od of contraception
@ Patients requiring long term oxygen therapy
@ Patients who have had a lower respiratory tract infection within 6 weeks

Review Manager 5.3 62

Chronic obstructive pulmonary disease in over 16s: diagnosis and management evidence
reviews for Inhaled therapies DRAFT [June 2018]

144



DRAFT FOR CONSULTATION

Fixed-dose combination inhalers compared to long-acting bronchodilators for chroni@D-Jan-2018

prior to Visit 1
@ Patients with concomitant pulmonary disease
@ Patients with a history of asthma
® Any patient with lung cancer or a history of lung cancer
@ Patients with a history of certain cardiovascular comorbid conditions
@ Patients with a known history and diagnosis of alpha-1 antitrypsin deficiency
@ Patients in the active phase of a supervised pulmonary rehabilitation progran
@ Patients contraindicated for tiotropium or ipratropium treatment or who have
shown an untoward reaction to inhaled anticholinergic agents
@ Other protocol-defined inclusion/exclusion criteria may apply

Interventions Inhaler Device:

NVA237 Breezhaler Powder for inhalation
Tiotropium Handihaler

Allowed Co-Medications: as needed albuterol

Outcomes Primary Outcome Measures: Number of Participants With Adverse Events,
Serious Adverse Events or Death.

Notes Funding: Novartis
Identifiers: NCT01119937, CNVA237A1302

Risk of bias table
Authors’
Bias Support for judgement
judgement PP Juag
Rando_m seguence HEnErAie Lol Randomised, no specific details but industry-funded
(selection bias)
Allocation concealment (selection Unclear risk .
. No details
hias)
Blinding of participants and personnel | Low risk Double-blind

(performance bias)

Blinding of ocutcome assessment Unclear risk

No mention of outcome assessors
(detection bias)

Incomplete outcome data (attrition Low risk Dropout relatively low and even in both included

bias) groups (tio 17.5%, Glyco 15.4%).

Selective reporting (reporting bias) Low risk Located trial registration - outcomes well reported
Hagedorn 2013

Methods Design: randomized, open-label, parallel-group study

Duration: 52 weeks
Location: Germany

Participants Population: FP/SAL (500/50) 108, FP (500)+SAL(50) 105
Baseline Characteristics: age 64.9 (SD 8.6) F:M 62:180
Inclusion Criteria:
@ Subject must have a diagnosis of COPD based on the American Thoracic
Society (ATS)/ European Respiratory Society (ERS) criteria.
® Male or female subjects, aged >=40 years. Females must be of Non Child
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Bearing Potential. The definition of Non Child Bearing Potential is as
following: Females, regardless of their age, with functioning ovaries and
who have a current documented tubal ligation or hysterectomy, or females
who are post-menopausal.

@ Have diagnosed COPD stage Il or IV according to GOLD criteria: a
baseline post-bronchodilator Forced Expiratory Volume, measured at 1
second (FEV1) <50% of predicted normal and a baseline post-
bronchodilator FEV1/Inspiratory Vital Capacity (IVC) ratio <70%.

@ Have experienced at least 2 moderate or severe COPD exacerbations
leading to medical consultation (requiring oral corticosteroids or increasing
dosage of oral corticosteroids and/or antibiotics or hospitalization) within the
12 months preceding Visit 1.

@ Have stable COPD medication within 4 weeks prior to Visit 1 (no new
medication added and no dosage changes in medication).

@ Current or ex-smokers with a smoking history of at least 10 pack years
(number of pack years = [number of cigarettes per day / 20] x number of
years smoked, e.g., 20 cigarettes per day for 10 years, or 10 cigarettes per
day for 20 years).

@ Are currently managed at home (outpatients), are ambulatory and able to
travel to the clinic. Subjects can be treated with all relevant COPD
medication. This includes vaccines, inhaled short-acting beta-2-agonists as
needed, short-acting or long-acting anticholinergics (tiotropium), systemic
beta-2-agonists, theophylline, mucolytics, antioxicdants, beta-1-agonists (for
cardiovascular indication), non-invasive ventilation, long term oxygen
therapy and can have Cor Pulmonale.

® A signed and dated written informed consent is obtained prior to
participation.

® Able to comply with the requirements of the protocol and be available for
study visits over 52 weeks.

Exclusion Criteria:

@ Known other respiratory disorders or signs for other respiratory disorders
(e.g. asthma, lung cancer, sarcoidosis, tuberculosis, lung fibrosis, cystic
fibrosis, bronchoectasis).

@ Known history of significant inflammatory disease, other than COPD (e.g.
rheumatoid arthritis and systemic lupus erythematosus).

@ Known to be severely alpha-1-antitrypsin deficient (Pl SZ or ZZ)

@ Having undergone lung surgery (e.g. lung resection including lung volume
reduction surgery, lung transplant) or subjects scheduled for surgery.

# Concurrent medication from Visit 1 and for the duration of the study with
any of the prohibited medications: monoamine oxidase inhibitors and
tricyclic antidepressants, and ritonavir (a highly potent cytochrome P450
3A4 inhibitor).

@ Subjects receiving chronic or prophylactic antibiotic therapy.

@ Serious, uncontrolled disease (including serious psychological disorders)
likely to interfere with the study or impact on subject safety.

® Have, in the opinion of the investigator, evidence of alcohol, drug or solvent
abuse.

@ History of depression.

@ History or presence of clinically significant drug sensitivity or clinically
significant allergic reaction to corticosteroids or salmeteral.
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® Moderate or severe COPD exacerbation (requiring corticosteroids or
increased dosage of corticosteroids and/or antibiotics or hospitalization)
within the 4 weeks prior to Visit 1

® Lower respiratory tract infection within the 4 weeks prior to Visit 1 .

@ Pregnant or lactating female and female of childbearing potential.

@ Subject is a participating investigator, sub-investigator, study coordinator, or
other employee of a participating investigator, or is an immediate family
member of the before mentioned. Subject is an employee of
GlaxoSmithKline (GSK).

@ Subject participated in an investigational drug study within 30 days prior to
Visit 1

Interventions Inhaler Device:

Salmeterol / Fluticasone (50/500 pg) BID fixed combination

Salmeterol / Fluticasone (50/500 ug) BID separate Inhalers comparator
Allowed Co-Medications:

Outcomes Primary Outcome Measures: Mean Number of Exacerbations Per Year: Negative
Binomial Model [ Time Frame: Baseline through Week 52 ], Mean Number of
Exacerbations Per Year: Poisson Model [ Time Frame: Baseline through Week
52]

Notes Funding: GlaxoSmithKline
Identifiers: NCT00527826, SCO107227

Risk of bias table

: Authors' .
Bias It emert Support for judgement

Random sequence generation | Low risk

Randomised, no specific details but industry-funded
(selection bias) o o

Allocation concealment Unclear risk

No detail
(selection bias) Agela
Blinding of participants anFi High risk Open-label
personnel (performance bias)
Blinding of outcome High risk
Open-label
assessment (detection bias) B
Incomplete outcome data Low risk Dropout relatively high but even in both included groups
(attrition bias) (SAL/FP fixed 19.4% and 24.5% in SAL/FP free combo)
bSiZI:)CtNe FEReingtERading LN 1S Located trial registration - outcomes well reported
Hanania 2003
Methods Design: double-blind, placebo-controlled, parallel-group, multicenter trial

Duration: 24 weeks
Location: 76 investigative sites in the United States.

Review Manager 5.3 65

Chronic obstructive pulmonary disease in over 16s: diagnosis and management evidence
reviews for Inhaled therapies DRAFT [June 2018]

147



DRAFT FOR CONSULTATION

Fixed-dose combination inhalers compared to long-acting bronchodilators for chroni@D-Jan-2018

Participants Population: 723 patients were randomized to following groups; FP (250 ug
FLOVENT DISKUS) (n=183), SM (50 ug SEREVENT DISKUS) (n=177); FP plus
SM in combination (FSC) (ADVAIR DISKUS) (n=178) and Placebo group (n=185)
Baseline Characteristics:

Age (mean): Placebo (65), SM (64), FP (63), FSC (63)

Male (%): Placebo (68), SM (58), FP (66), FSC (61)

FEV1 L: Placebo (1.289), SM (1.245), FP (1.313), FSC (1.252)

Current Smokers (%): Placebo (47), SM (51), FP (48), FSC (43)

Inclusion Criteria:

Patients were > 40 years of age, were current or former smokers with a > 20
pack-year history, and had received a diagnosis of COPD, as defined by the
American Thoracic Society. Baseline FEV1/FVC ratio of < 70% and a baseline
FEV1 of <65% of predicted normal, but >0.70 L (or if <0.70 L, then >40% of
predicted normal). Patients were required to have symptoms of chronic bronchitis
and moderate dyspnea.

Exclusion Criteria:

Patients with current diagnosis of asthma; use of oral corticosteroids within the
past 6 weeks; abnormal clinically significant ECG; long-term oxygen therapy;
moderate or severe exacerbation during the run-in period; and any significant
medical disorder that would place the patient at risk, interfere with evaluations, or
influence study participation.

