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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: 

• a LAMA alone 

• a LABA alone 

• 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. The evidence presented in this review was provided by 
the Cochrane Airways Group as part of a collaboration between the NICE Guideline 
Updates Team and the Cochrane group. We thank the Cochrane Airways Group for 
their assistance in providing the literature searches and data for this review question. 
The full details and results are provided in the published Cochrane review (Oba 
2018). 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  

Population • 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. 

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

Interventions • LAMA 

• LABA 

• LAMA + LABA 

• LABA + ICS 
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Comparator Each other 

Outcomes • COPD exacerbation (moderate to severe and severe) 

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

• Transition Dyspnoea Index (TDI) 

• Mortality 

• Total serious adverse events (SAEs) 

• Cardiac and COPD SAEs 

• Dropouts due to adverse event 

• Trough FEV1 

• Pneumonia 

• Resource use and costs 

Methods and process 

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. 

2. 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 
SGRQ score of ≥4 units).  

3. 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.  

4. 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.  

5. Resource use and costs were not included in the Cochrane review, but were 
addressed by the economic searches carried out by the NICE reviewers. 

6. This review only includes drugs and doses licensed in the USA and EU.  
7. The following inhaled bronchodilators were included in the review:  

https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview


 

 

FINAL 
Inhaled therapy combinations 

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

9 

• LAMA monotherapy (aclidinium, glycopyrronium, tiotropium and 
umeclidinium). 

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

• LABA/ICS (formoterol/beclomethasone, formoterol/budesonide, 
formoterol/ciclesonide, formoterol/fluticasone, formoterol/mometasone, 
indacaterol/ mometasone, salmeterol/fluticasone, 
vilanterol/fluticasone). 

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

8. 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.  

9. 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.  

10. 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.  

11. 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. 

12. 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. 

13. 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.  

14. 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.  

15. 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. 

16. 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 
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always tested. The Guideline updates team chose which of these models to 
use based on the rules in appendix B. 

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. Pooled results were 
reported 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 (Oba 2018) 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, which included articles up to February 2018. 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 

https://www.nice.org.uk/Media/Default/Get-involved/Fellows%20and%20scholars%20unsecure/Conflicts-of-interest-policy.pdf
https://www.nice.org.uk/Media/Default/Get-involved/Fellows%20and%20scholars%20unsecure/Conflicts-of-interest-policy.pdf
https://www.nice.org.uk/Guidance/CG101
https://www.nice.org.uk/Guidance/CG101
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trial reports, they were added to the existing references and any additional data was 
extracted under the original study name.  

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

Treatment Costs QALYs 
Incremental 
costs 

Incremental 
QALYs ICER 

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 

Treatment Costs QALYs 
Incremental 
costs 

Incremental 
QALYs ICER 

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 partially 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 ≥ 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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Economic model 

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 diagnosed with COPD. 

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 

 

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 

 

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:  

• Scenario 1: Exacerbations alone 

• Scenario 2: SGRQ and exacerbations 

• 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 

• 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 

• 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 and adverse events 

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: 

• 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  

Costs 

Five categories of cost were used in the model 

1. Drug costs – acquisition costs of long-acting bronchodilators 
2. Maintenance costs – routine healthcare resource use for each GOLD 

severity stage 
3. Exacerbation costs – resource use associated with a hospitalised or non-

hospitalised exacerbation 
4. Adverse event costs – costs associated with treating acute and chronic 

adverse events 
5. 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. NMA outcomes for high- and low-risk subgroups were used to model 
treatment effect, rather than combined outcomes for the overall population 

2. 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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Results 

Results presented in this section are means of 5,000 probabilistic iterations. 
Structural uncertainty in the model is also addressed stochastically, by randomly 
selecting 1 of the 5 scenarios for implementing treatment benefit in each iteration. 
Individual results for these scenarios are presented in Chapter H. 

Overall population  

Table 4 shows results for the overall population, when treatment effects on adverse 
events and mortality are excluded. These results indicate that starting treatment on 
LAMA+LABA is the most cost-effective option (ICER of £3,652 per QALY), with a 
relatively high degree of certainty (cost effective in 86.4% of iterations at a threshold 
of £20,000 per QALY).  

Table 4 – Mean probabilistic results for the overall population. Option A: 
treatment-specific differences in adverse events and mortality 
excluded 

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LAMA - to - LAMA+LABA £27,595 5.51 - - - 11.8% 

LAMA - to - LABA+ICS £27,783 5.48 £188 -0.029 dominated 0.0% 

LAMA+LABA £27,875 5.59 £280 0.077 £3,653 86.4% 

LABA - to - LAMA+LABA £27,948 5.49 £73 -0.097 dominated 0.3% 

LABA - to - LABA+ICS £28,134 5.46 £259 -0.126 dominated 0.0% 

LABA+ICS £28,157 5.55 £282 -0.040 dominated 1.5% 

Table 5 shows results when the effect of treatment on adverse events is included. 
These results show that LAMA+LABA still has the highest probability of being cost 
effective (55.1% at a threshold of £20,000 per QALY), but this result is somewhat 
less certain than in the previous scenario.  

Table 5 – Mean probabilistic results for the overall population. Option B: 
treatment-specific differences in adverse events but not mortality 
included 

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LAMA - to - LAMA+LABA £28,190 5.47 - - - 22.8% 

LABA - to - LAMA+LABA £28,317 5.46 £127 -0.009 dominated 8.6% 

LAMA - to - LABA+ICS £28,359 5.44 £169 -0.029 dominated 0.2% 

LABA - to - LABA+ICS £28,481 5.43 £291 -0.038 dominated 0.2% 

LAMA+LABA £28,638 5.54 £448 0.068 £6,552 55.1% 

LABA+ICS £28,826 5.50 £188 -0.037 dominated 13.1% 

Table 6 shows results when treatment effects on both adverse events and mortality 
are included. These results show that LABA+ICS is now the strategy which 
generates the highest number of QALYs, but is associated with a mean ICER in 
excess of £20,000 per QALY (£21,308 per QALY). Probabilistic sensitivity analysis 
also shows that there is now a high degree of uncertainty surrounding results 
(LABA+ICS is cost effective in 37.2% of iterations, and LAMA+LABA in 34.7% of 
iterations at a threshold of £20,000 per QALY). 
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Table 6 – Mean probabilistic results for the overall population. Option C: 
treatment-specific differences in adverse events and mortality 
included 

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LAMA - to - LAMA+LABA £26,825 5.29 - - - 8.5% 

LABA - to - LAMA+LABA £27,138 5.31 £314 0.021 ext. dom. 8.6% 

LAMA - to - LABA+ICS £27,331 5.30 £506 0.018 dominated 3.0% 

LAMA+LABA £27,555 5.39 £731 0.106 £6,901 34.7% 

LABA - to - LABA+ICS £27,639 5.32 £84 -0.067 dominated 7.9% 

LABA+ICS £28,181 5.42 £626 0.029 £21,308 37.2% 

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 (£463 per QALY), and has a high probability of being the most cost-
effective treatment (94.7% at a threshold of £20,000 per QALY).  

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

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LAMA - to - LAMA+LABA £28,960 5.43 - - - 5.1% 

LAMA+LABA £29,004 5.53 £44 0.094 £463 94.7% 

LAMA - to - LABA+ICS £29,205 5.39 £201 -0.131 dominated 0.0% 

LABA+ICS £29,378 5.47 £374 -0.051 dominated 0.1% 

LABA - to - LAMA+LABA £29,613 5.39 £609 -0.134 dominated 0.0% 

LABA - to - LABA+ICS £29,855 5.35 £851 -0.171 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 (75.6% at a threshold of £20,000 per QALY). 

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

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LAMA+LABA £29,360 5.51 - - - 75.6% 

LAMA - to - LAMA+LABA £29,375 5.41 £14 -0.098 dominated 19.1% 

LAMA - to - LABA+ICS £29,699 5.37 £338 -0.142 dominated 0.1% 

LABA - to - LAMA+LABA £29,836 5.38 £476 -0.131 dominated 1.6% 

LABA+ICS £29,914 5.45 £553 -0.066 dominated 3.5% 

LABA - to - LABA+ICS £30,157 5.34 £796 -0.174 dominated 0.1% 
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Table 9 shows results for the high-risk population when treatment effects on mortality 
and adverse events are included. Results show that uncertainty increases 
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 (60.6% at a threshold of £20,000 per QALY).  

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

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LAMA - to - LAMA+LABA £28,135 5.25 - - - 10.1% 

LAMA+LABA £28,432 5.38 £297 0.137 £2,171 60.6% 

LABA - to - LAMA+LABA £28,571 5.21 £139 -0.171 dominated 1.4% 

LAMA - to - LABA+ICS £28,784 5.25 £352 -0.135 dominated 3.2% 

LABA - to - LABA+ICS £29,211 5.21 £779 -0.169 dominated 0.9% 

LABA+ICS £29,414 5.38 £982 -0.001 dominated 23.8% 

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 (58.9% at a threshold of 
£20,000 per QALY), although there is substantially less certainty 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 

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LAMA - to - LAMA+LABA £26,317 5.58 - - - 22.9% 

LABA - to - LAMA+LABA £26,432 5.58 £115 0.001 ext. dom. 5.0% 

LAMA - to - LABA+ICS £26,447 5.56 £130 -0.024 dominated 0.6% 

LABA - to - LABA+ICS £26,561 5.56 £244 -0.022 dominated 0.1% 

LAMA+LABA £26,750 5.66 £433 0.072 £6,052 58.9% 

LABA+ICS £26,942 5.63 £192 -0.029 dominated 12.6% 

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 (£24,495) , and LABA -to- LAMA+LABA shows the 
highest probability of being cost effective (32.0% at a threshold of £20,000 per 
QALY), 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 

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LABA - to - LAMA+LABA £26,967 5.55 - - - 32.0% 
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Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LABA - to - LABA+ICS £27,020 5.53 £52 -0.020 dominated 5.8% 

LAMA - to - LAMA+LABA £27,146 5.53 £179 -0.020 dominated 11.4% 

LAMA - to - LABA+ICS £27,206 5.50 £239 -0.040 dominated 0.5% 

LABA+ICS £27,808 5.57 £841 0.021 ext. dom. 28.5% 

LAMA+LABA £27,860 5.58 £893 0.036 £24,495 21.8% 

Table 12 shows the results for the low-risk population when treatment effects on 
mortality and adverse events are included. Results show that, in this scenario, 
strategies containing LABA and LABA+ICS have a higher probability of being cost 
effective than other strategies (38.6% at a threshold of £20,000 per QALY), although 
no one strategy is clearly the optimal choice.  

Table 12 – Mean probabilistic results for the low-risk subgroup. Option C: 
treatment-specific differences in adverse events and mortality 
included 

Strategy 

Absolute Incremental Prob CE at 
£20k/QALY Costs QALYs Costs QALYs ICER 

LAMA - to - LAMA+LABA £24,488 5.13 - - - 2.4% 

LABA - to - LAMA+LABA £25,054 5.27 £567 0.141 £4,015 16.6% 

LAMA - to - LABA+ICS £25,057 5.19 £3 -0.085 dominated 0.9% 

LAMA+LABA £25,488 5.24 £433 -0.035 dominated 10.3% 

LABA - to - LABA+ICS £25,635 5.33 £581 0.059 £9,897 38.6% 

LABA+ICS £26,131 5.34 £496 0.002 £310,570 31.2% 

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 FEV1, SGRQ responders and total scores, 
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 

LABA/LAMA versus LABA/ICS 

• Moderate quality evidence from 8 RCTs with 8,753 people found a reduction in the 
number of people experiencing pneumonia who were offered LAMA/LABA 
compared to LABA/ICS. 

• Very low to moderate quality evidence from up to 7 RCTs with up to 6,446 people 
found an improvement in trough FEV1 at 3 and 6 months in people offered 
LAMA/LABA compared to LABA/ICS, but the point estimates were less than the 
defined individual minimal clinically important differences. 

• Very low to high quality evidence from up to 9 RCTs with up to 8,796 people found 
no meaningful difference in the change in FEV1 at 12 months; TDI score at 3 and 
6 months; SGRQ score at 3, 6 and 12 months; the numbers of SGRQ responders 
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at 3 and 12 months; or in the numbers of people experiencing moderate to severe 
exacerbations and SAEs in people offered LAMA/LABA compared to LABA/ICS.  

• Low to moderate quality evidence from up to 9 RCTs with up to 8,796 people 
could not differentiate between people offered LAMA/LABA compared to 
LABA/ICS with regards to the number of people experiencing severe 
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 
SGRQ 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 
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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 
SGRQ responders at 3 months, 6 months and 12 months; people experiencing 
severe exacerbations, COPD SAEs and dropouts due to adverse events.  

LABA/ICS 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. 

• 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 
SGRQ 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 indicating 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.  
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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: 

• 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.  

• 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.  

• 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 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 QALYs 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 increases the amount 
of uncertainty in results (35%-55% probability that LAMA+LABA is the most cost 
effective treatment).  
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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 
discussions for both reviews are contained in the section on LAMA monotherapy. 
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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 licensed for use in the UK: aclidinium, glycopyrronium, tiotropium 
and umeclidinium. They are all available as dry powder inhalers and licensed for 
COPD. Tiotropium is also available in a Respimat device. 

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. 

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) 

Interventions Specific drug from LAMA class including:  

• Aclidinium 

• Glycopyrronium (also known as glycopyrrolate)  

• Tiotropium  

• Umeclidinium  

Comparator • Alternative drug from LAMA class 

• Placebo 

Outcomes • COPD exacerbations (moderate to severe and severe) 

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

• Transition Dyspnoea Index (TDI) 
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• Mortality 

• Total serious adverse events (SAEs) 

• Cardiac and COPD SAEs 

• Dropout due to adverse event 

• Trough FEV1 

• Pneumonia 

• Exercise tolerance/ capacity (6MWD) 

• Resource use and costs 

Methods and process 

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. 

2. 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 SGRQ total score and as the number of responders (decrease in SGRQ 
score of ≥4 units). 

3. 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. 

4. Breathlessness was only measured using the Transition Dyspnoea Index 
(TDI). 

5. 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.  

6. 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 licensed in the UK. Where 
multiple doses are presented, data was collected for all licensed doses. 
However, trials using doses of up to 20% more or less than the licensed UK 
dose were also included. The following drugs are currently licensed 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 

https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
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used the format listed above, which may not refer to the same formulation, 
but matches the doses referred to in the included clinical trials.  

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

8. 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.  

9. 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). 

10. 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.  

11. 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. 

12. 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.  

13. 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 ≥ 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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(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. 

14. 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 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.  

15. 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. 

16. Within trial subgroup analyses were not carried out for this review because 
the majority 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.  

17. 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.  

18. 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. 

19. 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. 

20. 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.  

21. Results were reported as the posterior mean and 95% credible interval 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.  

22. 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 



 

 

FINAL 
LAMA monotherapy 

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

32 

that particular outcome. This was Bateman 2010b for most outcomes and 
Dusser 2006 otherwise. Post-consultation, data was added for UPLIFT, which 
became the largest included trial, but the trial used for the OR to RR was not 
changed. However, the data for Bateman 2010 was updated based on the 
information from Boehringer Ingelheim. 

23. Where the data for the NMA for a dichotomous outcome (for example 
mortality) included trials with 0 events in both arms, these trials were not 
included as part of the analysis because trials with 0 events in both arms do 
not contribute evidence on the treatment effects. 

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.  

Clinical evidence 

Included studies 

This review was conducted as part of a larger update of the 2010 NICE COPD 
guideline (CG101). A systematic literature search for randomised controlled trials 
(RCTs) and systematic reviews (SRs) was conducted and this returned 4,324 
references. No date limits were used for the search as this is a new question, based 
on evidence identified during routine surveillance. Additional references were added 
from the old guideline (6) and from the surveillance report (40) to give 4,254 
references after duplicated were removed.  

These were screened on title and abstract, with 238 papers ordered as potentially 
relevant Systematic Reviews (SRs), Network Meta-analyses (NMAs) or RCTs. RCTs 
were excluded if they did not meet the criteria specified in the review protocol 
(appendix A). Thirty-four papers were included after full text screening: 6 SRs, 3 
NMAs and 25 RCTs. This process is presented in a PRISMA diagram in appendix D. 

The UPLIFT trial (see Tashkin 2008) was not included initially as the study allowed 
background use of LABAs. On request, Boehringer Ingelheim (BI) provided 
unpublished data for the group of participants who were not taking a LABA at 
baseline. This took the number of included studies to 35 in total.  

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

https://www.nice.org.uk/Media/Default/Get-involved/Fellows%20and%20scholars%20unsecure/Conflicts-of-interest-policy.pdf
https://www.nice.org.uk/Media/Default/Get-involved/Fellows%20and%20scholars%20unsecure/Conflicts-of-interest-policy.pdf
https://www.nice.org.uk/Guidance/CG101
https://www.nice.org.uk/Guidance/CG101
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capture papers published whilst the guideline was being developed. These searches, 
which included articles up to February 2018, returned 3,100 references in total for all 
the questions included in the update, and these were screened on title and abstract. 
No additional relevant references were found for this review question.The process of 
study identification is summarised in the diagram in appendix D. 

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

Excluded studies 

Studies which allowed concomitant use of other LAMAs or LABAs were excluded 
(please refer to the methods and processes section above for details).Trials with 
open-label interventions were also excluded. In addition, individual papers were 
excluded if they contained no outcomes of interest, even if they referred to an 
included clinical trial, as were studies reporting analyses of pooled trial data if this 
data was available elsewhere.  

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 

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.  

• 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. Unpublished data for the UPLIFT trial 
was also included here (see below), making 16RCTs in total.  

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

• 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.  

• 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 by 
Boehringer Ingelheim (BI). Specifically, this data comprised effect and sample sizes 
where there was a lack of clarity in the published paper (Bateman 2010 and Casaburi 
2002), and unpublished data for the UPLIFT trial (see Tashkin 2008) for the group of 
participants who were not taking a LABA at baseline. The unpublished data for the 
UPLIFT trial is included in appendix O.  
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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. 

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 

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.  

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 

• Low to moderate quality evidence from up to 10 RCTs with up to 5,421 people 
showed an improvement in trough FEV1 and TDI at 3, 6 and 12 months, and an 
increase in SGRQ responders in people offered tiotropium compared to placebo. 

• Low to moderate quality evidence from up to 11 RCTs with up to 7,629 people 
found a reduction in drop-outs due to adverse events, the number of people 
having moderate to severe exacerbation and an improvement in SGRQ score and 
trough FEV1 at 48 months in people offered tiotropium compared to placebo, but 
the point estimates were less than the defined individual minimal clinically 
important differences. 

• Moderate quality evidence from 13 RCTs with 10,591 people found no meaningful 
difference in the numbers of people with severe exacerbations and serious 
adverse events in people offered tiotropium compared to placebo.  

• Low quality evidence from up to 13 RCTS with up to 10,663 people could not 
differentiate the numbers of people with all-cause mortality and sessions of 
pneumonia in people offered tiotropium compared to placebo. 

Publication bias: tiotropium versus placebo 

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

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 
and a reduction in the number of people with moderate to severe exacerbations in 
people offered aclidinium compared to placebo. 
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• 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. 



 

 

FINAL 
LAMA monotherapy 

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

37 

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. 

• 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 

• 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. 

• Very low to moderate-quality evidence from 5 network meta-analyses containing 
up to 15,690 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 - 
18,658 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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The committee’s discussion of the evidence 

Interpreting the evidence  

The outcomes that matter most 

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. 

Inhaled therapy combinationsThe 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 old1, 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 

 
1 British Lung Foundation. Chronic obstructive pulmonary disease (COPD) statistics [online; accessed 

23 April 2018] 

https://statistics.blf.org.uk/copd?_ga=2.219875801.1367299004.1527163268-1758129798.1527163268
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Cochrane group had not used a date cut 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% CI 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% CrI (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 differences between the pairwise (from Wedzicha 2008) 
and NMA data. The low RR point estimate from the pairwise data was did not appear 
strongly in the final NMA result due to the higher weighting of the indirect evidence in 
that comparison (due to higher certainty in the indirect evidence).  

LAMA monotherapy 

The committee commented that ideally the trial population would be treatment naïve 
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 UPLIFT trial was initially excluded from this review as the trial included 
participants taking LABA at baseline who were allowed to continue taking the drug. 
However, Boehringer Ingelheim supplied data (see appendix O) for the population of 
people who were not taking LABA, enabling the inclusion of this trial in the analysis. 
This study looked at the long term effects (4 years) of tiotropium versus placebo, 
compared to maximum duration of 12 months in the other trials. As a result, the data 
from this trial was kept in a separate subgroup for the continuous outcomes (TDI and 
SGRQ) as these were analysed by trial duration, but pooled with the dichotomous 
outcomes (with a footnote for the study duration). The committee agreed with this 
inclusion strategy.  

Since there was a high dropout rate in the placebo arm of the UPLIFT trial over the 4 
years. Boehringer Ingelheim provided data on dropouts due to adverse events, 
mortality, serious adverse events (SAEs) and the number with at least one episode of 
pneumonia that was adjusted for the time at risk (rate/100 patient years) as well as 
the actual number of people with an event. The committee agreed with the NICE 
Guideline Updates Team that it was appropriate in this case to include the data for 
the actual number of people experiencing an event to be consistent with data 
included from other trials.  

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. 
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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 
domains were below the defined MIDs, these were likely to add up to a meaningful 
difference overall. In addition, the committee were aware that the MIDs were 
developed to assess whether an active treatment was superior to a placebo 
treatment, rather than to compare active treatments. As a result, use of these MIDs 
may underestimate the difference in effect between treatments. To overcome these 
issue, 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 
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features/features suggesting steroid responsiveness2 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 
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 envisaged that the treatment pathway of LAMA+LABA or LABA+ICS 
above would apply to people with COPD who were beginning to use a long-acting 
bronchodilator for the first time. However, they agreed that people who were already 
using a long-acting bronchodilator, and did not have uncontrolled symptoms, did not 
need to be switched to the new pathway until their clinical needs changed. They 
wrote a recommendation to clarify this issue. The committee also discussed the 
importance of reviewing the effectiveness of these inhaled therapies regularly. They 
did not include a recommendation on this topic as the 2010 guideline already has a 
section on the follow-up of people with COPD in primary care that includes a review 
of medicines. The LAMA+LABA and LABA+ICS recommendations both include a list 
of factors that the committee decided were important to think about before long-
acting therapy is prescribed. The comittee did not intend that the list of other 
treatments, for example for tobacco dependence and optimised non-pharmacological 
management, would act as a barrier to prevent people from accessing long-acting 
treatments. Instead, they agreed that it was important for the healthcare professional 
to ensure that people had been given access to these other interventions, where 
relevant, because they are beneficial for people with COPD, but that the 
recommendation was not meant to imply that people should be denied long-acting 
therapies while they waited for/ undertook them. To simplify an already complex 

 
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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recommendation, the committee decided to use the term optimised non-
pharmacological management to cover a range of non-pharmacological interventions 
including a self-management plan, pulmonary rehabilitation and optimised treatment 
for comorbidities.  

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.  

The committee were aware that their definition of asthmatic features/features 
suggesting steroid responsiveness lacked detail about the threshold to use for a 
higher eosinophil count; the process of measurement of eosinophil count and the 
measurement of variation in FEV1 and peak expiratory flow. The committee 
discussed the inclusion of a threshold to define a higher eosinophil count, but agreed 
that based on the evidence available it was not possible to define a specific threshold 
or to decide whether single or repeated measurement of eosinophils should be 
carried out. In particular, they noted that the normal levels of eosinophils vary within 
the population and that different thresholds are used by different centres. The 
committee also discussed the measurement of FEV1 variation over time and peak 
expiratory flow with the same conclusions. As a result, they wrote a research 
recommendation to investigate which features could be used to predict inhaled 
corticosteroid responsiveness most accurately in people with COPD to help improve 
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 LAMAs (see summary Table 67).  
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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 
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 unlicensed 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: 

• 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. 

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

• 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. 
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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, 
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 
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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 
true; a lower baseline exacerbation rate results in higher ICERs and less certainty 
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.  
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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 
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.  
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Appendices 

Appendix A – Review protocols 

Review protocol for combinations of inhaled therapies 

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: 

• a LAMA alone 

• a LABA alone 

• 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: 

• 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. 

• Obstructive ventilator defect should be at least 

moderate, with a baseline FEV1 less than 80% 

of predicted. 

Eligibility criteria – 

interventions 

• LAMA 

• LABA 

• LAMA + LABA 

• LABA + ICS 

Eligibility criteria – 

comparators 

Each other 

http://www.prisma-statement.org/Extensions/Protocols.aspx
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Outcomes • COPD exacerbation (moderate to severe and 

severe) 

• St George’s Respiratory Questionnaire 

(SGRQ) score and decrease in SGRQ score ≥ 

4 units (responder) 

• Transition Dyspnoea Index (TDI) 

• Mortality 

• Total serious adverse events (SAEs) 

• Cardiac and COPD SAEs 

• Dropout due to adverse event 

• Trough FEV1 

• Pneumonia 

• Resource use and costs 

Eligibility criteria – study 

design  

• RCTs 

• Systematic reviews of RCTs 

Other inclusion exclusion 

criteria 

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

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

Subgroups: 

• Disease severity 

• Treatment duration 

• Smoking status 

• Type of each arm (intraclass comparison) 

• Dose of ICS component for pneumonia 

• 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: 
 

• AMED (EBSCO) 

• CINAHL (EBSCO) 

• Cochrane Central Register of Controlled Trials 
– CENTRAL (the Cochrane Library) 

• EMBASE (Ovid) 

• MEDLINE (Ovid) 

• PsycINFO (Ovid) 
 

• ClinicalTrials.gov 

• World Health Organization (WHO) trials portal 
 
All databases will be searched from their inception 
to present.  
 
Hand searches: core respiratory conference 
abstracts 
 

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

• American Thoracic Society (ATS) 

• Asia Pacific Society of Respirology (APSR) 

• British Thoracic Society Winter Meeting 
(BTS) 

• Chest Meeting 

• European Respiratory Society (ERS) 

• International Primary Care Respiratory 
Group Congress (IPCRG) 

• Thoracic Society of Australia and New 
Zealand (TSANZ) 

 
NICE economic search:  
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• 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  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 I (economic evidence tables).  

https://www.nice.org.uk/guidance/indevelopment/gid-ng10026
https://www.nice.org.uk/article/pmg20/chapter/4-Developing-review-questions-and-planning-the-evidence-review#planning-the-evidence-review
https://www.nice.org.uk/article/pmg20/chapter/4-Developing-review-questions-and-planning-the-evidence-review#planning-the-evidence-review
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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 I 

(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. 

https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
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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. 

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 

• Specific drug from LAMA class including:  

• Tiotropium  

• Glycopyrronium (sometimes called 

glycopyrrolate)  

• Aclidinium (Eklira brand name) 

• Umeclidinium 

Eligibility criteria – comparators • Alternative drug from LAMA class 

• Placebo 

Outcomes • Mortality 

• Hospital admissions and readmissions 

• Exacerbations 

• Gas trapping (Residual Volume, RV) 

http://www.prisma-statement.org/Extensions/Protocols.aspx
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• Gas transfer (carbon monoxide diffusion 

capacity and arterial oxygen partial pressure, 

PaO2) 

• 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 ≥5, ≥ 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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• 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: 
 

• Cochrane Database of Systematic Reviews – 
CDSR (Wiley) 

• Cochrane Central Register of Controlled Trials 
– CENTRAL (Wiley) 

• •Database of Abstracts of Reviews of Effects 
– DARE (Wiley) 

• Health Technology Assessment Database – 
HTA (Wiley) 

• EMBASE (Ovid) 

• MEDLINE (Ovid) 

• 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:  
 

• 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 I (economic evidence tables).  

Data items – define all 
variables to be collected 

For details please see evidence tables in 

appendix E (clinical evidence tables) or I 

(economic evidence tables). 

Methods for assessing bias at 
outcome/study level 

See Appendix B 

  

Criteria for quantitative 
synthesis 

See Appendix B 

 

https://www.nice.org.uk/guidance/indevelopment/gid-ng10026
https://www.nice.org.uk/article/pmg20/chapter/4-Developing-review-questions-and-planning-the-evidence-review#planning-the-evidence-review
https://www.nice.org.uk/article/pmg20/chapter/4-Developing-review-questions-and-planning-the-evidence-review#planning-the-evidence-review
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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. 

https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
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Appendix B – Methods 

Priority screening 

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. 

• 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. 

Incorporating published systematic reviews 

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. 

Quality assessment 

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

• 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. 

• 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: 

• Fully applicable – The identified review fully covers the review protocol in the guideline. 

• Partially applicable – The identified review fully covers a discrete subsection of the review 
protocol in the guideline. 

• 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. 

Using systematic reviews as a source of data 

If systematic reviews were identified as being sufficiently applicable and high quality, they 
were 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. When systematic reviews were used as a source of primary 
data, any unpublished or additional data included in the review which is not in the primary 
studies was also included. Data from these systematic reviews was then quality assessed 
and presented in GRADE/CERQual tables as described below, in the same way as if data 
had been extracted from primary studies. In questions where data was extracted from both 
systematic reviews and primary studies, these were cross-referenced to ensure none of the 
data had been double counted through this process. 

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

Quality Applicability Use of systematic review 

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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Incorporating published Network Meta-Analyses (NMAs) 

Quality assessment 

Published 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: 
Checklist and Explanations. Ann Intern Med. 2015;162(11):777-784. 

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

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

1. Has the rationale for the review been described in the context of what is already 
known, including mention of why a network meta-analysis has been conducted? 

2. Have the study characteristics (e.g., PICOS, length of follow-up) and report 
characteristics (e.g., years considered, language, publication status) used as criteria 
for eligibility been specified, with rationale given for the choices made? Have eligible 
treatments included in the treatment network been clearly described, and has it been 
noted whether any have been clustered or merged into the same node (with 
justification)? 

3. Have the methods used to explore the geometry of the treatment network and 
potential biases related to it been described? This should include how the evidence 
base has been graphically summarised for presentation, and what characteristics 
were compiled and used to describe the evidence base to readers.  

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

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

a. Handling of multi-arm trials;  
b. Selection of variance structure;  
c. Selection of prior distributions in Bayesian analyses; and  
d. Assessment of model fit 

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

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

a. Sensitivity or subgroup analyses;  
b. Meta-regression analyses;  
c. Alternative formulations of the treatment network; and  
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)? 

Using published NMAs as a source of data 

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.  

Evidence synthesis and meta-analyses of pair-wise data 

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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Evidence of effectiveness of interventions 

Quality assessment 

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: 

• 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. 

• 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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• The presence of significant statistical heterogeneity in the meta-analysis, defined as 
I2≥50%. 

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. 

Minimal clinically important differences (MIDs) 

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. The identified MIDs were originally designed for the comparison of a treatment 
against placebo. However it was concluded that, in the absence of MIDs for comparing 
combinations of active drug treatments, these would still be of use to help the committee with 
their discussion of the evidence. For other mean differences where no MID is given below 
the line of no effect is used. 

Table 15: Identified MIDs 

Outcome MID Source 

Total score in St. George’s 
respiratory questionnaire 

4 points 

(-4,+4) 

Schünemann HJ, Griffith L, Jaeschke R, et al. 
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 
Dyspnoea Index (TDI) 

1 point 
(-1, +1) 

Witek TJ, Mahler DA. Minimal important difference of 
the transition dyspnoea index in a multinational 
clinical trial. The European respiratory journal 2003; 
21:267-272. 

Change in FEV1 100ml 
(-100, +100) 

Cazzola M, MacNee W, Martinez M et al. Outcomes 
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 
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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.  

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% CI 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. 

GRADE for pairwise meta-analyses of interventional evidence 

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 

GRADE criteria Reasons for downgrading quality 

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 I2 statistic. 

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

Not serious: If the I2 was less than 33.3%, the outcome was not downgraded.  
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GRADE criteria Reasons for downgrading quality 

Serious: If the I2 was between 33.3% and 66.7%, the outcome was 
downgraded one level.  

Very serious: If the I2 was greater than 66.7%, 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 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. 

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

Publication bias 

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. 

Evidence statements 

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. 
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• 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. 

• 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:  

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

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

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

The evidence statements also cover the quality of the outcome based on the GRADE table 
entry. These can be included as single ratings of quality or go from one quality level to 
another if multiple outcomes with different quality ratings are summarised by a single 
evidence statement. 

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

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

In situations where there are more than two interventions, pairwise meta-analysis of the 
direct evidence alone is of limited use. This is because multiple pairwise comparisons need 
to be performed to analyse each pair of interventions in the evidence, and these results can 
be difficult to interpret. Furthermore, direct evidence about interventions of interest may not 
be available. For example studies may compare A vs B and B vs C, but there may be no 
direct evidence comparing A vs C. Network meta-analysis overcomes these problems by 
combining all evidence into a single, internally consistent model, synthesising data from 
direct and indirect comparisons, and providing estimates of relative effectiveness for all 
comparators and the ranking of different interventions. Network meta-analyses were 
undertaken in situations where the following three criteria were met: 

• At least three treatment alternatives. 

• A connected network which enabled valid estimates to be made. 

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

Synthesis 

Hierarchical Bayesian Network Meta-Analysis (NMA) was performed using WinBUGS 
version 1.4.3. The models used reflected the recommendations of the NICE Decision 



 

 

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

 

FINAL 
 

67 

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 at least 10,000 samples from the posterior distribution of 
each model, having first run and discarded at least 50,000 ‘burn-in’ iterations. At least two 
separate chains with different initial values were used. Thinning was used in cases where 
autocorrelation was detected (thin of 10). 

Non-informative prior distributions were used in all models. Unless otherwise specified, trial-
specific baselines and treatment effects were assigned Normal (0, 10000) priors, and the 
between-trial standard deviations used in random-effects models were given Uniform (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 effect model was considered to provide an equivalent fit 
to the data in a more parsimonious analysis, and was preferred. The choice of 6 points lower 
was based on using 3 points lower for the choice of a fixed effect versus random effects 
model and then 3 points lower again to choose a model with 2 random effects terms. 

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 

GRADE criteria Reasons for downgrading quality 

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. 

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. 

http://www.nicedsu.org.uk/
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GRADE criteria Reasons for downgrading quality 

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. 

Evidence statements 

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.  

Health economics 

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 
clinical search; only cost–utility analyses were included. Economic evidence profiles, 
including critical appraisal according to the Guidelines manual, were completed for included 
studies. 
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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 
limitations  

Fails to meet one or more quality criteria and this could change 
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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Appendix C – Literature search strategies 

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

Review question search strategy 

 

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

• a LAMA alone 

• a LABA alone 

• a LABA plus an inhaled corticosteroid (ICS) 

Electronic searches: core databases 

Database 
Frequency of 
search 

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 

 
 

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

Handsearches: core respiratory conference abstracts 

Conference Years searched 

American Academy of Allergy, Asthma and Immunology 
(AAAAI) 

2001 onwards 

American Thoracic Society (ATS) 2001 onwards 

Asia Pacific Society of Respirology (APSR) 2004 onwards 

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD012620/full
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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/ 

2. exp Pulmonary Disease, Chronic Obstructive/ 

3. emphysema$.mp. 

4. (chronic$ adj3 bronchiti$).mp. 

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

6. COPD.mp. 

7. COAD.mp. 

8. COBD.mp. 

9. AECB.mp. 

10. or/1-9 

Filter to identify RCTs 

1. exp "clinical trial [publication type]"/ 

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

3. placebo.ab,ti. 

4. dt.fs. 

5. randomly.ab,ti. 

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:MISC1 

#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 GW642444 

#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 

NICE search methods for the LAMA monotherapy review question 

Main searches 

Sources searched for this review question: 

• Cochrane Database of Systematic Reviews – CDSR (Wiley) 

• Cochrane Central Register of Controlled Trials – CENTRAL (Wiley) 

• Database of Abstracts of Reviews of Effects – DARE (Wiley) 

• Health Technology Assessment Database – HTA (Wiley) 

• EMBASE (Ovid) 

• MEDLINE (Ovid) 

• MEDLINE In-Process (Ovid) 

Identification of evidence 

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.  

http://airways.cochrane.org/sites/airways.cochrane.org/files/public/uploads/Search%20strategies%20document_2013_0.pdf
http://airways.cochrane.org/sites/airways.cochrane.org/files/public/uploads/Search%20strategies%20document_2013_0.pdf
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Searches were re-run in February 2018 and also included searching Medline epub ahead of 
print. 

Review question search strategy 

• 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? 

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

Search strategy  

Medline Strategy, searched 14th September 2017 

Database: Ovid MEDLINE(R) 1946 to September Week 1 2017 

Search Strategy: 

1     lung diseases, obstructive/  

2     exp pulmonary disease, chronic obstructive/  

3     (copd or coad or cobd or aecb).tw.  

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. 
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Medline Strategy, searched 14th September 2017 

Database: Ovid MEDLINE(R) 1946 to September Week 1 2017 

Search Strategy: 

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  

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

Study design filters and limits 

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

Study design filters 

The MEDLINE SR and RCT filters are presented below.  

 

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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The MEDLINE SR and RCT filters are presented below.  

 

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/  

9     ((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. 

Health Economics search strategy 

Economic evaluations and quality of life data 

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 5th 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 

The MEDLINE economic evaluations and quality of life search filters are presented below. 
They were translated for use in the MEDLINE In-Process and Embase databases. 

Economic evaluations 

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     (qaly$ or qald$ or qale$ or qtime$).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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The MEDLINE economic evaluations and quality of life search filters are presented below. 
They were translated for use in the MEDLINE In-Process and Embase databases. 

Economic evaluations 

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 hql or hqol 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     tto.tw.  

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

Inhaled therapy combinations 

Please refer directly to the Cochrane review for the PRISMA diagram.   
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LAMA monotherapy 
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Appendix E – Clinical evidence tables 

Inhaled therapy combinations 

Randomised Controlled Trials (RCTs) 

The following tables were taken directly from the updated Cochrane review and are based on 
the work of the Cochrane Airways Group. 
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Overall study risk of bias and directness 1 

This table was compiled by the NICE Guideline Updates Team. 2 

Study name Risk of bias Directness 

205.137 2003 Low Directly applicable 

205.264 2004 High1 Directly applicable 

A3401 2016 High2 Directly applicable 

Aaron 2007 Low Directly applicable 

Agusti 2014 Low Directly applicable 

Anzueto 2009 Moderate3 Directly applicable 

Asai 2013 High2 Directly applicable 

B1303 2011 High2 Directly applicable 

Bateman 2013 High4 Directly applicable 

BI1237.22 2014 Low Directly applicable 

Bogdan 2011 Moderate5 Directly applicable 

Briggs 2005 Low Directly applicable 

Brusasco 2003 Low Directly applicable 

Buhl 2011 Low Directly applicable 

Buhl 2015 Moderate6 Directly applicable 

Buhl 2015a Moderate6 Directly applicable 

Buhl 2015b Moderate6 Directly applicable 

Buhl 2015c Low Directly applicable 

Calverley 2003 Moderate7 Directly applicable 

Calverley 2003 TRISTAN Low Directly applicable 

Calverley 2007 Low Directly applicable 

Calverley 2010 Low Directly applicable 

Chapman 2014 Low Directly applicable 

COMBINE 2017 High8 Directly applicable 

COSMOS-J 2016 Moderate5 Directly applicable 

Covelli 2016 Moderate9 Partially directly applicable24  

D’Urzo 2014 Low Directly applicable 

D’Urzo 2017 Moderate5 Directly applicable 

Dahl 2010 Low Directly applicable 

Decramer 2013 Low Directly applicable 

Decramer 2014a Low Directly applicable 

Decramer 2014b Moderate10 Directly applicable 

Donohue 2010 High4 Directly applicable 

Donohue 2013 Low Directly applicable 

Donohue 2015a Low Directly applicable 

Donohue 2015b Low Directly applicable 

Donohue 2016 High3 Directly applicable 

Dransfield 2014 Low Directly applicable 
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Feldman 2016 Low Directly applicable 

Ferguson 2008 Moderate11 Directly applicable 

Ferguson 2016 Low Directly applicable 

Fukuchi 2013 Low Directly applicable 

GLOW 4 2012 Moderate5 Directly applicable 

Hagedorn 2013 High2 Directly applicable 

Hanania 2003 Low Directly applicable 

Hoshino 2013 High12 Directly applicable 

Hoshino 2014 High12 Directly applicable 

Hoshino 2015 High13 Directly applicable 

Jones 2011 Low Directly applicable 

Kalberg 2016 Low Directly applicable 

Kardos 2007 Low Directly applicable 

Kerwin 2012 High14 Directly applicable 

Kerwin 2017 High14 Directly applicable 

Koch 2014 Moderate5 Directly applicable 

Kornmann 2011 Low Directly applicable 

Koser 2010 Low Directly applicable 

Mahler 2002 Low Directly applicable 

Mahler 2012a Low Directly applicable 

Mahler 2012b Low Directly applicable 

Mahler 2015a Low Directly applicable 

Mahler 2015b Low Directly applicable 

Mahler 2016 Low Directly applicable 

Maleki-Yazdi 2014 Low Directly applicable 

Martinez 2017a High15 Directly applicable 

Martinez 2017b High15 Directly applicable 

Ohar 2014 Low Directly applicable 

Pepin 2014 Low Directly applicable 

Perng 2009 High2 Directly applicable 

PINNACLE 3 2017 High2 Directly applicable 

RADIATE 2016 Moderate5 Directly applicable 

Rennard 2009 Low Directly applicable 

Rheault 2016 High4 Directly applicable 

RISE 2017 High16 Directly applicable 

Rossi 2014 Low Directly applicable 

Sarac 2016 High17 Directly applicable 

SCO100470 2006 Low Directly applicable 

SCO40034 2005 High18 Directly applicable 

SCO40041 2008 Low Directly applicable 

Sharafkhaneh 2012 Moderate19 Directly applicable 

Singh 2014 Low Directly applicable 

Singh 2015 a&b Moderate5 Directly applicable 
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Singh 2015a Moderate5 Directly applicable 

Singh 2015b Moderate5 Directly applicable 

Singh 2015c Low Directly applicable 

Szafranski 2003 High20 Directly applicable 

Tashkin 2008 Moderate6 Directly applicable 

Tashkin 2009 High21 Directly applicable 

Tashkin 2012 Low Directly applicable 

Tashkin 2012a Low Directly applicable 

Tashkin 2012b Low Directly applicable 

To 2012 Low Directly applicable 

Troosters 2016 High22 Partially directly applicable25  

Vincken 2014 Low Directly applicable 

Vogelmeier 2008 High23 Directly applicable 

Vogelmeier 2011 Low Directly applicable 

Vogelmeier 2013 Low Directly applicable 

Vogelmeier 2016 Moderate5 Directly applicable 

Wedzicha 2008 Moderate3 Directly applicable 

Wedzicha 2013 High2 Directly applicable 

Wedzicha 2014 Moderate5 Directly applicable 

Wedzicha 2016 Low Directly applicable 

Wise 2013 Low Directly applicable 

Yao 2014 Moderate5 Directly applicable 

Zhong 2015 Low Directly applicable 

ZuWallack 2014 Low Directly applicable 

ZuWallack 2014a Low Directly applicable 

ZuWallack 2014b Low Directly applicable 

1. Lack of information about allocation concealment and outcome assessor blinding, and poor 
reporting of the exacerbation outcomes.  