Interventions Inhaler Device:

250 pg FLOVENT DISKUS; GlaxoSmithKline, Inc)

50 ug SEREVENT DISKUS; GlaxoSmithKline, Inc

250 ug /50 pg ADVAIR DISKUS; GlaxoSmithKline, Inc)

Placebo Diskus (GlaxoSmithKline, Inc; Research Triangle Park, NC)
Allowed Co-Medications:

(VENTOLIN Inhalation Aerosol or VENTOLIN Nebules; GlaxoSmithKline, Inc)

Outcomes Two different FEV1 time points were measured to determine treatment efficacy:
predose FEV1; and 2-h postdose FEV1. Decreases in airway obstruction due to
reduced inflammation (ie, the contribution of FP in the combination) were
assessed by comparing changes in predose FEV1

between FSC and SM. Bronchodilation (ie, the contribution of SM) was assessed
by comparing the changes in the 2-h postdose FEV1 between FSC and FP.
Other efficacy parameters included morning peak expiratory flow (PEF), dyspnea
(assessed by the transition dyspnea index [TDI]41), supplemental albuterol use,
health status (as assessed by the chronic respiratory disease questionnaire
[CRDQJ42) symptoms of chronic bronchitis (assessed by the chronic bronchitis
symptom questionnaire[CBSQJ43,44), and exacerbations (defined by treatment,
with moderate exacerbations requiring treatment with antibiotics and/or
corticosteroids, and severe exacerbations requiring hospitalization).

Notes Funding: GlaxoSmithKline, Inc,
Identifiers: SFCA3007

Risk of bias table
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" Authors' ;
Bias ldasmert Support for judgement
Random sequence generation | Low risk Randomization was stratified by reversibility(defined as a 12%
(selection bias) and 200 mL increase in FEV1 from baseline following the

administration of 400 g albuterol) and investigative site
[sequence generation not described but study was industry
sponsored]

Allocation concealment Unclear risk
(selection bias)

Not described.

Blinding of participants ang Low risk Described as double blind [presumed subject and investigator]

personnel (performance bias)

Blinding of outcome Low risk Described as double blind [presumed subject and

assessment (detection bias) investigator] Reported outcomes not subject to detection bhias
[exacerbations, all-cause mortality, adverse events and
withdrawal]

Incomplete outcome data Low risk Atotal of 218 patients (placebo group, 32%; SM group, 32%;

(attrition bias) FP group, 27%; and FSC group, 30%) were discontinued

from the study. The breakdown of discontinuation were similar
between FSC and SM groups (GSK Clinical Study Report). In
order to account for patient withdrawals, endpoint was used
as the primary time point and was defined as the last
on-treatment post baseline assessment excluding any data
from the discontinuation visit.

Selective reporting (reporting Low risk All expected and stated outcomes were meticulously reported
bias) on the manufacturer’s website as Clinical Study Report.
[https:/iwww.gsk-clinicalstudyregister.comffiles2/sfca3007-clin
ical-study-report-redact-v02.pdf]

Hoshino 2013

Methods Design: A randomized, open-label, 4-way study.
Duration: 16 weeks
Location: Shizuoka Japan

Participants Population: FP/SAL(250/50) 16, Tio (18) 15, SAL (50) 14

Baseline Characteristics: age 71.2 F:M 8/52

Inclusion Criteria: The subjects were patients =40 years of age with a diagnosis
of

COPD, a cigarette smoking history >10 pack-years, a posthronchodilator

FEV 1 <70% of the predicted value and ratio of FEV 1 to forced vital capacity
(FVC) <0.70.

Exclusion Criteria:a current diagnosis of asthma, a clinically significant medical
disorder

(other than COPD), supplemental use of oxygen for exertion or current use of
some respiratory medications (including ICS, LABAs, Tio, theophylline or
systemic corticosteroids).
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Interventions Inhaler Device:

FP/SAL 250/50 mcg bid

Tio 18 mcg qd Handihaler

SAL 50 mcg bid

Allowed Co-Medications: Salbutamol was permitted when necessary to relieve
symptoms. Inhaled corticosteroids, theophylline and systemic corticosteroids
were not allowed.

Outcomes Airway dimensions, as assessed by CT scans, the mean change in pulmonary
function and St. George's Respiratory Questionnaire at 16 weeks.

Notes Funding: Not described.
Identifiers: None provided.

Risk of bias table
Authors'
Bias Support for judgement
judgement s i
Random sequence generation Unclear risk

Not d ibed
(selection bias) escribe

Allocation concealment (selection | Unclear risk
bias)

Not described

Blinding of participants and High risk

personnel (performance bias) Cer/abe sy

Blinding of outcome assessment High risk Only airway dimensions were assessed in a blinded
(detection bias) fashion.

Incomplete outcome data (attrition |Low risk 68 patients were randomized and 60 of them completed
bias) the study (12% dropout rate).

Selective reporting (reporting bias) |Unclear risk |We could not locate a prospectively registered protocol
to check all outcomes were reported

Hoshino 2014
Methods Design: randomized, open-label, three-way clinical trial
Duration: 16 weeks
Location: Shizuoka Japan
Participants Population: 54 patients were randomized to receive tiotropium 18ug once daily
(n=16), indacaterol 150 ug once daily (n=20) or tiotropium plus indacaterol once
daily (n=18)
Baseline Characteristics:
Age (mean): Tiotropium (73), Indacaterol (69), Tiotropium plus Indacaterol (71)
Male (%): Tiotropium (100), Indacaterol (90), Tiotropium plus Indacaterol (88)
FEV1 L: Tiotropium (1.48), Indacaterol (1.63), Tiotropium plus Indacaterol (1.46)
Smoking Hx (Pack yrs): Tiotropium (63.4), Indacaterol (62.8), Tiotropium plus
Indacaterol (57.8)
Inclusion Criteria:
The subjects were all ex-smoker patients >40 years of age with a diagnosis of
COPD, a cigarette smoking history of >10 pack-years, a post-bronchodilator
forced expiratory volume in 1 second (FEV1) <70% of the predicted value, and
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an FEV1/FVC (ratio of FEV1 to forced vital capacity (FVC)) <0.70.
Exclusion Criteria: Patients with a current diagnosis of asthma, supplemental
use of oxygen for exertion or current use of some respiratory medications.

Interventions 1. Tiotropium 18ug once daily

2. Indacaterol 150 ug once daily

3. Tiotropium plus Indacaterol once daily

Inhaler Device:

Tiotropium Handihaler (Boehringer Ingelheim Pharma, Ingelheim, Germany)
Indacaterol Breezhaler (Novartis, London, UK)

Allowed Co-Medications: Concurrent use of salbutamol was permitted when
necessary to relieve symptoms

Outcomes The primary objective was to evaluate the superiority of tiotropium plus
indacaterol treatment over tiotropium alone or indacaterol alone in its effect on
airway dimensions. The important secondary objectives were the mean change
in FEV1 and QoL from baseline to week 16. Pulmonary function, CT and
assessment of quality of life (QoL)

Notes Funding: Unknown
Identifiers: UMINO00006724

Risk of bias table

Authors’
Bias Support for judgement
judgement PP e

Random sequence generation | Unclear risk

Not decribed
(selection bias)

Allocation concealment Unclear risk

Not decribed
(selection bias)

Blinding of participants and High risk

Open-label stud
personnel (performance bias) REEEES S

Bldingiof outcome. ) High fisk Only CT interpretation was blinded.

assessment (detection bias)

Incomplete outcome data Low risk Withdrawal rate was relatively low and even. 62 patients were
(attrition bias) randomized and 54 of them completed the study (13%

dropout rate).

Selective reporting (reporting Low risk Trial registration was located.

bias)

Hoshino 2015

Methods Design: randomized, open-label, parallel-group treatment study
Duration: 16 weeks
Location: Shizuoka Japan

Participants Population: 46 patients were randomized to receive tiotropium (18 mg once
daily) plus indacaterol (150 mg once daily) (n=24) or Advair® (50/250 mg twice
daily) (n=22)
Baseline Characteristics:
Age (mean): Tiotropium plus Indacaterol (72), Advair (69)
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Male (%): Tiotropium plus Indacaterol (81), Advair (86)

FEV1 L: Tiotropium plus Indacaterol (1.38), Advair (1.36)

Smoking Hx (Pack yrs): Tiotropium plus Indacaterol (56.2), Advair (60.4)
Inclusion Criteria:

The subjects were all ex-smoker patients >40 years of age with a diagnosis of
COPD; a cigarette smoking history >10 pack-years; a post-bronchodilator FEV1
between 30% and 80% of predicted value, and FEV1/FVC (ratio of FEV1 to
forced vital capacity <0.70).

Exclusion Criteria: Patients with a current diagnosis of asthma; clinically
significant medical disorder other than COPD; supplemental use of oxygen for
exertion; or exacerbation needing treatment with antibiotics, systemic
glucocorticosteroids.

Interventions 1. Tiotropium (18 mg once daily) plus Indacaterol (150 mg once daily)

2. Advair® (50/250 mg twice daily)

Inhaler Device:

Tiotropium Handihaler (Boehringer Ingelheim Pharma, Ingelheim, Germany)
Indacaterol Breezhaler (Novartis, London, UK)

Advair (Glaxo Smith Kline, London, UK).

Allowed Co-Medications: Rescue inhaler short-acting b2-adrenergic receptor
agonist-salbutamol 200 mg by Ventolin (Glaxo Smith Kline, London, UK) was
permitted when necessary to relieve symptoms throughout study.

Outcomes The primary objective was to demonstrate superiority of tiotropium plus
indacaterol compared with Advair® for the effect on airway dimensions. The
important secondary objectives were also compared the effect of tiotropium plus
indacaterol versus Advair® on bronchodilator effect and health status during the
treatment period. Pulmonary function, CT and assessment of quality of life.

Notes Funding: Not described.
Identifiers: None provided.

Risk of bias table

. Authors' -
Bias lidg et Support for judgement

Random sequence generation | Unclear risk

Not d ibed
(selection bias) ot describe

Allocation concealment Unclear risk

Not d ibed
(selection bias) ot describe

Blinding of participants and High risk

Open-label stud
personnel (performance bias) B ¥

Blinding of ocutcome High risk

Only airway dimensions were assessed in a blinded fashion.
assessment (detection bias) ¥ o

Incomplete outcome data Low risk 54 patients were randomized and 46 of them completed the
(attrition bias) study (15% dropout rate).

Selective reporting (reporting High risk We could not locate a prospectively registered protocol to
bias) check all outcomes were reported. SGRQ oputcomes not
decribed in detail.
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Jones 2011
Methods Design: Pooled data from three RCTs (Donohue 2010, Dahl 2010, and
Kornmann 2011)
Duration: 6 months.
Location: NCT00393458:; Argentina, Chile, Colombia, Czech Republic,
Denmark, Ecuador, Egypt, Estonia, France, Germany, Hungary, Israel, ltaly,
Korea, Republic of, Latvia, Lithuania, Netherlands, Peru, Romania, Russian
Federation, Slovakia, Spain, Switzerland, Turkey, United Kingdom
NCT00463567: Argentina, Canada, Germany, India, Italy, Korea, Republic of,
Puerto Rico, Spain, Sweden, Taiwan, Turkey, United States
NCT00624286: Belgium, New Zealand, United States
Participants Population: Tio (18) 345, FM (12) 385, SAL (50) 284, IND (150) 620, IND (300)
671.
Baseline Characteristics: age 64 (SD 9), M:F 69/31%
Inclusion/exclusion Criteria: See Donohue 2010, Dahl 2010, and Kornmann
2011
Interventions Tio18 qd
FM 12 bid
SAL 50 bid
IND 150 gd
IND 300 gd
Inhaler Device:
dry powder turbuhaler and single dose dry powder inhaler (IND)
Allowed Co-Medications: As needed albuteral, ICS.
Outcomes SGRQ responder at 6 months
Notes Funding: Novartis
Identifiers: NCT00393458, NCT00463567, and NCT00624286
Risk of bias table
: Authors' .
Bias bidgement Support for judgement
Random sequence generation | Low risk Randomised to treatment (1:1:1:1) with stratification for
(selection bias) smoking status (current/ ex-smoker) using an automated
interactive system
Allocation concealment Low risk Using an automated interactive system [concealment
(selection bias) assumed by automatisation]
Elinging ef pariz paris and Lowrisk 1 ble-blind double-dummy tril
personnel (performance bias)
Blinding of cutcome Low risk Protocol state double blind for subject, caregiver, investigator
assessment (detection bias) and outcomes assessor http:/Avww clinicaltrials.gov/ct2/
show/NCT00393458
Incomplete outcome data Low risk Efficacy results are presented for the modified
(attrition bias) intention-to-treat (ITT) population including all randomised
patients who received at least one dose of study drug
Withdrawal relatively high but reasons for dropout were
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similar across the active comparators.

Selective reporting (reporting Low risk

Bigs) All stated and expected outcomes reported in detail

Kalberg 2016

Methods Design: multicenter, randomized, blinded, triple-dummy, parallel-group study
Duration: 14 weeks

Location: 86 centers across Argentina, Chile, Estonia, France, Germany,
Hungary, Italy, Peru, Poland, Romania, the Russian Federation and Slovakia.

Participants Population: 967 patients were randomized into two treatment groups;
Umeclidinium/Vilanteral (n=482) and Tiotropium and Indocaterol (n=479)
Baseline Characteristics:

Age (mean): UMEC/VI (64), TIO+IND (64)

Male (%): UMECN/I (74), TIO+IND (71)

FEV1 L (pre BD): UMEC/V/I (1.369), TIO+IND (1.357)

Current Smokers (%): UMEC/I (41), TIO+IND (46)

Inclusion Criteria:

Patient were > 40 years of age; had an established clinical history of COPD,
were current or former

cigarette smokers with a history of smoking of > 10 pack-years; had pre- and
post-bronchodilator forced expiratory volume in 1 s (FEV1) values of < 70 %
predicted; had pre- and postbronchodilator FEV1/FVC ratios of <0.70; had a
score of > 2 on the modified Medical Research Council Dyspnea Scale; and had
a corrected QT (QTc) interval (corrected for the heart rate, according to
Fridericia’s formula) of <450 or <480 ms for patients with bundle branch block.
Exclusion Criteria:

Patients were excluded from the study if they were of childbearing potential
(unless they were practicing acceptable birth control methods); had a current
diagnosis of asthma; had alpha-1 antitrypsin deficiency, an active lung infection
(such as tuberculosis), lung cancer, or another clinically significant
diseasefabnormality; abnormal ekg; had a history of allergy or hypersensitivity to
specific medications, had been hospitalized for COPD or pneumonia within 12
weeks prior to visit 1; had undergone lung volume reduction surgery within 12
months prior to visit 1; were receiving long-term oxygen therapy; or were enrolled
actively in pulmonary rehab.

Interventions 1. Umeclidinium/Vilanterol 62.5/25 mcg once daily + Placebo (HandiHaler) +
Placebo (Breezehaler)

2. Tiotropioum 18 mcg once daily via a HandiHaler +Indocaterol 150 mcg once
daily via a Breezhaler + Placebo (ELLIPTA inhaler)

Inhaler Device:

ELLIPTAR, the HandiHaler®, and theBreezhaler®.

Allowed Co-Medications: All patients had albuterol provided for as-needed use.

Outcomes The primary objective of the study was to determine whether the efficacy of
UMEC/N/ | was non-inferior to that of TIO+ IND as assessed by the trough FEV1.
The secondary endpoint of the study was the weighted mean (WM) FEV1 over
0-6 h postdose at day 84, calculated from the predose FEV1 values (obtained 30
and 5 min before dosing) and the postdose FEV1 measurements at 1, 3, and 6 h.
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Notes Funding: GlaxoSmithKline
Identifiers: NCT02257385; GSK116961.
Risk of bias table
Bias ﬁjlcjlt;:r;sent Support for judgement
Random sequence generation | Low risk Patients were randomized in accordance with a centralized
(selection bias) randomization schedule, using a randomization code
generated by a validated computerized system (RandAll
Version NG, GSK). Patients were randomized using an
interactive voice recognition system.
Allocation concealment Low risk o
: : Computer generated randomization
(selection bias)
Blinding of participants and Unclear risk | All patients and investigators were blinded to the assigned
personnel (performance bias) treatment during the study. However, exact physical placebo
matches for the TIO and INDcapsules and for the IND blister
packs were not available, although they were closely matched
in color.
Blinding of outcome Low risk Safeguards were in place to prevent the unblinding of study
assessment (detection bias) personnel, and study blinding coordinators independent of
other clinical trial procedures were involved in the preparation
and administration of treatment to patients.
Incomplete outcome data Low risk In total, 917 patients (95 %) completed the study. The most
(attrition bias) common reason for study withdrawal was AEs, which
accounted for a similar proportion of patients withdrawing
from each treatment group.
Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol
bias) were reported in full.
Kardos 2007
Methods Design: Randomized, double-blind, parallel-group study

Duration: 44 weeks
Location: 95 respiratory centers in Germany

Participants Population: 998 patients were randomized into two treatment groups;
50mcg/500mcg Salmeterol/Formoterol (SFC) twice daily (507) or 50mcg
Salmeterol (SAL) twice daily (487)

Baseline Characteristics:

Age (mean): SFC (63.8), SAL (64)

Male (%): SFC (74), SAL (77.6)

FEV1 L (pre BD): SFC (1.13), SAL (1.12)

Current Smokers (%): SFC (40.6), SAL (44.4)

Inclusion Criteria:

Outpatients with severe COPD, defined according to GOLD stages Il and IV,
FEV1/FVC of < 70%, age of > 40 years, smoking history of > 10 pack-years,
History = 2 exacerbations in the last year before the study.
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Exclusion Criteria: COPD exacerbations, hospital admissions, or change in
COPD therapy during the 4 wk before Visit 1 or run in period. Asthma, need for
long-term oxygen therapy or chronic systemic steroid.

Interventions Inhaler Device:

Diskus (GlaxoWellcomeGmbH&Co, BadOldesloe, Germany)

Allowed Co-Medications: Inhaled salbutamol was used as reliever medication,
and regular treatment with short-acting bronchodilators, antioxidants/mucolytics,
short-acting oral p2-agonists, and theophylline.

Outcomes The primary endpoint was the number of moderate and severe exacerbations in
each treatment group. Secondary endpoints included time to first exacerbation,
prebronchodilator peak flo (PEF), post-bronchodilator FEV1, and disease-specific
quality of life as evaluated by the St. George’s Respiratory Questionnaire
(SGRQ), which investigated three different domains consisting of activity,
symptom, and impact scores.