2. Lack of information about allocation concealment and the use of open label drugs.  

3. High withdrawal rates that were not evenly balanced across study arms.  

4. Open label drug use. 

5. Lack of information about allocation concealment and outcome assessor blinding. 

6. Uneven withdrawal rates across the treatment arms and a lack of information about 
assessor blinding.  

7. High withdrawal rates that were not evenly balanced across relevant study arms and a lack 
of information about allocation concealment.  

8. Open label drug use; low, but uneven withdrawals; and a lack of information about 
allocation concealment. 

9. Uneven withdrawals across the study arms. 

10. Relatively high withdrawal rates that were not evenly balanced across study arms.  

11. High withdrawal rates that were fairly evenly balanced across relevant study arms, and a 
lack of information about allocation concealment and outcome assessor blinding.  

12. Lack of information about randomisation and allocation concealment, open label drug use 
and only 1 outcome assessed in a blinded fashion.  
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13. Lack of information about randomisation and allocation concealment; open label drug use; 
only 1 outcome assessed in a blinded fashion and SGRQ outcomes were not described in 
detail. 

14. Open label drug use and a lack of information about allocation concealment. 

15. Lack of information about allocation concealment; relatively high and uneven withdrawals 
among active comparators and use of open-label tiotropium. 

16. Open label drug use and low, but uneven withdrawals between arms.  

17. Lack of information about randomisation, allocation concealment and withdrawals; open-
label drug use. 

18. Low, but uneven withdrawals across the study arms and the lack of a study protocol or 
clinical study report. Study is unpublished.  

19. High withdrawal rates that were relatively evenly balanced across study arms, but might be 
an important risk of bias given the low event rates for the outcomes of interest. 

20. Lack of information about allocation concealment; relatively high and uneven withdrawals 
among active comparators and poor reporting of outcomes. 

21. Lack of information about blinding of participants, personnel and outcome assessors; and 
low, but uneven withdrawals among active comparators. 

22. Lack of information about allocation concealment and assessor blinding; relatively low, but 
uneven withdrawals among active comparators. 

23. Open label use of tiotropium and issues with data presentation (FEV1 and SGRQ outcomes 
only provided in graphical form only with inexact P-value). 

24. Study inclusion criteria required participants to have a history of diagnosed cardiovascular 
disease or a prior cardiovascular event. 

25. Participants all underwent a behaviour-change self-management programme in parallel with 
drug treatment. 

1 
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LAMA monotherapy 

Systematic Reviews 
Short Title Title Study characteristics Risk of bias and directness 

Halpin (2016) Effect of tiotropium 

on COPD 

exacerbations: A 

systematic review 

Study type 

• Systematic review 

Study details 

• Dates searched 

January 2000 to May 2014, with an additional search prior to submission (before 

September 2015). 

• Databases searched 

Medline, BIOSIS Previews, EMBASE and EMBASE Alert. 

• Sources of funding 

One of the authors was an employee of Boehringer Ingelheim at the time of 

manuscript submission. Writing assistance was funded by Boehringer Ingelheim. 

Study inclusion criteria 

• RCTs with a parallel group design 

Both placebo and active-controlled (i.e. versus other maintenance therapies) trials 

were eligible. 

• Study duration of ≥ 6 months 

• Trials presenting exacerbation data 

• Blinded studies with additional open-label tiotropium 

Included if appropriate.  

Study exclusion criteria 

• Non-blinded open-label studies 

• Retrospective studies  

Study eligibility criteria 

• Low risk of bias 

Identification and selection of 

studies 

• Unclear risk of bias 

No information was provided 

about the number of authors who 

assessed the studies for inclusion 

or about additional methods of 

study identification.  

Data collection and study 

appraisal 

• High risk of bias 

No quality assessment was 

carried out and there is no 

information on whether accuracy 

of data extraction was confirmed 

by a second author.  

Synthesis and findings 

• Low risk of bias 
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Short Title Title Study characteristics Risk of bias and directness 

• Pooled analyses 

• Pharmacoeconomic studies 

• Conference findings, conference abstracts and meeting reports 

Participant inclusion criteria 

• People with COPD 

Participant exclusion criteria 

• No details provided 

Interventions 

• Tiotropium bromide  

Open-label included if the comparator was blinded.  

• Placebo 

• Another maintenance therapy 

Not specified. 

Relevant outcome measures  

• Exacerbations 

The only outcome of interest for this review.  

Included studies from the systematic review 

• Bateman 2010b 

• Brusasco 2003 

• Casaburi 2002 

• Dusser 2006 

• Tonnel 2008 

Narrative synthesis only with no 

attempt to meta-analyse data.  

Overall quality 

• Moderate 

Applicability as a source of data 

• Partially applicable 

Review only covers 

exacerbations.  
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Short Title Title Study characteristics Risk of bias and directness 

Excluded studies from the systematic review 

• Aaron 2007 

Multidrug trial that lacks a suitable comparator. 

• Abrahams 2013 

Non-UK licensed drug as comparator. 

• Bateman 2010a 

Concomitant drug issues.  

• Chan 2007 

Concomitant drug use issues. 

• Decramer 2009 

Concomitant drug use issues. 

• Decramer 2011 

Concomitant drug use issues. 

• Decramer 2014 

Non-UK licensed drug dose. 

• Decramer 2013 

Multidrug trial that lacks a suitable comparator. 

• Fukuchi 2011 

Concomitant drug use issues. 

• Hanania 2011 

Concomitant drug use issues. 

• Hanania 2012 

Multidrug trial that lacks a suitable comparator. 

• Maleki-Yazdi 2014 

Multidrug trial that lacks a suitable comparator. 

• Morice 2010 

Concomitant drug use issues. 

• Niewoehner 2005 

Concomitant drug use issues. 

• Powrie 2007 



 

 

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

 

FINAL 
 

237 

Short Title Title Study characteristics Risk of bias and directness 

Concomitant drug use issues. 

• Rice 2008 

Secondary analysis of trial. 

• Tashkin 2008 

Concomitant drug use issues. 

• Tang 2013 

Concomitant drug use issues. 

• Troosters 2010 

Concomitant drug use issues. 

• Vogelmeier 2013 

Multidrug trial that lacks a suitable comparator. 

• Tashkin 2010 

Concomitant drug issues. 

• Wedzicha 2008 

Multidrug trial that lacks a suitable comparator. 

• Wedzicha 2013 

Multidrug trial that lacks blinding for the LAMA arm. 

Karner (2014) Tiotropium versus 

placebo for chronic 

obstructive 

pulmonary disease 

Study type 

• Systematic review 

Study details 

• Dates searched 

Databases were searched from their inception to the present, but the date of the 

last search is not specified.  

• Databases searched 

The Cochrane Airways Group’s Specialised Register of Trials (CAGR) was used 

as a source of trials. This is derived from systematic searches of bibliographic 

databases including the Cochrane Central Register of Controlled Trials 

(CENTRAL), MEDLINE, EMBASE, CINAHL, AMED, and PsycINFO, and hand 

Study eligibility criteria 

• Low risk of bias 

Identification and selection of 

studies 

• Low risk of bias 

Data collection and study 

appraisal 

• Low risk of bias 
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Short Title Title Study characteristics Risk of bias and directness 

searching of respiratory journals and meeting abstracts.  

• Sources of funding 

C.K is supported by St George’s University of London, UK and the work was 

funded by a programme grant from the NIHR, UK.  

Study inclusion criteria 

• RCTs with a parallel group design 

• Study duration of ≥ 12 weeks 

Study exclusion criteria 

• Cross-over trials 

Excluded as of the primary outcomes was mortality. 

Participant inclusion criteria 

• People with COPD 

Diagnosis of COPD, using an external set of criteria (e.g. Global Initiative for 

Chronic Obstructive Lung Disease (GOLD), American Thoracic Society (ATS), 

British Thoracic Society (BTS), and Thoracic Society of Australia and New 

Zealand (TSANZ)). 

Interventions 

• Tiotropium bromide  

Tiotropium bromide was allowed in any formulation. Participants were allowed 

inhaled steroids and other concomitant COPD medication, provided they were not 

part of the randomised treatment.  

• Placebo 

• Co-interventions 

Synthesis and findings 

• Low risk of bias 

Overall quality 

• High 

Applicability as a source of data 

• Partially applicable 

Study does not cover all of the 

treatments of interest for the 

LAMA monotherapy review. 
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Short Title Title Study characteristics Risk of bias and directness 

Participants were allowed inhaled steroids and other concomitant COPD 

medication, provided they were not part of the randomised treatment. 

Relevant outcome measures  

• All-cause mortality  

All-cause mortality 

• Exacerbations 

Exacerbations requiring oral corticosteroids and/or antibiotics and causing 

hospitalisation. 

Other outcome measures 

• COPD specific quality of life 

Such as St George’s Respiratory Questionnaire (SGRQ), Chronic Respiratory 

Questionnaire (CRQ). 

• Hospital admissions 

Hospital admissions: all-cause and due to exacerbations. 

• Forced expiratory volume in one second (FEV1) 

• Non-fatal serious adverse events 

Non-fatal serious adverse events: all-cause and cardiovascular. 

• Withdrawals from study treatment 

Included studies from the systematic review 

• Bateman 2010b 

• Beeh 2006 

• Brusasco 2003 

• Casaburi 2002 

• Dusser 2006 

• Johansson 2008 

• Tonnel 2008 
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Short Title Title Study characteristics Risk of bias and directness 

• Trooster 2011 

• Verkindre 2006 

• Voshaar 2008 

Excluded studies from the systematic review 

• Bateman 2010a 

Concomitant drug use issues. 

• Chan 2007 

Concomitant drug use issues. 

• Cooper 2010 

There is no peer-reviewed publication of the results of the trial. There data 

presented in the systematic review comes from a trial protocol, conference 

abstract and a publication looking at implementing the exercise protocol.  

• Covelli 2005 

Concomitant drug use issues. 

• Freeman 2007 

Concomitant drug use issues. 

• Magnussen 2008 

Concomitant drug use issues. 

• Moita 2008 

Concomitant drug use issues. 

• NCT00144326 

This refers to a Clinical trial.gov record and there is no associated peer-reviewed 

publication of the study results. 

• Niewoehner 2005 

Concomitant drug use issues. 

• Powrie 2007 

Concomitant drug use issues. 

• Sun 2007 

Concomitant drug use issues. 
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Short Title Title Study characteristics Risk of bias and directness 

• Tashkin 2008 

Concomitant drug use issues. 

Ni (2014) Aclidinium bromide 

for stable chronic 

obstructive 

pulmonary disease 

Study type 

• Systematic review 

Study details 

• Dates searched 

All databases were searched from their inception. The initial search was 

conducted in March 2013 and it was updated in April 2014. 

• Databases searched 

Trials were identified from the Cochrane Airways Group Specialised Register of 

trials (CAGR), which is derived from systematic searches of bibliographic 

databases including the Cochrane Central Register of Controlled Trials 

(CENTRAL), MEDLINE, EMBASE, CINAHL, AMED and PsycINFO, and hand 

searching of respiratory journals and meeting abstracts.  

• Sources of funding 

Cochrane Airways Group, UK. 

Study inclusion criteria 

• RCTs with a parallel group design 

• Trials comparing aclidinium bromide with placebo or a LABA or LAMA 

• Open-label and blinded studies 

Study exclusion criteria 

• Cross-over trials 

• Cluster-randomised trials 

Participant inclusion criteria 

• People with COPD 

Study eligibility criteria 

• Low risk of bias 

Identification and selection of 

studies 

• Low risk of bias 

Data collection and study 

appraisal 

• Low risk of bias 

Synthesis and findings 

• Low risk of bias 

Overall quality 

• High 

Applicability as a source of data 

• Partially applicable 

Study does not cover all of the 

treatments of interest for the 

LAMA monotherapy review. 

 



 

 

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

 

FINAL 
 

242 

Short Title Title Study characteristics Risk of bias and directness 

Moderate to severe COPD as defined by the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD 2013), American Thoracic Society (ATS), 

European Respiratory Society (ERS) (ATS/ERS 2011), Thoracic Society of 

Australia and New Zealand (TSANZ 2012), UK National Institute for Health and 

Clinical Excellence (NICE 2010) or the WHO.  

• People over 18 years old 

• Trial participants had evidence of airway obstruction 

Post-bronchodilator forced expiratory volume in one second (FEV1)/forced vital 

capacity (FVC) ratio of < 70% and FEV1 < 80% of predicted value).  

• Clinical presentation of breathlessness 

• Chronic cough or sputum production 

• With or without a history of smoking 

Participant exclusion criteria 

• Co-morbidities 

Studies enrolling people with bronchial asthma, bronchiectasis, cystic fibrosis or 

other lung diseases. 

Interventions 

• Placebo 

• Aclidinium bromide 

• Long-acting beta2-agonist (LABA) 

• Another long-acting muscarinic antagonist (LAMA) 

Relevant outcome measures  

• Transitional Dyspnoea Index (TDI) 

• Serious Adverse Events (SAEs) 

Non-fatal serious adverse events. 

• All-cause mortality  
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All-cause and respiratory mortality. 

• St George’s Respiratory Questionnaire (SGRQ) 

• Exacerbations 

Exacerbations requiring a short course of an oral steroid or antibiotic, or both and 

exacerbations resulting in hospital admission.  

• Drop-outs due to adverse events 

Other outcome measures 

• COPD specific quality of life 

Quality of life measured by a validated scale, such as the St George’s Respiratory 

Questionnaire (SGRQ) or Chronic Respiratory Disease Questionnaire (CRQ). 

• Hospital admissions 

Hospital admissions due to exacerbations or from all causes. 

• Withdrawals from study treatment 

Due to lack of efficacy. 

• Changes in lung function 

FEV1, FEV1/FVC 

• Functional capacity by six-minute walking distance 

• Adverse events 

Included studies from the systematic review 

• ACCORD COPD I 

• ACCORD COPD II 

• ACLIFORM 

• ATTAIN 

• AUGMENT COPD 

Excluded studies from the systematic review 

• ACCLAIM/ COPD I 
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Not a UK licensed drug dose or within 20% of a licensed dose. 

• ACCLAIM/ COPD II 

Not a UK licensed drug dose or within 20% of a licensed dose. 

• Beier 2013 

Trial duration < 12 weeks. 

• Chanez 2010 

Trial duration was < 12 weeks. 

• Maltais 2011 

Trial duration is < 12 weeks. 

• NCT01572792 

Based on unpublished data only. 

• Sliwinski 2010 

Trial duration < 12 weeks. 

Ni (2017) Umeclidinium 

bromide versus 

placebo for people 

with chronic 

obstructive 

pulmonary disease 

(COPD) 

Study type 

• Systematic review 

Study details 

• Dates searched 

Searches were carried out from inception to April 2017. 

• Databases searched 

The systematic review authors searched the Cochrane Airways Trials Register, 

which is maintained by the Information Specialist for the Group. The Cochrane 

Airways Trials Register contains studies identified from several sources: Cochrane 

Central Register of Controlled Trials (CENTRAL); MEDLINE Ovid SP; Embase 

Ovid SP; PsycINFO Ovid SP; Cumulative Index to Nursing and Allied Health 

Literature (CINAHL) EBSCO. 

• Sources of funding 

Study eligibility criteria 

• Low risk of bias 

Identification and selection of 

studies 

• Low risk of bias 

Data collection and study 

appraisal 

• Low risk of bias 

Synthesis and findings 

• Low risk of bias 
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The review authors declare that no funding was received for this systematic 

review. 

Study inclusion criteria 

• RCTs with a parallel group design 

• Study duration of ≥ 12 weeks 

• Trials comparing umeclidinium bromide with placebo 

• Studies reported as full text, those published as abstract only, and unpublished 

data 

Study exclusion criteria 

• Cross-over trials 

• Cluster-randomised trials 

Participant inclusion criteria 

• People with COPD 

Diagnosis of COPD according to the criteria of the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) (GOLD 2017), the American Thoracic Society 

(ATS), the European Respiratory Society (ERS) (ATS/ERS 2011), the Thoracic 

Society of Australia and New Zealand (TSANZ) (TSANZ 2014), the UK National 

Institute for Health and Clinical Excellence (NICE) (NICE 2010), or the World 

Health Organization (WHO). 

• People over 18 years old 

• Trial participants had evidence of airway obstruction 

Post-bronchodilator FEV1/FVC ratio < 70% 

• Clinical presentation of breathlessness 

• Chronic cough or sputum production 

• With or without a history of smoking 

• Stable COPD 

Overall quality 

• High 

Applicability as a source of data 

• Partially applicable 

Study does not cover all of the 

treatments of interest for the 

LAMA monotherapy review. 
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Participants did not have recent exacerbations requiring a short course of oral 

steroids, antibiotics, or both, and who were taking stable doses of medications for 

at least four weeks before screening. 

Participant exclusion criteria 

• Co-morbidities 

Bronchial asthma, bronchiectasis, cystic fibrosis, or other chronic lung diseases. 

Interventions 

• Placebo 

• Umeclidinium bromide 

• Co-interventions 

The systematic review allowed the following co-interventions, provided they were 

not part of the randomised treatment: salbutamol or albuterol as rescue 

medication; oral sustained-release theophylline, inhaled corticosteroids, or 

systemic corticosteroids (oral or parenteral) at stable doses; and oxygen therapy 

given for less than 15 hours per day. 

Relevant outcome measures  

• Transitional Dyspnoea Index (TDI) 

• Serious Adverse Events (SAEs) 

Non-fatal serious adverse events. 

• All-cause mortality  

Mortality: all-cause and respiratory. 

• St George’s Respiratory Questionnaire (SGRQ) 

• Exacerbations 

Exacerbations requiring a short course of an oral steroids or antibiotics, or both, 

and exacerbations leading to hospitalisation. 
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Other outcome measures 

• COPD specific quality of life 

Quality of life as measured by a validated scale: St George’s Respiratory 

Questionnaire (SGRQ) or the Chronic Respiratory Disease Questionnaire (CRQ). 

• Hospital admissions 

Due to exacerbations 

• Changes in lung function 

• Adverse events 

and side effects 

• Use of rescue medications 

Included studies from the systematic review 

• Donahue 2013 

• Trivedi 2014 

Excluded studies from the systematic review 

• Celli 2014 

Umeclidinium bromide is used at a non-UK licensed dose (125 micrograms). 

• Donohue 2014 

Umeclidinium bromide is used at a non-UK licensed dose (125 micrograms). 

Ulrik (2012) Once-daily 

glycopyrronium 

bromide, a long-

acting muscarinic 

antagonist, for 

chronic obstructive 

pulmonary disease: 

a systematic review 

of clinical benefit 

Study type 

• Systematic review 

Narrative systematic review with no meta-analysis. 

Study details 

• Dates searched 

Last search was August 2012. 

• Databases searched 

PubMed  

Study eligibility criteria 

• Unclear risk of bias 

Insufficient information provided.  

Identification and selection of 

studies 

• High risk of bias 

The authors only searched one 

database, although they did 
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• Sources of funding 

None stated.  

Study inclusion criteria 

• Peer-reviewed publications relevant to glycopyrronium bromide and COPD 

Study exclusion criteria 

• Not stated 

Participant inclusion criteria 

• People with COPD 

Participant exclusion criteria 

• No details provided 

Interventions 

• Glycopyrronium bromide 

 

Relevant outcome measures  

• St George’s Respiratory Questionnaire (SGRQ) 

• Exacerbations 

• Trough FEV1 

Other outcome measures 

• Adverse events 

• Use of rescue medications 

• Exercise capacity 

attempt to find extra studies using 

citation searching. There is only 

one author, so there was no 

capacity for study inclusion to be 

confirmed by a second author.  

Data collection and study 

appraisal 

• High risk of bias 

One author only was involved in 

data collection. There was no 

attempt to present the 

characteristics of the studies in a 

format that allowed comparison 

and no assessment of risk of bias 

was performed.  

Synthesis and findings 

• High risk of bias 

There was no attempt at meta-

analysis and minimal evidence 

synthesis. The studies were 

presented as sequential 

descriptive summaries. 

 

Overall quality 

• Low 
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Included studies from the systematic review 

• D'Urzo 2011 

• Kerwin 2012c 

Excluded studies from the systematic review 

• Beeh 2012 

Trial duration < 12 weeks 

• Fogarty 2011 

Trial duration < 12 weeks 

• Sechaud 2012 

Treatment duration <12 weeks 

• Van de Maele 2010 

Intervention does not include a single LAMA versus an acceptable comparator.  

• Verkindre 2010 

Trial duration< 12 weeks. 

• Vogelmeier 2010 

Trial duration < 12 weeks 

Applicability as a source of data 

• Partially applicable 

Zou (2016) Efficacy and Safety 

of an Aclidinium 

Bromide Treatment 

for 12 Weeks or 

Longer in Patients 

with Moderate-To-

Severe COPD: A 

Meta-Analysis 

Study type 

• Systematic review 

Study details 

• Dates searched 

The last search date was March 1st 2015.  

• Databases searched 

MEDLINE, EMBASE, CINAHL and the Cochrane library databases. In addition, 

the drug manufacturer's database and Clinical Trials. gov were searched and the 

authors undertook manual searching of respiratory journals.  

Study eligibility criteria 

• Low risk of bias 

Identification and selection of 

studies 

• Low risk of bias 

Data collection and study 

appraisal 

• Low risk of bias 
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• Sources of funding 

Not stated, but there are no conflicts of interest.  

Study inclusion criteria 

• RCTs with a parallel group design 

Placebo-controlled and double-blind. 

• Study duration of ≥ 12 weeks 

• Trials comparing aclidinium bromide to placebo 

Study exclusion criteria 

• Not stated 

Participant inclusion criteria 

• Stable COPD 

Moderate to severe COPD.  

Participant exclusion criteria 

• No details provided 

Interventions 

• Placebo 

• Aclidinium bromide 

Relevant outcome measures  

• Transitional Dyspnoea Index (TDI) 

• Serious Adverse Events (SAEs) 

• All-cause mortality  

• St George’s Respiratory Questionnaire (SGRQ) 

• Exacerbations 

Synthesis and findings 

• Low risk of bias 

Overall quality 

• High 

Applicability as a source of data 

• Partially applicable 

The review only covered one of 

the LAMA drugs of interest.  
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Including hospitalisation due to a COPD exacerbation.  

• Cardiac and COPD serious adverse events 

• Trough FEV1 

Other outcome measures 

• Changes in lung function 

Trough FVC, peak FEV1 and FVC.  

Included studies from the systematic review 

• ACCORD COPD I 

• ACCORD COPD II 

• ACLIFORM 

• ATTAIN 

• AUGMENT COPD 

Excluded studies from the systematic review 

• ACCLAIM/ COPD I 

Non-UK licensed drug doses used. 

• ACCLAIM/ COPD II 

Non-UK licensed drug doses used. 

Network Meta-Analyses 
Short Title Title Study characteristics Risk of bias and directness 

Ismaila (2015) Comparative 

efficacy of long-

acting muscarinic 

antagonist 

monotherapies in 

COPD: a systematic 

Study type 

• Network Meta- Analysis (NMA) 

Study details 

• Dates searched 

The searches covered 1946- 2014 Week 15. 

Rationale for review included? 

• Yes 
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review and network 

meta-analysis 

• Databases searched 

MEDLINE (Ovid); MEDLINE In-Process (Ovid); EMBASE (Ovid); The Cochrane 

Database of Systematic Reviews (CDSR) and Cochrane Central Register of 

Controlled Trials (CENTRAL); Database of Abstracts of Reviews of Effects 

(DARE); and Health Technology Assessment (HTA) websites, HTA database and 

National Institute for Health Research (NIHR). The following clinical trial registries 

were searched: Clinicaltrials.gov; World Health Organization International Clinical 

Trials Registry Platform (WHO ICTRP); Current Controlled Trials; EU Clinical Trials 

Register (EU-CTR); Klinische Prüfungen PharmNet.Bund; and The International 

Prospective Register of Systematic Reviews (PROSPERO). 

• Sources of funding 

The analysis was sponsored by GSK (GSK study number: 201280). 

Study inclusion criteria 

• Randomized controlled trials 

• Studies that compare treatments of interest with placebo or to each other 

Study exclusion criteria 

• Cross-over studies 

• Post hoc or retrospective analyses 

• Cost-effectiveness analyses 

• Observational studies 

• Reviews or meta-analyses 

• Methodology studies or protocols 

• N of 1 trials (sample size of one patient) 

• Studies lasting less than 2 weeks 

• Studies where patients were required to spend time in a sleep laboratory 

Study inclusion/exclusion 

criteria specified clearly? 

• Yes 

Description of network and 

potential biases related to it? 

• Yes 

Summary measures stated? 

• Yes 

Mean difference 

Methodology for data handling 

described? 

• Yes 

Statistical methods to compare 

direct and indirect data 

described? 

• Yes 

Description of subgroup, 

sensitivity and meta-regression 

analyses where applicable? 

• Yes 

Network diagram available? 

• Yes 
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• Studies comparing only double or triple therapies (i.e. LABA, LAMA, ICS as fixed 

or open combinations) to each other or to placebo 

Participant inclusion criteria 

• People with COPD as defined by GOLD guidelines (i.e. airflow limitation that is 

not fully reversible) 

• Studies that include asthma patients and COPD patients and report data for 

COPD patients separately 

• Adults 

• Studies that include adults and children and report data for adults separately 

Participant exclusion criteria 

• Studies with patients who have reversible airway or obstructive lung disease 

• Studies with only patients with asthma 

• Studies with only healthy patients without COPD 

• Studies that include asthma patients and COPD patients but do not report data 

for COPD patients separately 

• Studies with only patients who have alpha-1-antitrypsin-deficiency-related COPD 

• Studies that include adults and children but do not report data for adults 

separately 

Interventions 

• Umeclidinium 

62.5 micrograms once daily 

• Tiotropium 

18 micrograms once daily only (data for 5 micrograms via a soft mist device was 

excluded) 

• Glycopyrronium 

50 micrograms once daily 

Characteristics of the treatment 

network described? 

• Incomplete description 

The description is very brief and 

does not discuss the number of 

trials and participants for each 

outcome examined, or gaps of 

evidence in the treatment 

network, and potential biases 

reflected by the network structure.  

Results of each meta-analysis 

presented? 

• Yes 

Investigations of inconsistency 

carried out? 

• Yes 

Data is not presented, but the text 

states that there were no 

important deviations between 

direct and indirect evidence 

observed. 

Results presented for 

additional analyses? 

• No 

Scenario analyses were 

developed to test the impact of 
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• Aclidinium 

400 micrograms twice daily 

• LABAs (Indacaterol; salmeterol; olodaterol; formoterol) 

Outcomes 

• Trough FEV1 

• SGRQ total score  

• TDI focal score 

• Rescue medication use 

Analysis 

• NMA methodology 

Bayesian WINBUGs v1.4.3. Models were based on those defined by Dias et al 

(programs 7(b) for a fixed effect normal distribution for difference data and 8(a) for 

a random effects normal distribution with shared parameters in the Appendix of 

Dias et al (2014)). Generalised linear model with normal likelihood distribution. 

Fixed/random effects model selection based in DIC.  

Measures 

• Mean Difference (MD) 

certain studies on the relative 

treatment estimates, but the 

results were not presented.  

Discussion of study 

limitations? 

• Yes 

Overall quality 

• Moderate  

Applicability as a source of 

data 

• Partially applicable 

The NMA does not cover all of the 

outcomes of interest. 

 

Karabis (2013) Comparative 

efficacy of 

aclidinium versus 

glycopyrronium and 

tiotropium, as 

maintenance 

treatment of 

moderate to severe 

COPD patients: a 

Study type 

• Network Meta- Analysis (NMA) 

Study details 

• Dates searched 

The databases were searched from July 1989 to October 2012 and an additional 

PubMed search was performed restricted to 2012 to capture advance online 

publications ahead of print. 

• Databases searched 

Rationale for review included? 

• Yes 

Study inclusion/exclusion 

criteria specified clearly? 

• Yes 
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systematic review 

and network meta-

analysis 

MEDLINE, MEDLINE in Process, EMBASE (using OVID), and Cochrane 

Controlled Trials Registry. Additional targeted searches were performed in 

clinicaltrials.gov database. 

• Sources of funding 

Almirall SA (Barcelona, Spain) and Forest Research Institute (FRI; Jersey City, NJ, 

USA). 

Study inclusion criteria 

• Randomized controlled trials 

• Study duration ≥ 10 weeks 

• Studies that compare any of the interventions against each other or placebo 

Study exclusion criteria 

• Studies with high proportions (>30%) of mild and/or very severe patients were 

excluded. 

Participant inclusion criteria 

• People with COPD as defined by GOLD guidelines (i.e. airflow limitation that is 

not fully reversible) 

• Adults 

Participant exclusion criteria 

• None stated 

Interventions 

• Tiotropium 

Tiotropium 18 micrograms once daily, or tiotropium 5 micrograms once daily. 

• Glycopyrronium 

50 micrograms once daily 

Description of network and 

potential biases related to it? 

• Yes 

Summary measures stated? 

• Yes 

Methodology for data handling 

described? 

• Yes 

Statistical methods to compare 

direct and indirect data 

described? 

• No 

No information provided. 

Description of subgroup, 

sensitivity and meta-regression 

analyses where applicable? 

• Yes 

Network diagram available? 

• Yes 

 

Characteristics of the treatment 

network described? 
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• Aclidinium 

400 micrograms twice daily 

Outcomes 

• Trough FEV1 

• SGRQ total score  

• SGRQ responders 

• TDI focal score 

• TDI responders 

Analysis 

• NMA methodology 

Bayesian WINBUGs v1.4.3. Models were based on those defined by Dias et al. A 

generalised linear model with normal likelihood distribution and an identity link was 

used for continuous outcomes. A logit link with binomial likelihood distribution was 

used for dichotomous outcomes. Fixed/random effects model selection based in 

DIC. 

Measures 

• Mean Difference (MD) 

• Odds Ratios (ORs) 

 

• Yes 

 

Results of each meta-analysis 

presented? 

• Yes 

Investigations of inconsistency 

carried out? 

• No 

Results presented for 

additional analyses? 

• Yes 

Discussion of study 

limitations? 

• Yes 

Overall quality 

• Moderate 

Applicability as a source of 

data 

• Partially applicable 

The NMA does not cover all of the 

outcomes of interest or all 

currently licensed LAMAs 
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(umeclidinium was not included in 

the analysis).  

Oba (2015) Comparative 

efficacy of long-

acting muscarinic 

antagonists in 

preventing COPD 

exacerbations: a 

network meta-

analysis and meta-

regression. 

Study type 

• Network Meta- Analysis (NMA) 

Study details 

• Dates searched 

1946 to 15 May 2014 

• Databases searched 

Ovid Medline, Scopus, CINAHL, and the internet including the online trial registries 

of manufacturers of LAMA products. 

• Sources of funding 

This research received no specific grant from any funding agency in the public, 

commercial, or not for-profit sectors. 

Study inclusion criteria 

• Randomized controlled trials 

Published and unpublished RCTs 

• Studies that compare any of the interventions against each other or placebo 

• Study duration ≥ 12 weeks 

Study exclusion criteria 

• Not stated 

Participant inclusion criteria 

• People with COPD 

Rationale for review included? 

• Yes 

Study inclusion/exclusion 

criteria specified clearly? 

• Incomplete description 

The information on study and 

participant inclusion/exclusion 

criteria was limited.  

Description of network and 

potential biases related to it? 

• Incomplete description 

 

Summary measures stated? 

• Yes 

Methodology for data handling 

described? 

• Yes 

Statistical methods to compare 

direct and indirect data 

described? 

• Yes 
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Participant exclusion criteria 

• None stated 

Interventions 

• Tiotropium 

18 micrograms and 5 micrograms once daily 

• Glycopyrronium 

50 micrograms once daily 

• Aclidinium 

400 micrograms and 200 micrograms twice daily 

Outcomes 

• Moderate to severe exacerbations 

• Severe exacerbations 

Analysis 

• NMA methodology 

Bayesian WINBUGs v1.4.3. A Poisson likelihood model with a log link was used. 

Fixed/random effects model selection based in DIC.  

Measures 

• Hazard ratios (HRs) 

Description of subgroup, 

sensitivity and meta-regression 

analyses where applicable? 

• Yes 

 

Network diagram available? 

• Yes 

 

Characteristics of the treatment 

network described? 

• Yes 

Results of each meta-analysis 

presented? 

• Yes 

Investigations of inconsistency 

carried out? 

• Yes 

Results presented for 

additional analyses? 

• Yes 
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Discussion of study 

limitations? 

• Yes 

Overall quality 

• High 

Applicability as a source of 

data 

• Partially applicable 

The NMA does not cover all of the 

outcomes of interest or all 

currently licensed LAMAs 

(umeclidinium was not included in 

the analysis).  

Randomised Controlled Trials (RCTs) 
Short Title Title Study characteristics Risk of bias and directness 

Bateman 

(2010b) 

Efficacy and safety of 

tiotropium Respimat 

SMI in COPD in two 1-

year randomized 

studies 

Trial Registration number(s) 

• NCT00168844  

• NCT0016883 

 

Additional information 

• Evidence table in a systematic review 

Please refer to Bateman 2010 in Karner et al 2014 Cochrane review. 

 

• Data was supplied by Boehringer Ingelheim to clarify effect and sample sizes 

from the published paper. 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 
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Relevant within trial subgroup analyses 

• ICS use 

Trough FEV1 outcome only 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• High risk of bias 

The withdrawal rates were 

relatively large and uneven 

(tiotropium 10 micrograms 20.4%, 

placebo 31.4%). However, 

information on vital status was 

collected for all patients, including 

patients who discontinued 

prematurely.  

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Moderate 

Due to the high and uneven 

withdrawal rates. 

  

Directness 

• Directly applicable 

Bateman 

(2013) 

Dual bronchodilation 

with QVA149 versus 

Trial name  

• SHINE 

Random sequence generation 

• Low risk of bias 
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single bronchodilator 

therapy: the SHINE 

study 

 

Trial Registration number(s) 

• NCT01202188 

 

Additional Information: 

• Data obtained from the authors: 

The study authors kindly provided us with details of exacerbations separated 

into exacerbation severity groups (moderate to severe and severe) to match our 

analyses.  

• Data extraction information: 

Data on Tiotropium was not analysed as this drug was supplied in an open-label 

format. Data for exacerbations was not extracted as it was unclear whether the 

numbers referred to all exacerbations or just moderate to severe ones.  

 

Study type 

• Randomised controlled trial 

 

Study details 

• Study location(s) 

Europe, North America, South America, Asia (Philippines, Japan, India), 

Australia, China, Taiwan and South Africa. 

• Study setting 

Academic and clinical research centres 

• Study dates 

September 2010- February 2012. 

• Duration of follow-up 

26 weeks 

• Sources of funding 

The study was funded by Novartis Pharma AG. 

 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Unclear risk of bias 

Only 80.8% of the placebo group 

completed the trial, compared to 

88.8% in the intervention group.  

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Unclear risk of bias 

Patients who were, in the opinion 

of the investigator, unreliable or 

non-compliant were excluded 

from enrolment. 

 

Overall risk of bias 

• Moderate 
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Inclusion criteria 

• Age ≥ 40 years 

• Post-bronchodilator FEV1, % predicted 

≥30% and <80% 

• Moderate to severe COPD (GOLD 2-3) 

• Smoking history 

≥10 pack-years. 

• FEV1/FVC, % predicted 

<0.7 

• Symptomatic patients 

Based on daily electronic diary data.  

 

Exclusion criteria 

• Asthma 

• Another significant disease 

Uncontrolled hypo-or hyperthyroidism, hypokalemia or hyperadrenergic state 

any condition which might compromise patient safety or compliance, interfere 

with evaluation, or preclude completion of the study. 

• Recent COPD exacerbation 

That required treatment with antibiotics, systemic steroids (oral or intravenous) 

or hospitalisation in the 6 weeks prior to Visit 1 or between Visit 1 and Visit 3. 

• Recent respiratory tract infection 

Within 4 weeks prior to Visit 1. 

• History of malignancy 

• Concomitant pulmonary diseases  

• Long QT syndrome or QTc >450 ms 

• Pregnancy 

Also nursing mothers and women with child-bearing potential.  

• Lung volume reduction surgery 

• Use of long-term oxygen therapy  

Due to the unusual enrolment 

criteria and relatively high drop-

out rate in the placebo arm. 

 

Directness 

• Directly applicable 
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> 15 hours a day 

• Drug contraindications 

Patients contraindicated for treatment with, or having a history of 

reactions/hypersensitivity to any of the following inhaled drugs, drugs of a similar 

class or any component thereof: • anticholinergic agents • long and short acting 

β2-agonists • sympathomimetic amines • lactose or any of the other excipients. 

• Diabetes 

• Renal impairment or urinary retention 

• A known history and/or diagnosis of alpha-1 antitrypsin deficiency 

• Participation in the active phase of a supervised pulmonary rehabilitation 

programme 

• Symptomatic prostatic hyperplasia 

• Bladder-neck obstruction 

• Narrow-angle glaucoma 

• Patients who were, in the opinion of the investigator unreliable or non-

compliant 

• Eczema (atopic), known high immunoglobulin E levels, or a known positive skin 

prick test in the last 5 years 

• Patients with allergic rhinitis who used a H1 antagonist or intra-nasal 

corticosteroids intermittently 

Treatment with a stable dose was permitted. 

 

Sample characteristics 

• Sample size 

2144 

• Split between study groups 

Glycopyrronium: 475; Placebo: 234. Other interventions: 1435. 

• Loss to follow-up 

Glycopyrronium: 422/475 (88.8%) of participants completed the trial; Placebo: 

189/234 (80.8%) of participants completed the trial.  
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• % female 

24.6 

• Mean age (SD) 

64.0 years (8.8) 

• Smoking status and history 

Smoking status, mean (SD) Placebo; Glycopyrronium Ex-smoker: 139 (59.9); 

284 (60.0) Current smoker: 93 (40.1); 189 (40.0) 

• Baseline pulmonary medication 

ICS use, mean (SD) Placebo; Glycopyrronium 134 (57.8); 274 (57.9) 

 

Interventions 

• Tiotropium 18 micrograms once daily 

Administered using an open-label HandiHaler device.  

• Placebo 

Administered once daily in the morning via the Breezhaler (Novartis Pharma AG, 

Stein, Switzerland) device. 

• Glycopyrronium 50 micrograms once daily 

Administered once daily in the morning via the Breezhaler (Novartis Pharma AG, 

Stein, Switzerland) device. 

• QVA149 (indacaterol 110 micrograms/glycopyrronium 50 micrograms) 

Administered once daily in the morning via the Breezhaler (Novartis Pharma AG, 

Stein, Switzerland) device. 

• Indacaterol 150 micrograms 

Administered once daily in the morning via the Breezhaler (Novartis Pharma AG, 

Stein, Switzerland) device. 

• Concomitant medication 

These included: selective serotonin reuptake inhibitors prior to screening; 

inactivated vaccines, ICS, intranasal corticosteroids, H1 antagonists. Constant, 

stable doses (where relevant) were required. Patients receiving fixed-dose 

combinations of LABA/inhaled corticosteroid (ICS) were switched to an 
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equivalent dose of ICS monotherapy. A salbutamol/ albuterol pressurised 

metered-dose inhaler was provided as rescue medication.  