Notes Funding: GlaxoSmithKline
Identifiers: SCO30006

Risk of bias table

Authors'
Bias Support for judgement
judgement £e e

Random sequence generation | Low risk Consecutive numbers were assigned to patients that
(selection bias) determined the blinded treatment based on a centrally
generated list with blocks of six. industry funded.

Allocation concealment Low risk Consecutive numbers were assigned to patients that
(selection bias) determined the blinded treatment based on a centrally
generated list with blocks of six.

Blinding of participants and Low risk

) Described as double blind [presumed subject and investigator]
personnel (performance bias)

Blinding of ocutcome Unclear risk

Not described.
assessment (detection bias)

Incomplete outcome data Low risk In the study population, there were 99 withdrawals (19.5%) in

(attrition bias) the SFC group and 103 (21.1%) in the SAL group, bath
mainly due to adverse events that were primarily linked to
COPD deterioration.

e A R LRI Unable to locate protocol to check outcome reporting

bias)

Kerwin 2012

Methods Design: Randomized, Double-blind, Placebo-controlled, With Open-label
Tiotropium, Parallel-group Study
Duration: 52 weeks
Location: 170 centers in 18 countries: Argentina, Canada, Chile, France,
Germany, Hungary, Israel, ltaly, Korea, Mexico, Netherlands, New Zealand,
Peru, Poland, Russia, United States
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Participants Population: 1,066 patients were randomized to one of three study groups;
Glycopyrronium bromide(NVA237) 50 mecg (n=529), Placebo (n=269), Tictropium
18mcg (n=268) daily

Baseline Characteristics:

Age (mean): NVA237 (63.5+9.1), Placebo (63.6+9.1), Tiotropium (63.9+8.2)
Male (%): NVA237 (64.6), Placebo (64.6), Tiotropium (62.9)

FEV1 L (pre BD): NVA237 (1.3£0.5), Placebo (1.4+0.5), Tiotropium (1.3+0.5)

Current Smokers (%): NVA237 (45.3), Placebo (46.3), Tiotropium (44.2)
Inclusion Criteria:

> 40 yrs of age, with a smoking history of > 10 pack-yrs, a diagnosis of
moderate-to-severe stable COPD, post-bronchodilator FEV1 = 30% and <80% of
the predicted normal, and postbronchodilator FEV1 fforced vital capacity (FVC)
<0.70 were enrolled

Exclusion Criteria: Lower respiratory tract infection in the 6 weeks prior to
screening; concomitant pulmonary disease, history of asthma, malignancy of any
organ system, long QT syndrome at screening, symptomatic prostatic
hyperplasia, bladder-neck obstruction, moderate/severe renal impairment,
urinary retention, narrow-angle glaucoma, a known history of on1-antitrypsin

deficiency; participation in the active phase of a supervised pulmonary
rehabilitation program; and contraindications for tiotropium or ipratropium or
history of adverse reactions to inhaled anticholinergics.

Interventions Inhaler Device:

1. Glycopyrronium bromide(NVA237) via Breezhaler® device

2. Placebo via Breezhaler® device

3. Tiotropium via HandiHaler® device

Allowed Co-Medications: Inhaled or Intranasal corticosteroids and H1
antagonists were permitted in patients who had been stabilized on a
recommended and constant dose prior to study entry. Patients were provided
with a salbutamol/albuterol inhaler to be used as rescue medication during the

study.
Outcomes Trough FEV1 in 1 Second at Week 12, dyspnea, quality of life, exacerbations
Notes Funding: Novartis

Identifiers: NCT00929110

Risk of bias table
. Authors' .
Bias Tudgsment Support for judgement
Random sequence generation | Low risk Patients were randomised 2:1:1 ratio [sequence generation
(selection bias) not described, but industry funded so presumed electronic]
Allocation concealment Unclear risk

Not d ibed.
(selection bias) ot describe

Blinding of participants and High risk

Open-label stud
personnel (performance bias) peR-dbe Sitcy

Blinding of ocutcome High risk

Open-label stud
assessment (detection bias) P y
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Incomplete outcome data Low risk Dropout was relatively high but even between included
(attrition bias) groups (22.3% in Glyco and 23.1% in Tio group). Efficacy was
assessed in the full analysis set (FAS) which included all
randomised patients who received at least one dose of the
study drug; patients in the FAS were analysed according to
the treatment to which they were randomised.

Selective reporting (reporting Low risk Full results in the published report and on clinicaltrials.gov in
bias) accordance with the protocol.

Kerwin 2017
Methods Design: Randomized, Double-blind, Placebo-controlled, With Open-label

Tiotropium, Parallel-group Study

Duration: 52 weeks.

Location: Argentina, Canada, Chile, France, Germany, Hungary, Israel, Iltaly,
Korea, Republic of, Mexico, Netherlands, New Zealand, Peru, Poland, Russian
Federation, United States

Participants Population: Glyco (50) 525, Tio (18) 267
Baseline Characteristics: age 63.8 (SD 8.87), F:M 380:680
Inclusion Criteria:

1. Male or female adults aged > 40 years, who have signed an Informed
Consent Form prior to initiation of any study-related procedure.

2. Patients with moderate to severe stable chronic obstructive pulmonary
disease (COPD, Stage Il or Stage lll) according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) Guidelines 2008.

3. Current or ex-smokers who have a smoking history of at least 10 pack
years.

4. Patients with a post-bronchodilator forced expiratory volume in 1 second
(FEV1) = 30% and < 80% of the predicted normal, and post-bronchodilator
FEV1/forced vital capacity (FVC) < 0.7 at Visit 2 (Day -14).

5. Patients, according to daily electronic diary data between Visit 2 (Day -14)
and Visit 3 (Day 1), with a total score of 1 or more on at least 4 ofthe last 7
days prior to Visit 3 (Day 1).

Exclusion Criteria:

1. Pregnant women or nursing mothers (pregnancy confirmed by positive
urine pregnancy test).

2. Women of child-bearing potential, unless using an approved method of
medical or surgical contraception.

3. Patients requiring long term oxygen therapy (> 15 h a day) on a daily basis
for chronic hypoxemia, or who have been hospitalized for an exacerbation
of their airways disease in the 6 weeks prior to Visit 1 (Day -21) or hetween
Visit 1 (Day -21) and Visit 3 (Day 1).

4. Patients who have had a respiratory tract infection within 6 weeks prior to
Visit 1 (Day -21).

5. Patients who, in the judgment of the investigator or the responsible Novartis
personnel, have a clinically relevant laboratory abnormality or a clinically
significant condition.

6. Patients with any history of asthma indicated by (but not limited to) a blocd
eosinophil count > 600/mmA3 (at Visit 1, Day -21) and onset of symptoms
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prior to age 40 years.

7. Patients with a history of long QT syndrome or whose QTc measured at
Visit 1 (Day -21) (Fridericia method) is prolonged (> 450 ms for males or >
470 ms for females.

Interventions Inhaler Device:Glycopyrronium bromide was supplied in powder-filled capsules
together with a single-dose dry-powder inhaler (SDDPI) device.

Tiotropium was supplied in powder-filled capsules together with the Handihaler
Allowed Co-Medications: as needed albuterol, inhaled or intranasal
corticostercids and H1 antagonists

Outcomes Primary Outcome Measures: Trough Forced Expiratory Volume in 1 Second
(FEV1) at Week 12

Notes Funding: Novartis
Identifiers: NCT00929110, CNVA237A2303, GLOW2

Risk of bias table

Bias }?Jl;t;:r:\sen ¢ Support for judgement

Random sequence generation Low risk : . ; .

; : Randomised, no specific details but industry-funded

(selection bias)

Allocation concealment (selection Unclear risk :

: No details

bias)

Blinding of participants anq High risk peniabsl Tiokregium

personnel (performance bias)

Blinding of outcome assessment High risk . :

(Gclactonbins| Open-label Tiotropium

Incomplete outcome data (attrition Low risk Dropout relatively high but even in both included
bias) groups (Tio 23.1%, Glyco 22.3%).

Selective reporting (reporting bias) Low risk Located trial registration - outcomes well reported
Koch 2014

Methods Design: Phase lll, multicenter, randomized, double-blind, double-dummy,

placebo-controlled, parallel-group studies

Duration: 48 weeks.

Location: Argentina, Brazil, Canada, Croatia, Czech Republic, Denmark,
Finland, Germany, Hong Kong, India, Italy, Korea, Republic of, Malaysia,
Norway, Philippines, South Africa, Spain, Sweden, Thailand, Ukraine

Participants Population: Olo (5) 227, FM (12) 227 , Olo(5) 232, FM (12) 233

Baseline Characteristics: Study 1222.13 age 63.8 (8.7) F:M 198:706. Study
1222.14 age 64.2 (SD 8.7) F:M 176:758

Inclusion Criteria:

1. All patients must have a diagnosis of chronic obstructive pulmonary disease
and must meet the following spirometric criteria:post-bronchodilator
FEV1<80% of predicted normal (ECSC) and a post-bronchodilator
FEV1/FVC <70% at Visit 1
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2. Male or female patients, 40 years of age or older
3. Patients must be current or ex-smokers with a smoking history of more than
10 pack years:

Exclusion Criteria:

1. Patients with clinically relevant abnormal baseline haematology, blood
chemistry, or urinalysis; all patients with an SGOT >x2 ULN, SGPT >x2
ULN, bilirubin >x2 ULN or creatinine >x2 ULN

2. Patients with a history of asthma and/or total blood eosinophil count greater
than 600/mm3

3. Patients with thyratoxicosis, paroxysmal tachycardia (>100 beats per
minute)

4. Patients with a history of myocardial infarction within 1 year of screening
visit, unstable or life-threatening cardiac arrhythmia, hospitalization for heart
failure within the past year, known active tuberculosis, a malignancy for
which patient has undergone resection, radiation therapy or chemotherapy
within last five years, life-threatening pulmonary obstruction, cystic fibrosis,
clinically evident bronchiectasis, significant alcohol or drug abuse

5. Patients who have undergone thoracotomy with pulmonary resection

6. Patients being treated with oral beta-adrenergics or oral corticosteroid
medication at unstable doses (i.e., less than six weeks on a stable dose) or
at doses in excess of the equivalent of 10 mg of prednisone per day or 20
mg every other day.