 

Relevant outcome measures 

• Mortality 

• St George’s Respiratory Questionnaire (SGRQ) 

• St George Respiratory Questionnaire responders 

• Trough FEV1 

• Serious Adverse Events (SAEs) 

• Drop-outs due to adverse events 

 

Other outcome measures 

• All adverse events 

• Use of rescue medication 

• Peak FEV1 

 

Relevant within trial subgroup analyses 

• COPD severity 

Moderate, severe 

• ICS use 

• Sex 

 

Additional within trial subgroup analysis 

• Age 

< 65 years, ≥ 65 years 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 
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Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

• Other significant non-specified/ specified multimorbidities 

 

Beeh (2006) Efficacy of tiotropium 

bromide (Spiriva) in 

patients with chronic-

obstructive pulmonary 

disease (COPD) of 

different severities 

Additional information 

• Evidence table in a systematic review 

Please refer to Beeh et al 2006 in Karner et al 2014 Cochrane review.  

• Data taken from a systematic review 

As the study is written in German, data was extracted from Karner et al 2014 

Cochrane review.  

 

Relevant within trial subgroup analyses 

• Unclear as original study not in English 

 

Whole trial subgroup analysis information 

• ICS use unclear as trial not in English 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Other significant non-specified/ specified multimorbidities 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Unclear risk of bias 

The withdrawal rates were high, 

but relatively even (tiotropium 

17.6%, placebo 22.3%). 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 
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Directness 

• Directly applicable 

Brusasco 

(2003) 

Health outcomes 

following treatment for 

six months with once 

daily tiotropium 

compared with twice 

daily salmeterol in 

patients with COPD 

Additional information 

• Evidence table in a systematic review 

Please refer to Karner et al 2014 Cochrane Review 

• Data taken from a systematic review 

It was unclear whether the study presented mean difference with SE or SD. The 

data for the outcomes reported in this way was taken from the Cochrane review 

and they had access to unpublished information.  

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Other significant non-specified/ specified multimorbidities 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• High risk of bias 

The withdrawal rates were 

relatively high and uneven 

(tiotropium 15.4%, placebo 

25.8%). 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 



 

 

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

 

FINAL 
 

268 

Short Title Title Study characteristics Risk of bias and directness 

Overall risk of bias 

• Moderate 

Due to the high drop-out rate in 

the placebo arm compared to the 

intervention arm.  

 

Directness 

• Directly applicable 

Casaburi 

(2002) 

A long-term evaluation 

of once-daily inhaled 

tiotropium in chronic 

obstructive pulmonary 

disease. 

Additional information 

• Evidence table in a systematic review 

Please refer to the entry for Casaburi et al 2002 in the Karner et al 2014 

Cochrane review.  

• Data taken from a systematic review 

Data was presented as a range of means (SE) over the duration of the trial for 

FEV1, and SGRQ was shown graphically in the original paper.  

 

• Data on TDI was supplied by Boehringer Ingelheim to clarify effect and sample 

sizes from the published paper. 

 

Relevant within trial subgroup analyses 

• Exacerbation frequency (<1, ≥ 1) 

See Anzueto 2009 for data on SGRQ and trough FEV1 

• Exacerbation frequency (<2, ≥ 2) 

See Anzueto 2009 for data on SGRQ and trough FEV1 

• None 

 

Additional within trial subgroup analysis 

• Treatment naive participants 

Analysis in Adams 2006.  

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• High risk of bias 

The withdrawal rates were high 

and uneven (tiotropium 18.7%, 

placebo 27.8%). 
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Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Moderate 

Due to the high withdrawal rate in 

the placebo arm compared to the 

intervention arm. 

 

Directness 

• Directly applicable 

Chapman 

(2014) 

A blinded evaluation of 

the efficacy and safety 

of glycopyrronium, a 

once-daily long-acting 

muscarinic antagonist, 

versus tiotropium, in 

patients with COPD: 

the GLOW5 study 

Trial name  

• GLOW5 

 

Trial Registration number(s) 

• NCT01613326 

 

Study type 

• Randomised controlled trial 

 

Study details 

• Study location(s) 

Canada. 

• Study setting 

Not specified, but multiple sites were involved.  

• Study dates 

Not specified. 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

Blinding was achieved by 

specifying that the study 

medications be dispensed by a 

third party not involved in other 

aspects of the study, and by the 

use of study drugs that were 

similar in appearance, with the 
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• Duration of follow-up 

12 weeks 

• Sources of funding 

The study was sponsored by Novartis Pharma AG. 

 

Inclusion criteria 

• Age ≥ 40 years 

• Post-bronchodilator FEV1, % predicted 

≥ 30% and < 80%. 

• Moderate to severe COPD (GOLD 2-3) 

• Smoking history 

Current or ex-smokers with a smoking history of at least 10 pack-years.  

• FEV1/FVC, % predicted 

<0.7 

• Stable COPD 

 

Exclusion criteria 

• Asthma 

History of asthma 

• Recent COPD exacerbation 

Requiring treatment with antibiotics and/or oral corticosteroids and/or 

hospitalization 6 weeks prior to screening.  

• Recent respiratory tract infection 

Within 4 weeks prior to screening. 

• History of malignancy 

• Clinically significant cardiovascular disease 

Such as unstable ischemic heart disease, New York Heart Association class 

III/IV left ventricular failure, myocardial infarction, arrhythmia (including 

paroxysmal atrial fibrillation).  

• Long QT syndrome or QTc >450 ms 

same schedule of administration. 

Personnel were also blinded to 

group allocation.  

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Low risk of bias 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 
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• Drug contraindications 

Contraindications for tiotropium or ipratropium, or history of adverse reactions to 

inhaled anticholinergics.  

• Diabetes 

• Renal impairment or urinary retention 

• A known history and/or diagnosis of alpha-1 antitrypsin deficiency 

• Participation in the active phase of a supervised pulmonary rehabilitation 

programme 

• Symptomatic prostatic hyperplasia 

• Bladder-neck obstruction 

 

Sample characteristics 

• Sample size 

657 

• Split between study groups 

Glycopyrronium: 327 Tiotropium: 330 

• Loss to follow-up 

Glycopyrronium: 314/327 (96.0%) of participants completed the trial. Tiotropium: 

316/330 (95.8%) of participants completed the trial. 

• % female 

Glycopyrronium: 27.5% Tiotropium: 24.8% 

• Mean age (SD) 

63.5 years (8.0) 

• Smoking status and history 

Smoking history, n (%): Glycopyrronium; Tiotropium Ex-smoker: 179 (54.7); 182 

(55.2) Current smoker: 148 (45.3); 148 (44.8). 

Mean (SD) duration of smoking, pack-years: Glycopyrronium; Tiotropium 39.6 

(20.4); 40.2 (21.5).  

• Baseline pulmonary medication 
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ICS use at baseline, n (%): Glycopyrronium; Tiotropium 163 (49.8); 174 (52.7). 

 

Interventions 

• Tiotropium 18 micrograms once daily 

Delivered via the HandiHaler® device with a placebo delivered via the 

Breezhaler® device. 

• Glycopyrronium 50 mcg once daily 

Delivered via the Breezhaler® device with a placebo delivered via the 

HandiHaler® device. 

• Concomitant medication 

Patients on fixed-dose LABA/ ICS combinations were switched to an equivalent 

dose of ICS contained in the fixed-dose combination. Patients were provided 

with a salbutamol/albuterol (short-acting β2-agonist; SABA) inhaler to be used 

as rescue medication during the study. 

 

Relevant outcome measures 

• St George’s Respiratory Questionnaire (SGRQ) 

• Transition Dyspnoea Index (TDI) 

• Trough FEV1 

• Exacerbations 

COPD exacerbations were defined as worsening of two or more major 

symptoms for at least 2 consecutive days or worsening of any one major 

symptom together with any minor symptom for at least 2 consecutive days. 

Exacerbations were considered to be of moderate severity if they required 

treatment with systemic corticosteroids, antibiotics or both, and were considered 

severe if they also required hospitalization. 

• Serious Adverse Events (SAEs) 

• Cardiac and COPD serious adverse events 

• Pneumonia 
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• Drop-outs due to adverse events 

 

Other outcome measures 

• Trough FVC and FVC AUC responses 

• All adverse events 

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

Donohue 

(2013a) 

Efficacy and safety of 

once-daily 

umeclidinium/vilanterol 

62.5/25 mcg in COPD 

Trial Registration number(s) 

• NCT01313650 

 

Additional information 

• Evidence table in a systematic review 

Please refer to Donahue 2013 in Ni et al 2017 Cochrane review 

• Data taken from a systematic review 

Data for SGRQ total score, exacerbations and for sample sizes for some 

outcomes were taken from the Ni et al 2017 Cochrane review.  

• Data obtained from the authors: 

The authors kindly confirmed that the participants were not allowed to take 

LABAs for the duration of the trial.  

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 
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Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

But not at doses > 1000mcg/day 

• Theophylline use not allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

Excluded if this was uncontrolled. 

• Other significant non-specified/ specified multimorbidities 

Excluded if this was uncontrolled. 

 

Incomplete outcome data 

• Unclear risk of bias 

Withdrawal rates and reasons 

were similar between groups 

although relatively high 

(umeclidinium 22%, and placebo 

27%) for a short trial duration. 

Numbers of withdrawals and 

reasons were clearly stated for 

both intervention and placebo 

arms.  

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 

D'Urzo (2011) Efficacy and safety of 

once-daily NVA237 in 

patients with 

moderate-to-severe 

COPD: the GLOW1 

trial. 

Trial name  

• GLOW1 

 

Trial Registration number(s) 

• NCT01005901 

 

Random sequence generation 

• Unclear risk of bias 

No details were provided. 

 

Allocation concealment 

• Unclear risk of bias 
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Study type 

• Randomised controlled trial 

 

Study details 

• Study location(s) 

USA, Canada, Australia, Japan, Republic of Korea, The Netherlands, Romania, 

Russia, Singapore, Spain, Turkey.  

• Study setting 

Novartis Investigative Sites in the participating countries.  

• Study dates 

Not stated. 

• Duration of follow-up 

26 weeks 

• Sources of funding 

The study was sponsored by Novartis Pharma AG. 

 

Inclusion criteria 

• Age ≥ 40 years 

• Post-bronchodilator FEV1, % predicted 

< 80% and ≥ 30% 

• Moderate to severe COPD (GOLD 2-3) 

• Smoking history 

≥ 10 pack-years 

• FEV1/FVC, % predicted 

<0.7 

 

Exclusion criteria 

• Asthma 

• Recent respiratory tract infection 

Within the last 6 weeks 

No information was provided. 

 

Blinding of participants and 

personnel 

• Unclear risk of bias 

No information was provided, but 

the intervention and placebo had 

matching inhaler devices so the 

participants should have been 

blind to their group allocation.  

 

Blinding of outcome 

assessment 

• Unclear risk of bias 

No information was provided.  

 

Incomplete outcome data 

• Unclear risk of bias 

Only 81.5% of participants taking 

glycopyrronium and 78.5% taking 

the placebo completed the study, 

but the reasons for 

discontinuation (and the % of 

people involved) were similar 

across both arms in most cases.  

 

Selective reporting 

• Low risk of bias 
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• Lung cancer 

• Concomitant pulmonary diseases  

• Long QT syndrome or QTc >450 ms 

• Drug contraindications 

Contraindications for tiotropium or ipratropium or had experienced adverse 

reactions to inhaled anticholinergics.  

• Renal impairment or urinary retention 

• A known history and/or diagnosis of alpha-1 antitrypsin deficiency 

• Participation in the active phase of a supervised pulmonary rehabilitation 

programme 

• Symptomatic prostatic hyperplasia 

• Narrow-angle glaucoma 

 

Sample characteristics 

• Sample size 

822 

• Split between study groups 

Glycopyrronium: 552; Placebo: 270. 

• Loss to follow-up 

450/552 (81.5%) of the participants on Glycopyrronium completed the study. 

212/270 (78.5%) of the participants taking the placebo completed the study.  

• % female 

18.1 

• Mean age (SD) 

Glycopyrronium: 63.8 (9.47); placebo: 64.0 (8.96) 

• Smoking status and history 

Smoking history, n (%) Ex-smoker: glycopyrronium 370 (67.3); placebo 176 

(65.9) Current Smoker: glycopyrronium 180 (32.7); placebo 91 (34.1). Mean 

(SD) duration of smoking, pack years: glycopyrronium 44.9 (28.08); placebo 

44.6 (24.80).  

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Moderate 

Due to the lack of information on 

blinding, randomisation and group 

allocation, and numbers of people 

withdrawing from the study.  

 

Directness 

• Directly applicable 
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• Baseline pulmonary medication 

ICS use at baseline, n (%): glycopyrronium 301 (54.7); placebo 136 (50.9). 

 

Interventions 

• Placebo 

Administered once daily via a low-resistance single- dose dry-powder inhaler 

(SDDPI; Breezhaler®). 

• Glycopyrronium 50 mcg once daily 

Administered via a low-resistance single- dose dry-powder inhaler (SDDPI; 

Breezhaler®). 

• Concomitant medication 

Inhaled corticosteroids (ICS), intranasal corticosteroids or H1 antagonists were 

permitted in patients who had been stabilized on a recommended and constant 

dose prior to study entry. Patients were required to cease taking long-acting 

bronchodilator therapy before beginning the run-in period and were instructed to 

use rescue medication. Patients receiving LABA/ICS combinations were 

switched to an equivalent dose of the ICS contained in the fixed-dose 

combination product, with rescue medication if required. Patients previously 

treated with a single-agent ICS continued on their pre-study regimen. Patients 

were provided with a salbutamol/albuterol inhaler to use as rescue medication 

throughout the study. 

 

Relevant outcome measures 

• St George’s Respiratory Questionnaire (SGRQ) 

• Transition Dyspnoea Index (TDI) 

• Trough FEV1 

• Exacerbations 

Time to first moderate or severe COPD exacerbation. Exacerbations were 

considered to be of moderate severity if they required treatment with systemic 

corticosteroids or an antibiotic and were considered severe if they also required 
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hospitalization. 

• Serious Adverse Events (SAEs) 

 

Other outcome measures 

• All adverse events 

• Electrocardiogram recordings 

• Use of rescue medication 

• Inspiratory capacity 

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

D'Urzo (2014b) Efficacy and safety of 

fixed-dose 

combinations of 

aclidinium 

bromide/formoterol 

fumarate: the 24-

week, randomized, 

placebo-controlled 

AUGMENT COPD 

study 

Trial name  

• AUGMENT COPD 

 

Trial Registration number(s) 

• NCT01437397 

 

Additional information 

• Evidence table in a systematic review 

Please refer to the AUGMENT entry in Ni et al 2014 Cochrane review. 

• Data taken from a systematic review 

Where data was presented graphically, in an inaccessible format or without SE, 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 
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SD or 95% CI, the results were taken from Ni et al 2014 Cochrane review.  

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

 

• Low risk of bias 

 

Incomplete outcome data 

• High risk of bias 

A larger percentage of 

participants in the placebo arm 

withdrew from the trial (30%), 

compared to 21% in the 

intervention arm.  

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Moderate 

Due to the large and uneven 

dropout rates between the trial 

arms.  

 

Directness 

• Directly applicable 

Dusser (2006) The effect of 

tiotropium on 

exacerbations and 

airflow in patients with 

COPD 

Trial Registration number(s) 

• 205.214  

 

Additional information 

• Evidence table in a systematic review 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 
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Please refer to Dusser et al 2006 in Karner et al 2014 Cochrane review. 

 

Relevant within trial subgroup analyses 

• COPD severity 

Based on FEV1, for the mean number of exacerbations/ patient/ year 

• ICS use 

For the mean number of exacerbations/ patient/ year 

• Exacerbation frequency 

For the mean number of exacerbations/ patient/ year in people with 1, 2 or at 

least 3 exacerbations in the previous year. 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use not allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Other significant non-specified/ specified multimorbidities 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Unclear risk of bias 

Withdrawal rates were relatively 

large but even between arms 

(tiotropium 23.4%, placebo 

28.8%). 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 

Feldman 

(2016) 

A randomized, blinded 

study to evaluate the 

efficacy and safety of 

umeclidinium 62.5 

Trial Registration number(s) 

• NCT02207829 

 

Random sequence generation 

• Low risk of bias 
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mug compared with 

tiotropium 18 mug in 

patients with COPD 

Study type 

• Randomised controlled trial 

 

Study details 

• Study location(s) 

Canada, Chile, Denmark, France, Germany, Italy, Romania, Korea, South 

Africa, the Russian Federation, the Ukraine, and the USA. 

• Study setting 

Unspecified clinics. 

• Study dates 

September 2014 and June 2015. 

• Duration of follow-up 

12 weeks 

• Sources of funding 

This study was funded and conducted by GSK (GSK study number: 201316).  

 

Inclusion criteria 

• Age ≥ 40 years 

• Diagnosis of COPD 

Diagnosis of COPD in accordance with the American Thoracic Society/European 

Respiratory Society. 

• Post-bronchodilator FEV1, % predicted 

Post-albuterol/salbutamol FEV1 of 30%–70%. 

• Smoking history 

Current or former cigarette smokers with ten or more pack-years cigarette 

smoking history. 

• FEV1/FVC, % predicted 

Pre- and post-albuterol/salbutamol FEV1/FVC ratio of <0.70 

• Breathlessness score 

Breathlessness score of ≥2 on the modified Medical Research Council 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

The participants received 2 

different matching inhalers to 

mask treatment allocation. The 

study personnel were also blind to 

allocation.  

 

Blinding of outcome 

assessment 

• Low risk of bias 

The coordinator involved with 

efficacy and safety assessments 

was blinded to treatment 

assignment. 

 

Incomplete outcome data 

• Low risk of bias 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 
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Dyspnoea Scale at Visit 1. 

 

Exclusion criteria 

• Asthma 

A current diagnosis of asthma. 

• Another significant disease 

A current diagnosis of a significant respiratory disorder or other condition that 

may affect respiratory function (e.g. unstable or life-threatening cardiac disease, 

a neurological condition). 

• Recent COPD exacerbation 

Hospitalization for COPD/pneumonia within 12 weeks prior to Visit 1. 

• Pregnancy 

• Lung volume reduction surgery 

• Use of long-term oxygen therapy  

Prescribed for >12 hours per day. 

• Use of COPD maintenance medications other than study medication or ICS 

• Use of other prohibited medications within a specified time 

These included the phosphodiesterase 4 inhibitor (roflumilast); inhaled LABAs; 

LAMAs. The exclusion times prior to study visit 1 vary across the drugs.  

 

Sample characteristics 

• Sample size 

1,017 

• Split between study groups 

Umeclidinium: 509 Tiotropium: 508 

• Loss to follow-up 

Umeclidinium: 467/509 (91.7%) participants completed the trial. 

Tiotropium:474/508 (93.3%) participants completed the trial.  

• % female 

27.7 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 
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• Mean age (SD) 

64.2 years (8.2) 

• Smoking status and history 

Current smoker at screening, n (%): 519 (51%)  

Smoking pack-years: 41.6 (21.6) 

• Baseline pulmonary medication 

ICS use at screening ICS users, n (%): 476 (47)  

 

Interventions 

• Tiotropium 18mcg once daily 

Once-daily TIO 18 mcg (delivering 10mcg) administered via the HandiHaler® 

plus placebo administered via the ELLIPTA™ dry powder inhaler. 

• Umeclidinium 62.5mcg 

Once-daily UMEC 62.5 mcg (delivering 55 mcg) administered via the ELLIPTA™ 

dry powder inhaler plus placebo administered via the HandiHaler®. 

• Concomitant medication 

The use of COPD maintenance medications other than study medication, with 

the exception of inhaled corticosteroids (ICSs) was not permitted. People on 

LABA/ICS were included if they switched to ICS monotherapy. Patients were 

provided albuterol/salbutamol for use as a rescue medication. 

 

Relevant outcome measures 

• St George’s Respiratory Questionnaire (SGRQ) 

• St George Respiratory Questionnaire responders 

SGRQ responders were defined by a reduction from baseline of ≥4 units in 

SGRQ total score. 

• Transition Dyspnoea Index (TDI) 

• Trough FEV1 

• Exacerbations 

A COPD exacerbation was defined as an acute worsening of symptoms of 
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COPD requiring the use of any treatment beyond study medication or rescue 

albuterol/salbutamol. This included the use of systemic corticosteroids, 

antibiotics, and/or emergency treatment or hospitalization. 

 

Other outcome measures 

• All adverse events 

• Trough FCV 

• COPD Assessment Test (CAT) score 

Including the proportion of CAT responders (defined as a reduction from 

baseline of ≥2 units in CAT score.  

• Use of rescue medication 

Assessed by the mean number of puffs/day of rescue medication and 

percentage of rescue-free days over the study duration. 

• Inhaler errors and patient inhaler preference 

 

Relevant within trial subgroup analyses 

• COPD severity 

Global initiative for chronic Obstructive Lung Disease (GOLD) Grade 1/2 and 

Grade 3/4, and GOLD Groups B and D for trough FEV1 outcome.  

• ICS use 

+/-ICS and an analysis by GOLD Grade 1/2 and Grade 3/4, each split by ICS 

use, was also performed for the trough FEV1 outcome.  

 

Additional within trial subgroup analysis 

• FEV1 responder analysis (by GOLD grade) 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use not allowed 
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• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

Johansson 

(2008) 

Bronchodilator efficacy 

of tiotropium in 

patients with mild to 

moderate COPD 

Trial Registration number(s) 

• 205.281  

 

Additional information 

• Evidence table in a systematic review 

Please refer to Johansson et al 2008 in Karner et al 2014 Cochrane review. 

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use not allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Low risk of bias 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 
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Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 

Jones (2012) Efficacy and safety of 

twice-daily aclidinium 

bromide in COPD 

patients: the ATTAIN 

study. 

Trial name  

• ATTAIN 

 

Trial Registration number(s) 

• NCT01001494 

 

Additional information 

• Evidence table in a systematic review 

Please refer to ATTAIN entry in Ni et al 2014 Cochrane review. 

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Unclear risk of bias 

The number of withdrawals were 

low, but higher in the placebo 

group (14.9%) compared to the 

intervention group (6.3%).  

 

Selective reporting 

• Low risk of bias 
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Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 

Kerwin (2012b) Efficacy and safety of 

a 12-week treatment 

with twice-daily 

aclidinium bromide in 

COPD patients 

(ACCORD COPD I). 

Trial name  

• ACCORD COPD I 

 

Trial Registration number(s) 

• NCT00891462 

 

Additional information 

• Evidence table in a systematic review 

Please refer to ACCORD COPD I entry in Ni et al 2014 Cochrane review. 

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Low risk of bias 

Withdrawals were relatively low 

and balanced across the groups 

with similar reasons (aclidinium 

12.6%, placebo 19.9%). 
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Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 

Kerwin (2012c) Efficacy and safety of 

NVA237 versus 

placebo and tiotropium 

in patients with COPD: 

the GLOW2 study 

Trial name  

• GLOW2 

 

Trial Registration number(s) 

• NCT00929110 

 

Additional information 

• Data extraction information 

Data was not extracted for tiotropium as it was provided open-label. 

 

Study type 

• Randomised controlled trial 

 

Study details 

• Study location(s) 

USA, Argentina, Canada, Chile, France, Germany, Hungary, Israel, Italy, 

Republic of Korea, Mexico, The Netherlands, New Zealand, Peru, Poland, 

Russia.  

• Study setting 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Unclear risk of bias 

<80% of the participants 

completed the trial in both arms. 

The reasons (and percentages) 
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Multiple Novartis Investigative Sites in each country.  

• Study dates 

June 2009- April 2011 

• Duration of follow-up 

52 weeks 

• Sources of funding 

Novartis 

 

Inclusion criteria 

• Age ≥ 40 years 

• Post-bronchodilator FEV1, % predicted 

 < 80% and ≥ 30% 

• Moderate to severe COPD (GOLD 2-3) 

• Smoking history 

 ≥ 10 pack-years 

• FEV1/FVC, % predicted 

<0.7 

 

Exclusion criteria 

• Asthma 

• Recent COPD exacerbation 

An exacerbation that required hospitalisation within the last 6 weeks prior to 

screening.  

• Recent respiratory tract infection 

Within the last 6 weeks. 

• History of malignancy 

Of any organ system (including lung cancer and with the exception of localised 

basal cell carcinoma of the skin).  

• Concomitant pulmonary diseases  

Such as pulmonary tuberculosis (unless confirmed by x-ray to be no longer 

were comparable across the 

arms, apart from for adverse 

events, which was greater in the 

placebo arm (11.0% versus 

7.6%).  

 

Selective reporting 

• Unclear risk of bias 

The percentage of people with 

night-time awakenings and day 

time symptoms was not reported.  

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Moderate 

Due to the low completion rate 

and lack of reporting on some of 

the secondary outcomes 

mentioned in the clinical trial 

record.  

 

Directness 

• Directly applicable 
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active) or clinically significant bronchiectasis. 

• Long QT syndrome or QTc >450 ms 

• History of myocardial infarction 

or arrhythmia, but excluding chronic stable atrial fibrillation.  

• Pregnancy 

Women of child-bearing potential not using an accepted form of contraception, 

pregnant women, and nursing mothers were excluded.  

• Use of long-term oxygen therapy  

> 15 hours a day 

• Drug contraindications 

For tiotropium/ipratropium or had shown previous untoward reaction to inhaled 

anticholinergic agents. 

• Renal impairment or urinary retention 

Moderate to severe 

• A known history and/or diagnosis of alpha-1 antitrypsin deficiency 

• Participation in the active phase of a supervised pulmonary rehabilitation 

programme 

• Symptomatic prostatic hyperplasia 

• Bladder-neck obstruction 

• Narrow-angle glaucoma 

• Ischemic heart disease 

• Left ventricular failure 

 

Sample characteristics 

• Sample size 

1,066 

• Split between study groups 

Glycopyrronium: 529; Placebo: 269; Tiotropium: 268.  

• Loss to follow-up 

411/529 (77.7%) of the participants taking Glycopyrronium completed the trial. 
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193/269 (71.7%) of the participants taking the placebo completed the trial.  

• % female 

35.4 

• Mean age (SD) 

Glycopyrronium: 63.5 (9.1); placebo: 63.6 (9.1). 

• Smoking status and history 

Smoking history Ex-smoker: glycopyrronium 287 (54.7); placebo 144 (53.7). 

Current smoker: glycopyrronium 238 (45.3); placebo 124 (46.3). Duration of 

smoking in pack-yrs, Mean (SD): glycopyrronium 49.0 (25.4); placebo 48.0 

(24.0) 

• Baseline pulmonary medication 

Patients on different COPD medications prior to start of study, glycopyrronium; 

placebo, n (%). LAMA 134 (25.5); 66 (24.6). LABA 58 (11.0); 38 (14.2). SABA 

229 (43.9); 105 (39.2). SAMA 66 (12.6); 36 (13.4). ICS+LABA 194 (37.0); 88 

(32.8). Xanthine derivatives 32 (6.1); 15 (5.6). ICS 13 (2.5); 4 (1.5). Leukotriene 

modifiers 4 (0.8); 7 (2.6). 

 

Interventions 

• Tiotropium 18mcg once daily 

Open-label tiotropium 18 mg (delivered via the HandiHaler device; Boehringer 

Ingelheim).  

• Placebo 

Delivered via a low-resistance single-dose dry-powder inhaler (the Breezhaler1 

device; Novartis).  

• Glycopyrronium 50 mcg once daily 

Delivered via a low-resistance single-dose dry-powder inhaler (the Breezhaler1 

device; Novartis). 

• Concomitant medication 

Patients were to discontinue taking long-acting bronchodilator therapy before 

starting the run-in period. Patients using LABA/ICS combinations were switched 
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to an equivalent dose of ICS as monotherapy plus rescue medication. Patients 

were expected to remain on the same dose of ICS throughout the study. Inhaled 

or intranasal corticosteroids and H1 antagonists were permitted in patients who 

had been on a stable dose prior to study entry. Patients were provided with a 

salbutamol/albuterol inhaler to be used as rescue medication during the study. 

 

Relevant outcome measures 

• St George’s Respiratory Questionnaire (SGRQ) 

• Transition Dyspnoea Index (TDI) 

• Trough FEV1 

Taken at 12 weeks for primary outcome measure.  

• Exacerbations 

Number of moderate or severe exacerbations and time to first moderate or 

severe exacerbation.  

• Serious Adverse Events (SAEs) 

 

Other outcome measures 

• All adverse events 

All treatment-emergent adverse events were recorded.  

• Trough FCV 

and FVC post-dose. 

• Use of rescue medication 

• Peak FEV1 

• Night-time awakenings and daytime symptoms 

Percentage of Nights With no Night-time Awakenings and days with no 

symptoms (such as coughing, sputum, need for rescue medication). 

 

Relevant within trial subgroup analyses 

• None 
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Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

• Other significant non-specified/ specified multimorbidities 

Lee (2015) Efficacy and safety of 

aclidinium bromide in 

patients with COPD: A 

phase 3 randomized 

clinical trial in a 

Korean population 

Trial Registration number(s) 

• NCT01636401 

 

Study type 

• Randomised controlled trial 

 

Study details 

• Study location(s) 

South Korea 

• Study setting 

Not stated. 

• Study dates 

Participants were randomised between August 2012 and February 2013.  

• Duration of follow-up 

12 weeks 

• Sources of funding 

This study was supported by Daewoong Pharmaceutical Company Ltd. Republic 

of Korea. 

 

Inclusion criteria 

• Age ≥ 40 years 

• Moderate to severe COPD (GOLD 2-3) 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Low risk of bias 

 

Selective reporting 

• Low risk of bias 
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• Smoking history 

≥ 10 pack-years 

• Stable COPD 

 

Exclusion criteria 

• Recent COPD exacerbation 

Requiring hospitalisation within the last 3 months or any exacerbation ≤ 6 weeks 

before screening. 

• Recent respiratory tract infection 

≤ 6 weeks before screening. 

• Concomitant pulmonary diseases  

• Clinically significant cardiovascular disease 

Including myocardial infarction within 6 months or newly diagnosed arrhythmia 

within 3 months before screening.  

• Drug contraindications 

History of hypersensitivity reactions or contraindications to inhaled 

anticholinergic drugs.  

 

Sample characteristics 

• Sample size 

263 

• Split between study groups 

Aclidinium: 134; Placebo: 129.  

• Loss to follow-up 

240/263 (91.3%) of participants completed the trial.  

• % female 

1.91 

• Mean age (SD) 

68.0 years (7.3) 

• Smoking status and history 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 
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Smoking history, mean (SD), pack-years. Aclidinium: 39.4 (17.3) Placebo: 42.5 

(18.3) 

 

Interventions 

• Placebo 

Inhaler device not specified.  

• Aclidinium 400mcg twice daily 

Inhaler device not specified.  

• Concomitant medication 

Theophylline, ICS and oral/parenteral corticosteroids at ≤ 10mcg daily 

prednisone or its corticosteroid equivalent were permitted if the dose was stable 

for at least 4 weeks before screening. Other inhaled LAMAs and LABAs were 

prohibited during the study.  

 

Relevant outcome measures 

• St George’s Respiratory Questionnaire (SGRQ) 

• St George Respiratory Questionnaire responders 

• Transition Dyspnoea Index (TDI) 

• Trough FEV1 

• Exacerbations 

Defined as an increase in COPD symptoms lasting ≥ 2 consecutive days. 

Exacerbations were defined as mild (self-managed using rescue medication or 

increasing ICS use), moderate (treatment with antibiotics or systemic 

corticosteroids) or severe (requiring hospitalisation).  

 

Other outcome measures 

• Trough FVC and FVC AUC responses 

• All adverse events 

• Electrocardiogram recordings 

• Trough FCV 
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• Peak FEV1 

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Cardiovascular disease 

Rennard 

(2013) 

ACCORD COPD II: a 

randomized clinical 

trial to evaluate the 

12-week efficacy and 

safety of twice-daily 

aclidinium bromide in 

chronic obstructive 

pulmonary disease 

patients 

Trial name  

• ACCORD COPD II 

 

Trial Registration number(s) 

• NCT01045161 

 

Additional information 

• Evidence table in a systematic review 

Please refer to ACCORD COPD II entry in Ni et al 2014 Cochrane review. 

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Low risk of bias 

The number of withdrawals were 

relatively low and even across the 
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Multimorbidities excluded 

• Cardiovascular disease 

 

groups with similar reasons 

(aclidinium 16.9% and placebo 

17%). 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• High risk of bias 

There was an imbalance in the 

trial arms as a relatively higher 

percentage of severe COPD 

patients were recruited in 

aclidinium 400mcg arm than 

placebo. 

 

Overall risk of bias 

• Moderate 

Due to the imbalance in 

participant characteristics 

between trial arms.  

 

Directness 

• Directly applicable 

Singh (2014a) Efficacy and safety of 

aclidinium 

bromide/formoterol 

fumarate fixed-dose 

combinations 

compared with 

Trial name  

• ACLIFORM COPD 

 

Trial Registration number(s) 

• NCT01462942 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 
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individual components 

and placebo in 

patients with COPD 

(ACLIFORM-COPD): 

a multicentre, 

randomised study 

Additional information 

• Evidence table in a systematic review 

Please refer to the ACLIFORM entry in Ni et al 2014 Cochrane review. 

• Data taken from a systematic review 

Where data is only presented graphically or the mean change is given without 

SD, SE or 95% CI in the original paper, then the corresponding numbers have 

been taken from Ni et al 2014 Cochrane review.  

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Low risk of bias 

 

Selective reporting 

• Low risk of bias 

Withdrawal rates were somewhat 

higher in the placebo group, but 

overall low in all groups 

(aclidinium 13%, placebo 17.5%).  

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 

Singh (2015a) Tiotropium + 

olodaterol shows 

clinically meaningful 

Trial name  

• OTEMTO 1 

• OTEMTO 2 

 

Random sequence generation 

• Low risk of bias 

“BI generated the randomisation 

schedule, and prepared and 
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improvements in 

quality of life 

Trial Registration number(s) 

• NCT01964352 

• NCT02006732 

 

Additional information 

BI provided additional information during consultation about randomisation and 

blinding in this study. 

 

Study type 

• Randomised controlled trial 

 

Study details 

• Study location(s) 

The trials were multinational with sites in countries including USA, Austria, 

Germany, UK and Sweden.  

• Study setting 

Not specified. 

• Study dates 

Not specified. 

• Duration of follow-up 

12 weeks 

• Sources of funding 

This work was supported by Boehringer Ingelheim Pharma GmbH & Co. KG. 

 

Inclusion criteria 

• Age ≥ 40 years 

• Post-bronchodilator FEV1, % predicted 

Between 30% and 80% of predicted normal. 

• Moderate to severe COPD (GOLD 2-3) 

• Smoking history 

coded the medication in a blinded 

fashion.” (Information from BI 

Clinical study report) 

 

Allocation concealment 

• Low risk of bias 

Study medication was assigned to 

the patients via the IRT 

(interactive response technology) 

system. (Information from BI 

Clinical study report) 

 

Blinding of participants and 

personnel 

• Low risk of bias 

“Patients, investigators, and 

everyone involved in analysing or 

with an interest in this double-

blind trial were to remain blinded 

with regard to the randomisation 

treatment assignments until after 

database lock.” (Information from 

BI Clinical study report) 

 

Blinding of outcome 

assessment 

• Low risk of bias 

“Patients, investigators, and 

everyone involved in analysing or 

with an interest in this double-
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> 10 pack-years 

• FEV1/FVC, % predicted 

<0.7 

 

Exclusion criteria 

• Asthma 

• Another significant disease 

No details provided.  

• Recent COPD exacerbation 

Within the previous 3 months. 

• Recent respiratory tract infection 

Within the previous 3 months.  

• History of life-threatening pulmonary obstruction 

• Unstable or life-threatening cardiac arrhythmia 

• A history of heart failure 

Hospitalisation for heart failure within the last year. 

• History of myocardial infarction 

Within 1 year of screening for the trial. 

 

Sample characteristics 

• Sample size 

OTEMTO 1: 812; OTEMTO 2: 809. 

• Split between study groups 

OTEMTO 1: placebo 204; Tiotropium 5mcg 203; other combined drug doses 

405. OTEMTO 2: placebo 202; Tiotropium 5mcg 203; other combined drug 

doses 404. 

• Loss to follow-up 

OTEMTO 1: 178/204 (87.3%) completed the trial in the placebo group; 192/204 

(94.6%) completed the trial in the tiotropium group. OTEMTO 2: 182/224 

(90.1%) completed the trial in the placebo group; 191/203 (94.1%) completed 

blind trial were to remain blinded 

with regard to the randomisation 

treatment assignments until after 

database lock.” (Information from 

BI Clinical study report).  

 

Incomplete outcome data 

• Low risk of bias 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 
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the trial in the tiotropium group. 

• % female 

OTEMTO 1: 40.8% OTEMTO 2: 37.5%  

• Mean age (SD) 

OTEMTO 1: 64.9 years (8.4) OTEMTO 2: 64.6 YEARS (8.4)  

• Smoking status and history 

Smoking status, n (%) OTEMTO 1 Ex-smoker: placebo 116 (56.9); tiotropium 

105 (51.7) Current smoker: placebo 88 (43.1); tiotropium 98 (48.3) OTEMTO 2 

Ex-smoker: placebo 107 (53.0); tiotropium 112 (55.2) Current smoker: placebo 

95 (47.0); tiotropium 91 (44.8) 

• Baseline pulmonary medication 

OTEMTO 1 Baseline pulmonary medication, placebo n (%); triotropium n (%). 

Any 156 (76.5); 160 (78.8). ICS 71 (34.8); 77 (37.9). LAMA 83 (40.7); 64 (31.5). 

SAMA 13 (6.4); 18 (8.9). LABA 78 (38.2); 78 (38.4). SABA 101 (49.5); 112 

(55.2). OTEMTO 2 Baseline pulmonary medication, placebo n (%); triotropium n 

(%). Any 156 (77.2); 158 (77.8). ICS 71 (35.1); 71 (35.0). LAMA 59 (29.2); 77 

(37.9). SAMA 16 (7.9); 15 (7.4). LABA 76 (37.6); 81 (39.9). SABA 107 (53.0); 

109 (53.7). 

 

Interventions 

• Tiotropium 5mcg 

Respimat® inhaler 

• Placebo 

Respimat® inhaler 

• Tiotropium and olodaterol 5/5 mcg 

Respimat® inhaler 

• Tiotropium and olodaterol 2.5/5 mcg 

Respimat® inhaler 

• Concomitant medication 

Patients were allowed to continue their inhaled corticosteroid therapy (if they 
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were on a stable dose for 6 weeks prior to screening). LAMAs or LABAs other 

than study medication were prohibited during the screening or treatment periods, 

and short acting muscarinic antagonists were permitted only during the 

screening period. Open-label salbutamol was provided as rescue medication for 

use throughout the study. 

 

Relevant outcome measures 

• St George’s Respiratory Questionnaire (SGRQ) 

• St George Respiratory Questionnaire responders 

People with ≥ 4.0 units improvement.  

• Transition Dyspnoea Index (TDI) 

• Trough FEV1 

Trough FEV1 was defined as the mean of the FEV1 values at 23 h post-dose 

and 23 h 50 min post-dose. 

• Serious Adverse Events (SAEs) 

 

Other outcome measures 

• Trough FVC and FVC AUC responses 

• All adverse events 

• Electrocardiogram recordings 

Abnormalities were reported as adverse events. 

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 
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Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

Tonnel (2008) Effect of tiotropium on 

health-related quality 

of life as a primary 

efficacy endpoint in 

COPD 

Additional information 

• Evidence table in a systematic review 

Please refer to Tonnel et al 2008 in Karner et al Cochrane review.  

• Data taken from a systematic review 

Data on trough FEV1 was taken from the Cochrane review as it was presented 

as a graph in the original paper. 

 

Relevant within trial subgroup analyses 

• COPD severity 

Based on FEV1 % predicted- mean change from baseline in SGRQ total score. 

• ICS use 

Data for mean change from baseline in SGRQ total score 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• High risk of bias 

The withdrawal rates were large 

and uneven (tiotropium 14.7%, 

placebo 25.7%) 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 
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Overall risk of bias 

• Moderate 

Due to the large withdrawal rate in 

the placebo arm compared to the 

intervention arm.  

 

Directness 

• Directly applicable 

Trivedi (2014) Umeclidinium in 

patients with COPD: a 

randomised, placebo-

controlled study 

Trial Registration number(s) 

• NCT01387230 

 

Additional information 

• Evidence table in a systematic review 

Please refer to Trivedi 2014 in Ni et al 2017 Cochrane review. 

• Data taken from a systematic review 

Data for the number of SGRQ responders and people with severe exacerbations 

was taken from the Ni et al 2017 Cochrane review.  

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Other significant non-specified/ specified multimorbidities 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• High risk of bias 

The withdrawal rate was uneven, 

but with similar reasons between 

the umeclidinium and placebo 

groups (umeclidinium 62.5mcg 

10%, and placebo 26%). 
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Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Moderate 

Due to the large withdrawal rate in 

the placebo arm compared to the 

intervention arm.  

 

Directness 

• Directly applicable 

Troosters 

(2014) 

Tiotropium in patients 

with moderate COPD 

naive to maintenance 

therapy: a randomised 

placebo-controlled trial 

Trial Registration number(s) 

• NCT00523991 

 

Additional information 

• Evidence table in a systematic review 

Please refer to Troosters et al 2011 entry in Karner et al 2014 Cochrane review.  

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use not allowed 

• Theophylline use not allowed 

• Multimorbidities excluded 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 
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Multimorbidities excluded 

• Asthma 

 

Multimorbidities included 

• Cardiovascular disease included 

 

Incomplete outcome data 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 

UPLIFT  

 

Unpublished subgroup 

data 

Trial name  

• UPLIFT 

 

Trial Registration number(s) 

• NCT00144339 

 

Additional information 

• Evidence table in a systematic review 

Please refer to the entry for Tashkin (2008) in the Karner et al 2014 Cochrane 

review for the evidence table for the full trial including all participants. 

 

• Unpublished data for the subgroup of UPLIFT participants not taking LABA was 

supplied by Boehringer Ingelheim. Please refer to Appendix O for this data. 

Assessment based on the full 

trial with all participants. 

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• High risk of bias 
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The withdrawal rates were high 

(tiotropium 36.8%, placebo 

45.2%). However, data regarding 

vital status were systematically 

requested for patients who 

prematurely discontinued study 

participation on a recorded date 

determined as four years from the 

first day of administration of a 

study drug. 

 

Selective reporting 

• Low risk of bias 

 

Overall risk of bias 

• Moderate 

Due to the high and uneven 

withdrawal rates. 

 

Directness 

• Directly applicable 

Verkindre 

(2006) 

The effect of 

tiotropium on 

hyperinflation and 

exercise capacity in 

chronic obstructive 

pulmonary disease 

Trial Registration number(s) 

• 205.215  

 

Additional information 

• Evidence table in a systematic review 

Please refer to Verkindre et al 2006 in Karner et al Cochrane review.  

 

Random sequence generation 

• Low risk of bias 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 
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Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• High risk of bias 

The withdrawal rates were 

relatively low, but uneven 

(tiotropium 2.2%, placebo 16.7%). 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Moderate 

Due to the uneven withdrawal rate 

across the trial arms.  

 

Directness 

• Directly applicable 

Voshaar (2008) A randomized study of 

tiotropium Respimat 

Soft Mist inhaler vs. 

ipratropium pMDI in 

COPD 

Trial Registration number(s) 

• 205.251 

• 205.252 

 

Random sequence generation 

• Low risk of bias 
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Additional information 

• Evidence table in a systematic review 

Please refer to Voshaar et al 2008 in Karner et al Cochrane review.  

 

Relevant within trial subgroup analyses 

• None 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Theophylline use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

 

Allocation concealment 

• Low risk of bias 

 

Blinding of participants and 

personnel 

• Low risk of bias 

 

Blinding of outcome 

assessment 

• Low risk of bias 

 

Incomplete outcome data 

• Low risk of bias 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 

 

Overall risk of bias 

• Low 

 

Directness 

• Directly applicable 

Wang (2015) Efficacy and safety of 

once-daily 

glycopyrronium in 

predominantly 

Chinese patients with 

Trial name  

• GLOW7 

 

Random sequence generation 

• Unclear risk of bias 

Lack of information regarding 

method of randomisation.  
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moderate-to-severe 

chronic obstructive 

pulmonary disease: 

the GLOW7 study 

Study type 

• Randomised controlled trial 

 

Study details 

• Study location(s) 

People’s Republic of China, Korea, India, and the Philippines. 

• Study setting 

37 centres in four countries. The majority of centres were in the People’s 

Republic of China (25 centres). 

• Study dates 

Not stated 

• Duration of follow-up 

26 weeks 

• Sources of funding 

The study was funded by Novartis Pharma AG, Basel, Switzerland. 

 

Inclusion criteria 

• Age ≥ 40 years 

• Post-bronchodilator FEV1, % predicted 

≥30% and <80 

• Moderate to severe COPD (GOLD 2-3) 

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD 

2010) guidelines 

• Smoking history 

Current or ex-smokers who had a smoking history of at least 10 pack-years. 

• FEV1/FVC, % predicted 

<0.7 

• Stable COPD 

• Symptomatic patients 

Allocation concealment 

• Unclear risk of bias 

Lack of information regarding 

method of allocation concealment. 

 

Blinding of participants and 

personnel 

• Unclear risk of bias 

There is no information about 

whether the study personnel were 

blinded to allocation, but 

participants received identical 

inhalers and so should have been 

blinded.  

 

Blinding of outcome 

assessment 

• Unclear risk of bias 

No information is provided.  

 

Incomplete outcome data 

• Low risk of bias 

 

Selective reporting 

• Low risk of bias 

 

Other sources of bias 

• Low risk of bias 
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According to daily electronic diary data. 

 

Exclusion criteria 

• Asthma 

• Another significant disease 

Such as paroxysmal (e.g. intermittent) atrial fibrillation with persistent atrial 

fibrillation;  

• Recent COPD exacerbation 

An exacerbation that required treatment with antibiotics, systemic steroids (oral 

or intravenous) or hospitalization in the last year up to and including visit three or 

in the 6 weeks prior to visit one or between visit one and visit three. 

• Recent respiratory tract infection 

Within 4 weeks prior to visit one. 

• History of malignancy 

• Concomitant pulmonary diseases  

• Clinically significant cardiovascular disease 

Unstable ischemic heart disease, left ventricular failure (New York Heart 

Association class III or IV), history of myocardial infarction, arrhythmia. 

• Long QT syndrome or QTc >450 ms 

• Pregnancy 

Also nursing mothers and women of child-bearing potential. 

• Lung volume reduction surgery 

Lung lobectomy or lung volume reduction or lung transplantation. 

• Use of long-term oxygen therapy  

> 15 hours a day. 

• Drug contraindications 

Patients contraindicated for treatment with, or having a history of 

reactions/hypersensitivity to any of the following inhaled drugs, drugs of a similar 

class or any component thereof: anticholinergic agents, short-acting β2-agonists, 

sympathomimetic amines, lactose, or any of the other excipients. 

Overall risk of bias 

• High 

For subjective outcome measures 

such as SQRG and TDI, which 

are more at risk of bias if blinding 

of personnel and outcome 

assessors was insufficient. The 

lack of information about 

randomisation also remains a 

problem.  

• Moderate 

Due to the lack of information 

regarding randomisation and 

blinding of personnel and 

outcome assessors. However, 

outcomes such as mortality and 

number of exacerbations are 

unlikely to be affected by the lack 

of blinding. 

 

Directness 

• Directly applicable 
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• Diabetes 

Uncontrolled diabetes 

• Renal impairment or urinary retention 

• A known history and/or diagnosis of alpha-1 antitrypsin deficiency 

• Participation in the active phase of a supervised pulmonary rehabilitation 

programme 

• Symptomatic prostatic hyperplasia 

• Bladder-neck obstruction 

• Narrow-angle glaucoma 

• Patients with allergic rhinitis who used a H1 antagonist or intra-nasal 

corticosteroids intermittently 

• Clinically significant abnormality on the ECG  

 

Sample characteristics 

• Sample size 

460 

• Split between study groups 

Glycopyrronium: 306; Placebo: 154. 

• Loss to follow-up 

Glycopyrronium: 282/306 (92.2%) of participants completed the trial. Placebo: 

143/154 (92.9%) of participants completed the trial.  

• % female 

4.4% 

• Mean age (SD) 

64.7 years (8.0) 

• Smoking status and history 

Smoking history, n (%), Glycopyrronium; placebo. Ex-smoker: 237 (77.7); 120 

(77.9). Current smoker: 68 (22.3); 34 (22.1). 

• Baseline pulmonary medication 
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ICS use, n (%) Glycopyronnium; placebo. 198 (64.9); 86 (55.8).  

 

Interventions 

• Placebo 

Delivered via the Breezhaler® device. 

• Glycopyrronium 50 mcg once daily 

Delivered via the Breezhaler® device. 

• Concomitant medication 

Patients using LAMA/ICS combination therapy were switched to equivalent ICS 

monotherapy. Salbutamol/albuterol was permitted as rescue medication 

throughout the study. 

 

Relevant outcome measures 

• Mortality 

• St George’s Respiratory Questionnaire (SGRQ) 

• Transition Dyspnoea Index (TDI) 

• Trough FEV1 

• Exacerbations 

• Serious Adverse Events (SAEs) 

• Cardiac and COPD serious adverse events 

 

Other outcome measures 

• All adverse events 

• Trough FCV 

• Use of rescue medication 

• Peak FEV1 

 

Relevant within trial subgroup analyses 

• Smoking status (ex and non-smoker, current smoker) 

• COPD severity 
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Moderate or less, severe or worse.  

• ICS use 

• Sex 

 

Additional within trial subgroup analysis 

• Age 

< 65 years or ≥ 65 years 

• Ethnicity  

Chinese or other. 

 

Whole trial subgroup analysis information 

• ICS use allowed 

• Multimorbidities excluded 

 

Multimorbidities excluded 

• Asthma 

• Cardiovascular disease 

• Other significant non-specified/ specified multimorbidities 
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Appendix F – Forest plots 

Inhaled therapy combinations 

The following plots were based on data from the Cochrane review. However, the 
dichotomous data plots have been altered to show RR, not OR, and the choice of fixed effect 
or random effects model is made according to the methods in appendix B. Any sensitivity 
analyses were carried out by NICE Guideline Updates Team using data from the Cochrane 
group. In contrast to other reviews carried out by the NICE Guideline Updates Team in this 
update of the COPD guideline, the Cochrane group reported change in FEV1 in litres (L).  

LABA/LAMA versus LABA/ICS 

All-cause mortality 
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Change in Trough FEV1 (L) at 3 months 

 

Change in Trough FEV1 (L) at 6 months 

 

Transition Dyspnoea Index (TDI) focal score at 3 months 
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Sensitivity analysis: TDI at 3 months 

 

Transition Dyspnoea Index (TDI) focal score at 6 months 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 3 months  
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St. George's Respiratory Questionnaire (SGRQ), total score at 6 months  

 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months 
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People with ≥ 1 moderate to severe exacerbation 

 

People with ≥ 1 severe exacerbation (requiring hospitalisation) 
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People with ≥ 1 Serious Adverse Event (SAE) 

 

People with ≥ 1 COPD SAE 
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People with ≥ 1 cardiac SAE 

 

People with ≥ 1 session of pneumonia 

 



 

 

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

 

FINAL 
 

322 

Drop-outs due to adverse events 
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LABA/LAMA versus LAMA 

All-cause mortality 
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Publication bias assessment: funnel plot for all-cause mortality 
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Change in Trough FEV1 (L) at 3 months 
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Publication bias assessment: funnel plot for change in trough FEV1 at 3 months 

 

 

Change in Trough FEV1 (L) at 6 months 
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Publication bias assessment: funnel plot for change in trough FEV1 at 6 months 

 

Change in Trough FEV1 (L) at 12 months 
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Transition Dyspnoea Index (TDI) focal score at 3 months 

 

Sensitivity analysis: TDI at 3 months 
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Publication bias assessment: funnel plot for TDI at 3 months 

 

Transition Dyspnoea Index (TDI) focal score at 6 months 
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Sensitivity analysis: TDI at 6 months 

 

Transition Dyspnoea Index (TDI) focal score at 12 months 

 

Sensitivity analysis: TDI at 12 months 
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St. George's Respiratory Questionnaire (SGRQ), total score at 3 months  

 

Sensitivity analysis: SGRQ at 3 months 
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Publication bias assessment: funnel plot for SGRQ at 3 months 

 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 6 months  
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Sensitivity analysis: SGRQ at 6 months 

 

Publication bias assessment: funnel plot for SGRQ at 6 months 
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St. George's Respiratory Questionnaire (SGRQ), total score at 12 months  

 

Sensitivity analysis: SGRQ at 12 months 
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People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months 

 

Sensitivity analysis: people with ≥ 4 units improvement in quality of life (SGRQ) at 3 months 
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People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months 

 

Sensitivity analysis: people with ≥ 4 units improvement in quality of life (SGRQ) at 6 months 
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Publication bias assessment: funnel plot for SGRQ responders at 6 months 

 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months 

 



 

 

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

 

FINAL 
 

338 

People with ≥ 1 moderate to severe exacerbation 

 

Sensitivity analysis: people with ≥ 1 moderate to severe exacerbation 
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People with ≥ 1 severe exacerbation (requiring hospitalisation) 

 

Sensitivity analysis: people with ≥ 1 severe exacerbation 
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People with ≥ 1 Serious Adverse Event (SAE) 
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Publication bias assessment: funnel plot for SAEs 
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People with ≥ 1 COPD SAE 
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Publication bias assessment: funnel plot for COPD SAEs 
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People with ≥ 1 cardiac SAE 
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Publication bias assessment: funnel plot for Cardiac SAEs 
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People with ≥ 1 session of pneumonia 
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Publication bias assessment: funnel plot for pneumonia 
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Drop-outs due to adverse events 
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Publication bias assessment: funnel plot for drop-outs due to adverse events 
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LABA/LAMA versus LABA 

All-cause mortality 
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Publication bias assessment: funnel plot for all-cause mortality 

 

Change in Trough FEV1 (L) at 3 months 
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Change in Trough FEV1 (L) at 6 months 

 

Change in Trough FEV1 (L) at 12 months 
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Transition Dyspnoea Index (TDI) focal score at 3 months 

 

Sensitivity analysis: TDI at 3 months 

 

Transition Dyspnoea Index (TDI) focal score at 6 months 
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Sensitivity analysis: TDI at 6 months 

 

Transition Dyspnoea Index (TDI) focal score at 12 months 

 

Sensitivity analysis: TDI at 12 months 
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St. George's Respiratory Questionnaire (SGRQ), total score at 6 months  

 

Sensitivity analysis: SGRQ at 6 months 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 12 months  
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People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months 

 

Sensitivity analysis: people with ≥ 4 units improvement in quality of life (SGRQ) at 6 months 
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People with ≥ 1 moderate to severe exacerbation 

 

Sensitivity analysis: people ≥ 1 moderate to severe exacerbation 
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People with ≥ 1 severe exacerbation requiring hospitalisation 

 

Sensitivity analysis: people ≥ 1 severe exacerbation 
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People with ≥ 1 Serious Adverse Event (SAE) 
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Publication bias assessment: funnel plot for SAEs 

 

People with ≥ 1 COPD SAE 
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People with ≥ 1 cardiac SAE 
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Publication bias assessment: funnel plot for cardiac SAEs 

 

People with ≥ 1 session of pneumonia 
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Publication bias assessment: funnel plot for pneumonia 
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Drop-outs due to adverse events 
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Publication bias assessment: funnel plot drop-outs due to adverse events 

 

 

LABA/ICS versus LAMA 

All-cause mortality 
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Change in Trough FEV1 (L) at 3 months 

 

Change in Trough FEV1 (L) at 6 months 

 

Change in Trough FEV1 (L) at 12 months 
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Transition Dyspnoea Index (TDI) focal score at 3 months 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 3 months  

 

Sensitivity analysis: SGRQ at 3 months 
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People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months 

 

People with ≥ 1 moderate to severe exacerbation 
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People with ≥ 1 severe exacerbation (requiring hospitalisation) 

 

People with ≥ 1 Serious Adverse Event (SAE) 
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People with ≥ 1 COPD SAE 

 

People with ≥ 1 cardiac SAE 
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People with ≥ 1 session of pneumonia 

 

Drop-outs due to adverse events 
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LABA/ICS versus LABA 

All-cause mortality 
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Publication bias assessment: funnel plot for all-cause mortality 

 

 

Change in Trough FEV1 (L) at 3 months 
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Publication bias assessment: funnel plot for trough FEV1 at 3 months 

 

Change in Trough FEV1 (L) at 6 months 
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Publication bias assessment: funnel plot for trough FEV1 at 3 months 

 

Change in Trough FEV1 (L) at 12 months 
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Transition Dyspnoea Index (TDI) focal score at 3 months 

 

Transition Dyspnoea Index (TDI) focal score at 6 months 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 3 months  
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St. George's Respiratory Questionnaire (SGRQ), total score at 6 months  

 

Sensitivity analysis: SGRQ at 6 months 
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St. George's Respiratory Questionnaire (SGRQ), total score at 12 months  

 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months 
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People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months 

 

Sensitivity analysis: people with ≥ 4 units improvement in quality of life (SGRQ) at 6 months 
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People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months 

 

People with ≥ 1 moderate to severe exacerbation 
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Sensitivity analysis: people with ≥ 1 moderate to severe exacerbation 
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Publication bias assessment: funnel plot for moderate to severe exacerbations 

 

People with ≥ 1 severe exacerbation requiring hospitalisation 
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Publication bias assessment: funnel plot for severe exacerbations 
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People with ≥ 1 Serious Adverse Event (SAE) 
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Publication bias assessment: funnel plot for SAEs 

 



 

 

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

 

FINAL 
 

386 

People with ≥ 1 COPD SAE 
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Publication bias assessment: funnel plot for COPD SAEs 
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People with ≥ 1 cardiac SAE 
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Publication bias assessment: funnel plot for cardiac SAEs 
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People with ≥ 1 session of pneumonia 
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Publication bias assessment: funnel plot for pneumonia 
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Drop-outs due to adverse events 
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Publication bias assessment: funnel plot for drop-outs due to adverse events 
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LAMA versus LABA 

All-cause mortality 
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Publication bias assessment: funnel plot for all-cause mortality 

 

Change in Trough FEV1 (L) at 3 months 

 



 

 

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

 

FINAL 
 

396 

Change in Trough FEV1 (L) at 6 months 

 

Publication bias assessment: funnel plot for change in trough FEV1 at 6 months 
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Change in Trough FEV1 (L) at 12 months 

 

Transition Dyspnoea Index (TDI) focal score at 3 months 

 

Sensitivity analysis: TDI at 3 months 
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Transition Dyspnoea Index (TDI) focal score at 6 months 

 

Sensitivity analysis: TDI at 6 months 

 

Transition Dyspnoea Index (TDI) focal score at 12 months 
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Sensitivity analysis: TDI at 12 months 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 3 months  

 

Sensitivity analysis: SGRQ at 3 months 
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St. George's Respiratory Questionnaire (SGRQ), total score at 6 months  

 

Sensitivity analysis: SGRQ at 6 months 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 12 months  
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Sensitivity analysis: SGRQ at 12 months 

 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months 
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People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months 

 

Sensitivity analysis: people with ≥ 4 units improvement in quality of life (SGRQ) at 6 months 
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People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months 

 

 

People with ≥ 1 moderate to severe exacerbation 
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Sensitivity analysis: people with ≥ 1 moderate to severe exacerbation 

 

 

People with ≥ 1 severe exacerbation requiring hospitalisation 
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Sensitivity analysis: people with ≥ 1 severe exacerbation 

 

 

People with ≥ 1 Serious Adverse Event (SAE) 
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Publication bias assessment: funnel plot for SAEs 
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People with ≥ 1 COPD SAE 
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Publication bias assessment: funnel plot for COPD SAEs 
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People with ≥ 1 cardiac SAE 
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Publication bias assessment: funnel plot for cardiac SAEs 
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People with ≥ 1 session of pneumonia 
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Publication bias assessment: funnel plot for pneumonia 
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Drop-outs due to adverse events 
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Publication bias assessment: funnel plot for drop-outs due to adverse events 
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LAMA monotherapy 

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

All-cause mortality (including ICS subgroup analysis) 
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Publication bias assessment: all-cause mortality 
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Change in Trough FEV1 (ml) 
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ICS subgroup analysis: change in Trough FEV1 (ml) 
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Transition Dyspnoea Index (TDI) focal score (all studies allowed ICS usage) 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 3 months (all studies 
allowed ICS usage) 

 

St. George's Respiratory Questionnaire (SGRQ), total score at 6 months (all studies 
allowed ICS usage) 
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St. George's Respiratory Questionnaire (SGRQ), total score at 12 months (all studies 
allowed ICS usage) 

 

People with ≥ 4 units improvement in quality of life (SGRQ) (all studies allowed ICS 
usage) 
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People with ≥ 1 moderate to severe exacerbation (including ICS subgroup analysis) 

 



 

 

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

 

FINAL 
 

422 

People with ≥ 1 severe exacerbation (requiring hospitalisation) (including ICS subgroup 
analysis) 
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People with ≥ 1 Serious Adverse Event (SAE) (including ICS subgroup analysis) 
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Publication bias assessment: serious adverse events  

 



 

 

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

 

FINAL 
 

425 

Drop-outs due to adverse events (including ICS subgroup analysis) 
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Publication bias assessment: drop-outs due to adverse events 

 

Aclidinium (400 micrograms twice daily) versus placebo 

All-cause mortality 
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Change in Trough FEV1 (ml) at 3 months 

 

Change in Trough FEV1 (ml) at 6 months 

 

Transition Dyspnoea Index (TDI) focal score 
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St. George's Respiratory Questionnaire (SGRQ), total score, at 3 months  

 

St. George's Respiratory Questionnaire (SGRQ), total score, at 6 months  

 

People with ≥ 4 units improvement in quality of life (SGRQ) 
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People with ≥ 1 moderate to severe exacerbation 

 

People with ≥ 1 severe exacerbation (requiring hospitalisation) 

 

People with ≥ 1 Serious Adverse Event (SAE) 
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People with ≥ 1 session of pneumonia 

 

Drop-outs due to adverse events 

 

Glycopyrronium bromide (50 micrograms once daily) versus placebo 

 All-cause mortality 
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Change in Trough FEV1 (ml) 

 

Sensitivity analysis: change in trough FEV1 
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Transition Dyspnoea Index (TDI) focal score 

 

Sensitivity analysis: TDI 
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St. George's Respiratory Questionnaire (SGRQ), total score 

 

Sensitivity analysis: SGRQ 
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People with ≥ 4 units improvement in quality of life (SGRQ) 

 

Sensitivity analysis: people with ≥ 4 units improvement in quality of life (SGRQ) 

 

People with ≥ 1 moderate to severe exacerbation 
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People with ≥ 1 severe exacerbation (requiring hospitalisation) 

 

People with ≥ 1 Serious Adverse Event (SAE) 

 

Sensitivity analysis: people with ≥ 1 non-fatal Serious Adverse Event (SAE) 
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Drop-outs due to adverse events 

 

Sensitivity analysis: dropouts due to adverse events 

 

 

People with ≥ 1 session of pneumonia 

 



 

 

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

 

FINAL 
 

437 

Umeclidinium bromide (62.5 micrograms once daily) versus placebo 

All-cause mortality 

 

Change in Trough FEV1 (ml) 

 

Transition Dyspnoea Index (TDI) focal score 

 

St. George's Respiratory Questionnaire (SGRQ), total score 
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People with ≥ 4 units improvement in quality of life (SGRQ) 

 

People with ≥ 1 moderate to severe exacerbation 

 

People with ≥ 1 severe exacerbation (requiring hospitalisation) 

 

People with ≥ 1 Serious Adverse Event (SAE) 

 

Dropouts due to adverse events 
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Appendix G – Network meta-analysis results 

Inhaled therapy combinations 

The following tables and figures are based on data from the Cochrane review and the models they have developed. However, the dichotomous 
data has been altered by the NICE Guidelines Updates Team to show RR, not OR, and the choice of fixed effect or random effects model is made 
according to the methods in appendix B. The network diagrams were supplied by the Cochrane group. More details on these network meta 
analyses are available in the Cochrane review on which they were based. 

Model fit statistics for all outcomes 

Table 20: Model fit statistics used to select fixed or random effect models for all comparisons and outcomes 

Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

Change in FEV 1 

50  
FEV1 at 3 
months (low 
risk) 

RE model-fixed class effect -513.58 105.6 

107 

0.03 

(0.02, 0.03) 

RE model-fixed 
class effect 

RE model-random class 
effect 

-516.52 102.3 
0.02 

(0.01, 0.03) 

FE model-fixed class effect -421.49 229.0 - 

FE model-random class 
effect 

-481.10 
155.2 - 

11 
FEV1 at 3 
months (high 
risk) 

RE model-fixed class effect -114.44 22.9 

23 

0.01 

(0, 0.04) 
FE model-fixed 
class effect 

RE model-random class 
effect 

-112.86 22.1 
0.02 

(0, 0.03) 

FE model-fixed class effect -114.95 26.0 - 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

FE model-random class 
effect 

-113.78 22.5 - 

30 
FEV1 at 6 
months (low 
risk) 

RE model-fixed class effect -324.38 68.3 

69 

0.02 

(0.007, 0.03) 

FE model-fixed 
class effect 

RE model-random class 
effect 

-325.15 66.2 
0.009 

(0, 0.02) 

FE model-fixed class effect -315.31 91.4 - 

FE model-random class 
effect 

-326.62 69.0 - 

11 
FEV1 at 6 
months (high 
risk) 

RE model-fixed class effect 
-103.62 

 

22.7 

 

24 

0.02 

(0, 0.05) 

FE model-fixed 
class effect 

RE model-random class 
effect 

-104.58 

 

20.4 

 

0.01 

(0, 0.05) 

FE model-fixed class effect -103.97 
25.9 

 
- 

FE model-random class 
effect 

-106.00 20.1 - 

13 
FEV1 at 12 
months (low 
risk) 

RE model-fixed class effect 
-150.21 

 

32.7 

 

31 

0.02 

(0.01, 0.03) 

 

FE model-
random class 
effect 

RE model-random class 
effect 

-153.85 

 

28.4 

 

0.01 

(0, 0.03) 

FE model-fixed class effect 
-142.19 

 

49.0 

 
- 

FE model-random class 
effect 

-156.07 27.9 - 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

13 
FEV1 at 12 
months (high 
risk) 

RE model-fixed class effect -128.137 
26.2 

 

29 

0.01 

(0.00, 0.03) 

FE model-fixed 
class effect 

RE model-random class 
effect 

-126.15 
25.8 

 

0.01 

(0.00, 0.04) 

FE model-fixed class effect -129.39 
28.2 

 
- 

FE model-random class 
effect 

-127.55 26.5 - 

Moderate to severe exacerbations 

38 Low risk 

RE model-fixed class 
effects 

384.09 72.7 

72 

0.14 

(0.008, 0.37) 

FE model-fixed 
class effect 

FE model – fixed class 
effect 

384.26 77.0 - 

FE model-random class 
effect 

389.95 75.3  - 

21 High risk 

RE model-fixed class 
effects 

42.65 24.5 

27 

0.07 

(0.008, 0.14) 

RE model-fixed 
class effects 

FE model – fixed class 
effect 

48.22 36.5 - 

FE model - random class 
effect: Class 2 shares 
variance with class 1, Class 
4 has variance equal to 
class 3 

49.36 33.33 - 

Severe exacerbations 

31 Low risk  RE model-fixed class effect 270.29 64.8 60 0.10 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

 (0.006, 0.43) 
FE model-fixed 
class effect FE model – fixed class 

effect 
268.61 66.2 - 

13 High risk 

RE model – fixed class 
effect 

71.89 16.6 
20 

 

0.07 

(0.003, 0.26) FE model-fixed 
class effect 

FE model-fixed class effect 70.30 17.4 - 

Dropouts due to adverse events 

66 Low risk  

RE model-fixed class 
effects 

848.00 

 

155.6 

 

146 

0.09 

(0.004, 0.24) 

FE model-
random class 
effect3 

RE model-random class 
effects 

847.10 

 

145.5 

 

0.07 

(0.004, 0.21) 

FE model-fixed class effect 
846.70 

 

160.5 

 
- 

FE model-random class 
effect 

846.30 148.4 - 

25 High risk 

RE model-fixed class 
effects 

344.54 

 

45.4 

 

55 

0.06 

(0.002, 0.18) 

FE model-fixed 
class effect 

RE model-random class 
effects 

349.07 

 

40.0 

 

0.07 

(0.003, 0.20) 

FE model-fixed class effect 
342.43 

 

45.4 

 
- 

FE model-random class 
effect 

347.33 46.1 - 

SGRQ total score at 3 months 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

28 Low risk 

RE model-fixed class 
effects 

170.91 

 

43.8 

 

59 

0.19 

(0.006, 0.67) 

FE model-fixed 
class effect 

RE model-random class 
effects 

178.56 

 

46.5 

 

0.23 

(0.01, 0.81) 

FE model-fixed class effect 
169.00 

 

43.6 

 
- 

FE model-random class 
effect 

176.09 46.11 - 

9 High risk 

RE model-fixed class 
effects 

60.89 

 

20.4 

 

19 

0.66 

(0.03, 2.93) 

FE model-fixed 
class effect 

RE model-random class 
effects 

62.96 

 

19.4 

 

1.14 

(0.05, 4.77) 

FE model-fixed class effect 
59.353 

 

21.3 

 
- 

FE model-random class 
effect 

62.33 
20.7 

 
- 

SGRQ total score at 6 months 

20 Low risk 

RE model-fixed class 
effects 

149.50 

 

45.8 

 

47 

0.36 

(0.17, 1.08) 

FE model-fixed 
class effect 

RE model-random class 
effects 

155.28 

 

46.5 

 

0.41 

(0.20, 1.21) 

FE model-fixed class effect 
148.02 

 

48.2 

 
- 

FE model-random class 
effect 

154.22 48.5 - 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

10 High risk 

RE model-fixed class 
effects 

65.030 

 

22.9 

 

22 

0.61 

(0.31, 2.03) 

FE model-fixed 
class effect 

RE model-random class 
effects 

67.57 

 

22.5 

 

0.91 

(0.50, 3.03) 

FE model-fixed class effect 
64.00 

 

25.1 

 
- 

FE model-random class 
effect 

67.61 25.4 - 

SGRQ total score at 12 months 

6 Low risk 

RE model-fixed class 
effects 

42.48 

 

14.2 

 
15 

0.61 

(0.29, 2.51) FE model-fixed 
class effect 

FE model-fixed class effect 41.25 15.1 - 

14 High risk 

RE model-fixed class 
effects 

94.26 

 

31.4 

 

32 

0.81 

(0.12, 1.75) 

FE model-fixed 
class effect 

RE model-random class 
effects 

95.87 

 

31.7 

 

0.57 

(0.03, 1.77) 

FE model-fixed class effect 96.60 39.8 - 

SGRQ responders at 3 months 

22 Low risk 

RE model-fixed class 
effects 

337.64 

 

39.8 

 

44 

0.04 

(0.002, 0.15) 
FE model-fixed 
class effect 

FE model-random class 
effects 

341.54 

 

40.3 

 
- 

FE model-fixed class effect 335.70 40.3 - 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

SGRQ responders at 6 months 

19 Low risk 

RE model-fixed class 
effects 

380.57 

 

46.4 

 

47 

0.14 

(0.06, 0.23) 

RE model-fixed 
class effects 

RE model-random class 
effects 

382.78 

 

46.3 

 

0.11 

(0.01, 0.22) 

FE model-fixed class effect 
391.67 

 
70.6 - 

SGRQ responders at 12 months 

7 High risk 

RE model-fixed class 
effects 

137.86 

 

16.9 

 

16 

0.16 

(0.01, 0.48) 
FE model-fixed 
class effect 

RE model-random class 
effects 

139.16 

 

16.4 

 

0.26 

(0.03, 1.12) 

FE model-fixed class effect 139.08 22.0 - 

TDI at 3 months 

30 Low risk 

RE model-fixed class 
effects 

14.34 

 

61.7 

 63 

0.17 

(0.02, 0.32) 
RE model-fixed 
class effects 

FE model-fixed class effect 17.97 75.5 - 

TDI at 6 months 

18 Low risk 

RE model-fixed class 
effects 

2.31 

 

36.6 

 

41 

0.09 

(0.004, 0.24) 

FE model-fixed 
class effect 

FE model-fixed class effect 
0.59 

 

37.7 

 
- 

FE model-random class 
effect 

4.15 34.9 - 

TDI at 12 months 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

6 Low risk 

RE model-fixed class 
effects 

-6.91 14.2 

16 

0.16 

(0.01, 0.43) 

FE model-fixed 
class effect 

RE model-random class 
effect 

-4.72 14.5 
0.16 

(0.01, 0.61) 

FE model-fixed class effect -5.15 19.6 
- 

 

Serious adverse events (SAEs) 

67 Low risk 

RE model-fixed class 
effects 

891.21 145.8 

145 

0.04 

(0, 0.15) 

FE model-fixed 
class effect 

RE model-random class 
effects 

895.78 143.9 
0.05 

(0.002, 0.16) 

FE model-fixed class effect 889.36 147.7 - 

FE model-random class 
effect 

894.81 145.6 - 

24 High risk 

RE model-fixed class 
effects 

378.46 

 

49.1 

 

53 

0.06 

(0.002, 0.17) 

FE model-fixed 
class effect FE model-fixed class effect 

376.70 

 

50.9 

 
- 

FE model-random class 
effect 

379.79 47.9 - 

COPD SAEs 

63 Low risk 

FE model-fixed class effect 661.94 151.0 

135 

- 
FE model-fixed 
class effect RE model-fixed class 

effects 

662.62 

 
144.2 

0.16 

(0.002, 0.38) 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

RE model-random class 
effects  

665.07 140.1 
0.13 

(0.006, 0.37) 

RE model-random class 
effects with continuity 
correction1 

669.96 129.3 
0.12 

(0.006, 0.35) 

FE model-random class 
effect 

664.86 143.9 - 

20 High risk 

RE model-fixed class 
effects 

283.74 

 

42.6 

 

44 

0.06 

(0.002, 0.21) 

FE model-fixed 
class effect FE model-fixed class effect 

282.07 

 

43.2 

 
- 

FE model-random class 
effect 

283.74 41.0 - 

Cardiac SAEs 

58 Low risk 

RE model-fixed class 
effects 

578.42 

 

151.2 

 

127 

0.17 

(0.006, 0.48) 

 

FE model-fixed 
class effect 

RE model-random class 
effects 

581.40 

 

147.0 

 

0.16 

(0.008, 0.49) 

FE model-fixed class effect 
577.25 

 

155.8 

 
- 

FE model-fixed class effect 
with continuity correction1 

585.10 135.6 
- 

19 High risk 
RE model-fixed class 
effects 

256.42 

 

51.5 

 
42 

0.28 

(0.02, 0.67) 

FE model-fixed 
class effects4 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

RE model-random class 
effects 

253.42 

 

44.9 

 

0.23 

(0.01, 0.65) 

FE model-fixed class effect 
257.45 

 

59.8 
- 

FE model-random class 
effect 

253.04 

 

48.3 

 
- 

FE model-random class 
effect, class 4 variance 
equal to class 3* 

253.17 

 

48.2 

 
- 

RE model-random class 
effect, class 4 variance 
equal to class 3* 

253.33 44.7 
0.23 

(0.01, 0.66) 

Pneumonia        

61 Low risk 

RE model-fixed class 
effects 

531.76 167.3 

133 

0.23 

(0.05, 0.61) 

FE model-fixed 
class effect 

RE model-random class 
effects 

531.13 158.4 
0.22 

(0.05, 0.78) 

RE model with informative 
prior- fixed class effects2 

531.76 167.3 
0.23 

(0.05, 0.65) 

FE model-fixed class effect 532.14 174.3 - 

24 High risk 

RE model-fixed class 
effects 

280.12 
60.0 

 
53 

0.22 

(0.01, 0.61) FE model-fixed 
class effect 

FE model-fixed class effect 278.71 
63.2 

 
- 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

FE model-random class 
effect 

281.64 60.1 - 

Mortality 

51 Low risk 

FE model-fixed class effect 430.88 131.9 

110 

- 

FE model-fixed 
class effect 

RE model-fixed class 
effects  

432.44 129.4 
0.20 

(0.006, 0.69) 

RE model-fixed class 
effects with continuity 
correction1 

450.78 104.8 
0.14 

(0.003, 0.51) 

RE model-random class 
effects 

436.03 125.8 
0.28 

(0.01, 0.82) 

FE model-random class 
effect 

436.00 129.5 
- 

 

24 High risk 

RE model-fixed class 
effects 

271.00 

 

51.45 

53 

0.17 

(0.009, 0.49) 

FE model-fixed 
class effect 

FE model-fixed class effect 
269.87 

 

53.87 
- 

FE model-random class 
effect 

273.52 
51.96 

- 

* The variance of class 4 was made equal to class 3 to try to improve model fit in the absence of sufficient information about the variance of class 4.  

1. For continuity corrected models, studies with zero events in one arm with were changed to read 0.5 events and 0.5 events were also added 
to the comparator arm. In both cases the denominator was increased by 1. This was done to try to improve model fit. 

2. The FE model with fixed class effects was used here as the models with random effect terms resulted in implausibly large 95% CrI due to a 
lack of data to estimate the random effect terms.  