7. Patients who regularly use daytime oxygen therapy for more than one hour
per day.

8. Patients who have completed a pulmonary rehabilitation program in the six
weeks prior to the screening visit (Visit 1) or patients who are currently in a
pulmonary rehabilitation program

9. Pregnant or nursing women

10. Women of childbearing potential not using two effective methods of birth
control (one barrier and one non-barrier).

Interventions Inhaler Device:

Olodaterol via Respimat

Formoterol Aeralizer inhaler

Allowed Co-Medications: Albuterol as needed. short-acting muscarinic
antagonists, LAMAs, inhaled corticosteroids, and xanthines

Outcomes FEV1, TDI, SGRQ

Notes Funding: Merck
Identifiers: NCT00793624, NCT00796653, 1222.13, 1222.14

Risk of bias table
; Authors' .
Bias Judgement Support for judgement
Random sequence generation (selection | Low risk Randomised, no specific details but
bias) industry-funded
Allocation concealment (selection bias) Unclear risk No details
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Blinding of participants and personnel Low risk

Double-blind
(performance bias) ouble-blin

Blinding of outcome assessment Unclear risk

(it iion bins) No mention of outcome assessors

Incomplete outcome data (attrition bias) | Low risk Dropout relatively low in both included groups
(0lo16%, FM 12%).

Selective reporting (reporting bias) Low risk Located trial registration - outcomes well reportec

Kornmann 2011

Methods Design: Randomized, Double-blind, Placebo-controlled, Parallel-group Study
Duration: 26 weeks

Location: 142 centers in 15 countries (Canada, Colombia, Czech Republic,
Denmark, Finland, France, Germany, Hungary, Iceland, India, Italy, Peru,
Russian Federation, Slovakia, Taiwan)

Participants Population: 998 patients were randomized, into three study arms; 150mg
Indacaterol daily (n=330), 50mg Salmeterol twice daily (n=333) or Placebo
(n=335)

Baseline Characteristics:

Age (mean): Indacaterol (63£8.7), Salmeterol (631£9.2), Placebo (6448 .6)
Male (%): Indacaterol (72), Salmeteral (75), Placebo (77)

FEV1 L (pre BD): Indacaterol (1.5£0.49), Salmeterol (1.5+0.49), Placebo

(1.510.47)

Current Smokers (%): Indacaterol (46), Salmeterol (46), Placebo (45)

Inclusion Criteria: = 40 yrs with clinical diagnosis of moderate-to-severe COPD
and smoking history of = 20 pack-yrs.

Exclusion Criteria: Asthma

Interventions Inhaler Device:

Drypowder inhaler

Allowed Co-Medications: Patients were permitted concomitant medication with
inhaled corticosteroids (ICS), if dose and regimen were stable for 1 month prior
to screening. Salbutamol was provided for use as needed (but not <6 h before
study assessments).

Outcomes Trough FEV1 after 12 weeks, efficacy outcomes, safety and tolerability.

Notes Funding: Novartis
Identifiers: NCT00567996

Risk of bias table

Bias jAul:It;:r:"lsen t Support for judgement

Random sequence generation Low risk 1:1:1 ratio (with stratification for smoking status) using an
(selection bias) automated system

AIIocat_lon cgncealment Low risk Automated system used for randomization.

(selection bias)
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Blinding of participants and Low risk

s crral {AerontaREe bias) Triple (Participant, Investigator, Outcomes Assessor)

Blinding of outcome assessment | Low risk

(it iion bins) Triple (Participant, Investigator, Outcomes Assessor)

Incomplete outcome data Low risk Dropout was relative low and even between active
(attrition bias) comparators (13.2% in IND and 15.0% in SAL group).
Selective reporting (reporting Low risk All outcomes were reported in the results Summary on
bias) clinicaltrials.gov.
Koser 2010

Methods Design: Randomized, Double-Blind, Parallel Group study

Duration: 12 weeks
Location:16 research sites in the United States

Participants Population: 246 patients were randomized into two study arms; fluticasone
propionate/salmeterol (FSC) at a dose of 250/50mcg twice-daily via DISKUS
(FSC DISKUS) (n=126) , Fluticasone Propionate/Salmeterol Hydroflucroalkane
MDI 230/42mcg (FSC MDI) (n=121)

Baseline Characteristics:

Age (mean): FSC DISKUS (63.4), FSC MDI (61.6)

Male (%): FSC DISKUS (52), FSC MDI (55)

FEV1 L (pre BD): FSC DISKUS (1.39), FSC MDI (1.47)

Current Smokers (%): FSC DISKUS (62), FSC MDI (61)

Inclusion Criteria:

a) Diagnosis of COPD

b) Current or former smokers with at least a 10 pack year history

¢) Aged > 40 years

d) Post-bronchodilator FEV1 of > 0.70L and <70% predicted normal (or if FEV1 <
0.70 L, then >40% of predicted normal value), and a post-albuterol FEV1/FVC
ratio of <0.70.

Exclusion Criteria:Asthma, clinically significant and uncontrolled medical
disorder, COPD exacerbation/infection that required corticosteroids and/or
antibictics that did not resolve within 30 days of visit 1, abnormal ekg at

: ; 2 i
screening, Body mass index (BMI) > 40kg/m™, use of nocturnal positive pressure
such as continuous positive airway pressure or bi-level positive airway pressure
was exclusionary.

Interventions Inhaler Device: DISKUS, Metered dose inhaler
Allowed Co-Medications: None

Outcomes Mean change from baseline in FEV1 2 Hours Post-dose, mean change from
baseline in AM pre-dose FEV1 and peak expiratory flow

Notes Funding: GlaxoSmithKline
Identifiers:NCT00633217, ADC111117

Risk of bias table
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" Authors' ;

Bias ldasmert Support for judgement

Random sequence generation | Low risk Randomized treatment assignment was provided to the

(selection bias) investigative site by means of an interactive voice response
system at the time subjects were randomized

Allocation concealment Low risk Randomized treatment assignment was provided to the

(selection bias) investigative site by means of an interactive voice response
system at the time subjects were randomized

SHdIng enpaticipans anq Lakl Double blind (participant and investigator)

personnel (performance bias)

Blinding of outcome Low risk . " . .
Double blind (participant and investigator

assessment (detection bias) ® P 9 )

Incomplete outcome data Low risk Withdrawal rates 12.4% in the HFA and 18.3 %in the DISKUS

(attrition bias) group. Reasons for dropout were similar between two groups.
The primary analysis population was the Intent-to-Treat (ITT)
population.

Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol

bias) were reported in full.

Mahler 2002
Methods Design: Randomized, double-blind, placebo-controlled, parallel group study

Duration: 24 weeks
Location: 64 centers in the United States

Participants Population: 674 patients were randomized to four arms; Fluticasone (F) 500
mcg (n=168), Salmeterol (S) 50 mcg (n=150), Fluticasone/Salmeterol (FSC)
500/50 mcg (n=165), Placebo (n=181)

Baseline Characteristics:

Age (mean): Placebo (64), S (63.5), F (64.4), FSC (61.9)

Male (%): Placebo (75), S (64), F (61), FSC (62)

FEV1 L (pre BD): Placebo (1.317), S (1.237), F (1.233), FSC (1.268)

Current Smokers (%): Placebo (54), S (46), F (46), FSC (46)

Inclusion Criteria: 40 years of age or older, were current or former smokers with
a 20 pack-year or more history, and COPD. Baseline FEV1/FVC of 70% or less
and a baseline FEV1 of less than 65% of predicted but more than 0.70 L.
Patients were required to have daily cough productive of sputum for 3 months of
the year for 2 consecutive years and dyspnea.

Exclusion Criteria: Asthma, oral corticosteroid use within the past 6 weeks,
abnormal clinically significant electrocardiogram, long-term oxygen therapy,
moderate or severe exacerbation during the run-in period.

Interventions Inhaler Device:

1. Fluticasone propionate (F) (Flovent Diskus GlaxoSmith-Kline)

2. Salmeterol (S) (Serevent Diskus; Glaxo-SmithKline, Research Triangle
Park,NC)

3. AdvairDiskus;Glaxo-SmithKline

Allowed Co-Medications: Albuterol as needed.
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Outcomes Change in predose FEV1 values, change in 2-hour postdose FEV1 values,
morning peak expiratory flow (PEF), supplemental albuterol use, dyspnea and
exacerbations.