3. The FE model with random class effect was chosen here as a better fitting model because the total residual deviance for the FE model with 
fixed class effect was very large compared to the number of data points and the means of the posterior distributions were not close to the 
medians. 
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Number of Studies Outcome Model 
Total 
model 
DIC 

Total 
residual 
deviance 

No. of 
data-
points 

Between-
study SD 
(95% CrI) 

Preferred 
model 

4. The FE model with fixed class effects was used here as the models with random class effect terms resulted in implausibly large 95% CrI due 
to a lack of data to estimate the random effect terms. 
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Change in FEV1 at 3 months 1 

Low risk 2 

Network diagram 3 

Figure 3 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies.  5 

 6 

Rank probability histograms 7 

Figure 4 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 9 

 10 
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 1 

 2 

Caterpillar plot 3 

Figure 5 Relative effectiveness of all options versus LABA. (Mean differences with 4 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA) 6 

  7 

Mileage chart 8 

Table 21 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 9 
difference (MD) with 95% confidence intervals from direct pair-wise meta-10 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 11 
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than 0 favour the column defining treatment. Lower diagonal: posterior mean 1 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 2 
the row defining treatment. MDs less than 0 favour the column defining 3 
treatment.) 4 
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(0.06, 0.09) 

0.05 
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High risk 5 

Network diagram 6 

Figure 6 Diagram of the network of studies (by drug class) underlying the NMA. The 7 
thickness of the line represents the number of studies. 8 

 9 
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Rank probability histograms 1 

Figure 7 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 

 4 

 5 
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Caterpillar plot 1 

Figure 8 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 22 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 11 
the row defining treatment. MDs less than 0 favour the column defining 12 
treatment.) 13 
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 1 

 2 

Change in FEV1 at 6 months 3 

Low risk 4 

Network diagram 5 

Figure 9 Diagram of the network of studies (by drug class) underlying the NMA. The 6 
thickness of the line represents the number of studies. 7 

 8 

Rank probability histograms 9 

Figure 10 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 10 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 11 
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 1 

 2 

Caterpillar plot 3 

Figure 11 Relative effectiveness of all options versus LABA. (Mean differences with 4 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 

 7 

Mileage chart 8 

Table 23 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 9 
difference (MD) with 95% confidence intervals from direct pair-wise meta-10 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 11 
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than 0 favour the column defining treatment. Lower diagonal: posterior mean 1 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 2 
the row defining treatment. MDs less than 0 favour the column defining 3 
treatment.) 4 
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Network diagram 7 

Figure 12 Diagram of the network of studies (by drug class) underlying the NMA. The 8 
thickness of the line represents the number of studies. 9 

 10 
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Rank probability histograms 1 

Figure 13 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 14 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 24 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 11 
the row defining treatment. MDs less than 0 favour the column defining 12 
treatment.) 13 
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Change in FEV1 at 12 months 2 

Low risk 3 

Network diagram 4 

Figure 15 Diagram of the network of studies (by drug class) underlying the NMA. The 5 
thickness of the line represents the number of studies. 6 

 7 

Rank probability histograms 8 

Figure 16 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 9 
class 2 = LAMA, class 3= LABA/LAMA. Rank 1 is best.) 10 
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 1 

 2 

Caterpillar plot 3 

Figure 17 Relative effectiveness of all options versus LABA. (Mean differences with 4 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/LAMA.) 6 

 7 

Mileage chart 8 

Table 25 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 9 
difference (MD) with 95% confidence intervals from direct pair-wise meta-10 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 11 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 12 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 13 
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the row defining treatment. MDs less than 0 favour the column defining 1 
treatment.) 2 
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Network diagram 6 

Figure 18 Diagram of the network of studies (by drug class) underlying the NMA. The 7 
thickness of the line represents the number of studies. 8 
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Rank probability histograms 1 

Figure 19 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 20 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 26 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 11 
the row defining treatment. MDs less than 0 favour the column defining 12 
treatment.) 13 
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Moderate to severe exacerbations 1 

Low risk 2 

Network diagram 3 

Figure 21 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 

 6 

Rank probability histograms 7 

Figure 22 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 9 

 10 

 11 

rkClass[1]

rank

0 2 4

    0.0

   0.25

    0.5

   0.75

    1.0

rkClass[2]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6



 

 

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

 

FINAL 
 

467 

 1 

 2 

Caterpillar plot 3 

Figure 23 Relative effectiveness of all options versus LABA. (Hazard ratios with 95% 4 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 
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Mileage chart 8 

Table 27 Relative effectiveness of all pairwise combinations. (Lower diagonal: 9 
posterior mean hazard ratios (HR) with 95% credible intervals from NMA 10 
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than 1 favour the column defining treatment. Pair wise data is not shown 1 
here as it was calculated as RR.) 2 
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Figure 24 Diagram of the network of studies (by drug class) underlying the NMA. The 5 
thickness of the line represents the number of studies. 6 
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Rank probability histograms 1 

Figure 25 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 26 Relative effectiveness of all options versus LABA. (Hazard ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 28 Relative effectiveness of all pairwise combinations. (Lower diagonal: 7 
posterior mean hazard ratios (HR) with 95% credible intervals from NMA 8 
results. HRs less than than 1 favour the row defining treatment, HRs greater 9 
than 1 favour the column defining treatment. Pair wise data is not shown 10 
here as it was calculated as RR.) 11 
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Severe exacerbations 1 

Low risk 2 

Network diagram 3 

Figure 27 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 

 6 

Rank probability histograms 7 

Figure 28 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 9 
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 1 

Caterpillar plot 2 

Figure 29 Relative effectiveness of all options versus LABA. (Hazard ratios with 95% 3 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 4 
LABA/ICS, class 4 = LABA/LAMA.) 5 

 6 

Mileage chart 7 

Table 29 Relative effectiveness of all pairwise combinations. (Lower diagonal: 8 
posterior mean hazard ratios (HR) with 95% credible intervals from NMA 9 
results. HRs less than than 1 favour the row defining treatment, HRs greater 10 
than 1 favour the column defining treatment. Pair wise data is not shown 11 
here as it was calculated as RR.) 12 
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Figure 30 Diagram of the network of studies (by drug class) underlying the NMA. The 3 
thickness of the line represents the number of studies. 4 

 5 

Rank probability histograms 6 

Figure 31 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 7 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 8 
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Caterpillar plot 1 

Figure 32 Relative effectiveness of all options versus LABA. (Hazard ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 30 Relative effectiveness of all pairwise combinations. (Lower diagonal: 7 
posterior mean hazard ratios (HR) with 95% credible intervals from NMA 8 
results. HRs less than than 1 favour the row defining treatment, HRs greater 9 
than 1 favour the column defining treatment. Pair wise data is not shown 10 
here as it was calculated as RR.) 11 
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Dropouts due to adverse events 1 

Low risk 2 

Network diagram 3 

Figure 33 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 

 6 

Rank probability histograms 7 

Figure 34 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 9 
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 1 

 2 

Caterpillar plot 3 

Figure 35 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 4 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 
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Mileage chart 8 

Table 31 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 9 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 10 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 11 
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the column defining treatment. Lower diagonal: posterior mean RRs with 1 
95% credible intervals from NMA results, RR less than 1 favour the row 2 
defining treatment. RRs greater than 1 favour the column defining 3 
treatment.)  4 
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Figure 36 Diagram of the network of studies (by drug class) underlying the NMA. The 7 
thickness of the line represents the number of studies. 8 
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Rank probability histograms 1 

Figure 37 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 

 4 

 5 

 6 

rkClass[1]

rank

0 2 4

    0.0

   0.25

    0.5

   0.75

    1.0

rkClass[2]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6

rkClass[3]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6

rkClass[4]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6

    0.8



 

 

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

 

FINAL 
 

480 

Caterpillar plot 1 

Figure 38 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 32 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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 1 

SGRQ at 3 months 2 

Low risk 3 

Network diagram 4 

Figure 39 Diagram of the network of studies (by drug class) underlying the NMA. The 5 
thickness of the line represents the number of studies. 6 

 7 

Rank probability histograms 8 

Figure 40 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 9 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 10 
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 1 

 2 

Caterpillar plot 3 

Figure 41 Relative effectiveness of all options versus LABA. (Mean differences with 4 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 
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Table 33 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 9 
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than 0 favour the column defining treatment. Lower diagonal: posterior mean 1 
MD with 95% credible intervals from NMA results, MDs less than 0 favour the 2 
row defining treatment. MDs greater than 0 favour the column defining 3 
treatment.) 4 
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Figure 42 Diagram of the network of studies (by drug class) underlying the NMA. The 7 
thickness of the line represents the number of studies. 8 
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Rank probability histograms 1 

Figure 43 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 3 
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Caterpillar plot 1 

Figure 44 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 
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Mileage chart 6 

Table 34 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs greater than 0 favour the row defining treatment, MDs less 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs less than 0 favour the 11 
row defining treatment. MDs greater than 0 favour the column defining 12 
treatment.) 13 
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 1 

SQRQ at 6 months 2 

Low risk 3 

Network diagram 4 

Figure 45 Diagram of the network of studies (by drug class) underlying the NMA. The 5 
thickness of the line represents the number of studies. 6 

 7 

Rank probability histograms 8 

Figure 46 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 9 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 10 
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 3 

Caterpillar plot 4 

Figure 47 Relative effectiveness of all options versus LABA. (Mean differences with 5 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 6 
LABA/ICS, class 4 = LABA/LAMA.) 7 
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Mileage chart 1 

Table 35 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 2 
difference (MD) with 95% confidence intervals from direct pair-wise meta-3 
analysis. MDs greater than 0 favour the row defining treatment, MDs less 4 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 5 
MD with 95% credible intervals from NMA results, MDs less than 0 favour the 6 
row defining treatment. MDs greater than 0 favour the column defining 7 
treatment.) 8 
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Figure 48 Diagram of the network of studies (by drug class) underlying the NMA. The 11 
thickness of the line represents the number of studies. 12 
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Rank probability histograms 1 

Figure 49 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 3 
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Caterpillar plot 1 

Figure 50 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 36 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs greater than 0 favour the row defining treatment, MDs less 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs less than 0 favour the 11 
row defining treatment. MDs greater than 0 favour the column defining 12 
treatment.) 13 
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 1 

SGRQ at 12 months 2 

Low risk 3 

Network diagram 4 

Figure 51 Diagram of the network of studies (by drug class) underlying the NMA. The 5 
thickness of the line represents the number of studies. 6 

 7 

Rank probability histograms 8 

Figure 52 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 9 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 10 
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 1 

 2 

Caterpillar plot 3 

Figure 53 Relative effectiveness of all options versus LABA. (Mean differences with 4 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 
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Mileage chart 8 

Table 37 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 9 
difference (MD) with 95% confidence intervals from direct pair-wise meta-10 
analysis. MDs greater than 0 favour the row defining treatment, MDs less 11 
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than 0 favour the column defining treatment. Lower diagonal: posterior mean 1 
MD with 95% credible intervals from NMA results, MDs less than 0 favour the 2 
row defining treatment. MDs greater than 0 favour the column defining 3 
treatment.) 4 
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Network diagram 6 

Figure 54 Diagram of the network of studies (by drug class) underlying the NMA. The 7 
thickness of the line represents the number of studies. 8 
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Rank probability histograms 1 

Figure 55 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 3 
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Caterpillar plot 1 

Figure 56 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 38 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs greater than 0 favour the row defining treatment, MDs less 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs less than 0 favour the 11 
row defining treatment. MDs greater than 0 favour the column defining 12 
treatment.) 13 
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SGRQ responders at 3 months 1 

Low risk 2 

Network diagram 3 

Figure 57 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 
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Rank probability histograms 1 

Figure 58 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 3 
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Caterpillar plot 1 

Figure 59 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3 = 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 39 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs less than 1 favour the row defining treatment, RRs greater than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR greater than 1 favour the row 11 
defining treatment. RRs less than 1 favour the column defining treatment.) 12 
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SGRQ responders at 6 months 1 

Low risk 2 

Network diagram 3 

Figure 60 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 

 6 

Rank probability histograms 7 

Figure 61 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 9 
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Caterpillar plot 1 

Figure 62 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 40 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs less than 1 favour the row defining treatment, RRs greater than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR greater than 1 favour the row 11 
defining treatment. RRs less than 1 favour the column defining treatment.) 12 
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SGRQ responders at 12 months 1 

High risk 2 

Network diagram 3 

Figure 63 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 

 6 

Rank probability histograms 7 

Figure 64 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 4 is best.) 9 
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 1 

 2 

Caterpillar plot 3 

Figure 65 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 4 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 
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Mileage chart 8 

Table 41 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 9 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 10 
RRs less than 1 favour the row defining treatment, RRs greater than 1 favour 11 
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the column defining treatment. Lower diagonal: posterior mean RRs with 1 
95% credible intervals from NMA results, RR greater than 1 favour the row 2 
defining treatment. RRs less than 1 favour the column defining treatment.) 3 
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Figure 66 Diagram of the network of studies (by drug class) underlying the NMA. The 9 
thickness of the line represents the number of studies. 10 
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Rank probability histograms 1 

Figure 67 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 68 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 42 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 11 
the row defining treatment. MDs less than 0 favour the column defining 12 
treatment.) 13 
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TDI at 6 months 1 

Low risk 2 

Network diagram 3 

Figure 69 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 
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Rank probability histograms 1 

Figure 70 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 71 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 
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Mileage chart 6 

Table 43 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 11 
the row defining treatment. MDs less than 0 favour the column defining 12 
treatment.) 13 
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TDI at 12 months 1 

Low risk 2 

Network diagram 3 

Figure 72 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 

 6 

LABA

LAMA
LABA/LAMA

 



 

 

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

 

FINAL 
 

510 

Rank probability histograms 1 

Figure 73 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 74 Relative effectiveness of all options versus LABA. (Mean differences with 2 
95% credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/LAMA.) 4 
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Mileage chart 6 

Table 44 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 11 
the row defining treatment. MDs less than 0 favour the column defining 12 
treatment.) 13 
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Total SAEs 1 

Low risk 2 

Network diagram 3 

Figure 75 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 

 6 

Rank probability histograms 7 

Figure 76 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 9 

 10 

LABA

LAMA

LABA/ICS

LABA/LAMA

 

rkClass[1]

rank

0 2 4

    0.0

    0.1

    0.2

    0.3

    0.4

rkClass[2]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6



 

 

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

 

FINAL 
 

513 

 1 

 2 

Caterpillar plot 3 

Figure 77 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 4 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 
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Mileage chart 8 

Table 45 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 9 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 10 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 11 
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the column defining treatment. Lower diagonal: posterior mean RRs with 1 
95% credible intervals from NMA results, RR less than 1 favour the row 2 
defining treatment. RRs greater than 1 favour the column defining 3 
treatment.) 4 
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Figure 78 Diagram of the network of studies (by drug class) underlying the NMA. The 7 
thickness of the line represents the number of studies. 8 
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Rank probability histograms 1 

Figure 79 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 80 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 46 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Low risk 3 

Network diagram 4 

Figure 81 Diagram of the network of studies (by drug class) underlying the NMA. The 5 
thickness of the line represents the number of studies. 6 

 7 

Rank probability histograms 8 

Figure 82 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 9 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 10 
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 2 

Caterpillar plot 3 

Figure 83 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 4 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 

 7 

Mileage chart 8 

Table 47 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 9 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 10 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 11 
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the column defining treatment. Lower diagonal: posterior mean RRs with 1 
95% credible intervals from NMA results, RR less than 1 favour the row 2 
defining treatment. RRs greater than 1 favour the column defining 3 
treatment.) 4 
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Figure 84 Diagram of the network of studies (by drug class) underlying the NMA. The 7 
thickness of the line represents the number of studies. 8 

 9 

LABA

LAMA

LABA/ICS

LABA/LAMA

 



 

 

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

 

FINAL 
 

520 

Rank probability histograms 1 

Figure 85 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 86 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 

 5 

Mileage chart 6 

Table 48 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Cardiac SAEs 1 

Low risk 2 

Network diagram 3 

Figure 87 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 

 6 

Rank probability histograms 7 

Figure 88 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 9 
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 4 

Caterpillar plot 5 

Figure 89 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 6 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 7 
LABA/ICS, class 4 = LABA/LAMA.) 8 
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Mileage chart 1 

Table 49 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 2 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 3 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 4 
the column defining treatment. Lower diagonal: posterior mean RRs with 5 
95% credible intervals from NMA results, RR less than 1 favour the row 6 
defining treatment. RRs greater than 1 favour the column defining 7 
treatment.) 8 
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Network diagram 10 

Figure 90 Diagram of the network of studies (by drug class) underlying the NMA. The 11 
thickness of the line represents the number of studies. 12 
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Rank probability histograms 1 

Figure 91 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 

 4 

 5 

 6 

 7 

rkClass[1]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6

rkClass[2]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6

    0.8

rkClass[2]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6

    0.8

rkClass[4]

rank

0 2 4

    0.0

    0.2

    0.4

    0.6

    0.8



 

 

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

 

FINAL 
 

526 

Caterpillar plot 1 

Figure 92 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 
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Mileage chart 6 

Table 50 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Pneumonia 1 

Low risk 2 

Network diagram 3 

Figure 93 Diagram of the network of studies (by drug class) underlying the NMA. The 4 
thickness of the line represents the number of studies. 5 
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Rank probability histograms 7 

Figure 94 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 8 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 9 
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Caterpillar plot 3 

Figure 95 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 4 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 5 
LABA/ICS, class 4 = LABA/LAMA.) 6 
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Mileage chart 8 

Table 51 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 9 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 10 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 11 
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the column defining treatment. Lower diagonal: posterior mean RRs with 1 
95% credible intervals from NMA results, RR less than 1 favour the row 2 
defining treatment. RRs greater than 1 favour the column defining 3 
treatment.) 4 
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Network diagram 6 

Figure 96 Diagram of the network of studies (by drug class) underlying the NMA. The 7 
thickness of the line represents the number of studies. 8 
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Rank probability histograms 1 

Figure 97 Probability of the treatment assuming each treatment rank. (Class 1= LABA, 2 
class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is best.) 3 
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Caterpillar plot 1 

Figure 98 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 3 
LABA/ICS, class 4 = LABA/LAMA.) 4 
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Mileage chart 6 

Table 52 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Network diagram 

Figure 99 Diagram of the network of studies (by drug class) underlying the NMA. The 
thickness of the line represents the number of studies. 

 

Rank probability histograms 

Figure 100 Probability of the treatment assuming each treatment rank. (Class 1= 
LABA, class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is 
best.) 
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Caterpillar plot 

Figure 101 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 
LABA/ICS, class 4 = LABA/LAMA.) 
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the column defining treatment. Lower diagonal: posterior mean RRs with 
95% credible intervals from NMA results, RR less than 1 favour the row 
defining treatment. RRs greater than 1 favour the column defining 
treatment.) 
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Rank probability histograms 

Figure 103 Probability of the treatment assuming each treatment rank. (Class 1= 
LABA, class 2 = LAMA, class 3= LABA/ICS, class 4 = LABA/LAMA. Rank 1 is 
best.) 
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Caterpillar plot 

Figure 104 Relative effectiveness of all options versus LABA. (Risk ratios with 95% 
credible intervals and line of no effect in red. Class 2 = LAMA, class 3= 
LABA/ICS, class 4 = LABA/LAMA.) 

 

Mileage chart 

Table 54 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 
the column defining treatment. Lower diagonal: posterior mean RRs with 
95% credible intervals from NMA results, RR less than 1 favour the row 
defining treatment. RRs greater than 1 favour the column defining 
treatment.) 
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LAMA monotherapy  

Model fit statistics for all outcomes 

Table 55: Model fit statistics used to select fixed or random effect models for all comparisons and outcomes 

Number of Studies Outcome Model 
Total model 
DIC 

Total 
residual 
deviance 

No. of 
data-points 

Between-study SD 
(95% CrI) 

Preferred 
model 

10 
SGRQ total score at 3 
months 

FE 70.889 26.52 

20 

- 

RE 
RE 66.878 19.11 

1.557 

(0.323, 3.785) 

10 
SGRQ total score at 6 
months 

FE 74.527 37.01 

20 

- 

RE 
RE 62.949 20.45 

2.091 

(0.751, 4.277) 

11 TDI score at 3 months  

FE 15.583 21.16 

22 

- 

FE 
RE 16.722 19.89 

0.260 

(0.013, 0.750) 

22 SGRQ responders 

FE 333.985 48.88 

44 

- 

FE 
RE 334.699 44.43 

0.101 

(0.005,  0.244) 

22 
Moderate to severe 
exacerbations 

FE 301.003 50.47 

44 

- 

FE 
RE 300.289 45.16 

0.127 

(0.014, 0.294) 

15 Severe exacerbations 

FE 172.894 33.19 

30 

-  

RE 174.180 31.39 
0.234 

(0.007, 0.733) 
FE 
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Number of Studies Outcome Model 
Total model 
DIC 

Total 
residual 
deviance 

No. of 
data-points 

Between-study SD 
(95% CrI) 

Preferred 
model 

25 
Dropouts due to 
adverse events 

FE 272.848 54.88 

50 

- 

FE 
RE 274.165 52.58 

0.173 

(0.009, 0.475) 

18 Mortality  

FE 157.420 42.31 

36 

- 

FE 
RE 158.786 40.51 

0.4364 

(1.011, 1.497) 

27 
Serious adverse 
events 

FE 334.010 57.45 

54 

- 

FE 
RE 334.650 54.85 

0.113 

(0.006, 0.294) 
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SGRQ total score at 3 months 1 

Network diagram 2 

Figure 105 Diagram of the network of studies underlying the NMA. The thickness of 3 
the line represents the number of studies. 4 

 5 

Rank probability histograms 6 

Figure 106 Probability of the treatment assuming each treatment rank. (Group 1= 7 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 8 
umeclidinium, group 5 = aclidinium. Rank 1 is best.) 9 
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Caterpillar plot 1 

Figure 107 Relative effectiveness of all options versus placebo. (Mean differences with 2 
95% credible intervals and line of no effect in red. Group 2 = tiotropium, 3 
group 3 = glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.). 4 

 5 

Mileage chart 6 

Table 56 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs greater than 0 favour the row defining treatment, MDs less 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs less than 0 favour the 11 
row defining treatment. MDs greater than 0 favour the column defining 12 
treatment.) 13 
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SGRQ total score at 6 months 1 

Network diagram 2 

Figure 108 Diagram of the network of studies underlying the NMA. The thickness of 3 
the line represents the number of studies. 4 
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Rank probability histograms 1 

Figure 109 Probability of the treatment assuming each treatment rank. (Group 1= 2 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 3 
umeclidinium, group 5 = aclidinium. Rank 1 is best.) 4 
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Caterpillar plot 1 

Figure 110 Relative effectiveness of all options versus placebo. (Mean differences with 2 
95% credible intervals and line of no effect in red. Group 2 = tiotropium, 3 
group 3 = glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.) 4 

 5 

Mileage chart 6 

Table 57 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs greater than 0 favour the row defining treatment, MDs less 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs less than 0 favour the 11 
row defining treatment. MDs greater than 0 favour the column defining 12 
treatment.) 13 
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TDI score at 3 months 1 

Network diagram 2 

Figure 111 Diagram of the network of studies underlying the NMA. The thickness of 3 
the line represents the number of studies. 4 
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Rank probability histograms 1 

Figure 112 Probability of the treatment assuming each treatment rank. (Group 1= 2 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 3 
umeclidinium, group 5 = aclidinium. Rank 5 is best.) 4 
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Caterpillar plot 1 

Figure 113 Relative effectiveness of all options versus placebo. (Mean differences with 2 
95% credible intervals and line of no effect in red. Group 2 = tiotropium, 3 
group 3 = glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.) 4 

 5 

Mileage chart 6 

Table 58 Relative effectiveness of all pairwise combinations. (Upper diagonal: mean 7 
difference (MD) with 95% confidence intervals from direct pair-wise meta-8 
analysis. MDs less than 0 favour the row defining treatment, MDs greater 9 
than 0 favour the column defining treatment. Lower diagonal: posterior mean 10 
MD with 95% credible intervals from NMA results, MDs greater than 0 favour 11 
the row defining treatment. MDs less than 0 favour the column defining 12 
treatment.) 13 
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SGRQ responders 1 

Network diagram 2 

Figure 114 Diagram of the network of studies underlying the NMA. The thickness of 3 
the line represents the number of studies. 4 

  5 

Rank probability histograms 6 

Figure 115 Probability of the treatment assuming each treatment rank. (Group 1= 7 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 8 
umeclidinium, group 5 = aclidinium. Rank 5 is best.) 9 
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Caterpillar plot 1 

Figure 116 Relative effectiveness of all options versus placebo. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Group 2 = tiotropium, group 3 = 3 
glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.) 4 

 5 

Mileage chart 6 

Table 59 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs less than 1 favour the row defining treatment, RRs greater than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR greater than 1 favour the row 11 
defining treatment. RRs less than 1 favour the column defining treatment.) 12 
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Moderate to severe exacerbations 1 

Network diagram 2 

Figure 117 Diagram of the network of studies underlying the NMA. The thickness of 3 
the line represents the number of studies. 4 
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Rank probability histograms 1 

Figure 118 Probability of the treatment assuming each treatment rank. (Group 1= 2 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 3 
umeclidinium, group 5 = aclidinium. Rank 1 is best.) 4 
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Caterpillar plot 1 

Figure 119 Relative effectiveness of all options versus placebo. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Group 2 = tiotropium, group 3 = 3 
glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.) 4 

 5 

Mileage chart 6 

Table 60 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Severe exacerbations 2 

Network diagram 3 

Figure 120 Diagram of the network of studies underlying the NMA. The thickness of 4 
the line represents the number of studies. 5 
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Rank probability histograms 1 

Figure 121 Probability of the treatment assuming each treatment rank. (Group 1= 2 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 3 
umeclidinium, group 5 = aclidinium. Rank 1 is best.) 4 
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Caterpillar plot 1 

Figure 122 Relative effectiveness of all options versus placebo. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Group 2 = tiotropium, group 3 = 3 
glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.) 4 
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Mileage chart 6 

Table 61 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Network diagram 2 

Figure 123 Diagram of the network of studies underlying the NMA. The thickness of 3 
the line represents the number of studies. 4 
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Rank probability histograms 1 

Figure 124 Probability of the treatment assuming each treatment rank. (Group 1= 2 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 3 
umeclidinium, group 5 = aclidinium. Rank 1 is best.) 4 
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Caterpillar plot 1 

Figure 125 Relative effectiveness of all options versus placebo. (Risk ratios with 95% 2 
credible intervals and line of no effect in red. Group 2 = tiotropium, group 3 = 3 
glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.) 4 
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Mileage chart 6 

Table 62 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Figure 126 Diagram of the network of studies underlying the NMA. The thickness of 3 
the line represents the number of studies. 4 
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Rank probability histograms 1 

Figure 127 Probability of the treatment assuming each treatment rank. (Group 1= 2 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 3 
umeclidinium, group 5 = aclidinium. Rank 1 is best.) 4 
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Caterpillar plot 1 

Figure 128 Relative effect of all options versus placebo. (Risk ratios with 95% credible 2 
intervals and line of no effect in red. Group 2 = tiotropium, group 3 = 3 
glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.) 4 
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Mileage chart 6 

Table 63 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Network diagram 3 

Figure 129 Diagram of the network of studies underlying the NMA. The thickness of 4 
the line represents the number of studies. 5 
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Rank probability histograms 1 

Figure 130 Probability of the treatment assuming each treatment rank. (Group 1= 2 
placebo, group 2 = tiotropium, group 3 = glycopyrronium, group 4 = 3 
umeclidinium, group 5 = aclidinium. Rank 1 is best.) 4 
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Caterpillar plot 1 

Figure 131 Relative effect of all options versus placebo. (Risk ratios with 95% credible 2 
intervals and line of no effect in red. Group 2 = tiotropium, group 3 = 3 
glycopyrronium, group 4 = umeclidinium, group 5 = aclidinium.) 4 

 5 

Mileage chart 6 

Table 64 Relative effectiveness of all pairwise combinations. (Upper diagonal: risk 7 
ratios (RR) with 95% confidence intervals from the pair-wise meta-analysis. 8 
RRs greater than 1 favour the row defining treatment, RRs less than 1 favour 9 
the column defining treatment. Lower diagonal: posterior mean RRs with 10 
95% credible intervals from NMA results, RR less than 1 favour the row 11 
defining treatment. RRs greater than 1 favour the column defining 12 
treatment.) 13 
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Appendix H – GRADE tables 

Inhaled therapy combinations 

The following tables are based on evidence of effect sizes from the Cochrane review. However, the dichotomous data has been altered by the 
NICE Guideline Updates Team to show RR, not OR, and the choice of fixed effect or random effects model is made according to the methods in 
appendix B. The completion of the GRADE tables was carried out by the NICE Guideline Updates Team.  

LABA/LAMA versus LABA/ICS 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower favours LABA/LAMA) 

9  RCT 8,796 

RR 1.03  

(0.63, 1.68) Not serious Not serious Not serious Serious1 Moderate 

Change in trough FEV1 (L) at 3 months (higher favours LABA/LAMA) 

7 RCT 6,446 

MD 0.08 

(0.04, 0.11) Serious5 Very serious2 Not serious Serious3 Very low 

Change in trough FEV1 (L) at 6 months (higher favours LABA/LAMA) 

4 RCT 5,292 

MD 0.09 

(0.07, 0.11) Not serious Not serious Not serious Serious3 Moderate 

Change in trough FEV1 (L) at 12 months (higher favours LABA/LAMA) 

1 
(Wedzicha 
2016) RCT 3,192 

MD 0.06  

(0.04, 0.08) Not serious N/A Not serious Not serious High 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/LAMA) 

6 RCT 4,129 

MD 0.40 

(0.02, 0.78) Serious5 Very serious2 Not serious Not serious Very low 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LABA/LAMA) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

3 RCT 1,780 

MD 0.13 

(-0.24, 0.51) Serious5 Not serious Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour LABA/LAMA) 

6 RCT 6,342 

MD -0.62 

(-1.34, 0.10) Not serious Not serious Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour LABA/LAMA) 

3 RCT 4,360 

MD -1.18 

(-2.20, -0.16) Not serious Not serious Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ) at 12 months (lower values favour LABA/LAMA) 

1 
(Wedzicha 
2016) RCT 3,195 

MD -1.20 

(-2.34,-0.06) Not serious N/A Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months (higher favours LABA/LAMA) 

4 RCT 1,227 

RR 1.04 

(0.96, 1.12) Not serious Not serious Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LABA/LAMA) 

1 
(Vogelmei
er 2013) RCT 427 

RR 1.13 

(0.94, 1.36) Not serious N/A Not serious Serious3 Moderate 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months (higher favours LABA/LAMA) 

1 
(Wedzzich
a 2016) RCT 3,195 

RR 1.13 

(1.04, 1.21) Not serious N/A Not serious Not serious High 

People with ≥ 1 moderate to severe exacerbation (lower values favour LABA/LAMA) 

7 RCT 7,687 

RR 0.91 

(0.85, 0.98) Not serious Not serious Not serious Not serious High 

People with ≥ 1 severe exacerbation (lower values favour LABA/LAMA) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

5 RCT 6,214 

RR 0.88  

(0.76, 1.02) Not serious Serious4 Not serious Serious3 Low 

People with ≥ 1 SAE (lower values favour LABA/LAMA) 

9 RCT 8,796 

RR 0.91 

(0.81, 1.03) Not serious Not serious Not serious Not serious High 

People with ≥ 1 COPD SAE (lower values favour LABA/LAMA) 

9 RCT 8,796 

RR 0.87 

(0.73, 1.04) Not serious Not serious Not serious Serious3 Moderate 

People with ≥ 1 cardiac SAE (lower values favour LABA/LAMA 

9 RCT 8,796 

RR 0.88 

(0.62, 1.23) Not serious Not serious Not serious Serious3 Moderate 

People with ≥ 1 session of pneumonia (lower values favour LABA/LAMA) 

8 RCT 8,753 

RR 0.57  

(0.39, 0.83) Not serious Not serious Not serious Serious3 Moderate 

Drop-outs due to adverse events (lower values favour LABA/LAMA 

9 RCT 8,796 

RR 0.90 

(0.76, 1.07) Not serious Not serious Not serious Serious3 Moderate 

1. Non-significant result. 

2. I2 > 66.7% 

3. 95% confidence interval crosses one end of a defined MID interval. 

4. I2 between 33.3% and 66.7% 

5. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 
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LABA/LAMA versus LAMA 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower favours LABA/LAMA) 

24 RCT 20,683 

RR 1.00 

(0.75, 1.33) Very serious4 Not serious Not serious Serious1 Very low 

Change in trough FEV1 (L) at 3 months (higher favours LABA/LAMA) 

18 RCT 13,891  

MD 0.07 

(0.06, 0.08) Serious5 Serious2 Not serious Not serious Low 

Change in trough FEV1 (L) at 6 months (higher favours LABA/LAMA) 

14 RCT 11,002 

MD 0.06 

(0.05, 0.07) Serious5 Serious2 Not serious Not serious Low 

Change in trough FEV1 (L) at 12 months (higher favours LABA/LAMA) 

7 RCT 8,072 

MD 0.06  

(0.04, 0.08) Very serious4 Serious2 Not serious Not serious Very low 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/LAMA) 

10 RCT 7,027 

MD 0.48 

(0.34, 0.62) Serious5 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LABA/LAMA) 

7 RCT 6,099 

MD 0.32 

(0.17, 0.46) Serious5 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 12 months (higher favours LABA/LAMA) 

3 RCT 4,953 

MD 0.22 

(0.11, 0.34) Very serious4 Not serious Not serious Not serious Low 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour LABA/LAMA) 

12 RCT 10,259 

MD -1.74 

(-2.31,-1.18) Serious5 Not serious Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour LABA/LAMA) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

11 RCT 9,217 

MD -1.32 

(-1.92, -0.71) Very serious4 Not serious Not serious Not serious Low 

St. George’s Respiratory Questionnaire (SGRQ at 12 months (lower values favour LABA/LAMA) 

5 RCT 6,000 

MD -1.10 

(-1.83, -0.36) Very serious4 Not serious Not serious Not serious Low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months (higher favours LABA/LAMA) 

9 RCT 4,490 

RR 1.14 

(1.08, 1.21) Serious5 Not serious Not serious Not serious Moderate 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LABA/LAMA) 

10 RCT 10,177 

RR 1.12 

(1.07, 1.16) Very serious4 Not serious Not serious Not serious Low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months (higher favours LABA/LAMA) 

2 RCT 4,015 

RR 1.10 

(1.02, 1.17) Very serious4 Not serious Not serious Not serious Low 

People with ≥ 1 moderate to severe exacerbation (lower values favour LABA/LAMA) 

9 RCT 7,398 

RR 0.97 

(0.79, 1.19) Very serious4 Serious2 Not serious Serious3 Very low 

People with ≥ 1 severe exacerbation (lower values favour LABA/LAMA) 

8 RCT 5,241 

RR 0.89 

(0.70, 1.15) Not serious Not serious Not serious Serious3 Moderate 

People with ≥ 1 SAE (lower values favour LABA/LAMA) 

25 RCT 21,453 

RR 1.01 

(0.93, 1.10) Very serious4 Not serious Not serious Not serious Low 

People with ≥ 1 COPD SAE (lower values favour LABA/LAMA) 

22 RCT 20,101 

RR 1.00 

(0.87, 1.16) Very serious4 Not serious Not serious Not serious Low 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

People with ≥ 1 cardiac SAE (lower values favour LABA/LAMA) 

22 RCT 20,736 

RR 0.98  

(0.79, 1.23) Very serious4 Not serious Not serious Serious3 Very low 

People with ≥ 1 session of pneumonia (lower values favour LABA/LAMA) 

24 RCT 21,048 

RR 1.15 

(0.87, 1.53) Very serious4 Not serious Not serious Serious3 Very low 

Drop-outs due to adverse events (lower values favour LABA/LAMA) 

26 RCT 21,877 

RR 1.10  

(0.97, 1.25) Very serious4 Not serious Not serious Not serious Low 

1. Non-significant result.  

2. I2 between 33.3% and 66.7% 

3. 95% confidence interval crosses one end of a defined MID interval. 

4. > 33.3% of the weight in a meta-analysis came from studies at high risk of bias. 

5. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 

LABA/LAMA versus LABA 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower favours LABA/LAMA) 

10 RCT 7,930 

RR 1.15 

(0.68, 1.94) Serious5 Not serious Not serious Serious1 Low 

Change in trough FEV1 (L) at 3 months (higher favours LABA/LAMA) 

4 RCT 2,469 

MD 0.07 

(0.03, 0.12) Serious5 Very serious2 Not serious Serious3 Very low 

Change in trough FEV1 (L) at 6 months (higher favours LABA/LAMA) 

8 RCT 6,144 MD 0.07 Serious5 Not serious Not serious Not serious Moderate 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

(0.06, 0.08) 

Change in trough FEV1 (L) at 12 months (higher favours LABA/LAMA) 

6 RCT 5,063 

MD 0.07 

(0.06, 0.08) Very serious6 Not serious Not serious Not serious Low 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/LAMA) 

3 RCT 3,342 

MD 0.52 

(0.31, 0.74) Serious5 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LABA/LAMA) 

4 RCT 4,126 

MD 0.40 

(0.23, 0.57) Serious5 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 12 months (higher favours LABA/LAMA) 

3 RCT 4,516 

MD 0.42 

(0.06, 0.77) Very serious6 Very serious2 Not serious Not serious Very low 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour LABA/LAMA) 

1 
(Bateman 
2013) RCT 950 

MD -1.29 

(-4.29, 1.17) Very serious6 N/A Not serious Serious3 Very low 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour LABA/LAMA) 

5 RCT 3,649 

MD -1.09 

(-1.96, -0.22) Very serious6 Not serious Not serious Not serious Low 

St. George’s Respiratory Questionnaire (SGRQ) at 12 months (lower values favour LABA/LAMA) 

2 RCT 2,507 

MD -0.69 

(-1.64, 0.25) Very serious6 Not serious Not serious Not serious Low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LABA/LAMA) 

6 RCT 5,870 

RR 1.14 

(1.04, 1.24) Very serious6 Serious4 Not serious Not serious Very low 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months (higher favours LABA/LAMA) 

1 
(PINNACL
E 3 2017) RCT 1,820 

RR 1.11 

(0.99, 1.25) Very serious6 N/A Not serious Not serious Low 

People with ≥ 1 moderate to severe exacerbation (lower values favour LABA/LAMA) 

5 RCT 2,488 

RR 0.81 

(0.67, 0.97) Very serious6 Not serious Not serious Serious3 Low 

People with ≥ 1 severe exacerbation (lower values favour LABA/LAMA) 

6 RCT 2,898 

RR 0.82 

(0.62, 1.09) Serious5 Not serious Not serious Serious3 Low 

People with ≥ 1 SAE (lower values favour LABA/LAMA) 

11 RCT 8,699 

RR 1.05 

(0.92, 1.19) Very serious6 Not serious Not serious Not serious Low 

People with ≥ 1 COPD SAE (lower values favour LABA/LAMA) 

8 RCT 7,068 

RR 1.08 

(0.85, 1.38) Serious5 Not serious Not serious Serious3 Low 

People with ≥ 1 cardiac SAE (lower values favour LABA/LAMA) 

11 RCT 8,699 

RR 1.28 

(0.88, 1.86) Very serious6 Not serious Not serious Serious3 Very low 

People with ≥ 1 session of pneumonia (lower values favour LABA/LAMA) 

10 RCT 8,252 

RR 1.59 

(1.10, 2.51) Serious5 Not serious Not serious Serious3 Low 

Drop-outs due to adverse events (lower values favour LABA/LAMA) 

13 RCT 9,202 

RR 0.93 

(0.77, 1.13) Very serious6 Serious4 Not serious Serious3 Very low 

1. Non-significant result.  
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

2. I2> 66.7%. 

3. 95% confidence interval crosses one end of a defined MID interval. 

4. I2 between 33.3% and 66.7%. 

5. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 

6. > 33.3% of the weight in a meta-analysis came from studies at high risk of bias. 

LABA/ICS versus LAMA 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower favours LABA/ICS) 

5 RCT 2,395 

RR 0.53 

(0.32, 0.87) Serious6 Not serious Not serious Not serious Moderate 

Change in trough FEV1 (L) at 3 months (higher favours LABA/ICS) 

7 RCT 2,327 

MD 0.02 

(-0.02, 0.06) Very serious7 Very serious1 Not serious Not serious Very low 

Change in trough FEV1 (L) at 6 months (higher favours LABA/ICS) 

2 RCT 1,301 

MD -0.01 

(-0.03, 0.02) Serious6 Not serious Not serious Not serious Moderate 

Change in trough FEV1 (L) at 12 months (higher favours LABA/ICS) 

2 RCT 933 

MD -0.01  

(-0.08, 0.05) Very serious7 Serious2 Not serious Not serious Very low 

Change in trough FEV1 (L) at 2 years (higher favours LABA/ICS) 

1 
(Wedzicha 
2008) RCT 786 

MD -0.01 

(-0.05, 0.03) Serious6 N/A Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/ICS) 

2 RCT 1,323 MD 0.50  Serious6 Not serious Not serious Not serious Moderate 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

(0.20, 0.81) 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LABA/ICS) 

1 
(Wedzicha 
2008) RCT 1,103 

MD 0.30 

(-0.06, 0.66) Serious6 N/A Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 12 months (higher favours LABA/ICS) 

1 
(Wedzicha 
2008) RCT 942 

MD 0.00 

(-0.40, 0.40) Serious6 N/A Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 2 years (higher favours LABA/ICS) 

1 
(Wedzicha 
2008) RCT 814 

MD 0.20 

(-0.25, 0.65) Serious6 N/A Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour LABA/ICS) 

3 RCT 814 

MD -1.37  

(-3.04, 0.30) Serious6 Not serious Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour LABA/ICS) 

1 
(Wedzicha 
2008) RCT 999 

MD -1.97 

(-3.79, -0.15) Serious6 N/A Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 12 months (lower values favour LABA/ICS) 

1 
(Wedzicha 
2008) RCT 847 

MD -0.99 

(-2.98, 1.00) Serious6 N/A Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 2 years (lower values favour LABA/ICS) 

1 
(Wedzicha 
2008) RCT 730 

MD -1.04 

(-3.29, 1.21) Serious6 N/A Not serious Not serious Moderate 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months (higher favours LABA/ICS) 

2 RCT 823 

RR 1.09 

(0.94, 1.26) Serious6 Not serious Serious5 Serious3 Very low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LABA/ICS) 

1 
(Wedzicha 
2008) RCT 1,236 

RR 1.17 

(0.99, 1.37) Serious6 N/A Not serious Serious3 Low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months (higher favours LABA/ICS) 

1 
(Wedzicha 
2008) RCT 1,227 

RR 1.10 

(0.93, 1.31) Serious6 N/A Not serious Serious3 Low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 2 years (higher favours LABA/ICS) 

1 
(Wedzicha 
2008) RCT 1,229 

RR 1.19  

(1.00, 1.41) Serious6 N/A Not serious Serious3 Low 

People with ≥ 1 moderate to severe exacerbation (lower values favour LABA/ICS) 

3 RCT 2,203 

RR 1.04 

(0.95, 1.13) Serious6 Not serious Not serious Not serious Moderate 

People with ≥ 1 severe exacerbation (lower values favour LABA/ICS) 

3 RCT 2,203 

RR 1.26 

(0.97, 1.63) Serious6 Not serious Not serious Serious3 Low 

People with ≥ 1 SAE (lower values favour LABA/ICS) 

5 RCT 2,590 

RR 1.17 

(1.00, 1.38) Serious6 Not serious Not serious Serious3 Low 

People with ≥ 1 COPD SAE (lower values favour LABA/ICS) 

5 RCT 2,590 

RR 1.27 

(0.99, 1.63) Serious6 Not serious Not serious Serious3 Low 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

People with ≥ 1 cardiac SAE (lower values favour LABA/ICS) 

3 RCT 2,208 

RR 0.59 

(0.36, 0.97) Serious6 Not serious Not serious Serious3 Low 

People with ≥ 1 session of pneumonia (lower values favour LABA/ICS) 

4 RCT 2,465 

RR 1.95  

(1.20, 3.18) Serious6 Not serious Not serious Serious3 Low 

Drop-outs due to adverse events (lower values favour LABA/ICS) 

6 RCT 2,657 

RR 0.98 

(0.75, 1.29) Serious6 Not serious Not serious Very serious4 Very low 

1. I2>66.7% 

2. I2 between 33.3% and 66.7%. 

3. 95% confidence interval crosses one end of a defined MID interval. 

4. 95% confidence interval crosses both ends of a defined MID interval. 

5. > 33.3% of the weight in a meta-analysis came from a partially indirect study. 

6. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 

7. > 33.3% of the weight in a meta-analysis came from studies at high risk of bias. 