Notes Funding: GlaxoSmithKline
Identifiers: SFCA3006

Risk of bias table
Bias ﬁjl:lt::r;sent Support for judgement
Random sequence generation | Low risk Randomized treatment assignment was provided to the
(selection bias) investigative site by means of an interactive voice response
system at the time subjects were randomized
Allocation concealment Low risk Randomized treatment assignment was provided to the
(selection bias) investigative site by means of an interactive voice response
system at the time subjects were randomized
Blinding of participants an.d Low risk DeiBIEBIiHE
personnel (performance bias)
e outcome. ) Law fsik No details provided but outcomes not subject to detection bias
assessment (detection bias)
Incomplete outcome data Low risk Atotal of 234 patients (38%, 28%, 40%, and 32% for placebo,
(attrition bias) S, F, and FSC groups, respectively). Reasons for withdrawal
were similar across the groups. Dropouts addressed with
various methods including multiple imputation, analysis of
only completers, and recursive regression imputation.
;lee)ctlve FERgRinaEgoniag L PN Protocol was located. Outcomes were well reported.
Mahler 2012a
Methods Design: Randomized, Double-blind, Controlled, Parallel-group
Duration: 12 weeks
Location: 186 centers in 14 countries; Argentina (10), Australia (6), Colombia
(5), Denmark (5), Germany (25), Greece (4), Guatemala (5), Mexico (5), Peru
(6), Philippines (2), South Africa (6), Spain (13), Turkey (13) and USA (81)
Participants Population: 1131 patients were randomized into two groups; tiotropium 18mcg +
Indacaterol 150mcg (n=570), tiotropium 18mcg + Placebo (n=561) daily.
Baseline Characteristics: Age (mean): Tiotropium+Indacaterol (64),
Tiotropium+Placebo (63.4)
Male (%): Tiotropium+Indacaterol (70), Tiotropium+Placebo (67)
FEV1 L (pre BD): Tiotropium+Indacaterol (1.15), Tiotropium+Placebo (1.15)
Current Smokers (%): Tiotropium+Indacaterol (40), Tiotropium+Placebo (36)
Inclusion Criteria: Aged > 40 years with moderate to severe COPD with a
smoking history = 10 pack-years and postbronchodilator FEV1 < 65% and = 30%
of predicted normal, and post-bronchodilator FEV1forced vital capacity <70% at
screening.
Exclusion Criteria: History of asthma or had experienced a respiratory tract
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infection or COPD exacerbation within the previous 6 weeks.

Interventions Inhaler Device:

1. Indacaterol/Placebo via a single dose dry powder inhaler (SDDPI) device.

2. Tiotropium via HandiHaler®.

Allowed Co-Medications: Salbutamal (albuterol in the USA) was available for
as-needed use. Patients receiving inhaled corticosteroids (ICS) at baseline
continued treatment (or were switched to ICS monctherapy if taken as a fixed
combination with a bronchodilator) at equivalent dose and regimen during the
study.

Outcomes FEV1 standardized (with respect to length of time) area under the curve (AUC)
from 5 minutes to 8 hours post-dose at the end of treatment.
Trough FEV1 24 hours post-dose at the end of treatment.

Notes Funding: Novartis Pharmaceuticals
Identifiers: NCT00846586

Risk of bias table

Authors'
Bias Support for judgement
Jjudgement _— Ll

Random sequence generation | Low risk Randomization (1:1) was performed using an automated
(selection bias) interactive voice response system and was stratified by
COPD severity (moderate or severe), with balance
maintained at country level.

Allocation concealment Low risk

; : Balance maintained at country level. Automated randomization
(selection bias)

Blinding of participants and Low risk Patients and staff at participating centers were unaware of
personnel (performance bias) treatment assignment.

Blinding of outcome Low risk Patients, investigators, those performing the assessments
assessment (detection bias) and data analysts were blinded unless an emergency arose

for a patient.

Incomplete outcome data Low risk Completion rates were similar (93-94%) between treatment
(attrition bias) groups and studies.

Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol

bias) were reported in full.
Mahler 2012b
Methods Design: Randomized, Double-blind, Controlled, Parallel-group

Duration: 12 weeks

Location:182 centersin 11 countries; Argentina (9), Canada (16), Colombia (3),
Czech Republic (9), Hungary (4), India (9), Netherlands (6), Philippines (3),
Slovakia (10), Spain (11), USA (102)

Participants Population: 1142 patients were randomized into two groups; tiotropium 18mcg +
Indacaterol 150mcg (n=572), tiotropium 18mcg + Placebo (n=570) daily.
Baseline Characteristics:

Age (mean): Tiotropium+indacaterol (63.1), Tiotropium+Placebo (62.8)

Male (%): Tiotropium+Indacaterol (63), Tiotropium+Placebo (68)
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FEV1 L (pre BD): Tiotropium+Indacaterol (1.14), Tiotropium+Placebo (1.15)

Current Smokers (%): Tiotropium+Indacaterol (38), Tiotropium+Placebo (43)
Inclusion Criteria:

Aged = 40 years with moderate to severe COPD with a smoking history =10
pack-years and postbronchodilator FEV1 < 65% and = 30% of predicted normal,
and post-bronchodilator FEV1forced vital capacity <70% at screening.
Exclusion Criteria: History of asthma or had experienced a respiratory tract
infection or COPD exacerbation within the previous 6 weeks.

Interventions Inhaler Device:

1. Indacaterol/Placebo via a single dose dry powder inhaler (SDDPI) device.

2. Tiotropium via HandiHaler®.

Allowed Co-Medications: Salbutamal (albuterol in the USA) was available for
as-needed use. Patients receiving inhaled corticosteroids (ICS) at baseline
continued treatment (or were switched to ICS monctherapy if taken as a fixed
combination with a bronchodilator) at equivalent dose and regimen during the
study.

Outcomes FEV1 standardized (with respect to length of time) area under the curve (AUC)
from 5 minutes to 8 hours post-dose at the end of treatment.

Notes Funding: Novartis
Identifiers: NCT00877383.

Risk of bias table
. Authors' .
Bias Iudgsment Support for judgement
Random sequence generation | Low risk Randomization (1:1) was performed using an automated
(selection bias) interactive voice response system and was stratified by
COPD severity (moderate or severe), with balance
maintained at country level.
Allocat_lon cpncealment LOWHER Balance maintained at country level. Automated randomization
(selection bias)
Blinding of participants and Low risk Patients and staff at participating centers were unaware of
personnel (performance bias) treatment assignment.
Blinding of outcome Low risk Patients, investigators, those performing the assessments
assessment (detection bias) and data analysts were blinded unless an emergency arose
for a patient.
Incomplete outcome data Low risk Completion rates were high and similar (94-95%) between
(attrition bias) treatment groups
Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol
bias) were reported in full.
Mahler 2015a
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Methods Design: Randomized, double-blind, parallel-group, placebo and active-controlled
studies

Duration: 12 weeks

Location: United States, Canada, Philippines, Poland, Romania, Spain, Ukraine
and Vietnam.

Participants Population: Patients were randomized into one of four arms;
indacaterol/glycopyrrolate (IND/GLY 27.5/15.6 mcg twice daily) (n=508),
indacaterol (IND 27.5 mcg twice daily) (n=511), glycopyrrolate (GLY 15.6 mcg
twice daily) (n=511) or placebo (h=508), combined population from Mahler 2015a
and 2015b.

Baseline Characteristics (pooled analysis of Mahler 2015a and b):

Age (mean): IND/GLY (63.4), IND (63.7), GLY (63.4), Placebo (63.2)

Male (%): IND/GLY (63.4), IND (65.8), GLY (63.8), Placebo (60.2)

FEV1 L (pre BD): IND/GLY (1.264), IND (1.280), GLY (1.258), Placebo (1.250)

Current Smokers (%): IND/GLY (50.4), IND (52.1), GLY (52.3), Placebo (51.6)
Inclusion Criteria: 40 years of age and older, who had stable but symptomatic
moderate to severe COPD according to the GOLD 2011 criteria. Smoking history
of at least 10 years.

Exclusion Criteria: COPD exacerbation requiring antibictics and/or systemic
steroids in last 6 weeks prior to visit 1, long gt syndrome, respiratory tract
infection within 4 weeks of screening, history of asthma.

Interventions Inhaler Device: All treatments were delivered via the Neohaler device (Novartis
Pharma AG, Basel, Switzerland).

Allowed Co-Medications: Patients continued to use fixed doses of inhaled
corticosteroids if they had been previously prescribed. Albuterol metered dose
inhaler was allowed as rescue medication throughout the treatment period.

Outcomes Standardized area under the curve for FEV1 between 0 and 12 hours at end of
treatment period, also change in SGRQ total score from baseline and in the
percentage of responders.

Notes Funding: Novartis
Identifiers: NCT 01727141

Risk of bias table

2 Authors' :
Bias It Support for judgement
Random sequence generation | Low risk All eligible patients were randomized via Interactive Response
(selection bias) Technology (IRT) in 1:1:1:1 ratio.
Allocation concealment Low risk All eligible patients were randomized via Interactive Response
(selection bias) Technology (IRT) in 1:1:1:1 ratio.
Blinding of participants and Low risk The identity of the treatments was concealed by the use of
personnel (performance bias) study drugs that were all identical in packaging, labelling,

scheduling of administration, appearance, taste and odor.

Blinding of outcome Low risk Quadruple masking (participant, care provider, investigator,
assessment (detection bias) outcomes assessor)
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Incomplete outcome data Low risk Completion rates were high and similar (97-99%) among
(attrition bias) active comparators.
Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol
bias) were reported in full.
Mahler 2015b
Methods Design: Randomized, double-blind, parallel-group, placebo and active-controlled
studies

Duration: 12 weeks
Location: United States, Colombia, Egypt, France, Guatemala, Hungary,
Panama, Slovakia and Slovenia.

Participants Population: Patients were randomized into one of four arms;
indacaterol/glycopyrrolate (IND/GLY 27.5/15.6 mcg twice daily) (n=508),
indacaterol (IND 27.5 mcg twice daily) (n=511), glycopyrrolate (GLY 15.6 mcg
twice daily) (n=511) or placebo (n=508), combined population from Mahler 2015a
and 2015b.

Baseline Characteristics (pooled analysis of Mahler 2015a and b):

Age (mean): IND/GLY (63.4), IND (63.7), GLY (63.4), Placebo (63.2)

Male (%): IND/GLY (63.4), IND (65.8), GLY (63.8), Placebo (60.2)

FEV1 L (pre BD): IND/GLY (1.264), IND (1.280), GLY (1.258), Placebo (1.250)

Current Smokers (%): IND/GLY (50.4), IND (52.1), GLY (52.3), Placebo (51.6)
Inclusion Criteria: 40 years of age and older, who had stable but symptomatic
moderate to severe COPD according to the GOLD 2011 criteria.

Exclusion Criteria: COPD exacerbation requiring antibictics and/or systemic
steroids in last 6 weeks prior to visit 1, long gt syndrome, respiratory tract
infection within 4 weeks of screening, history of asthma.

Interventions Inhaler Device: All treatments were delivered via the Neohaler device (Novartis
Pharma AG, Basel, Switzerland).

Allowed Co-Medications: Patients continued to use fixed doses of inhaled
corticosteroids if they had been previously prescribed. Albuterol metered dose
inhaler was allowed as rescue medication throughout the treatment period.

Outcomes Standardized area under the curve for FEV1 between 0 and 12 hours at end of
treatment period, also change in SGRQ total score from baseline and in the
percentage of responders.

Notes Funding: Novartis
Identifiers: NCT01712516

Risk of bias table

Bias ﬁjl:;::en t Support for judgement

Random sequence generation | Low risk All eligible patients were randomized via Interactive Response

(selection bias) Technology (IRT) in 1:1:1:1 ratio.

Allocation concealment Low risk All eligible patients were randomized via Interactive Response
(selection bias) Technology (IRT) in 1:1:1:1 ratio.
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Blinding of participants and Low risk The identity of the treatments was concealed by the use of

personnel (performance bias) study drugs that were all identical in packaging, labelling,
scheduling of administration, appearance, taste and odor.

Blinding of cutcome Low risk Quadruple masking (participant, care provider, investigator,

assessment (detection bias) outcomes assessor)

Incomplete outcome data Low risk Completion rates were high and similar (96-98%) among

(attrition bias) active comparators.

Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol

bias) were reported in full.

Mahler 2016
Methods Design: Randomized, multicenter, double-blind, parallel-group study

Duration: 52 weeks
Location: 65 centers in the US

Participants Population: 511 patients were randomized to one of two study arms;
Glycopyrrolate/GLY 15.6 mcg twice daily (n=251) or Indacaterol/IND 75 mcg
daily (n=256)

Baseline Characteristics:

Age (mean): GLY (63.3), IND (63.2)

Male (%): GLY (56.2), IND (58.2)

FEV1 L (pre BD): GLY (1.24), IND (1.25)

Current Smokers (%): GLY (54.2), IND (55.5)

Inclusion Criteria: Patients aged > 40 years with stable COPD (GOLD 2011
levels 2 and 3), who were current or ex-smokers with a smoking history of at
least 10 pack-years, who presented with post-bronchodilator FEV1 > 30% and
<80% of the predicted normal, and a post-bronchodilator FEV1/forced vital
capacity (FVC) < 0.70, and with a modified Medical Research Council (MMRC)
Dyspnea Scale grade of at least 2.

Exclusion Criteria: History of long QT syndrome, clinically significant
electrocardiogram (ECG) abnormality, clinically significant cardiovascular
disease, renal abnormalities, history of asthma, and COPD exacerbations that
required treatment with antibiotics and/or systemic corticosteroids and/or
hospitalization within the six weeks before the screening or during the screening
and run-in periods.

Interventions Inhaler Device: Both treatment arms used low-resistance, single-dose, dry
powder inhaler (Nechaler™ device).

Allowed Co-Medications: Stable background treatment with ICS was permitted
to be continued throughout the study. During the study, patients were provided
with albuterol as a rescue medication.

Outcomes Safety and tolerability in terms of the adverse event (AE) reporting rates. Time to
first moderate or severe COPD exacerbations. Pre-dose trough FEV1 at Week
52. FEV1 and FVC measurements at all post-baseline time-points, and rescue
medication use over 52 weeks of treatment period.

Notes Funding: Novartis
Identifiers: NCT01697696
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Risk of bias table

Authors'
Bias Support for judgement
judgement _— S

Random sequence generation | Low risk A patient randomization list was produced by the IRT provider
(selection bias) using a validated system that automated the random
assignment of patient numbers to randomization numbers. A
separate medication list was produced by Novartis Drug
Supply Management using a validated system that automated
the random assignment of medication numbers to study drug
packs containing each of the study drugs.

Allocation concealment Low risk A patient randomization list was produced by the IRT provider
(selection bias) using a validated system that automated the random
assignment of patient numbers to randomization numbers. A
separate medication list was produced by Novartis Drug
Supply Management using a validated system that automated
the random assignment of medication numbers to study drug
packs containing each of the study drugs.

Blinding of participants and Low risk Quadruple masking (participant, care provider, investigator,
personnel (performance bias) outcomes assessor)

Blinding of cutcome Low risk Quadruple masking (participant, care provider, investigator,
assessment (detection bias) outcomes assessor)

Incomplete outcome data Low risk 18% of patients discontinued the study before the end of
(attrition bias) treatment period, discontinuation rates and reasons were

similar between both groups.

Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol

hias) were reported in full.
Maleki-Yazdi 2014
Methods Design: Multicenter, randomized, double-dummy, parallel-group study

Duration: 24 weeks
Location: 71 centers in 8 countries (Bulgaria, Canada, Germany, Hungary,
Romania, Russia, Spain, and the United States)

Participants Population: 905 patients were randomized to treatment with once-daily
Umeclidinium bromide+Vilanterol/UMEC/VI 62.5/25 mcg (n=454) or
Tiotropium/TIO 18 mcg daily (n=451)

Baseline Characteristics:

Age (mean): UMEC/NI (61.9), TIO (62.7)

Male (%): UMEC//I (68), TIO (67)

FEV1 L (post BD): UMECNI (1.41), TIO (1.41)

Current Smokers (%): UMEC/VI (59), TIO (54)

Inclusion Criteria: Patients aged > 40 years with moderate-to-very severe
COPD and an established clinical history of COPD as defined by American
Thoracic Society/European Respiratory Society guidelines.

Exclusion Criteria: Hospitalized for COPD or pneumonia within 12 weeks prior
to Visit 1.
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Interventions Inhaler Device:

1. UMEC/VI via dry powder inhaler, DPI, ELLIPTA™ DPI; 2. TIO via Handi-Haler®
Allowed Co-Medications: Use of albuterol/salbutamol provided by
GlaxoSmithKline via metered dose inhaler as relief medication was permitted, but
was withheld for < 4 h prior to spirometry testing. Inhaled corticosteroids (ICS) at
a consistent dose of up to 1000 mcg/day of fluticasone propionate or equivalent
were permitted and recorded.

Outcomes Trough FEV1 at Day 169, weighted mean (WM) FEV1 over 0-6 h post-dose at
Day 168
Notes Funding: GlaxoSmithKline

Identifiers: NCT01777334, ZEP117115

Risk of bias table

: Authors' :
Bias e Support for judgement

Random sequence generation | Low risk The randomization code was generated using a

(selection bias) GlaxoSmith Kline validated computerized system, RandAll.
Allocation concealment Low risk Allocation of treatments was controlled using RAMOS
(selection bias) (Randomization and Medication Ordering System,

GlaxoSmithKline) and the link to the randomization schedule
was kept confidential from all staff.

Sindingicr padicioanie anq FANTIER Double-dummy design was used for retaining the blinding

personnel (performance bias)

Blinding of outcome Low risk The investigator and treating physician were blinded till an

assessment (detection bias) emergency arouse.

Incomplete outcome data Low risk Most patients completed the study (88%, UMEC/VI group;

(attrition bias) 86%, TIO group). Reasons for dropout were similar between
two groups.

Selective reporting (reporting Low risk All outcomes stated in the prospectively registered protocol

bias) were reported in full.
Martinez 2017a
Methods Design: A Randomized, Double Blind, Chronic Dosing, Placebo-Controlled,

Parallel Group, Multi Center Study
Duration: 24 weeks.
Location: Australia, New Zealand, United States

Participants Population: Glyco/FM (14.4/9.6) 526, Glyco (14.4) 451, FM (9.6) 452, Tio (18)
451
Baseline Characteristics: age 62.8 (SD8.4) F:M 914:1182
Inclusion Criteria:
@ Male or female subjects at least 40 years of age and no older than 80 at
Visit 1.
@ Subjects with an established clinical history of COPD as defined by the
American Thoracic Society (ATS)/European Respiratory Society (ERS)
® Current or former smokers with a history of at least 10 pack-years of
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cigarette smoking.