LABA/ICS versus LABA 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower favours LABA/ICS) 

21 RCT 19,681 

RR 0.95 

(0.82, 1.11) Not serious Not serious Not serious Serious1 Moderate 

Change in trough FEV1 (L) at 3 months (higher favours LABA/ICS) 

12 RCT 7,829 

MD 0.05  

(0.04, 0.06) Very serious6 Not serious Not serious Not serious Low 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

Change in trough FEV1 (L) at 6 months (higher favours LABA/ICS) 

11 RCT 6,555 

MD 0.04 

(0.03, 0.06) Very serious6 Not serious Not serious Not serious Low 

Change in trough FEV1 (L) at 12 months (higher favours LABA/ICS) 

7 RCT 3,431 

MD 0.05 

(0.04, 0.07) Very serious6 Not serious Not serious Not serious Low 

Change in trough FEV1 (L) at 3 years (higher favours LABA/ICS) 

1 
(SCO4004
1 2008) RCT 111 

MD 0.04  

(-0.24, 0.31) Not serious N/A Not serious Very serious2 Low 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/ICS) 

4 RCT 1,9868 

MD 0.09 

-0.21, 0.37) Not serious Not serious Not serious Not serious High 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LABA/ICS 

4 RCT 1,917 

MD 0.21  

(-0.09, 0.50) Not serious Not serious Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour LABA/ICS) 

4 RCT 3,602 

MD -1.53 

(-2.48, -0.58) Serious7 Not serious Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour LABA/ICS) 

9 RCT 7,857 

MD -1.33 

(-1.86, -0.80) Serious7 Not serious Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 12 months (lower values favour LABA/ICS) 

9 RCT 8,322 

MD -1.76 

(-2.36, -1.15) Serious7 Not serious Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 3 years (lower values favour LABA/ICS) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

1 
(Calverley 
2007) RCT 1,315 

MD -2.20 

(-3.63, -0.77) Not serious N/A Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months (higher favours LABA/ICS) 

2 RCT 786 

RR 0.95 

(0.87, 1.05) Not serious Not serious Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LABA/ICS) 

5 RCT 5,800 

RR 1.06 

(1.01, 1.12) Not serious Not serious Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months (higher favours LABA/ICS) 

4 RCT 4,349 

RR 1.14 

(0.97, 1.35) Not serious Very serious3 Not serious Serious4 Very low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 years (higher favours LABA/ICS) 

1 
(Calverley 
2007) RCT 1,916 

RR 1.15 

(1.00, 1.33) Not serious N/A Not serious Serious4 Moderate 

People with ≥ 1 moderate to severe exacerbation (lower values favour LABA/ICS) 

16 RCT 15,730 

RR 0.91 

(0.88, 0.94) Serious7 Serious5 Not serious Not serious Low 

People with ≥ 1 severe exacerbation (lower values favour LABA/ICS) 

11 RCT 10,698 

RR 1.00 

(0.90, 1.11) Not serious Not serious Not serious Not serious High 

People with ≥ 1 SAE (lower values favour LABA/ICS) 

20 RCT 19,204 

RR 1.03 

(0.97, 1.09) Not serious Not serious Not serious Not serious High 

People with ≥ 1 COPD SAE (lower values favour LABA/ICS) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

17 RCT 16,397 

RR 0.94 

(0.85, 1.04) Not serious Not serious Not serious Not serious High 

People with ≥ 1 cardiac SAE (lower values favour LABA/ICS) 

17 RCT 17,085 

RR 0.97 

(0.84, 1.12) Not serious Not serious Not serious Not serious High 

People with ≥ 1 session of pneumonia (lower values favour LABA/ICS) 

20 RCT 19,291 

RR 1.54  

(1.29, 1.85) Not serious Not serious Not serious Not serious High 

Drop-outs due to adverse events (lower values favour LABA/ICS) 

21 RCT 19,713 

RR 0.90 

(0.83, 0.98) Not serious Not serious Not serious Not serious High 

1. 95% CI crosses the line of no effect.  

2. Non-significant result. 

3. I2>66.7%. 

4. 95% confidence interval crosses one end of a defined MID interval. 

5. I2 between 33.3% and 66.7%. 

6. > 33.3% of the weight in a meta-analysis came from studies at high risk of bias. 

7. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 

LAMA versus LABA 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower favours LAMA) 

13 RCT 22,844 

RR 0.96 

(0.75, 1.23) Not serious Not serious Not serious Serious1 Moderate 

Change in trough FEV1 (L) at 3 months (higher favours LAMA) 

8 RCT 5,420 MD -0.00 Very serious6 Very serious2 Not serious Not serious Very low 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

(-0.02, 0.02) 

Change in trough FEV1 (L) at 6 months (higher favours LAMA) 

10 RCT 7,770 

MD 0.02 

(0.01, 0.03) Very serious6 Not serious Not serious Not serious Low 

Change in trough FEV1 (L) at 12 months (higher favours LAMA) 

5 RCT 5,353 

MD 0.02 

(0.01, 0.03) Very serious6 Not serious Not serious Not serious Low 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LAMA) 

4 RCT 7,881 

MD -0.14 

(-0.37, 0.09) Serious7 Very serious2 Not serious Not serious Very low 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LAMA) 

5 RCT 7,444 

MD -0.19 

(-0.20, -0.18) Not serious Not serious Not serious Not serious High 

Change in Transition Dyspnoea Index (TDI) at 12 months (higher favours LAMA) 

4 RCT 7,421 

MD 0.02 

(-0.25, 0.29) Serious7 Very serious2 Not serious Not serious Very low 

St. George’s Respiratory Questionnaire (SGRQ), 3 months (lower values favours LAMA) 

4 RCT 7,191 

MD 1.13 

(-0.09, 2.34) Very serious6 Serious3 Not serious Not serious Very low 

St. George’s Respiratory Questionnaire (SGRQ), 6 months (lower values favour LAMA) 

7 RCT 7,972 

MD -0.39 

(-1.01, 0.22) Very serious6 Not serious Not serious Not serious Low 

St. George’s Respiratory Questionnaire (SGRQ), 12 months (lower values favour LAMA) 

3 RCT 5,397 

MD -0.08 

(-0.79, 0.62) Very serious6 Not serious Not serious Not serious Low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months (higher favours LAMA) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

2 RCT 4,495 

MD 0.92  

(0.79, 1.07) Serious7 Very serious2 Not serious Serious4 Very low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LAMA) 

8 RCT 11,831 

MD 1.02  

(0.98, 1.06) Serious7 Serious3 Not serious Not serious Low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months (higher favours LAMA) 

2 RCT 4,709 

MD 1.10 

(0.95, 1.08) Very serious6 Not serious Not serious Not serious Low 

People with ≥ 1 moderate to severe exacerbation (lower values favour LAMA) 

6 RCT 11,943 

RR 0.90 

(0.86, 0.95) Not serious Not serious Not serious Not serious High 

People with ≥ 1 severe exacerbation (lower values favour LAMA) 

5 RCT 10,696 

RR 0.88 

(0.79, 0.98) Not serious Serious2 Not serious Serious4 Low 

People with ≥ 1 SAE (lower values favour LAMA) 

15 RCT 23,844 

RR 0.94 

(0.88, 1.01) Not serious Not serious Not serious Not serious High 

People with ≥ 1 COPD SAE (lower values favour LAMA) 

13 RCT 22,789 

RR 0.84 

(0.75, 0.93) Not serious Not serious Not serious Serious4 Moderate 

People with ≥ 1 cardiac SAE (lower values favour LAMA) 

13 RCT 22,806 

RR 1.13 

(0.92, 1.38) Not serious Not serious Not serious Serious4 Moderate 

People with ≥ 1 session of pneumonia (lower values favour LAMA) 

12 RCT 22,153 

RR 0.88 

(0.69, 1.14) Not serious Not serious Not serious Serious4 Moderate 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

Drop-outs due to adverse events (lower values favour LAMA) 

14 RCT 22,755 

RR 0.90 

(0.81, 1.00) Not serious Not serious Not serious Not serious High 

1. Non-significant result.  

2. I2>66.7%.  

3. I2 between 33.3% and 66.7%. 

4. 95% confidence interval crosses one end of a defined MID interval. 

5. > 33.3% of the weight in a meta-analysis came from studies at high risk of bias. 

6. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 
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Sensitivity analyses 1 

LABA/LAMA versus LABA/ICS 2 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/LAMA) 

5 RCT 3,072 

MD 0.19 

(-0.04, 0.41) Serious1 Not serious Not serious Not serious Moderate 

1. > 33.3% of the weight in a meta-analysis came from studies at moderate risk of bias. 

LABA/LAMA versus LAMA 3 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/LAMA) 

8 RCT 5,132 

MD 0.48  

(0.32, 0.65) Serious1 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LABA/LAMA) 

6 RCT 4,672 

MD 0.30 

(0.14, 0.47) Serious1 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 12 months (higher favours LABA/LAMA) 

2 RCT  

MD 0.31  

(0.05, 0.56) Serious1 Not serious Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour LABA/LAMA) 

8 RCT 6,116 

MD -1.77 

(-2.42, -1.12) Not serious Not serious Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour LABA/LAMA) 

6 RCT 3,756 

MD -1.00 

(-1.84, -0.17) Not serious Not serious Not serious Not serious High 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

St. George’s Respiratory Questionnaire (SGRQ at 12 months (lower values favour LABA/LAMA) 

2 RCT 1,364 

MD -0.13 

(-1.64, 1.38) Serious1 Not serious Not serious Not serious Moderate 

People with ≥ 4 units improvement in quality of life (SGRQ) at 3 months (higher favours LABA/LAMA) 

8 RCT 4,003 

RR 1.17 

(1.10, 1.24) Not serious Not serious Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LABA/LAMA) 

6 RCT 4,760 

RR 1.12 

(1.07, 1.18) Serious1 Not serious Not serious Not serious Moderate 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months (higher favours LABA/LAMA) 

1 RCT 2,272 

RR 1.08 

(0.97, 1.19) Not serious Not serious Not serious Not serious High 

People with ≥ 1 moderate to severe exacerbation (lower values favour LABA/LAMA) 

4 RCT 2,588 

RR 0.99 

(0.59, 1.65) Not serious Serious2 Not serious Very serious3 Very low 

People with ≥ 1 severe exacerbation (lower values favour LABA/LAMA) 

4 RCT 2,892 

RR 0.87 

(0.66, 1.14) Not serious Not serious Not serious Serious4 Moderate 

1. > 33.3% of the weight in a meta-analysis came from studies at moderate risk of bias.  

2. I2 between 33.3% and 66.7% 

3. 95% confidence interval crosses both ends of a defined MID interval. 

4. 95% confidence interval crosses one end of a defined MID interval. 

LABA/LAMA versus LABA 1 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/LAMA) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

2 RCT 2,392 

MD 0.61 

(0.36, 0.86) Serious1 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LABA/LAMA) 

3 RCT 3,176 

MD 0.44 

(0.25, 0.63) Serious1 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 12 months (higher favours LABA/LAMA) 

2 RCT 2,643 

MD 0.62 

(0.37, 0.88) Serious1 Not serious Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour LABA/LAMA) 

2 RCT 1,180 

MD -1.72 

(-3.13, -0.30) Not serious Not serious Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ) at 12 months (lower values favour LABA/LAMA) 

1 RCT 667 

MD 0.41 

(-1.96, 2.79) Serious1 N/A Not serious Not serious Moderate 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LABA/LAMA) 

3 RCT 3,267 

RR 1.22 

(1.14, 1.30) Serious1 Serious2 Not serious Serious3 Very low 

People with ≥ 1 moderate to severe exacerbation (lower values favour LABA/LAMA) 

2 RCT 786 

RR 0.75 

(0.38, 1.47) Not serious Serious2 Not serious Very serious4 Very low 

People with ≥ 1 severe exacerbation (lower values favour LABA/LAMA) 

3 RCT 1,196 

RR 0.84 

(0.61, 1.17) Serious1 Not serious Not serious Serious3 Low 

1. > 33.3% of the weight in a meta-analysis came from studies at moderate risk of bias. 

2. I2 between 33.3% and 66.7%. 

3. 95% confidence interval crosses one end of a defined MID interval. 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

4. 95% CI confidence interval crosses both ends of a defined MID interval. 

LABA/ICS versus LAMA 1 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LABA/ICS) 

1 RCT 1,198 

MD 0.50 

(0.18, 0.82) Serious1 N/A Not serious Not serious Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour LABA/ICS) 

2 RCT 747 

MD -1.30 

(-3.00, 0.41) Serious1 Not serious Serious2 Not serious Low 

1. > 33.3% of the weight in a meta-analysis came from studies at moderate risk of bias. 

2. > 33.3% of the weight in a meta-analysis came from a partially indirect study.  

LABA/ICS versus LABA 2 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour LABA/ICS) 

8 RCT 6,675 

MD -1.34 

(-1.96, -0.72) Not serious Not serious Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LABA/ICS) 

4 RCT 4,618 

RR 1.04 

(0.98, 1.10) Not serious Not serious Not serious Not serious High 

People with ≥ 1 moderate to severe exacerbation (lower values favour LABA/ICS) 

15 RCT 14,511 

RR 0.91 

(0.88, 0.95) Not serious Serious1 Not serious Not serious Moderate 

1. I2 between 33.3% and 66.7%. 
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 1 

LABA versus LAMA 2 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

Change in Transition Dyspnoea Index (TDI) at 3 months (higher favours LAMA) 

3 RCT 6,452 

MD -0.12 

(-0.42, 0.18) Serious1 Very serious2 Not serious Not serious Very low 

Change in Transition Dyspnoea Index (TDI) at 6 months (higher favours LAMA) 

4 RCT 6,015 

MD -0.19 

(-0.20, -0.18) Not serious Serious3 Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) at 12 months (higher favours LAMA) 

3 RCT 5,241 

MD 0.07 

(-0.41, 0.56) Serious1 Very serious2 Not serious Not serious Very low 

St. George’s Respiratory Questionnaire (SGRQ), 3 months (lower values favours LAMA) 

2 RCT 4,515 

MD 1.06 

(-0.90, 3.30) Serious1 Very serious2 Not serious Not serious Very low 

St. George’s Respiratory Questionnaire (SGRQ), 6 months (lower values favour LAMA) 

4 RCT 4,825 

MD -0.88 

(-1.65, -0.11) Not serious Not serious Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ), 12 months (lower values favour LAMA) 

2 RCT 3,275 

MD -0.37 

(-1.41, 0.67) Not serious Not serious Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) at 6 months (higher favours LAMA) 

5 RCT 8,422 

RR 1.04 

(0.97, 1.12) Serious1 Serious3 Not serious Not serious Low 

People with ≥ 4 units improvement in quality of life (SGRQ) at 12 months (higher favours LAMA) 

1 RCT 2,587 RR 1.00 Not serious N/A Not serious Not serious High 



 

 

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

 

FINAL 
 

591 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) Risk of bias Inconsistency Indirectness Imprecision Quality 

(0.92, 1.08) 

People with ≥ 1 moderate to severe exacerbation (lower values favour LAMA) 

3 RCT 8,836 

RR 0.89 

(0.84, 0.95) Not serious Not serious Not serious Not serious High 

People with ≥ 1 severe exacerbation (lower values favour LAMA) 

3 RCT 8,836 

RR 0.88 

(0.79, 0.99) Not serious Not serious Not serious Serious4 Moderate 

1. > 33.3% of the weight in a meta-analysis came from studies at moderate risk of bias. 

2. I2>66.7%.  

3. I2 between 33.3% and 66.7%. 

4. 95% confidence interval crosses one end of a defined MID interval. 

1 
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Network meta-analyses  1 

No. of studies 
Study 
design 

Sample 
size 

Effect 
estimates 

Risk of 
bias Indirectness Inconsistency Imprecision Quality 

FEV1 3 months low risk 

50 RCT 22,359 See appendix G Serious1 Not serious Serious3 Not serious Low 

FEV1 3 months high risk 

11 RCT 10,962 See appendix G Serious1 Not serious Not serious Not serious Moderate 

FEV1 6 months low risk 

30 RCT 27,461 See appendix G Serious1 Not serious Serious3 Not serious Very low 

FEV1 6 months high risk 

11 RCT 10,603 See appendix G Serious1 Not serious Serious3 Not serious Low 

FEV1 12 months low risk 

13 RCT 16,282 See appendix G Serious1 Not serious Serious3 Serious5 Very low 

FEV1 12 months high risk 

13 RCT 9,762 See appendix G Serious1 Not serious Serious3 Not serious Low 

Moderate to severe exacerbations low risk 

38 RCT 23,874 See appendix G Serious1 Not serious Not serious Not serious Moderate 

Moderate to severe exacerbations high risk 

21 RCT 23,575 See appendix G Serious1 Not serious Serious3 Not serious Moderate 

Severe exacerbations low risk  

31 RCT 21,120 See appendix G Not serious Not serious Not serious Not serious High 

Severe exacerbations high risk 

13 RCT 16,830 See appendix G Not serious Not serious Not serious Not serious High 

Dropouts due to adverse events low risk 

66 RCT 61, 541 See appendix G Serious1 Not serious Serious3 Not serious Low 

Dropouts due to adverse events high risk 
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No. of studies 
Study 
design 

Sample 
size 

Effect 
estimates 

Risk of 
bias Indirectness Inconsistency Imprecision Quality 

25 RCT 30,322 See appendix G Serious1 Not serious Not serious Not serious Moderate 

SGRQ at 3 months low risk 

28 RCT 18,114 See appendix G Serious1 Not serious Serious7 Not serious Low 

SGRQ at 3 months high risk 

9 RCT 11,044 See appendix G Serious1 Not serious Not serious Not serious Moderate 

SGRQ at 6 months low risk 

20 RCT 21,306 See appendix G Serious1 Not serious Serious7 Not serious Low 

SGRQ at 6 months high risk 

10 RCT 12,748 See appendix G Serious1 Not serious Not serious Not serious Moderate 

SGRQ at 12 months low risk 

6 RCT 9,749 See appendix G Very 
serious2 

Not serious Not serious Not serious Low 

SGRQ at 12 months high risk 

14 RCT 15,459 See appendix G Serious1 Not serious Very serious4 Not serious Very low 

SGRQ responders at 3 months low risk 

22 RCT 14,351 See appendix G Serious1 Not serious Not serious Not serious Moderate 

SGRQ responders at 6 months low risk 

19 RCT 20,385 See appendix G Serious1 Not serious Serious3 Not serious Low 

SGRQ responders at 12 months high risk 

7 RCT 11,089 See appendix G Not serious Not serious Serious3 Not serious Moderate 

TDI at 3 months low risk 

30 RCT 21,471 See appendix G Serious1 Not serious Serious3 Not serious Low 

TDI at 6 months low risk 

18 RCT 18,503 See appendix G Serious1 Not serious Not serious Not serious Moderate 

TDI at 12 months low risk 
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No. of studies 
Study 
design 

Sample 
size 

Effect 
estimates 

Risk of 
bias Indirectness Inconsistency Imprecision Quality 

6 RCT 14,280 See appendix G Serious1 Not serious Serious3 Not serious Low 

SAEs low risk 

67 RCT 64,855 See appendix G Serious1 Not serious Not serious Not serious Moderate 

SAEs high risk 

24 RCT 31,721 See appendix G Serious1 Not serious Not serious Not serious Moderate 

COPD SAEs low risk 

63 RCT 61,759 See appendix G Serious1 Not serious Not serious Not serious Moderate 

COPD SAEs high risk 

20 RCT 29,744 See appendix G Serious1 Not serious Not serious Not serious Moderate 

Cardiac SAEs low risk 

58 RCT 62,663 See appendix G Serious1 Not serious Not serious8 Not serious Moderate 

Cardiac SAEs high risk 

19 RCT 28,316 See appendix G Serious1 Not serious Serious3 Not serious Low 

Pneumonia low risk 

61 RCT 61, 157 See appendix G Serious1 Not serious Serious3,8 Not serious Low 

Pneumonia high risk 

24 RCT 33,952 See appendix G Serious1 Not serious Not serious Not serious Moderate 

Mortality low risk 

51 RCT 57,880 See appendix G Serious1 Not serious Not serious Serious6 Low 

Mortality high risk 

24 RCT 31,674 See appendix G Serious1 Not serious Not serious Serious6 Low 

1. >33.3% of studies in the NMA at moderate or high risk of bias. 

2. >33.3% of studies in the NMA at high risk of bias.  

3. DIC for a random-effects model lower than the DIC for a fixed-effects model.  
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No. of studies 
Study 
design 

Sample 
size 

Effect 
estimates 

Risk of 
bias Indirectness Inconsistency Imprecision Quality 

4. DIC for a random-effects model lower than the DIC for a fixed-effects model and meaningful differences between point estimates from 
direct and indirect evidence. 

5. All comparisons in NMA rated as being of at least serious risk of imprecision.  

6. Not possible to distinguish any meaningfully distinct treatment options in the network. 

7. Meaningful differences between point estimates from direct and indirect evidence. 

8. Not downgraded (or downgraded again) despite meaningful differences between point estimates from direct and indirect evidence due 
to the NMA data resolving an inconsistency in the pair-wise data. 

 1 

 2 
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LAMA monotherapy 

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

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower values favour tiotropium bromide) 

13 RCT 10, 663 RR: 0.93 
(0.77, 1.11) 

4.45 per 
100 

4.14 per 100 

(3.43, 4.94) 

Serious6 Not serious Not serious Serious2 Low 

Change in trough FEV1 (ml) at 3 months (higher values favour tiotropium bromide) 

5 RCT 1,426 MD: 125.33 
(104.64, 
146.02) 

N/A N/A Serious6 Not serious Not serious Not serious Moderate 

Change in trough FEV1 (ml) at 6 months (higher values favour tiotropium bromide) 

3 RCT 1, 509 MD: 121.68 
(107.2, 
135.53) 

N/A N/A Serious6 Not serious Not serious Not serious Moderate 

Change in trough FEV1 (ml) at 12 months (higher values favour tiotropium bromide) 

2 RCT 2, 714 MD: 134.14 
(117.08, 
151.20) 

N/A N/A Serious6 Not serious Not serious Not serious Moderate 

Change in trough FEV1 (ml) at 48 months (higher values favour tiotropium bromide) 

1 (UPLIFT) RCT 1,361 MD 95.00 

(71.00, 
119.00) 

N/A N/A Serious6 N/A Not serious Serious3 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 3 months (higher values favour tiotropium bromide) 

3 RCT 840 MD: 1.05 
(0.38, 1.72) 

N/A N/A Not 
serious 

Serious1 Not serious Serious3 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 6 months (higher values favour tiotropium bromide) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

1 (Brusasco 
2003) 

RCT 637 MD: 1.10 
(0.51, 1.69) 

N/A N/A Serious8 N/A Not serious Serious3 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 12 months (higher values favour tiotropium bromide) 

2 RCT 2,012 MD: 1.08 
(0.81, 1.34) 

N/A N/A Serious6 Not serious Not serious Serious3 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour tiotropium bromide) 

2 RCT 844 MD: -2.75 

(-4.12, -1.38) 

N/A N/A Serious6 Not serious Not serious Serious3 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour tiotropium bromide) 

2 RCT 1,129 MD: -3.26 

(-4.79, -1.73) 

N/A N/A Serious6 Not serious Not serious Serious3 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 12 months (lower values favour tiotropium bromide) 

2 RCT 2,019 MD: -3.51 

(-4.66, -2.35) 

N/A N/A Serious6 Not serious Not serious Serious3 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 48 months (lower values favour tiotropium bromide) 

1 (UPLIFT) RCT 1,369 MD -3.23 

(-4.77, -1.68) 

N/A N/A Serious6 N/A Not serious Serious3 Low 

People with ≥ 4 units improvement in quality of life (SGRQ) (higher values favour tiotropium bromide) 

8 RCT 5,405 RR: 1.33 
(1.25, 1.42) 

37.10 per 
100 

49.34 per 100 
(46.38, 52.68) 

Serious6 Not serious Not serious Serious3 Low 

People with ≥ 1 moderate to severe exacerbation (lower values favour tiotropium bromide) 

9 RCT 8,401 RR: 0.89 
(0.85, 0.94) 

41.82 per 
100 

37.22 per 100  

(35.55, 39.31) 

Serious6 Not serious Not serious Not serious Moderate 

People with ≥ 1 severe exacerbation (requiring hospitalisation) (lower values favour tiotropium bromide) 

9 RCT 8,961 RR: 0.92 
(0.81, 1.04) 

10.82 per 
100 

9.95 per 100 
(8.76, 11.25) 

Serious6 Not serious Not serious Not serious Moderate 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

People with ≥ 1 Serious Adverse Event (SAE) (lower values favour tiotropium bromide) 

13 RCT 10,591 RR: 0.99 
(0.92, 1.06) 

21.50 per 
100 

21.29 per 100 

(19.78, 22.79) 

Serious6 Not serious Not serious Not serious Moderate 

Drop-outs due to adverse events (lower values favour tiotropium bromide) 

11 RCT 7,629 RR: 0.80 

(0.71, 0.91) 

11.27 per 
100 

9.02 per 100 

(8.00, 10.26) 

Serious6 Not serious Not serious Serious3 Low 

People with ≥ 1 session of pneumonia (lower values favour tiotropium bromide)  

1 (Johansson 
2008)  

RCT 244 RR: 7.65 
(0.40, 
146.37) 

Not 
calculable4 - 

Not 
serious 

N/A Not serious Very serious5 Low 

1. I2 between 33.3% and 66.7%. 

2. Non-significant result. 

3. 95% confidence interval crosses one end of an MID interval. 

4. Not calculable as zero events in control arm.  

5. 95% confidence interval crosses both ends of an MID interval. 

6. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 

Aclidinium (400 micrograms twice daily) versus placebo 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower values favour aclidinium bromide) 

5 RCT 2,524 RR: 2.33 
(0.60, 9.05) 

0.17 per 
100 

0.4 per 100 

(0.1, 1.55) 

Serious6 Not serious Not serious Serious3 Low 

Change in trough FEV1 (ml) at 3 months (higher values favour aclidinium bromide) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

3 RCT 931 MD: 109.23 

(77.84, 
140.63) 

N/A N/A Not 
serious 

Serious1 Not serious Serious4 Low 

Change in trough FEV1 (ml) at 6 months (higher values favour aclidinium bromide) 

3 RCT 1,537 MD: 115.04  

(92.24, 
137.84) 

N/A N/A Serious6 Not serious Not serious Serious4 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 3 months (higher values favour aclidinium bromide) 

3 RCT 931 MD: 0.98 
(0.61, 1.34) 

N/A N/A Serious6 Not serious Not serious Serious4 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 6 months (higher values favour aclidinium bromide) 

3 RCT 1,522 MD: 0.96 
(0.62, 1.29) 

N/A N/A Serious6 Not serious Not serious Serious4 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour aclidinium bromide) 

3 RCT 931 MD: -2.33 

(-3.77, -0.90) 

N/A N/A Not 
serious 

Not serious Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour aclidinium bromide) 

3 RCT 1,511 MD: -2.76 

(-5.95, 0.43) 

N/A N/A Serious6 Very serious2 Not serious Serious4 Very low 

People with ≥ 4 units improvement in quality of life (SGRQ) (higher values favour aclidinium bromide) 

6 RCT 2,438 RR: 1.26 
(1.11, 1.42) 

41.61 per 
100 

52.43 per 100 

(46.19, 58.68) 

Serious6 Serious1 Not serious Serious4 Very low 

People with ≥ 1 moderate to severe exacerbation (lower values favour aclidinium bromide) 

6 RCT 2,782 RR: 0.76 

(0.58, 1.00) 

7.88 per 
100 

5.99 per 100 

(4.57, 7.88) 

Serious6 Serious1 Not serious Serious4 Very low 

People with ≥ 1 severe exacerbation (requiring hospitalisation) (lower values favour aclidinium bromide) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

4 RCT 1,505 RR: 0.81 
(0.38, 1.72) 

1.83 per 
100 

1.49 per 100 

(0.70, 3.16) 

Serious6 Not serious Not serious Very serious5 Very low 

People with ≥ 1 Serious Adverse Event (SAE) (lower values favour aclidinium bromide) 

6 RCT 2,784 RR: 0.95 
(0.67, 1.35) 

4.47 per 
100 

4.25 per 100 

(3.00, 6.04) 

Serious6 Not serious Not serious Very serious5 Very low 

Drop-outs due to adverse events (lower values favour aclidinium bromide) 

6 RCT 2,797 RR: 0.85 
(0.58, 1.25) 

4.07 per 
100 

3.46 per 100 

(2.36, 5.08) 

Serious6 Not serious Not serious Serious4 Low 

People with ≥ 1 session of pneumonia (lower values favour aclidinium bromide) 

2 RCT 1,247 RR: 0.26 
(0.04, 1.64) 

0.76 per 
100 

0.20 

(0.03, 1.25) 

Serious6 Not serious Not serious Very serious5 Very low 

1. I2 between 33.3% and 66.7%. 

2. I2 > 66.7% 

3. Non-significant result. 

4. 95% confidence interval crosses one end of a defined MID interval.  

5. 95% confidence interval crosses both ends of a defined MID interval. 

6. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 

Glycopyrronium (50 micrograms once daily) versus placebo 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower values favour glycopyrronium bromide) 

4 RCT 2,774 RR: 0.88 
(0.34, 2.30) 

0.65 per 
100 

0.57 per 100 

(0.22, 1.50) 

Serious3 Not serious Not serious Serious1 Low 

Change in trough FEV1 (ml) at 3 months (higher values favour glycopyrronium bromide) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

4 RCT 2,670 MD: 117.14 
(101.97, 
132.31) 

N/A N/A Serious3 Not serious Not serious Not serious Moderate 

Change in trough FEV1 (ml) at 6 months (higher values favour glycopyrronium bromide) 

4 RCT 2,477 MD: 125.31 
(108.00, 
142.62) 

N/A N/A Serious3 Not serious Not serious Not serious Moderate 

Change in trough FEV1 (ml) at 12 months (higher values favour glycopyrronium bromide) 

1 (Kerwin 
2012c) 

RCT 612 MD: 108.00 
(69.78, 
146.22) 

N/A N/A Serious4 N/A Not serious Serious2 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 3 months (higher values favour glycopyrronium bromide) 

2 RCT 1,187 MD: 0.75 
(0.29, 1.20) 

N/A N/A Serious3 Not serious Not serious Serious2 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 6 months (higher values favour glycopyrronium bromide) 

4 RCT 2,477 MD: 0.90 
(0.60, 1.20) 

N/A N/A Serious3 Not serious Not serious Serious2 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 12 months (higher values favour glycopyrronium bromide) 

1 (Kerwin 
2012c) 

RCT 612 MD: 0.57 
(0.03, 1.11) 

N/A N/A Serious4 N/A Not serious Serious2 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour glycopyrronium bromide) 

2 RCT 1,198 MD: -4.27 

(-6.16, -2.37) 

N/A N/A Very 
serious6 

Not serious Not serious Serious2 Very low 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour glycopyrronium bromide) 

4 RCT 2,485 MD: -3.44 

(-5.03, -1.86) 

N/A N/A Very 
serious6 

Not serious Not serious Serious2 Very low 

St. George’s Respiratory Questionnaire (SGRQ) at 12 months (lower values favour glycopyrronium bromide) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

1 (Kerwin 
2012c) 

RCT 612 MD: -3.32 

(-5.29, -1.35) 

N/A N/A Serious4 N/A Not serious Serious2 Low 

People with ≥ 4 units improvement in quality of life (SGRQ) (higher values favour glycopyrronium bromide) 

4 RCT 2,427 RR: 1.14 
(1.06, 1.23) 

51.96 per 
100 

59.24 per 100 

(55.08, 63.92) 

Serious3 Not serious Not serious Not serious Moderate 

People with ≥ 1 moderate to severe exacerbation (lower values favour glycopyrronium bromide) 

3 RCT 1,956 RR: 0.73 
(0.61, 0.87) 

24.30 per 
100 

17.74 per 100 

(14.83, 21.14) 

Serious3 Not serious Not serious Serious2 Low 

People with ≥ 1 severe exacerbation (requiring hospitalisation) (lower values favour glycopyrronium bromide) 

2 RCT 1,497 RR: 0.49 

(0.26, 0.93) 

3.66 per 
100 

1.79 per 100 

(0.95, 3.40) 

Serious3 Not serious Not serious Serious2 Low 

People with ≥ 1 Serious Adverse Event (SAE) (lower values favour glycopyrronium bromide) 

4 RCT 2,774 RR: 0.84 
(0.66, 1.07) 

10.21 per 
100 

8.57 per 100 

(6.74, 10.92) 

Serious3 Not serious Not serious Serious2 Low 

Drop-outs due to adverse events (lower values favour glycopyrronium bromide) 

4 RCT 2,779 RR: 0.76 
(0.56, 1.04) 

6.62 per 
100 

5.03 per 100 

(3.70, 6.88) 

Serious3 Not serious Not serious Serious2 Low 

People with ≥ 1 session of pneumonia (lower values favour glycopyrronium bromide) 

2 RCT 2,069 RR: 0.54 
(0.28, 1.06) 

3.79 per 
100 

2.05 per 100 

(1.06, 4.02) 

Serious3 Not serious Not serious Serious2 Low 

1. Non-significant result. 

2. 95% confidence interval crosses one end of a defined MID interval. 

3. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 

4. Study at moderate risk of bias. 

5. 95% confidence interval crosses both ends of a defined MID interval. 



 

 

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

 

FINAL 
 

603 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

6. > 33.3% of the weight in a meta-analysis came from studies at high risk of bias. 

Sensitivity analysis: glycopyrronium (50 micrograms once daily) versus placebo 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

Change in trough FEV1 (ml) at 3 months (higher values favour glycopyrronium bromide) 

3 RCT 2,218 MD: 108.95 

(91.36, 
126.54) 

N/A N/A Serious2 Not serious Not serious Serious1 Low 

Change in trough FEV1 (ml) at 6 months (higher values favour glycopyrronium bromide) 

3 RCT 2,053 MD: 121.40 

(101.41, 
141.40) 

N/A N/A Serious2 Not serious Not serious Not serious Moderate 

Change in Transition Dyspnoea Index (TDI) focal score at 3 months (higher values favour glycopyrronium bromide) 

1 (Kerwin 
2012c) 

RCT 758 MD: 0.60 

(0.08, 1.12) 

N/A N/A Serious2 N/A Not serious Serious1 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 6 months (higher values favour glycopyrronium bromide) 

3 RCT 2,053 MD: 0.88 

(0.57, 1.20) 

N/A N/A Serious2 Not serious Not serious Serious1 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour glycopyrronium bromide) 

1 (Kerwin 
2012c) 

RCT 758 MD: -3.17 

(-4.82, -1.52) 

N/A N/A Serious2 N/A Not serious Serious1 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour glycopyrronium bromide) 

3 RCT 2,053 MD -2.70 

(-3.91, -1.48) 

N/A N/A Serious2 Not serious Not serious Not serious Moderate 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

People with ≥ 4 units improvement in quality of life (SGRQ) (higher values favour glycopyrronium bromide) 

3 RCT 1,995 RR: 1.12 

(1.02, 1.22) 

51.32 per 
100 

57.48 per 100 

(52.34, 62.61) 

Serious2 Not serious Not serious Not serious Moderate 

People with ≥ 1 Serious Adverse Event (SAE) (lower values favour glycopyrronium bromide) 

3 RCT  RR: 0.88 

(0.68, 1.41) 

10.43 per 
100 

9.18 per 100 

(7.09,14.71) 

Serious2 Not serious Not serious Very serious4 Very low 

Drop-outs due to adverse events (lower values favour glycopyrronium bromide) 

3 RCT 2,320 RR: 0.73 

(0.53, 1.00) 

7.55 per 
100 

5.51 per 100 

(4.00, 7.55) 

Serious2 Not serious Not serious Serious1 Low 

People with ≥ 1 session of pneumonia (lower values favour glycopyrronium bromide) 

1 (Kerwin 
2012c) 

RCT 793 RR: 0.60 

(0.28, 1.27) 

4.48 per 
100 

2.69 per 100 

(1.25, 5.69) 

Serious3 N/A Not serious Very serious4 Very low 

1. 95% confidence interval crosses one end of a defined MID interval. 

2. > 33.3% of the weight in a meta-analysis came from studies at moderate or high risk of bias. 

3. Study at moderate risk of bias. 

4. 95% confidence interval crosses both ends of a defined MID interval. 

Umeclidinium (62.5 micrograms once daily) versus placebo 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower values favour umeclidinium bromide) 

2 RCT 835 RR: 4.69 
(0.24, 90.53) 

Not 
calculable6 

- 
Not 
serious 

N/A1 Not serious Serious2 Moderate 

Change in trough FEV1 (ml) at 3 months (higher values favour umeclidinium bromide) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

1 (Trivedi 
2014) 

RCT 112 MD: 127.00 
(52.00, 
202.00) 

N/A N/A Serious5 N/A Not serious Serious3 Low 

Change in trough FEV1 (ml) at 6 months (higher values favour umeclidinium bromide) 

1 (Donahue 
2013a) 

RCT 698 MD: 115.00 
(75.39, 
154.61) 

N/A N/A Not 
serious 

N/A Not serious Serious3 Moderate 

Change in Transition Dyspnoea Index (TDI) focal score at 3 months (higher values favour umeclidinium bromide) 

1 (Trivedi 
2014) 

RCT 112 MD: 1.00 
(0.00, 2.00) 

N/A N/A Serious5 N/A Not serious Serious3 Low 

Change in Transition Dyspnoea Index (TDI) focal score at 6 months (higher values favour umeclidinium bromide) 

1 (Donahue 
2013a) 

RCT 530 MD: 1.00 
(0.50, 1.50) 

N/A N/A Not 
serious 

N/A Not serious Serious3 Moderate 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour umeclidinium bromide) 

1 (Trivedi 
2014) 

RCT 112 MD: -7.90 

(-12.20, -
3.60) 

N/A N/A Serious5 N/A Not serious Serious3 Low 

St. George’s Respiratory Questionnaire (SGRQ) at 6 months (lower values favour umeclidinium bromide) 

1 (Donahue 
2013a)  

RCT 698 MD: -4.69 

(-7.07, -2.31) 

N/A N/A Not 
serious 

N/A Not serious Serious3 Moderate 

People with ≥ 4 units improvement in quality of life (SGRQ) (higher values favour umeclidinium bromide) 

2 RCT 815 RR: 1.39 
(1.14, 1.69) 

29.94 per 
100 

41.62 per 100 

(34.13, 50.60) 

Not 
serious 

Not serious Not serious Serious3 Moderate 

People with ≥ 1 moderate to severe exacerbation (lower values favour umeclidinium bromide) 

2 RCT 904 RR: 0.74 
(0.53, 1.04) 

14.66 per 
100 

10.84 per 100 

(7.77, 15.24) 

Serious6 Not serious Not serious Serious3 Low 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

People with ≥ 1 severe exacerbation (requiring hospitalisation) (lower values favour umeclidinium bromide)  

2 RCT 835 RR: 3.13 
(0.91, 10.78) 

0.86 per 
100 

2.70 per 100 

(0.78, 9.29) 

Not 
serious 

N/A1 Not serious Serious3 Moderate 

People with ≥ 1 Serious Adverse Event (SAE) (lower values favour umeclidinium bromide) 

2 RCT 835 RR: 2.52 
(1.27, 4.99) 

2.87 per 
100 

7.24 per 100 

(3.65, 14.34) 

Not 
serious 

Not serious Not serious Not serious High 

Drop-outs due to adverse events (lower values favour umeclidinium bromide) 

2 RCT 698 RR: 2.55 
(1.26. 5.14) 

2.59 per 
100 

6.59 per 100 

(3.26, 13.29) 

Not 
serious 

Not serious Not serious Not serious High 

1. One study has no events in either arm and, as a result, the RR could not be calculated. 

2. Non-significant result. 

3. 95% confidence interval crosses one end of a defined MID interval. 

4. > 33.3% of the weight in a meta-analysis came from studies at moderate risk of bias. 