@ Average fthe -60 and the -30 min pre-dose FEV1 assessments must be <
80% predicted normal value calculated using National Health and Nutrition
Examination Survey (NHANES) Il reference equations.

@ Subjects willing and, in the opinion of the investigator, able to adjust current
COPD therapy as required by the protocol

Exclusion Criteria:

@ Significant diseases other than COPD, i.e. disease or condition which, in
the opinion of the investigator, may put the patient at risk because of
participation in the study or may influence either the results of the study or
the subject's ability to participate in the study

® Current diagnosis of asthma or alpha-1 antitrypsin deficiency

@ Other active pulmonary disease such as active tuberculosis, lung cancer,
bronchiectasis, sarcoidosis, idiopathic interstitial pulmonary fibrosis, primary
pulmonary hypertension, or uncontrolled sleep apnea

® Hospitalized due to poorly controlled COPD within 3 months prior to
screening or during the Screening Period

@ Poorly controlled COPD, defined as acute worsening of COPD that requires
treatment with oral corticosteroids or antibiotics within 6 weeks prior to
screening or during the Screening Period

@ Lower respiratory tract infections that required antibiotics within 6 weeks
prior to screening or during the Screening Period

@ Unstable ischemic heart disease, left ventricular failure, or documented
myocardial infarction within 12 months of enroliment.

® Recent history of acute coronary syndrome, percutaneous coronary
intervention, coronary artery bypass graft within the past three months

@ Congestive heart failure (CHF) New York Heart Association (NYHA) Class
HAV)

@ Clinically significant abnormal 12-lead ECG

@ Abnormal liver function tests defined as aspartate transaminase (AST),
alanine transaminase (ALT), or total bilirubin = 1.5 times upper limit of
normal at Visit 1 and on repeat testing

@ Cancer not in complete remission for at least five years

@ History of hypersensitivity to p2-agonists, glycopyrronium or other
muscarinic anticholinergics, lactose/milk protein or any component of the
MDI

Interventions Inhaler Device:

GFF MDI, GP MDI, FF MDI, Open-label tiotropium bromide inhalation powder,
Placebo MDI

Allowed Co-Medications:

Rescue albuterol, ICS, phosphodiesterase -4 inhibitor.

Outcomes Primary Outcome Measures: Change From Baseline in Morning Pre-dose
Trough FEV1 at Week 24 [ Time Frame: Baseline and at Week 24 ]

Notes Funding: Pearl Therapeutics
Identifiers: NCT01854645
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Risk of bias table

. Authors' .
Bias iidaemen Support for judgement

Random sequence generation | Low risk

(sslection bins) Randomised, no specific details but industry-funded

Allocation concealment Unclear risk

No detail
(selection bias) O cetails

Blinding of participants and High risk

Tiotropium was open label
personnel (performance bias) P P

Blinding of ocutcome High risk

Tiotropium was open label
assessment (detection bias) : &

Incomplete outcome data High risk Dropout relatively high and uneven among active
(attrition bias) comparators (GFF 18.6%, GP 23.5%, FF 18.1%, Tio 13.7%)

Selective reporting (reporting Low risk

bias) Located trial registration - outcomes well reported

Martinez 2017b

Methods Design: A Randomized, Double Blind, Chronic Dosing, Placebo-Controlled,
Parallel Group, Multi Center Study

Duration: 24 weeks.

Location: United States

Participants Population: Glyco/FM (14.4/9.6) 510 Glyco (14.4) 439, FM (9.6) 438
Baseline Characteristics: age 62.9 (SD 8.3) F:M 723:886
Inclusion Criteria:
@ Male or female subjects at least 40 years of age and no older than 80 at
Visit 1.
@ Subjects with an established clinical history of COPD as defined by the
American Thoracic Society (ATS)/European Respiratory Society (ERS)
@ Current or former smokers with a history of at least 10 pack-years of
cigarette smoking.
@ Subjects with FEV1/FVC ratio of <0.70 and FEV1 <80% predicted normal
and > 750 mL if FEV1 <30% of predicted normal value.
® Subjects willing and, in the opinion of the investigator, able to adjust current
COPD therapy as required by the protocol

Exclusion Criteria:

® Significant diseases other than COPD, i.e. disease or condition which, in
the opinion of the investigator, may put the patient at risk because of
participation in the study or may influence either the results of the study or
the subject's ability to participate in the study

@ Current diagnosis of asthma or alpha-1 antitrypsin deficiency

® Other active pulmonary disease such as active tuberculosis, lung cancer,
bronchiectasis, sarcoidosis, idiopathic interstitial pulmonary fibrosis, primary
pulmonary hypertension, or uncontrolled sleep apnea

® Hospitalized due to poorly controlled COPD within 3 months prior to
screening or during the Screening Period
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® Poorly controlled COPD, defined as acute worsening of COPD that requires
treatment with oral corticostercids or antibiotics within 6 weeks prior to
screening or during the Screening Period

® Lower respiratory tract infections that required antibiotics within 6 weeks
prior to screening or during the Screening Period

@ Unstable ischemic heart disease, left ventricular failure, or documented
myocardial infarction within 12 months of enroliment.

@ Recent history of acute coronary syndrome, percutaneous coronary
intervention, coronary artery bypass graft within the past three months

@ Congestive heart failure (CHF NYHA Class IlI/IV)

@ Clinically significant abnormal 12-lead ECG

® Abnormal liver function tests defined as AST, ALT, or total bilirubin > 1.5
times upper limit of normal at Visit 1 and on repeat testing

@ Cancer not in complete remission for at least five years

@ History of hypersensitivity to p2-agonists, glycopyrronium or other
muscarinic anticholinergics, lactose/milk protein or any component of the
MDI

Interventions Inhaler Device:

GFF MDI, GP MDI, FF MDI, Open-label tiotropium bromide inhalation powder,
Placebo MDI

Allowed Co-Medications:

Rescue albuterol, ICS, phosphodiesterase -4 inhibitor.

Outcomes Primary Outcome Measures: Change From Baseline in Morning Pre-dose
Trough FEV1

Notes Funding: Pearl Therapeutics
Identifiers: NCT01854658

Risk of bias table

Authors'
Bias Support for judgement
judgement PP udg

Random sequence generation | Low risk

(seleiicri Bios) Randomised, no specific details but industry-funded

Allocation concealment Unclear risk

No detail
(selection bias) O qetails

Blinding of participants and High risk

: Tiotropi label
personnel (performance bias) iotropium was open labe

Blinding of outcome High risk

Tiotropium was open label
assessment (detection bias) g P

Incomplete outcome data High risk Dropout relatively high and uneven among active
(attrition bias) comparators (GFF 21.2%, GP 17.0%, FF 15.6%, Tio 26.3%)

Selective reporting (reporting Low risk

bias) Located trial registration - outcomes well reported
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Ohar 2014

Methods Design: randomised, parallel-group study
Duration: 6 months
Location: unclear

Participants Population: FP/SAL (250/50) 314, SAL (50) 325

Baseline characteristics: Age 62.9 (SD 9.22) F:M 291:348

Inclusion criteria: >40 years of age and a historical FEV1/FVC<0.7, recent
event (within

14 days of randomisation) of: <10-day hospitalisation for an acute COPD
exacerbation, or exacerbation requiring treatment with oral corticosteroids (OCS)
or OCS+antibictics in an ER, or during a physician's office visit. If the index event
was office-based, a six month history of hospitalizations attributed to AECOPD
was also required.

Exclusion criteria: Diagnosis of pneumonia, congestive heart failure (CHF), or
other complicating co-morbidities, previous lung resection surgery (e.g.
lobectomy, pneumonectomy, etc) within the year preceding Visit 1 (Screening,
asthma as primary diagnosis, Lung cancer, cystic fibrosis, pulmonary fibrosis,
active tuberculosis, or sarcoidosis, clinically significant cardiac arrhythmias,
current malignancy or a previous history of cancer in remission for < Syrs
(localized basal cell or squamous cell carcinoma of the skin that has been
resected is not excluded), preganacy, hypersensitivity to any Beta-agonist,
sympathomimetic drug, or corticosteroid, etc.

Interventions 1. Salmeterol 50 bid (LABA)

2. Salmeterol/fluticasone 50/250 bid (LABA/ICS)

Inhaler Device: Diskus dry powder

Allowed Co-Medications: Albuterol as needed. Tiotropium.

Outcomes Pre-dose FEV1, exacerbation outcomes

Notes Funding: GlaxoSmithKline
Identifiers: NCT01110200, ADC113874

Risk of bias table

Bias ﬁjl::::r;sent Support for judgement

Random sequence generation | Low risk Allocation of double-blinded study treatments was conducted
(selection bias) using RAMOS (GlaxoSmithKline, UK), an interactive
voiceresponse system.

Allocation concealment Low risk Allocation of double-blinded study treatments was conducted
(selection bias) using RAMOS (GlaxoSmithKline, UK), an interactive
voiceresponse system.

Blinding of participants and Low risk

Double-blind
personnel (performance bias)

Blinding of outcome Low risk

) . No details provided but outcomes not subject to detecti