5. Study at moderate risk of bias. 

6. Not calculable as there are zero events in the placebo arm.  

Glycopyrronium (50 micrograms once daily) versus Tiotropium bromide (18 micrograms in total) 

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

Change in trough FEV1 (ml) at 3 months (higher values favour glycopyrronium bromide) 

1 (Chapman 
2014) 

RCT 630 MD: 4.00 

(-25.50, 
33.50) 

N/A N/A Not 
serious 

N/A Not serious Not serious High 

Change in Transition Dyspnoea Index (TDI) focal score at 3 months (higher values favour glycopyrronium bromide) 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

1 (Chapman 
2014) 

RCT 630 MD: -0.19 

(-0.61, 0.24) 

N/A N/A Not 
serious 

N/A Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour glycopyrronium bromide) 

1 (Chapman 
2014) 

RCT 630 MD: 0.65 

(-1.19, 2.49) 

N/A N/A Not 
serious 

N/A Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) (higher values favour glycopyrronium bromide) 

1 (Chapman 
2014) 

RCT 630 RR: 1.02 

(0.88, 1.17) 

54.11 per 
100 

55.20 per 100 

(47.62, 63.31) 

Not 
serious 

N/A Not serious Not serious High 

People with ≥ 1 moderate to severe exacerbation (lower values favour glycopyrronium bromide) 

1 (Chapman 
2014) 

RCT 630 RR: 1.33 

(0.78, 2.26) 

6.96 per 
100 

9.26 per 100 

(5.43, 15.73) 

Not 
serious 

N/A Not serious Very serious1 Low 

People with ≥ 1 severe exacerbation (requiring hospitalisation) (lower values favour glycopyrronium bromide) 

1 (Chapman 
2014) 

RCT 630 RR: 0.67 

(0.11, 3.99) 

0.95 per 
100 

0.64 per 100 

(0.1, 3.79) 

Not 
serious 

N/A Not serious Very serious1 Low 

People with ≥ 1 Serious Adverse Event (SAE) (lower values favour glycopyrronium bromide) 

1 (Chapman 
2014) 

RCT 657 RR: 0.85 
(0.39, 1.88) 

3.94 per 
100 

3.35 per 100 

(1.54, 7.84) 

Not 
serious 

N/A Not serious Very serious1 Low 

Drop-outs due to adverse events (lower values favour glycopyrronium bromide) 

1 (Chapman 
2014) 

RCT 657 RR: 1.41 
(0.45, 4.41) 

1.52 per 
100 

2.14 per 100 

(0.68, 6.68) 

Not 
serious 

N/A Not serious Very serious1 Low 

People with ≥ 1 session of pneumonia (lower values favour glycopyrronium bromide) 

1 (Chapman 
2014) 

RCT 657 RR: 0.67 
(0.11, 4.00) 

0.91 per 
100 

0.61 per 100 

(0.10, 3.64) 

Not 
serious 

N/A Not serious Very serious1 Low 

1. 95% confidence interval crosses both ends of a defined MID interval. 
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Umeclidinium (62.5 micrograms once daily) versus Tiotropium bromide (18 micrograms in total)  

No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

All-cause mortality (lower values favour umeclidinium bromide) 

1 (Feldman 
2016) 

RCT 1,017 RR: 0.20 
(0.01, 4.15) 

0.39 per 
100 

0.08 per 100 

(0.01, 1.63) 

Not 
serious 

N/A Not serious Serious1 Moderate 

Change in trough FEV1 (ml) at 3 months (higher values favour umeclidinium bromide) 

1 (Feldman 
2016) 

RCT 1, 012 MD: 53.00 
(25.28, 
80.72) 

N/A N/A Not 
serious 

N/A Not serious Not serious High 

Change in Transition Dyspnoea Index (TDI) focal score at 3 months (higher values favour umeclidinium bromide) 

1 (Feldman 
2016) 

RCT 982 MD: 0.06 

(-0.30, 0.42) 

N/A N/A Not 
serious 

N/A Not serious Not serious High 

St. George’s Respiratory Questionnaire (SGRQ) at 3 months (lower values favour umeclidinium bromide) 

1 (Feldman 
2016) 

RCT 967 MD: -0.46 

(-2.04, 1.12) 

N/A N/A Not 
serious 

N/A Not serious Not serious High 

People with ≥ 4 units improvement in quality of life (SGRQ) (higher values favour umeclidinium bromide) 

1 (Feldman 
2016) 

RCT 967 RR: 1.03 
(0.90, 1.17) 

48.77 per 
100 

50.23 per 100 Not 
serious 

N/A Not serious Not serious High 

People with ≥ 1 moderate to severe exacerbation (lower values favour umeclidinium bromide) 

1 (Feldman 
2016) 

RCT 1,017 RR: 1.21 
(0.84, 1.73) 

9.45 per 
100 

11.43 per 100 Not 
serious 

N/A Not serious Serious2 Moderate 

People with ≥ 1 Serious Adverse Event (SAE) (lower values favour umeclidinium bromide) 

1 (Feldman 
2016) 

RCT 1,017 RR: 1.21 
(0.60, 2.43) 

2.76 per 
100 

3.33 per 100 

(1.65, 6.70) 

Not 
serious 

N/A Not serious Very serious3 Low  

Drop-outs due to adverse events (lower values favour umeclidinium bromide) 

1 (Feldman 
2016) 

RCT 1,017 RR: 1.11 
(0.45, 2.71) 

1.77 per 
100 

1.97 per 100 

(0.80, 4.80) 

Not 
serious 

N/A Not serious Very serious3 Low 
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No. of 
studies 

Study 
design 

Sample 
size 

Effect size 
(95% CI) 

Absolute 
risk: 
control 

Absolute risk: 
intervention 
(95% CI) 

Risk of 
bias Inconsistency Indirectness Imprecision Quality 

1. Non-significant result. 

2. 95% confidence interval crosses one end of a defined MID interval. 

3. 95% confidence interval crosses both ends of a defined MID interval. 

Network meta-analyses 

No. of studies 
Study 
design 

Sample 
size 

Effect 
estimates Risk of bias Indirectness Inconsistency Imprecision Quality 

SGRQ total score at 3 months 

10 RCT 4,682 See appendix G Serious1 Not serious Serious2 Not serious Low 

SGRQ total score at 6 months 

10 RCT 5,823 See appendix G Serious1 Not serious Serious2 Serious3 Very low 

TDI score at 3 months 

11 RCT 4,682 See appendix G Serious1 Not serious Not serious Not serious Moderate 

SQRQ responders 

22 RCT 12,682 See appendix G Serious1 Not serious Not serious Not serious Moderate 

Moderate to severe exacerbations  

22 RCT 15,690  See appendix G Serious1 Not serious Serious2 Not serious Low 

Severe exacerbations  

15* RCT 13,067 See appendix G Serious1 Not serious Not serious Not serious Moderate 

Dropouts due to adverse events  

25 RCT 15,714 See appendix G Serious1 Not serious Not serious Not serious Moderate 

Mortality 

18* RCT 14,278 See appendix G Serious1 Not serious Serious4 Serious3 Very low 

Serious adverse events 

27 RCT 18,658 See appendix G Serious1 Not serious Not serious Not serious Moderate 
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No. of studies 
Study 
design 

Sample 
size 

Effect 
estimates Risk of bias Indirectness Inconsistency Imprecision Quality 

* Studies with zero events in both arms removed from analysis. 

1. >33.3% of studies in the NMA at moderate or high risk of bias. 

2. DIC for a random-effects model lower than the DIC for a fixed-effects model.  

3. All comparisons in NMA rated as being of at least serious risk of imprecision.  

4. Meaningful differences between point estimates from direct and indirect evidence. 
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Appendix I – Economic evidence study selection 

Inhaled therapy combinations 
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LAMA monotherapy 
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Appendix J – Health economic evidence profiles 

Inhaled therapy combinations 

Study 
1. Applicability 
2. Limitations 

Comparison(s) Setting 
Duration 
Discount 
rate(s) 

Results / conclusion Uncertainty 

Gani 
(2010) 

1. Partially 
applicable a 

2. Potentially 
serious 
limitations b 

Tiotropium (LAMA) 
versus salmeterol 
(LABA) 

UK 1 year 

N/A (time 
horizon only 1 
year) 

Tiotropium dominates salmeterol 

 

Probabilistic sensitivity analysis 
indicates that tiotropium has a 
97% probability of being cost-
effective at a £20,000/QALY 
threshold. 

Subgroup analyses by disease 
severity show that tiotropium 
dominates salmeterol for 
patients with moderate, severe, 
and very severe COPD.  

(a) Only includes two of the interventions of interest (LAMA monotherapy and LABA monotherapy) 
(b) Short time horizon, does not include treatment-related adverse events, no empirical data on costs, potential conflict of interest 

 

Study 
1. Applicability 
2. Limitations 

Comparison(s) Setting 
Duration 
Discount 
rate(s) 

Results / conclusion(c)  Uncertainty 

Hertel 
(2012) 

1. Partially 
applicable a 

2. Potentially 
serious 
limitations b 

LABA 

LAMA 

LAMA+LABA 

LABA+ICS 

UK Lifetime 

3.5% 
discount rate 

Results for ICS-tolerant patients: 

Strategy Δ Costs Δ QALYs ICER 

LABA - - - 

LAMA £28 0.03 £933 

LABA/IC
S 

£98 0.01 £9,800 

LAMA + 
LABA 

£219 0.02 £10,950 

The authors only report 
sensitivity analysis results for 
the comparison of LAMA + 
LABA/ICS + roflumilast versus 
LAMA + LABA/ICS, which was 
not relevant to the review 
question.  
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Results for ICS-intolerant patients: 

Strategy Δ Costs Δ QALYs ICER 

LABA - - - 

LAMA £28 0.03 £575 

LAMA + 
LABA 

£219 0.02 £15,700 

 

 
(a) Only includes patients with severe/very severe COPD. Contains the interventions of interest, but also includes treatments in combination with roflumilast, and only 

reports sensitivity analysis results for LAMA + LABA/ICS + roflumilast  
(b) Does not include treatment-related adverse events. Does not report sensitivity analysis results for comparisons of interest. Relies on assumed exacerbation rates. 

Potential conflict of interest 
(c) ICERs calculated manually for the comparisons of interest relevant to the review question as authors only provided costs and QALYs for each strategy 

 

Study 
1. Applicability 
2. Limitations 

Comparison(s) Setting 
Duration 
Discount 
rate(s) 

Results / conclusion Uncertainty 

Price 
(2013) 

1. Partially 
applicable a 

2. Potentially 
serious 
limitations b 

Indacaterol 150 µg 
and 300 µg daily 
(LABA) versus 
tiotropium 18 µg 
daily (LAMA)  

UK 3 years 

3.5% discount 
rate 

Both dosages of indacaterol 
dominate tiotropium 

 

Probabilistic sensitivity analysis 
showed that indacaterol is 
associated with an 84% 
probability of being cost-
effective compared to 
tiotropium (unclear which 
dosage of indacaterol this 
refers to). 

Scenarios with a 5 year and 
lifetime time horizon showed 
that indacaterol remains 
dominant over tiotropium.  

(a) Only includes two of the interventions of interest (LAMA monotherapy and LABA monotherapy) 
(b) Short time horizon, does not include treatment-related adverse events, potential conflict of interest 
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Study 
1. Applicability 
2. Limitations 

Comparison(s) Setting 
Duration 
Discount 
rate(s) 

Results / conclusion Uncertainty 

Punekar 
(2015) 

1. Partially 
applicable a 

2. Potentially 
serious 
limitations b 

Umeclidinium/vilant
erol combination 
(LAMA + LABA) 
versus tiotropium 
monotherapy 
(LAMA)  

UK Lifetime 

3.5% discount 
rate 

Umeclidinium/vilanterol produces 
an ICER of £2,088/QALY compared 
to tiotropium 

Probabilistic sensitivity analysis 
showed that 
umeclidinium/vilanterol has an 
84.9% probability of being cost-
effective at a threshold of 
£20,000/QALY.  

One-way sensitivity analyses in 
which the time horizon of the 
model was reduced to one and 
five years, and in which the 
benefit of treatment was 
assumed to only last for 12 
months improved the ICER of 
umeclidinium/vilanterol. 

(a) Only includes two of the interventions of interest (LAMA + LABA and LAMA monotherapy) 
(b) Does not include treatment effects on exacerbations in the analysis. Does not include treatment-related adverse events. Potential conflict of interest. 

 

Study 
1. Applicability 
2. Limitations 

Comparison(s) Setting 
Duration 
Discount 
rate(s) 

Results / conclusion Uncertainty 

Ramos 
(2016) 

1. Partially 
applicable a 

2. Potentially 
serious 
limitations b 

Aclidinium 
bromide/formoterol 
(LAMA + LABA) 
versus aclidinium 
bromide alone 
(LAMA)  

UK 5 years 

3.5% discount 
rate 

Aclidinium bromide/formoterol 
produces an ICER of £2,976/QALY 
compared to aclidinium bromide 
alone  

Probabilistic sensitivity analysis 
showed that aclidinium 
bromide/formoterol is 
associated with a 79% 
probability of being cost-
effective at a threshold of 
£20,000/QALY. 

 

One-way sensitivity analyses in 
which the time horizon of the 



 

 

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

 

FINAL 
 

616 

model was set to 1 and 15 
years showed that aclidinium 
bromide/formoterol dominates 
aclidinium bromide alone. 

(a) Only includes two of the interventions of interest (LAMA + LABA and LAMA monotherapy) 
(b) Does not include treatment effects on exacerbations in the analysis. Does not include treatment-related adverse events. Potential conflict of interest.  

 

LAMA monotherapy 

Study 
1. Applicability 
2. Limitations 

Comparison(s) Setting 
Duration 
Discount 
rate(s) 

Results / conclusion Uncertainty 

Eklund 
(2016) 

1. Partially 
applicable a 

2. Very serious 
limitations b 

Tiotropium versus 
glycopyrronium  

UK Lifetime time 
horizon 

3.5% discount 
rate 

Tiotropium produces a cost saving 
of €169 (£147) and generates an 
additional 0.23 QALYs, and 
therefore dominates 
glycopyrronium 

One-way sensitivity analyses 
showed that tiotropium 
remained the cost-effective 
option when key parameters 
were set to high and low 
plausible values. Tiotropium 
also dominated glycopyrronium 
in subgroup analyses by 
starting GOLD stage.  

(a) Does not include all the comparators of interest (only compares two LAMAs) 
(b) Effectiveness data taken from a study with no blinding for tiotropium. Does not include treatment-related adverse events. Does not include a probabilistic sensitivity 

analysis. Potential conflict of interest.  
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Appendix K – Excluded studies 

Clinical studies 

Inhaled therapy combinations 

The following excluded studies list with reasons for exclusion was taken directly from the 
updated Cochrane review.  

Study Reason for exclusion 

1237.20 2 week study 

1237.4 4 week study 

1237.7 Crossover 

Barnes 2010 2 week study. 26 week results in Donohue 2010 

Bateman 2010 No qualified comparison (formulation and/or dose not approved) 

Beeh 2014 Crossover 

Beeh 2016 Crossover 

Berton 2016 3 week crossover study 

Cazzola 2007 Insufficient data 

Celli 2014 No qualified comparison (formulation and/or dose not approved) 

CQAB149BIL01 No qualified comparison (Indacaterol vs LABA) 

CQMF149F2202 No qualified comparison (formulation and/or dose not approved) 

D’Urzo 2013 No qualified comparison (formulation and/or dose not approved) 

Dahl 2013 4 week study 

DB2116132 Crossover 

DB2116133 Crossover 

Donohue 2002 Duplicate of Brusasco 2003 

Donohue 2003 Duplicate of Brusasco 2003 

Donohue 2014 No qualified comparison (formulation and/or dose not approved) 

Dransfield 2013 No qualified comparison (formulation and/or dose not approved) 

Fang 2018 Poor quality study (dropout rate too high) 

Ferguson 2014 No qualified comparison (formulation and/or dose not approved) 

Geld 2013 No qualified comparison (formulation and/or dose not approved) 

Hodder 2007 Duplicate of Brusasco 2003 

HZC113108 No qualified comparison (formulation and/or dose not approved) 

Jones 1997 No qualified comparison (formulation and/or dose not approved) 

Jones 2012 No qualified comparison (formulation and/or dose not approved) 

Kerwin 2012x No qualified comparison (formulation and/or dose not approved) 

Kerwin 2013 No qualified comparison (formulation and/or dose not approved) 

Kurashima 2009 Crossover 

Magnussen 2012 8 week study 

Mahler 2014 6 week study 
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Study Reason for exclusion 

Mahmud 2007 COPD not defined. Insufficient data 

Make 2014 Abstract only. Insufficient information 

Maltais 2014 No qualified comparison (formulation and/or dose not approved) 

Maltais 2014a Crossover 

Maltais 2014b Crossover 

Martinez 2013 No qualified comparison (formulation and/or dose not approved) 

MORACTO1 6 week study 

MORACTO2 6 week study 

PT003016-00 No comparator, 4 week study 

Rabe 2008 6 week study 

Rennard 2013 No qualified comparison (formulation and/or dose not approved) 

Rossi 2012 6 week study 

SCO100646 Crossover 

Siler 2016 No qualified comparison (formulation and/or dose not approved) 

Singh 2016 Crossover 

Tashkin 2016 7 day crossover study 

To 2011 Insufficient data. Abstract only 

Van Noord 2010 6 week study 

Vestbo 2016 Did not meet inclusion criteria (FF/VI compared with existing maintenance 
tx) 

Vogelmeier 2010 No qualified comparison (dose not approved) 

Vogelmeier 2010.2 14 day study 

Vogelmeier 2013x Spin-off of Vogelmeier 2011 

Watz 2016 Crossover 

Wouters 2005 Did not meet inclusion criteria 

Zheng 2015 No qualified comparison (formulation and/or dose not approved) 

Studies excluded from the additional Cochane group search  
Short Title Title Reason for exclusion 

Crim (2017) Pneumonia risk with inhaled fluticasone 

furoate and vilanterol in COPD patients 

with moderate airflow limitation: the 

SUMMIT trial 

Comparator in study does not match 

that specified in protocol 

Vilanterol has not been approved as 

standalone agent. 

 

Kerwin (2017a) Dual bronchodilation with indacaterol 

maleate/glycopyrronium bromide 

compared with umeclidinium 

bromide/vilanterol in patients with 

moderate-to-severe COPD: results from 

two randomized, controlled, cross-over 

studies 

Not a relevant study design (RCT) 

Crossover study 

 

Kerwin (2017b) Efficacy and safety of 

glycopyrrolate/eFlow((R)) CS (nebulized 

glycopyrrolate) in moderate-to-very-severe 

COPD: results from the glycopyrrolate for 

Study does not contain any relevant 

interventions 

Nebulized medication not included in 
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obstructive lung disease via electronic 

nebulizer (GOLDEN) 3 and 4 randomized 

controlled trials 

protocol. 

 

Lipson (2017) FULFIL trial: once-daily triple therapy for 

patients with chronic obstructive 

pulmonary disease 

Comparator in study does not match 

that specified in protocol 

Triple therapy is not considered.  

 

Molino (2017) Effects of combination therapy 

indacaterol/glycopyrronium versus 

tiotropium on moderate to severe COPD: 

evaluation of impulse oscillometry and 

exacerbation rate 

Study does not contain any of the 

outcomes of interest 

 

Papi (2017) Fluticasone propionate/formoterol for 

COPD management: a randomized 

controlled trial 

Study does not contain any relevant 

interventions 

Fluticasone propionate/formoterol is 

not approved/licensed for COPD.  

 

Siler (2016) A randomized, parallel-group study to 

evaluate the efficacy of 

umeclidinium/vilanterol 62.5/25 μg on 

health-related quality of life in patients with 

COPD 

Comparator in study does not match 

that specified in protocol 

Vilanterol has not been approved as 

standalone agent.  

 

Vestbo (2017) Single inhaler extra fine triple therapy 

versus long-acting muscarinic antagonist 

therapy for chronic obstructive pulmonary 

disease (TRINITY): a double-blind, parallel 

group, randomised controlled trial 

Comparator in study does not match 

that specified in protocol 

Comparator is triple therapy. 
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LAMA monotherapy 
Short Title Title Reason for exclusion 

Abrahams 

(2012) 

Comparison of BEA2180 to tiotropium and 

placebo via respimat in patients with chronic 

obstructive pulmonary disease (COPD) 

• Conference abstract 

 

Abrahams 

(2013) 

Safety and efficacy of the once-daily 

anticholinergic BEA2180 compared with 

tiotropium in patients with COPD 

• Trial involving a drug that is not 

licensed in the UK 

Comparator is BAE2180. 

 

Abrahams 

(2015) 

Effect of tiotropium + olodaterol on the use 

of nighttime rescue medication in patients 

with COPD: Results from four randomized, 

double-blind studies 

• Conference abstract 

 

Abrahams 

(2016) 

Tiotropium/olodaterol therapy provides 

symptomatic benefits irrespective of prior 

maintenance treatment: Post hoc analyses 

of the OTEMTO studies 

• Conference abstract 

 

Adams (2006) Tiotropium in COPD patients not previously 

receiving maintenance respiratory 

medications 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Almazar 

(2013) 

The utility of tiotropium among patients with 

COPD: An update of a meta-analysis of 

randomized controlled trials (UTAC Update) 

• Conference abstract 

 

Ambrosino 

(2008) 

Tiotropium and exercise training in COPD 

patients: effects on dyspnoea and exercise 

tolerance 

• Part of a more complex intervention 

Part of a more complex intervention 

with 8 weeks pulmonary rehabilitation 

during 25 weeks of tiotropium versus 

placebo treatment. 

 

Anzueto 

(2005) 

One-year analysis of longitudinal changes in 

spirometry in patients with COPD receiving 

tiotropium 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Anzueto 

(2009) 

Impact of frequency of COPD exacerbations 

on pulmonary function, health status and 

clinical outcomes 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Anzueto 

(2013) 

A post hoc pooled analysis of exacerbations 

among US participants in randomized 

controlled trials of tiotropium 

• Pooled analysis of included and/or 

excluded trials 

 

Ayers (2015) QVA149, twice daily, is well tolerated in 

patients with moderate-to-severe COPD 

and has a safety profile similar to placebo: 

FLIGHT1 and FLIGHT2 pooled analysis in 

the subgroup of patients from the USA 

• Conference abstract 
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Short Title Title Reason for exclusion 

Banerji (2013) Dual bronchodilation with QVA149 reduces 

COPD exacerbations: Results from the 

ignite program 

• Conference abstract 

 

Banerji (2014) Once-daily dual bronchodilation with 

QVA149 reduces COPD exacerbations: 

Results from the ignite program 

• Conference abstract 

 

Barr (2005) Inhaled tiotropium for stable chronic 

obstructive pulmonary disease 

• More recent systematic review 

included that covers the same topic 

 

Barr (2006) Tiotropium for stable chronic obstructive 

pulmonary disease: A meta-analysis 

• More recent systematic review 

included that covers the same topic 

 

Bateman 

(2010a) 

A one-year trial of tiotropium Respimat plus 

usual therapy in COPD patients 

• Concomitant drug use issues 

 

 

Bateman 

(2015) 

Aclidinium bromide and formoterol fumarate 

as a fixed-dose combination in COPD: 

pooled analysis of symptoms and 

exacerbations from two six-month, 

multicentre, randomised studies 

(ACLIFORM and AUGMENT) 

• Pooled analysis of included and/or 

excluded trials 

 

Bruel (2010) Does tiotropium lower exacerbation and 

hospitalization frequency in COPD patients? 

Results of a meta-analysis (Structured 

abstract) 

• More recent systematic review 

included that covers the same topic 

 

Buckley 

(2013) 

Evaluating whether inconsistencies are 

present in a mixed treatment comparison of 

trough forced expiratory volume in 1 second 

at 12 weeks 

• Conference abstract 

 

Burgel (2014) Tiotropium might improve survival in 

subjects with COPD at high risk of mortality 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

• Concomitant drug use issues 

 

 

Calverley 

(2016) 

Effect of tiotropium on night-time awakening 

and daily rescue medication use in patients 

with COPD 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Casaburi 

(2000) 

The spirometric efficacy of once-daily 

dosing with tiotropium in stable COPD: a 

13-week multicenter trial. The US 

Tiotropium Study Group 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Casaburi 

(2005) 

Improvement in exercise tolerance with the 

combination of tiotropium and pulmonary 

rehabilitation in patients with COPD 

• Part of a more complex intervention 

Participants also took part in 

pulmonary rehabilitation during the 

trial. 
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Short Title Title Reason for exclusion 

Casaburi 

(2014) 

Effects of tiotropium on hyperinflation and 

treadmill exercise tolerance in mild to 

moderate chronic obstructive pulmonary 

disease 

• Study duration is <12 weeks or 

treatment of interest lasts < 12 weeks 

Cross-over trial with 6 weeks 

treatment with drug. 

 

Celli (2009) Mortality in the 4-year trial of tiotropium 

(UPLIFT) in patients with chronic obstructive 

pulmonary disease. 

• Concomitant drug use issues 

Celli (2010) Cardiovascular safety of tiotropium in 

patients with COPD 

• Pooled analysis of included and/or 

excluded trials 

 

Celli (2014) Once-daily umeclidinium/vilanterol 125/25 

mcg in COPD: a randomized, controlled 

study 

• Drug dose in trial is >20% above or 

below the licensed for UK dose 

Umeclidinium bromide is used at a 

non-UK licensed dose (125mcg). 

 

Celli (2015) Effects of Tiotropium on Exacerbations in 

Patients with COPD with Low or High Risk 

of Exacerbations: A Post-Hoc Analysis from 

the 4-Year UPLIFT Trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

Chan (2007) A randomized controlled trial to assess the 

efficacy of tiotropium in Canadian patients 

with chronic obstructive pulmonary disease 

• Concomitant drug use issues 

During the treatment period, patients 

were permitted to take LABAs. 

 

Chapman 

(2013a) 

Once-daily QVA149 improves lung function, 

dyspnoea and health status regardless of 

disease severity and prior medications: The 

shine study 

• Conference abstract 

 

Chapman 

(2013b) 

Comparison of the efficacy and safety of 

once-daily glycopyrronium with blinded 

tiotropium in patients with COPD: The 

GLOW5 study 

• Conference abstract 

 

Chapman 

(2014a) 

Once-daily QVA149 improves lung function, 

dyspnoea, and health status independent of 

disease severity and prior medications: The 

shine study 

• Conference abstract 

 

Chapman 

(2015a) 

QVA149 Improves Lung Function, 

Dyspnoea, and Health Status Independent 

of Previously Prescribed Medications and 

COPD Severity: A Subgroup Analysis from 

the SHINE and ILLUMINATE Studies 

• Pooled analysis of included and/or 

excluded trials 
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Short Title Title Reason for exclusion 

Chapman 

(2015b) 

Overall and Cardiovascular Safety of 

Aclidinium Bromide in Patients With COPD: 

A Pooled Analysis of Six Phase III, Placebo-

Controlled, Randomized Studies 

• Pooled analysis of included and/or 

excluded trials 

 

Cheyne 

(2015) 

Tiotropium versus ipratropium bromide for 

chronic obstructive pulmonary disease 

• Systematic review or network meta-

analysis focusing on an irrelevant 

intervention or comparator 

Ipratropium is not a LAMA or placebo.  

 

Cole (2012) Concomitant use of ipratropium and 

tiotropium in chronic obstructive pulmonary 

disease 

• Systematic review or network meta-

analysis focusing on an irrelevant 

intervention or comparator 

Review of trials of concomitant use of 

ipratropium and tiotropium.  

 

Cooper 

(2011) 

Tiotropium reduces risk of exacerbations 

irrespective of previous use of inhaled 

anticholinergics in placebo-controlled 

clinical trials 

• Pooled analysis of included and/or 

excluded trials 

 

Cooper 

(2013) 

Treadmill endurance during 2-year 

treatment with tiotropium in patients with 

COPD: a randomized trial 

• Concomitant drug use issues 

Patients continued all respiratory 

medications other than inhaled 

anticholinergics. 

 

Cope (2012) Efficacy of once-daily indacaterol 75 mug 

relative to alternative bronchodilators in 

COPD: a study level and a patient level 

network meta-analysis 

• Systematic review or network meta-

analysis focusing on an irrelevant 

intervention or comparator 

Systematic review and network meta-

analysis focusing on indacaterol 

versus other bronchodilators. 

 

Cope (2013) Comparative efficacy of long-acting 

bronchodilators for COPD: a network meta-

analysis 

• Systematic review or network meta-

analysis focusing on an irrelevant 

intervention or comparator 

NMA comparing LAMAs and LABAs. 

 

Covelli (2005) Absence of electrocardiographic findings 

and improved function with once-daily 

tiotropium in patients with chronic 

obstructive pulmonary disease 

• Concomitant drug use issues 

Concomitant treatment with short- 

and long-acting Beta-agonists was 

allowed. 

 

Decramer 

(2009) 

Effect of tiotropium on outcomes in patients 

with moderate chronic obstructive 

pulmonary disease (UPLIFT): a prespecified 

subgroup analysis of a randomised 

controlled trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

• Concomitant drug use issues 

All respiratory medications, except 

other inhaled anticholinergic drugs, 
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Short Title Title Reason for exclusion 

were permitted during the trial. 

 

Decramer 

(2011) 

Premature discontinuation during the 

UPLIFT study 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Study is examining outcomes for 

completers versus non-completers. 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

Decramer 

(2014) 

Efficacy and safety of umeclidinium plus 

vilanterol versus tiotropium, vilanterol, or 

umeclidinium monotherapies over 24 weeks 

in patients with chronic obstructive 

pulmonary disease: results from two 

multicentre, blinded, randomised controlled 

trials 

• Drug dose in trial is >20% above or 

below the licensed for UK dose 

Umeclidinium monotherapy dose is 

125mcg. 

 

Dong (2012) Comparative safety of inhaled medications 

in patients with chronic obstructive 

pulmonary disease: Systematic review and 

mixed treatment comparison meta-analysis 

of randomized controlled trials 

• Systematic review or network meta-

analysis focusing on an irrelevant 

intervention or comparator 

NMA comparing LAMA, LABA and 

ICS combinations. 

 

Donohue 

(2002) 

A 6-month, placebo-controlled study 

comparing lung function and health status 

changes in COPD patients treated with 

tiotropium or salmeterol. 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Donohue 

(2003) 

Tolerance to bronchodilating effects of 

salmeterol in COPD 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Donohue 

(2010) 

Once-daily bronchodilators for chronic 

obstructive pulmonary disease: indacaterol 

versus tiotropium 

• Multi-drug RCT that lacks blinding 

for the LAMA arm 

Trial was examining indacaterol 

versus placebo or tiotropium, but the 

tiotropium was administered open-

label. 

 

Donohue 

(2013b) 

Long-term cardiovascular safety of 

aclidinium bromide in patients with COPD 

• Conference abstract 

 

Donohue 

(2014) 

Safety and tolerability of once-daily 

umeclidinium/vilanterol 125/25 mcg and 

umeclidinium 125 mcg in patients with 

chronic obstructive pulmonary disease: 

• Drug dose in trial is >20% above or 

below the licensed for UK dose 

Umeclidinium bromide is used at a 
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Short Title Title Reason for exclusion 

results from a 52-week, randomized, 

double-blind, placebo-controlled study 

non-UK licensed dose (125mcg). 

 

D'Urzo (2013) Aclidinium bromide improves lung function 

in a wide range of patients with moderate to 

severe COPD: Pooled subgroup analysis of 

the ACCORD COPD i and II and ATTAIN 

trials 

• Conference abstract 

 

D'Urzo 

(2013b) 

Efficacy and safety of fixed-dose 

combination aclidinium bromide/formoterol 

fumarate in patients with COPD: Results 

from the AUGMENT COPD trial 

• Conference abstract 

 

D'Urzo 

(2014a) 

Once daily glycopyrronium for the treatment 

of COPD: pooled analysis of the GLOW1 

and GLOW2 studies 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Paper presents the pooled analysis of 

GLOW1 and GLOW2 trials. This data 

is available in the original trial reports.  

 

D'Urzo (2015) Safety of inhaled glycopyrronium in patients 

with COPD: a comprehensive analysis of 

clinical studies and post-marketing data 

• Pooled analysis of included and/or 

excluded trials 

 

D'Urzo (2017) A randomised double-blind, placebo-

controlled, long-term extension study of the 

efficacy, safety and tolerability of fixed-dose 

combinations of aclidinium/formoterol or 

monotherapy in the treatment of chronic 

obstructive pulmonary disease 

• Not a relevant study design (RCT) 

Study is an extension of an RCT 

where consenting participants were 

re-enrolled in the same groups, but 

there were large numbers of people 

who did not choose to re-enrol.  

 

Ferguson 

(2013) 

Cardiovascular safety of aclidinium bromide 

in COPD: Pooled results from 3 placebo-

controlled studies 

• Conference abstract 

 

Ferguson 

(2015a) 

Lung function response with tiotropium + 

olodaterol maintenance treatment in 

patients with COPD in the TONADO and 

OTEMTO studies: A subgroup analysis by 

age 

• Conference abstract 

 

Ferguson 

(2015b) 

Tiotropium + olodaterol provides 

improvements in SGRQ and dyspnoea 

compared with monotherapy Components in 

Patients with COPD: Results from four 

randomized, double-blind studies 

• Conference abstract 

 

Ferguson 

(2016) 

Benefits of tiotropium/olodaterol on 

symptoms and health-related quality of life 

in patients with moderate to severe COPD 

with chronic bronchitis and/or emphysema 

• Conference abstract 

 

Ferguson 

(2017) 

Effect of tiotropium and olodaterol on 

symptoms and patient-reported outcomes in 

• Pooled analysis of included and/or 

excluded trials 
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Short Title Title Reason for exclusion 

patients with COPD: results from four 

randomised, double-blind studies 

Fernandez 

(2010) 

Efficacy of tiotropium in COPD patients from 

Asia: A subgroup analysis from the uplift 

trial 

• Conference abstract 

 

Fogel (2015) Cardiovascular safety of QVA149 in patients 

with moderate-to-severe COPD: Pooled 

analysis of FLIGHT1 and FLIGHT2 clinical 

studies 

• Conference abstract 

 

Freeman 

(2007) 

Efficacy and safety of tiotropium in COPD 

patients in primary care--the SPiRiva Usual 

CarE (SPRUCE) study 

• Concomitant drug use issues 

Participants were allowed to continue 

with their usual treatments during the 

trial, including LABAs.  

 

Frenzel 

(2014) 

Once daily QVA149 provides superior 

improvements in lung function compared 

with glycopyrronium and tiotropium in 

severe COPD patients: A 52 week pooled 

analysis 

• Conference abstract 

 

Frith (2013) Benefits of dual bronchodilation with 

QVA149 once daily versus placebo, 

indacaterol, NVA237 and tiotropium in 

patients with COPD: The shine study 

• Conference abstract 

 

Frith (2016) Glycopyrronium (GLY) and tiotropium (TIO) 

comparison: Lung function, dyspnoea and 

health status in COPD patients in all gold 

groups 

• Conference abstract 

 

Frith (2017) Effect of tiotropium and olodaterol, alone 

and with exercise training, on exercise 

endurance in COPD 

• Conference abstract 

 

Fukuchi 

(2011) 

Efficacy of tiotropium in COPD patients from 

Asia: a subgroup analysis from the UPLIFT 

trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Study is looking at a subgroup 

analysis of Asian participants. 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

Gelb (2011) Lack of protective effect of tiotropium vs 

induced dynamic hyperinflation in moderate 

COPD 

• Study duration is <12 weeks or 

treatment of interest lasts < 12 weeks 

 

Gelb (2013) Long-term safety and efficacy of twice-daily 

aclidinium bromide in patients with COPD 

• Comparator in study does not match 

that specified in protocol 

The trial lacks a placebo control or 
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Short Title Title Reason for exclusion 

second, different LAMA comparator 

arm. 

Goyal (2015) Effect of glycopyrronium on lung function, 

dyspnoea and health status in COPD 

patients in all gold groups 

• Conference abstract 

 

Goyal 

(2015b) 

Comparison of glycopyrronium (GLY) and 

tiotropium (TIO) on lung function, dyspnoea 

and health status in COPD patients in all 

gold groups 

• Conference abstract 

 

GSK (2012) A12-week, randomised, double-blind, 

placebo-controlled, parallel-group study to 

evaluate the efficacy and safety of 

GSK573719 delivered once-daily via a 

novel dry powder inhaler in subjects with 

chronic obstructive pulmonary disease 

• Not a peer-reviewed publication 

 

Halpin (2009) Patient-level pooled analysis of the effect of 

tiotropium on COPD exacerbations and 

related hospitalisations 

• Pooled analysis of included and/or 

excluded trials 

 

Halpin (2012) Exacerbation frequency and course of 

COPD 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here. 

Halpin (2015) Tiotropium HandiHaler and Respimat in 

COPD: a pooled safety analysis 

• Pooled analysis of included and/or 

excluded trials 

 

Hashimoto 

(2016) 

Efficacy and safety of 

indacaterol/glycopyrronium in Japanese 

patients with COPD: a subgroup analysis 

from the SHINE study 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Subgroup analysis of Japanese 

participants. 

 

Hilleman 

(2009) 

A systematic review of the cardiovascular 

risk of inhaled anticholinergics in patients 

with COPD 

• More recent systematic review 

included that covers the same topic 

 

Hodder 

(2011) 

Lack of paradoxical bronchoconstriction 

after administration of tiotropium via 

Respimat Soft Mist Inhaler in COPD 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Ismaila 

(2014) 

Comparative efficacy of umeclidinium 

bromide versus other long-acting 

anticholinergic monotherapies as treatments 

for COPD patients 

• Conference abstract 
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Short Title Title Reason for exclusion 

Jones 

(2011a) 

Profiling the effects of indacaterol on 

dyspnoea and health status in patients with 

COPD 

• Study does not contain any relevant 

interventions 

Tiotropium is administered open-

label.  

 

Jones 

(2011b) 

Efficacy and safety of once-daily aclidinium 

in chronic obstructive pulmonary disease. 

• Drug dose in trial is >20% above or 

below the licensed for UK dose 

Drug used at 200mcg once a day. 

 

Jones (2014) Characterisation and impact of reported and 

unreported exacerbations: results from 

ATTAIN 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Study focuses on the use of an 

exacerbation diary and presents data 

in categories that are not useful for 

this review. Data is for the ATTAIN 

study.  

Jones (2015) Analysis of improvement in SGRQ 

component scores with QVA149: Pooled 

data from the FLIGHT1 and FLIGHT2 

studies 

• Conference abstract 

 

Jones 

(2015a) 

QVA149 demonstrates superior 

improvements in health status, as measured 

by SGRQ total score in patients with 

moderate-to-severe COPD: Pooled analysis 

from the FLIGHT1 and FLIGHT2 studies 

• Conference abstract 

 

Jones (2016) The effect of aclidinium bromide on daily 

respiratory symptoms of COPD, measured 

using the Evaluating Respiratory Symptoms 

in COPD (E-RS: COPD) diary: pooled 

analysis of two 6-month Phase III studies 

• Pooled analysis of included and/or 

excluded trials 

 

Kaplan (2010) Effect of tiotropium on quality of life in 

COPD: a systematic review 

• More recent systematic review 

included that covers the same topic 

 

Karabis 

(2012) 

Comparative efficacy of aclidinium bromide 

400 MCG bid versus tiotropium 18 MCG 

and 5 MCG QD as maintenance 

bronchodilator treatment to relieve 

symptoms in adult patients with chronic 

obstructive pulmonary disease (COPD): A 

network meta-analysis 

• Conference abstract 

 

Karabis 

(2013) 

Network meta-analysis with fractional 

polynomials for repeated trough FEV1 

measures in COPD: Aclidinium bromide 400 

mug bid versus tiotropium 18 mug QD 

• Conference abstract 

 

Karabis 

(2013a) 

Assessing non-inferiority of aclidinium 

bromide 400 mg bid versus tiotropium 18 

mg and 5 mg qd in patients with chronic 

• Conference abstract 
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obstructive pulmonary disease (COPD) by 

means of a network meta-analysis 

Kato (2011) NVA237 once daily improves symptoms and 

reduces exacerbations of COPD and 

associated hospitalizations: The glow1 trial 

• Conference abstract 

 

Kato (2011) Sustained 24-hour bronchodilation with 

NVA237 once-daily in patients with COPD: 

The glow1 trial 

• Conference abstract 

 

Kerstjens 

(2015) 

The impact of treatment with indacaterol in 

patients with COPD: A post-hoc analysis 

according to GOLD 2011 categories A to D 

• Pooled analysis of included and/or 

excluded trials 

 

Kerwin 

(2012a) 

Safety and tolerability of aclidinium bromide 

in patients with COPD: Pooled results from 

placebo-controlled phase III studies 

• Conference abstract 

 

Kerwin (2014) Twice-daily aclidinium bromide 400 mcg in 

elderly patients with chronic obstructive 

pulmonary disease (COPD): Pooled efficacy 

and safety results 

• Conference abstract 

 

Kerwin (2015) QVA149 significantly improves lung function 

and reduces rescue medication use 

compared with its monocomponents in 

COPD patients with moderate-to-severe 

airflow limitation: Pooled analysis from the 

FLIGHT1 and FLIGHT2 studies 

• Conference abstract 

 

Kerwin 

(2015a) 

Cardiovascular safety of glycopyrronium in 

patients with moderate-to-severe COPD: 

Pooled analysis from the GEM1, GEM2, 

FLIGHT1, and FLIGHT2 studies 

• Conference abstract 

 

Kerwin 

(2015b) 

Safety profile of inhaled glycopyrronium 

twice daily in patients with moderate-to-

severe COPD: Pooled analysis from four 

clinical trials 

• Conference abstract 

 

Kerwin 

(2015c) 

Glycopyrronium demonstrates significant 

improvements in lung function in patients 

with moderate-to-severe COPD: Pooled 

analysis from the GEM1 and GEM2 studies 

• Conference abstract 

 

Kerwin 

(2015e) 

QVA149 demonstrated significant 

improvement in lung function compared with 

placebo and its monocomponents: Pooled 

analysis from the FLIGHT1 and FLIGHT2 

studies 

• Conference abstract 

 

Kerwin (2016) Efficacy and Safety of Twice-Daily 

Glycopyrrolate Versus Placebo in Patients 

With COPD: The GEM2 Study 

• Drug dose in trial is >20% above or 

below the licensed for UK dose 

Glycopyrronium used at 15.6mcg 

twice daily.  
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Kerwin (2017) Efficacy and safety of glycopyrrolate/eFlow 

CS (nebulized glycopyrrolate) in moderate-

to-very-severe COPD: Results from the 

glycopyrrolate for obstructive lung disease 

via electronic nebulizer (GOLDEN) 3 and 4 

randomized controlled trials 

• Concomitant drug use issues 

Background LABA use allowed. 

 

Kesten (2006) Pooled clinical trial analysis of tiotropium 

safety 

• Pooled analysis of included and/or 

excluded trials 

 

Kesten (2007) Premature discontinuation of patients: a 

potential bias in COPD clinical trials 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Kesten (2008) Improvement in self-reported exercise 

participation with the combination of 

tiotropium and rehabilitative exercise 

training in COPD patients 

• Part of a more complex intervention 

Pulmonary rehabilitation is carried out 

while the participants are taking 

tiotropium or placebo.  

 

Kesten (2009) Tiotropium HandiHaler in the treatment of 

COPD: a safety review 

• Pooled analysis of included and/or 

excluded trials 

 

Kliber (2010) The effects of long-acting bronchodilators 

on total mortality in patients with stable 

chronic obstructive pulmonary disease 

• More recent systematic review 

included that covers the same topic 

 

Korenblat 

(2012) 

NVA237 once daily improves dyspnoea and 

health-related quality of life in patients with 

COPD: The GLOW2 trial 

• Conference abstract 

 

Kostikas 

(2016) 

Effect of indacaterol/glycopyrronium 

(IND/GLY) on patient-reported outcomes in 

men and women with COPD: A pooled 

analysis from the IGNITE programme 

• Conference abstract 

 

Kraemer 

(2012) 

Dual bronchodilation with indacaterol and 

tiotropium in combination versus triple 

therapy, fixed-dose combinations, and 

monotherapy in COPD - A network meta-

analysis of FEV1 

• Conference abstract 

 

Laforce 

(2015a) 

Glycopyrronium improved health status, 

dyspnoea, and reduced rescue medication 

use in patients with moderate-to-severe 

COPD: Pooled analysis from GEM1 and 

GEM2 studies 

• Conference abstract 

 

LaForce 

(2015b) 

Efficacy and safety of glycopyrronium in 

COPD patients with moderate-to-severe 

airflow limitation: The GEM1 study 

• Conference abstract 

 

LaForce 

(2016) 

Efficacy and safety of twice-daily 

glycopyrrolate in patients with stable, 

symptomatic COPD with moderate-to-

severe airflow limitation: the GEM1 study 

• Drug dose in trial is >20% above or 

below the licensed for UK dose 

Glycopyrronium used at 15.6mcg 
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twice a day.  

 

Larbig (2015) Efficacy and safety of IND/GLY versus 

placebo and tiotropium in symptomatic 

patients with moderate-to-severe COPD: 

The 52-week radiate study 

• Conference abstract 

 

Lee (2014) Indirect comparison of exacerbation 

frequency between aclidinium and 

tiotropium in patients with chronic 

obstructive pulmonary disease 

• Conference abstract 

 

Magnussen 

(2008) 

Improvements with tiotropium in COPD 

patients with concomitant asthma 

• Concomitant drug use issues 

Participants were allowed to continue 

treatment with inhaled LABAs as 

concomitant medication. 

 

Mahler (2015) FLIGHT: efficacy and safety of QVA149 

(Indacaterol/Glycopyrrolate) versus its 

monocomponents and placebo in patients 

with COPD 

• Duplicate reference 

 

Mahler 

(2015a) 

Dual bronchodilation with QVA149 improves 

dyspnoea in patients with moderate-to-

severe COPD: Pooled analysis from the 

FLIGHT1 and FLIGHT2 studies 

• Conference abstract 

 

Mahler 

(2015b) 

FLIGHT1 and FLIGHT2: Efficacy and Safety 

of QVA149 (Indacaterol/Glycopyrrolate) 

versus Its Monocomponents and Placebo in 

Patients with Chronic Obstructive 

Pulmonary Disease 

• Drug dose in trial is >20% above or 

below the licensed for UK dose 

Gylcopyrrolate is used at 15.6mcg 

twice daily.  

 

Maltais 

(2005) 

Improvements in symptom-limited exercise 

performance over 8 h with once-daily 

tiotropium in patients with COPD 

• Study duration is <12 weeks or 

treatment of interest lasts < 12 weeks 

Study lasts for 42 days. 

 

Maltais 

(2014) 

Effects of a combination of 

umeclidinium/vilanterol on exercise 

endurance in patients with chronic 

obstructive pulmonary disease: two 

randomized, double-blind clinical trials 

• Cross- over trial 

Data is not provided for the first 12 

week period of treatment alone.  

 

Maltais 

(2016) 

Effect of once-daily tiotropium and 

olodaterol, alone and combined with 

exercise training, on two measures of 

walking capacity in patients with COPD 

• Conference abstract 

 

Martinez 

(2016) 

Effects of symptom severity at baseline on 

lung-function and SGRQ responses in the 

OTEMTO studies 

• Conference abstract 

 

Mathioudakis 

(2014) 

Tiotropium HandiHaler improves the 

survival of patients with COPD: a systematic 

review and meta-analysis 

• More recent systematic review 

included that covers the same topic 
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Mathioudakis 

(2014) 

Comparative mortality risk of tiotropium 

administered via handihaler or respimat in 

COPD patients: are they equivalent? 

• Systematic review or network meta-

analysis focusing on an irrelevant 

intervention or comparator 

Paper focuses on differences between 

inhalers used to deliver tiotropium.  

McCrory 

(2003) 

Anticholinergic bronchodilators versus 

beta2-sympathomimetic agents for acute 

exacerbations of chronic obstructive 

pulmonary disease 

• Study does not contain any relevant 

interventions 

Systematic review focusing on 

Ipratropium 

 

McGarvey 

(2016) 

Effect of aclidinium bromide on cough and 

sputum symptoms in moderate-to-severe 

COPD in three phase III trials 

• Pooled analysis of included and/or 

excluded trials 

 

Medic (2016) Efficacy and Safety of Aclidinium/Formoterol 

versus Tiotropium in COPD: Results of an 

Indirect Treatment Comparison 

• Systematic review or network meta-

analysis focusing on an irrelevant 

intervention or comparator 

Mixed treatment comparison looking 

at Aclidinium/Formoterol versus 

Tiotropium. 

Miravitlles 

(2016) 

The efficacy of aclidinium/formoterol on lung 

function and symptoms in patients with 

COPD categorized by symptom status: a 

pooled analysis 

• Pooled analysis of included and/or 

excluded trials 

 

Moita (2008) Tiotropium improves FEV1 in patients with 

COPD irrespective of smoking status 

• Concomitant drug use issues 

Concomitant use of LABAs was 

allowed.  

 

Morice (2010) COPD in young patients: a pre-specified 

analysis of the four-year trial of tiotropium 

(UPLIFT) 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Subgroup analysis examining patients 

with COPD who are ≤ 50 years old. 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

 

Nct (2010) To assess the long-term safety, efficacy and 

tolerability of inhaled aclidinium bromide in 

the treatment of moderate-to-severe chronic 

obstructive pulmonary disease (COPD) 

(LAS-MD-38) 

• Not a peer-reviewed publication 

Clinical trials.gov record. 

 

Nct (2011) A 24-week evaluation of 

gsk573719/vilanterol (62.5/25mcg) and 

components in COPD 

• Not a peer-reviewed publication 

Clinical trials.gov record. 
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Nct (2012) Efficacy, safety and tolerability of two fixed 

dose combinations of aclidinium 

bromide/formoterol fumarate, aclidinium 

bromide, formoterol fumarate and placebo 

for 28-weeks treatment in patients with 

moderate to severe, stable chronic 

obstructive pulmonary disease (COPD) 

• Not a peer-reviewed publication 

Clinical trials.gov record. 

 

Nct (2014) Evaluate the effect of aclidinium bromide on 

long-term cardiovascular safety and COPD 

exacerbations in patients with moderate to 

very severe COPD (ASCENT COPD) 

• Not a peer-reviewed publication 

Clinical trials.gov record. 

 

Nct (2014) A 24 week efficacy study of inhaled 

umeclidinium (UMEC) in patients of chronic 

obstructive pulmonary disease (COPD) 

using a novel dry powder inhaler (NDPI) 

• Not a peer-reviewed publication 

Clinical trials.gov record. 

 

Nct (2014) Efficacy and safety of aclidinium bromide 

400mcg compared to placebo and to 

tiotropium bromide in patients with stable 

moderate to severe chronic obstructive 

pulmonary disease (COPD) 

• Not a peer-reviewed publication 

Clinical trials.gov record. 

 

Neyt (2009) Tiotropium in the treatment of chronic 

obstructive pulmonary disease health 

technology assessment (Structured 

abstract) 

• More recent systematic review 

included that covers the same topic 

 

Niewoehner 

(2005) 

Prevention of exacerbations of chronic 

obstructive pulmonary disease with 

tiotropium, a once-daily inhaled 

anticholinergic bronchodilator: a randomized 

trial 

• Concomitant drug use issues 

Patients continued all respiratory 

medications other than inhaled 

anticholinergics, including LABAs.  

 

O'Donnell 

(2004) 

Effects of tiotropium on lung hyperinflation, 

dyspnoea and exercise tolerance in COPD 

• Study duration is <12 weeks or 

treatment of interest lasts < 12 weeks 

Study runs for 42 days.  

 

Parkes (2014) Efficacy and safety of once-daily 

glycopyrronium compared with blinded 

tiotropium in patients with COPD: The 

GLOW5 study 

• Conference abstract 

 

Pleasants 

(2016) 

Inhaled Umeclidinium in COPD Patients: A 

Review and Meta-Analysis 

• More recent systematic review 

included that covers the same topic 

 

Powrie (2007) Effect of tiotropium on sputum and serum 

inflammatory markers and exacerbations in 

COPD 

• Concomitant drug use issues 

There is no information on 

concomitant drug use in the paper, 

but the Cochrane review states that 

anticholinergics other than the study 

drug were not permitted during the 

course of the study. However, there is 

no information provided about the 
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continued use of LABAs.  

 

Rennard 

(2014) 

Long-term safety, tolerability, and efficacy of 

aclidinium bromide in patients with 

moderate to severe chronic obstructive 

pulmonary disease (COPD) 

• Conference abstract 

 

Rheault 

(2016) 

A randomised, open-label study of 

umeclidinium versus glycopyrronium in 

patients with COPD 

• Multi-drug RCT that lacks blinding 

for the LAMA arm 

 

Rodrigo 

(2007) 

Tiotropium for the treatment of stable 

chronic obstructive pulmonary disease: a 

systematic review with meta-analysis 

• More recent systematic review 

included that covers the same topic 

 

Rodrigo 

(2009) 

Tiotropium and risk for fatal and nonfatal 

cardiovascular events in patients with 

chronic obstructive pulmonary disease: 

systematic review with meta-analysis. 

• More recent systematic review 

included that covers the same topic 

 

Rodrigo 

(2009) 

Tiotropium and risk for fatal and nonfatal 

cardiovascular events in patients with 

chronic obstructive pulmonary disease: 

systematic review with meta-analysis 

• Duplicate reference 

 

Rosselli 

(2015) 

Systematic review and meta-analysis of the 

effectiveness and safety of combination 

therapy with glycopyrronium-indacaterol 

compared with other first line therapies in 

patients with chronic obstructive pulmonary 

disease 

• Conference abstract 

 

Rottenkolber 

(2013) 

Association between bronchodilator 

treatment and myocardial infarction in 

COPD patients: A structured assessment of 

systematic reviews and meta-analyses 

• Conference abstract 

 

Rottenkolber 

(2014) 

Inhaled beta-2-agonists/muscarinic 

antagonists and acute myocardial infarction 

in COPD patients. 

• More recent systematic review 

included that covers the same topic 

Cochrane systematic reviews with 

same publication year are included 

instead. 

 

Salpeter 

(2006) 

Meta-analysis: anticholinergics, but not 

beta-agonists, reduce severe exacerbations 

and respiratory mortality in COPD 

(Structured abstract) 

• More recent systematic review 

included that covers the same topic 

 

Sekiya (2012) Safety and efficacy of NVA237 once daily in 

Japanese patients: The GLOW4 trial 

• Conference abstract 

 

Singh (2008) Inhaled anticholinergics and risk of major 

adverse cardiovascular events in patients 

with chronic obstructive pulmonary disease: 

a systematic review and meta-analysis 

• More recent systematic review 

included that covers the same topic 
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Singh (2011) Mortality associated with tiotropium mist 

inhaler in patients with chronic obstructive 

pulmonary disease: systematic review and 

meta-analysis of randomised controlled 

trials. 

• More recent systematic review 

included that covers the same topic 

 

Singh (2011) Mortality associated with tiotropium mist 

inhaler in patients with chronic obstructive 

pulmonary disease: systematic review and 

meta-analysis of randomised controlled 

trials 

• Duplicate reference 

 

Singh (2014b) Effect of aclidinium bromide/formoterol 

fumarate fixed-dose combination (FDC) on 

night-time and early morning symptoms in 

COPD 

• Conference abstract 

 

Singh (2014c) Evaluation of the efficacy and safety of two 

doses of aclidinium and formoterol in fixed-

dose combination in patients with COPD: 

The acliform study 

• Conference abstract 

 

Singh (2015b) A comparison of shuttle walking test 

endpoints in exercise studies in patients 

with COPD 

• Conference abstract 

 

Singh (2016a) Effects of tiotropium+olodaterol versus 

tiotropium or placebo by COPD disease 

severity and previous treatment history in 

the OTEMTO studies 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Data analysed based on disease 

severity and previous treatment 

history. 

 

Singh (2016b) Prevention of clinically important 

deteriorations in COPD with 

umeclidinium/vilanterol 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Somand 

(2005) 

Tiotropium: a bronchodilator for chronic 

obstructive pulmonary disease 

• More recent systematic review 

included that covers the same topic 

 

Stanbrook 

(2009) 

Tiotropium reduced exacerbations but not 

rate of FEV 1 decline in patients with COPD 

using other respiratory medications 

• Review article, but not a systematic 

review 

 

Sun (2007) Evaluation of clinical effect and safety of 

tiotropium bromide in treating stable chronic 

obstructive pulmonary disease 

• Concomitant drug use issues 

It is unclear whether concomitant use 

of LABAs was permitted as this was 

not stated in the Cochrane review and 

the original paper is in Chinese.  

 

Suppli (2012) Aclidinium Bromide: Clinical Benefit in 

Patients with Moderate to Severe COPD 

• More recent systematic review 

included that covers the same topic 
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Tang (2013) Evaluation of the efficacy and safety of 

tiotropium bromide (5 micro g) inhaled via 

Respimat in Chinese patients with chronic 

obstructive pulmonary disease 

• Concomitant drug use issues 

All respiratory medications were 

allowed during the trial, apart from 

inhaled anti-cholinergics. 

 

Tashkin 

(2003) 

Long-term treatment benefits with tiotropium 

in COPD patients with and without short-

term bronchodilator responses 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Tashkin 

(2008) 

A 4-year trial of tiotropium in chronic 

obstructive pulmonary disease. 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

 

Tashkin 

(2010a) 

Long-term efficacy of tiotropium in relation 

to smoking status in the UPLIFT trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

Tashkin 

(2010b) 

Effect of tiotropium in men and women with 

COPD: results of the 4-year UPLIFT trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Subgroup analysis of data based on 

sex of participants. 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

Tashkin 

(2011) 

Cardiovascular adverse events according to 

gold stage in the uplift trial 

• Conference abstract 

 

Tashkin 

(2012) 

Efficacy of tiotropium in COPD patients with 

FEV1 >= 60% participating in the UPLIFT 

trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

Data is presented for a subgroup of 

participants with FEV1 ≥ 60%. 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 
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to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

Tashkin 

(2014) 

Rate of comorbidities during the 4-year uplift 

trial in COPD: A post HOC analysis 

• Conference abstract 

 

Tashkin 

(2014a) 

Acute bronchodilator responses decline 

progressively over 4 years in patients with 

moderate to very severe COPD 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

Tashkin 

(2014b) 

Tiotropium delivered via handi haler or 

respimat: Improvement in health related 

quality of life in patients with chronic 

obstructive pulmonary disease 

• Conference abstract 

 

Tashkin 

(2015) 

Cardiac safety of tiotropium in patients with 

cardiac events: a retrospective analysis of 

the UPLIFT® trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 

anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

 

Tashkin 

(2016) 

Consistent improvement in health-related 

quality of life with tiotropium in patients with 

chronic obstructive pulmonary disease: 

Novel and conventional responder analyses 

• Pooled analysis of included and/or 

excluded trials 

 

Thompson 

(2014) 

Dual bronchodilation with once-daily qva149 

improves lung function, dyspnoea and 

health status and reduces symptoms, 

rescue medication use and exacerbations in 

patients with COPD: the ignite trials 

• Conference abstract 

 

Troosters 

(2010) 

Tiotropium as a first maintenance drug in 

COPD: secondary analysis of the UPLIFT 

trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

• Concomitant drug use issues 

The UPLIFT trial allowed participants 

to continue their usual COPD 

medications, except for other inhaled 
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anticholinergic medications, and 

subgroup data for LABA usage is not 

presented here.  

Troosters 

(2016) 

Effect of 8 and 12 weeks' once-daily 

tiotropium and olodaterol, alone and 

combined with exercise training, on exercise 

endurance during walking in patients with 

COPD 

• Conference abstract 

 

Tsiligianni 

(2017) 

Response to Indacaterol/Glycopyrronium 

(IND/GLY) by Sex in Patients with COPD: A 

Pooled Analysis from the IGNITE Program 

• Pooled analysis of included and/or 

excluded trials 

 

Van den 

Bruel (2010) 

Does tiotropium lower exacerbation and 

hospitalization frequency in COPD patients: 

results of a meta-analysis 

• More recent systematic review 

included that covers the same topic 

 

Van Noord 

(2000) 

Tiotropium improved lung function more 

than ipratropium in chronic obstructive 

pulmonary disease 

• Review article, but not a systematic 

review 

 

van Noord 

(2009) 

The efficacy of tiotropium administered via 

Respimat Soft Mist Inhaler or HandiHaler in 

COPD patients 

• Study duration is <12 weeks or 

treatment of interest lasts < 12 weeks 

Cross-over trial with treatment 

duration of <12 weeks. 

Vincken 

(2002) 

Improved health outcomes in patients with 

COPD during 1 yr's treatment with 

tiotropium. 

• Comparator in study does not match 

that specified in protocol 

Comparator is a short-acting 

anticholinergic agent 

Vogelmeier 

(2008) 

Formoterol mono- and combination therapy 

with tiotropium in patients with COPD: a 6-

month study 

• Multi-drug RCT that lacks blinding 

for the LAMA arm 

Trial was examining formoterol alone 

or in combination with tiotropium 

versus placebo or tiotropium, but the 

tiotropium was administered open-

label. 

Wang 

(2016a) 

Evaluation of glycopyrronium therapy in 

Chinese patients versus predominantly 

caucasian populations in patients with 

moderate-to-severe COPD: Comparison of 

clinical data 

• Conference abstract 

 

Wark (2016) QVA149 is more efficacious than tiotropium 

and salmeterol/fluticasone combination 

(SFC) in improving patient-reported 

outcomes and lung function in COPD 

patients with moderate to severe baseline 

dyspnoea: The ignite trials 

• Conference abstract 

 

Wedzicha 

(2013) 

Analysis of chronic obstructive pulmonary 

disease exacerbations with the dual 

bronchodilator QVA149 compared with 

glycopyrronium and tiotropium (SPARK): a 

• Multi-drug RCT that lacks blinding 

for the LAMA arm 

Tiotropium is used open-label.  
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randomised, double-blind, parallel-group 

study 

Wedzicha 

(2013) 

Glycopyrronium and tiotropium demonstrate 

similar improvements in lung function and 

reductions in exacerbations in severe-to-

very severe COPD: The spark study 

• Conference abstract 

 

Wedzicha 

(2014a) 

Once-daily QVA149 reduces exacerbations 

and improves health status in comparison 

with glycopyrronium and tiotropium in 

patients with severe-to-very severe COPD: 

The spark study 

• Conference abstract 

 

Wedzicha 

(2014b) 

Dual bronchodilation with once-daily 

QVA149 reduces exacerbations, improves 

lung function and health status versus 

glycopyrronium and tiotropium in severe-to-

very severe COPD patients: The spark 

study 

• Conference abstract 

 

Wedzicha 

(2014c) 

Pooled safety analysis of the fixed-dose 

combination of indacaterol and 

glycopyrronium (QVA149), its 

monocomponents, and tiotropium versus 

placebo in COPD patients 

• Pooled analysis of included and/or 

excluded trials 

 

Wedzicha 

(2016) 

Effect of Aclidinium Bromide on 

Exacerbations in Patients with Moderate-to-

Severe COPD: A Pooled Analysis of Five 

Phase III, Randomized, Placebo-Controlled 

Studies 

• Pooled analysis of included and/or 

excluded trials 

 

Witek (2003a) Minimal important difference of the 

transition dyspnoea index in a multinational 

clinical trial 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Witek (2003b) Meaningful effect size and patterns of 

response of the transition dyspnoea index 

• Additional publication of an included 

or excluded study that does not 

provide any extra relevant information 

 

Woods (2013) Aclidinium bromide: an alternative long-

acting inhaled anticholinergic in the 

management of chronic obstructive 

pulmonary disease 

• More recent systematic review 

included that covers the same topic 

 

Worth (2011) Cardio- and cerebrovascular safety of 

indacaterol vs formoterol, salmeterol, 

tiotropium and placebo in COPD 

• Pooled analysis of included and/or 

excluded trials 

 

Wu (2009) The efficacy and safety of tiotropium in 

Chinese patients with stable chronic 

obstructive pulmonary disease: a meta-

analysis 

• More recent systematic review 

included that covers the same topic 

 

Yadao (2016) Efficacy and safety of qva149, a fixed-dose 

combination of indacaterol and 

• Conference abstract 
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Short Title Title Reason for exclusion 

glycopyrrolate in symptomatic patients with 

moderate to severe COPD: Effect of gender 

Yan (2010) Effect of domestic tiotropium bromide 

inhalation in patients with COPD at stable 

stage. [Chinese] 

• Study not reported in English 

 

Yohannes 

(2011) 

Tiotropium for treatment of stable COPD: a 

meta-analysis of clinically relevant 

outcomes 

• More recent systematic review 

included that covers the same topic 

 

Yoshimura 

(2012) 

Effects of tiotropium on sympathetic 

activation during exercise in stable chronic 

obstructive pulmonary disease patients. 

• Comparator in study does not match 

that specified in protocol 

Study does not contain a placebo arm 

for comparison with Tiotropium. 

Zhou (2017) Tiotropium in Early-Stage Chronic 

Obstructive Pulmonary Disease 

• Concomitant drug use issues 

The use of other bronchodilators was 

allowed if the medication was initiated 

before recruitment to the trial.  

Economic studies 

Short title Title Reason for exclusion 

Agthe (2012) Budget impact analysis of indacaterol in the 
treatment of COPD in a Finnish hospital 
district 

Conference abstract 

Altaf (2015) Cost-effectiveness analysis of three 
different combinations of inhalers for severe 
and very severe chronic obstructive 
pulmonary disease patients at a tertiary 
care teaching hospital of South India 

Does not use QALYs to measure 
health benefits 

Antoniu 
(2012) 

Roflumilast as add-on therapy to 
conventional inhalers in COPD: A cost-
effectiveness analysis 

Does not assess the comparators of 
interest 

Anwar (2016) Direct cost analysis and cost effectiveness 
analysis of chronic obstruction pulmonary 
disease in fatmawati public hospital 

Conference abstract 

Asukai (2012) A UK based cost-utility analysis of 
indacaterol - A once-daily maintenance 
bronchodilator for patients with COPD 

Conference abstract 

Atsou (2011) Effectiveness and cost-utility estimates of 
tiotropium treatment and pulmonary 
rehabilitation programs in French patients 
with chronic obstructive pulmonary disease 

Conference abstract 

Bolisega 
(2011) 

Cost-utility of fluticasone compared with 
beclomethasone and budesonid in chronic 
obstructive pulmonary disease (COPD) in 
Poland 

Conference abstract 

Braceras 
(2015) 

Cost minimization and budget impact 
analyses in the Basque Country for the 
treatment of moderate-to-severe chronic 
obstructive pulmonary disease using 

Does not use QALYs to measure 
health benefits 
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Short title Title Reason for exclusion 

aclidinium bromide instead of tiotropium 
bromide 

Briggs (2010) Is treatment with ICS and LABA cost-
effective for COPD? Multinational economic 
analysis of the TORCH study (Provisional 
abstract) 

Not conducted in a UK setting 

Briones 
(2011) 

A cost-effectiveness analysis on the use of 
indacaterol for the treatment of chronic 
obstructive pulmonary disease in Mexico 

Conference abstract 

Brosa (2009) Cost-effectiveness analysis of tiotropium in 
the treatment of chronic obstructive 
pulmonary disease (COPD) Patients in 
Spain 

Conference abstract 

Bueno (2009) Cost-effectiveness of Fluticasone 
Propionate/Salmeterol (500/50 MG) in the 
treatment of COPD in Brazilian public 
sector 

Conference abstract 

Chuck (2008) Cost-effectiveness of combination therapy 
for chronic obstructive pulmonary disease 

Not conducted in a UK setting 

Costa-
Scharplatz 
(2013) 

Cost-effectiveness of glycopyrronium 
compared to tiotropium in COPD patients 
from a Swedish societal perspective 

Conference abstract 

Costa-
Scharplatz 
(2015) 

Cost-Effectiveness of Glycopyrronium 
Bromide Compared with Tiotropium in 
Patients with Chronic Obstructive 
Pulmonary Disease in Sweden 

Not conducted in a UK setting 

Dalal (2010) Cost-effectiveness of combination 
fluticasone propionate/salmeterol 250/50 
mcg versus salmeterol in chronic 
obstructive pulmonary disease (COPD): 
Data from two well controlled exacerbation 
trials 

Conference abstract 

Dalal (2010) Cost-effectiveness of combination 
fluticasone propionate-salmeterol 250/50 
microg versus salmeterol in severe COPD 
patients (Provisional abstract) 

Conference abstract 

Dalal (2010) Comparative cost-effectiveness of a 
fluticasone-propionate/salmeterol 
combination versus anticholinergics as 
initial maintenance therapy for chronic 
obstructive pulmonary disease 

Does not use QALYs to measure 
health benefits 

Dalal (2010) Cost-effectiveness of combination 
fluticasone propionate-salmeterol 250/50 
microg versus salmeterol in severe COPD 
patients 

Does not use QALYs to measure 
health benefits 

Dalal (2011) COPD-related healthcare utilization and 
costs after discharge from a hospitalization 
or emergency department visit on a 
regimen of fluticasone propionate-
salmeterol combination versus other 
maintenance therapies 

Does not include a measure of 
health benefits 



 

 

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

 

FINAL 
 

642 

Short title Title Reason for exclusion 

Earnshaw 
(2009) 

Cost-effectiveness of fluticasone 
propionate/salmeterol (500/50 microg) in 
the treatment of COPD 

Not conducted in a UK setting 

Eklund 
(2015) 

Cost-effectiveness of tiotropium versus 
usual care and glycopyrronium in the 
treatment of chronic obstructive pulmonary 
disease in Sweden 

Not conducted in a UK setting 

Eklund 
(2015) 

Cost-effectiveness of tiotropium vs 
glycopyrronium in moderate to very severe 
COPD in Canada, Sweden and the UK 

Conference abstract 

Eklund 
(2015) 

Cost-Effectiveness Of Tiotropium Vs 
Glycopyrronium In Moderate To Very 
Severe Copd In Spain 

Conference abstract 

Eklund 
(2016) 

Cost-effectiveness of tiotropium versus 
glycopyrronium in moderate to very severe 
COPD in France 

Conference abstract 

Engstrom 
(2011) 

The cost-effectiveness of roflumilast for 
COPD in Sweden 

Conference abstract 

Engstrom 
(2016) 

Cost-effectiveness of roflumilast as add-on 
to triple inhaled therapy vs triple inhaled 
therapy in patients with severe and very 
severe COPD associated with chronic 
bronchitis in Sweden 

Conference abstract 

Erstad (2013) Cost savings with interventions to reduce 
aerosolized bronchodilator use in ventilated 
patients 

Does not use QALYs to measure 
health benefits 

Fan (2014) The cost effectiveness analysis of 
indacaterol versus tiotropium in a Chinese 
medical cost setting 

Conference abstract 

Fritscher 
(2008) 

Seretide: a pharmacoeconomic analysis Systematic review of economic 
evaluations 

Garcia-
Contreras 
(2011) 

A cost-utility analysis on the use of 
indacaterol for the treatment of chronic 
obstructive pulmonary disease in Mexico 

Conference abstract 

Geitona 
(2011) 

Economic evaluation of indacaterol versus 
tiotropium or formoterol for patients with 
moderate to severe COPD in Greece 

Conference abstract 

Geitona 
(2015) 

Cost-Effectiveness Analysis Of The Fixed 
Combination Indacaterol/Glycopyrronium 
Vs 

Conference abstract 

Giraldo 
(2014) 

Cost-effectiveness analysis of 
glycopyrronium versus tiotropium and fixed-
dose combinations (formoterol/budesonide 
and salmeterol/fluticasone) for COPD in the 
Colombian health care system 

Conference abstract 

Gonzalez-
Rojas (2015) 

Development of a deterministic patient-level 
markov model of bronchodilator 
maintenance treatment in chronic 
obstructive pulmonary disease 

Conference abstract 
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Short title Title Reason for exclusion 

Gonzalez-
Rojas (2015) 

Validation of a patient-level markov model 
of bronchodilator maintenance treatment in 
chronic obstructive pulmonary disease 

Conference abstract 

Granell 
(2014) 

Cost-Effectiveness Analysis of 
Indacaterol/Glycopyrronium (QVA149) as a 
Maintenance Bronchodilator Treatment in 
Adult Patients With Chronic Obstructive 
Pulmonary Disease in Spain 

Conference abstract 

Hedegaard 
(2012) 

Cost-effectiveness of 
budesonide/formoterol versus 
fluticasone/salmeterol based on real-world 
effectiveness in patients with COPD 

Conference abstract 

Hedegaard 
(2013) 

Cost effectiveness of 
budesonide/formoterol versus 
fluticasone/salmeterol from a swedish 
health care perspective based on real-world 
effectiveness and safety in patients with 
COPD 

Conference abstract 

Hedegaard 
(2013) 

Cost effectiveness of 
budesonide/formoterol vs 
fluticasone/salmeterol: Real-world 
effectiveness and safety in COPD 

Conference abstract 

Herran 
(2016) 

Cost-effectiveness analysis of tiotropium 
bromide for patients with severe obstructive 
pulmonary disease in Mexico 

Conference abstract 

Hettle (2012) Cost-utility analysis of tiotropium versus 
usual care in patients with COPD in the UK 
and Belgium 

Compares LAMA against 'usual care' 
rather than one of the other 
comparators of interest 

Hoogendoorn 
(2011) 

Cost-effectiveness of tiotropium versus 
salmeterol: A trial-based analysis followed 
by a model-based extrapolation 

Conference abstract 

Hoogendoorn 
(2011) 

Comparing the cost-effectiveness of a wide 
range of COPD interventions using a 
stochastic population model for COPD 

Conference abstract 

Hoogendoorn 
(2012) 

Which long-acting bronchodilator is most 
cost-effective for the treatment of COPD? 

Not conducted in a UK setting 

Igarashi 
(2010) 

Cost-utility analysis of tiotropium, medicine 
for chronic obstructive pulmonary diseases 
(COPD), in Japan 

Conference abstract 

Karabis 
(2014) 

Economic evaluation of aclidinium bromide 
in the management of moderate to severe 
COPD: an analysis over 5 years 

Not conducted in a UK setting 

Kotchie 
(2011) 

Fully incremental cost-effectiveness 
analysis of available treatment options in 
the management of severe COPD in the UK 
setting 

Conference abstract 

Kotchie 
(2011) 

The cost-effectiveness of roflumilast in the 
management of severe COPD in the UK 
setting 

Conference abstract 
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Short title Title Reason for exclusion 

Lindner 
(2011) 

Cost-effectiveness of roflumilast (daxas) in 
the treatment of chronic obstructive 
pulmonary disease (COPD) in Spain 

Conference abstract 

Lindner 
(2016) 

Health technology assessments of 
LAMA/LABA combination products 

Conference abstract 

Malcolm 
(2013) 

A UK based cost-effectiveness analysis of 
glycopyrronium bromide a new anti-
muscarinic agent for the maintenance 
treatment of patients with COPD 

Conference abstract 

Margieva 
(2012) 

Pharmacoeconomic analysis of roflumilast 
for treatment of adult patients with severe-
to-very severe chronic obstructive 
pulmonary disease (COPD) 

Conference abstract 

Mauskopf 
(2010) 

Cost effectiveness of tiotropium for chronic 
obstructive pulmonary disease: a 
systematic review of the evidence 

Systematic review of economic 
evaluations 

Miravitlles 
(2009) 

An economic analysis of pharmacological 
treatment of COPD in Spain 

Does not include a measure of 
health benefits 

Miravitlles 
(2015) 

Cost-Effectiveness Of 
Umeclidinium/Vilanterol In Symptomatic 
COPD Spanish Patients 

Conference abstract 

Miravitlles 
(2016) 

Cost-effectiveness of combination therapy 
umeclidinium/vilanterol versus tiotropium in 
symptomatic COPD Spanish patients 

Not conducted in a UK setting 

Mittmann 
(2011) 

Cost effectiveness of 
budesonide/formoterol added to tiotropium 
bromide versus placebo added to tiotropium 
bromide in patients with chronic obstructive 
pulmonary disease: Australian, Canadian 
and Swedish healthcare perspectives 

Does not assess the comparators of 
interest 

Neyt (2010) Tiotropium's cost-effectiveness for the 
treatment of COPD: a cost-utility analysis 
under real-world conditions 

Not conducted in a UK setting 

Neyt (2012) The Cost-Effectiveness of Tiotropium for 
the Treatment of Chronic Obstructive 
Pulmonary Disease (COPD): The 
Importance of the Comparator 

Opinion piece 

Nielsen 
(2012) 

Cost-effectiveness of adding 
budesonide/formoterol to tiotropium in 
severe COPD patients in four Nordic 
countries 

Conference abstract 

Nielsen 
(2013) 

Cost effectiveness of adding 
budesonide/formoterol to tiotropium in 
COPD in four Nordic countries 

Does not assess the comparators of 
interest 

Oba (2009) Cost-effectiveness of salmeterol, 
fluticasone, and combination therapy for 
COPD 

Not conducted in a UK setting 

Onukwugha 
(2008) 

Using cost-effectiveness analysis to 
sharpen formulary decision-making: the 
example of tiotropium at the Veterans 
Affairs health care system 

Conference abstract 
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Pawlik (2016) Economic evaluation of 
tiotropium/olodaterol administrated through 
the respimat inhaler as maintenance 
treatment of patients with chronic 
obstructive pulmonary disease (COPD) in 
Poland 

Conference abstract 

Povero 
(2013) 

Cost and cost-effectiveness analyses for 
moderate and severe COPD patients 
treated uniquely with tiotropium 18 mcg od 
for twenty-four months 

Conference abstract 

Price (2013) Cost-effectiveness of the LABA/LAMA dual 
bronchodilator QVA149 in a Swedish 
setting 

Conference abstract 

Price (2014) Cost-effectiveness of the LABA/LAMA dual 
bronchodilator indacaterol/glycopyrronium 
in a Swedish healthcare setting 

Not conducted in a UK setting 

Punekar 
(2015) 

Health care utilisation and costs among 
COPD patients newly prescribed 
maintenance therapy in the United Kingdom 
(UK) 

Conference abstract 

Reyes-lopez 
(2012) 

Cost-effectiveness of indacaterol on 
patients with Chronic Obstructive 
Pulmonary Disease (COPD) at the public 
Mexican health care system 

Conference abstract 

Reza (2016) Cost Effectiveness of the Long-Acting 
beta2-Adrenergic Agonist (LABA)/Long-
Acting Muscarinic Antagonist Dual 
Bronchodilator Indacaterol/Glycopyrronium 
Versus the LABA/Inhaled Corticosteroid 
Combination Salmeterol/Fluticasone in 
Patients with Chronic Obstructive 
Pulmonary Disease: Analyses Conducted 
for Canada, France, Italy, and Portugal 

Not conducted in a UK setting 

Roberts 
(2016) 

Economic evaluations of fluticasone-
propionate/salmeterol combination therapy 
for chronic obstructive pulmonary disease: 
a review of published studies 

Systematic review of economic 
evaluations 

Roggeri 
(2013) 

Comparing costs and consequences of 
treating chronic obstructive pulmonary 
disease with budesonide/formoterol and 
fluticasone/salmeterol 

Conference abstract 

Ruiz (2015) Cost-minimization analysis and budget 
impact of glycopyrronium bromide versus 
tiotropium bromide as a maintenance 
bronchodilator treatment in patients with 
moderate to severe chronic obstructive 
pulmonary disease (COPD) 

Conference abstract 

Rutten-van 
(2012) 

Cost effectiveness of pharmacological 
maintenance treatment for chronic 
obstructive pulmonary disease: a review of 
the evidence and methodological issues 

Systematic review of economic 
evaluations 
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Short title Title Reason for exclusion 

Samyshkin 
(2011) 

Cost-effectiveness of roflumilast in 
combination with bronchodilator therapies 
in patients with severe and very severe 
COPD in Switzerland 

Conference abstract 

Samyshkin 
(2013) 

Cost-effectiveness of roflumilast in 
combination with bronchodilator therapies 
in patients with severe and very severe 
COPD in Switzerland 

Does not assess the comparators of 
interest 

Samyshkin 
(2014) 

Cost-Effectiveness of Roflumilast as an 
Add-On Treatment to Long-Acting 
Bronchodilators in the Treatment of COPD 
Associated with Chronic Bronchitis in the 
United Kingdom 

Does not assess the comparators of 
interest 

Samyshkin 
(2014) 

Cost-effectiveness of roflumilast as an add-
on treatment to long-acting bronchodilators 
in the treatment of COPD associated with 
chronic bronchitis in the United Kingdom 
(Provisional abstract) 

Conference abstract 

Selya-
Hammer 
(2016) 

Development of an enhanced health-
economic model and cost-effectiveness 
analysis of tiotropium + olodaterol Respimat 
fixed-dose combination for chronic 
obstructive pulmonary disease patients in 
Italy 

Not conducted in a UK setting 

Slejko (2014) Incorporating a pharmacometric model-
based meta-analysis into a health economic 
microsimulation model of COPD 

Conference abstract 

Slejko (2015) Calibrating an integrated 
pharmacoeconomic-pharmacometric model 
of COPD treatment: What a difference the 
variance makes 

Conference abstract 

Slejko (2016) Translating Pharmacometrics to a 
Pharmacoeconomic Model of COPD 

Not conducted in a UK setting 

Tebboth 
(2016) 

UK-specific cost-effectiveness of tiotropium 
+ olodaterol fixed-dose combination versus 
other LAMA + LABA combinations in 
patients with COPD 

Compares different LAMA+LABA 
combinations with one another rather 
than with LAMA or LABA 
monotherapy or LABA+ICS 

Thompson 
(2013) 

Modeled heath economic benefits of a "real 
life" computer guided review in COPD 

Does not use QALYs to measure 
health benefits 

Torres (2013) Cost-effectiveness analysis of 
glycopyrronium bromide in the treatment of 
chronic obstructive pulmonary disease in 
Spain 

Conference abstract 

Tran (2010) A cost-effectiveness analysis of 
combination bronchodilator therapies in 
maintenance of moderate to severe chronic 
obstructive pulmonary disease (COPD) 

Not conducted in a UK setting 

van (2015) Predictors of cost-effectiveness of selected 
COPD treatments in primary care: 
UNLOCK study protocol 

Costs and health effects not reported 
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Van (2016) Cost-effectiveness analyses of 
pharmacologic maintenance treatment for 
chronic obstructive pulmonary disease: A 
systematic review 

Conference abstract 

van (2017) Systematic Review and Quality Appraisal of 
Cost-Effectiveness Analyses of 
Pharmacologic Maintenance Treatment for 
Chronic Obstructive Pulmonary Disease: 
Methodological Considerations and 
Recommendations 

Systematic review of economic 
evaluations 

Wilson (2017) Cost-effectiveness analysis of 
umeclidinium/vilanterol for the management 
of patients with moderate to very severe 
COPD using an economic model 

Not conducted in a UK setting 

Yu (2011) Cost-effectiveness analysis of 
roflumilast/tiotropium combination therapy 
vs 

Conference abstract 

Yu (2011) Cost-effectiveness analysis of 
roflumilast/tiotropium combination therapy 
versus tiotropium monotherapy in patients 
with severe to very severe COPD 

Does not assess the comparators of 
interest 

Zalis'ka 
(2012) 

Cost-benefit analysis of tiotropium and 
salmeterol treatment compare to usual 
practice on sample of employed 
economically active COPD patients in 
Ukraine 

Conference abstract 

Zaniolo 
(2010) 

A cost-utility analysis for tiotropium bromide 
in the long term treatment of specific 
subgroups of Italian COPD patients 

Conference abstract 
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Appendix L – Research recommendations 

Research question 1 

Question 
What features predict inhaled corticosteroid responsiveness most 
accurately in people with COPD? 

Population People diagnosed with COPD 

Interventions • LABA+ICS  

• LABA+LAMA+ICS 

Comparator • LABA 

• LABA+LAMA 

Outcomes • COPD exacerbations (moderate to severe and severe) 

• Respiratory health-related quality of life  

• Transition Dyspnoea Index (TDI) 

• Mortality 

• Total serious adverse events (SAEs) 

• Cardiac and COPD SAEs 

• Dropout due to adverse event 

• Trough FEV1 

• Pneumonia 

• Exercise tolerance/ capacity (6MWD) 

Study design Randomised controlled trial 

Subgroups Smoking status and history (for example current smokers and ex-smokers)  

 

Potential criterion Explanation 

Importance to 
patients, service 
users or the 
population 

Brochodilators and /or steroids are the main pharmacological treatments 
used to manage COPD symptoms. There are a number of possible drug 
combinations available at the class level (and within each drug class). If the 
wrong class level combinations are prescribed then the person with COPD 
may experience breathlessness and a reduced quality of life. This may also 
have a negative impact on their families and society at large (for example, 
their employers and colleagues). It is therefore important to prescribe the 
most effective treatment for each person with COPD, including those with 
comorbidities such as asthma or asthmatic features that may make them 
steroid responsive. Randomised trials that include subgroup analysis of 
participants based on factors such as diagnosis of asthma, atopy, higher 
blood eosinophil count, substantial variation in FEV1 over time or 
substantial diurnal variation PEFR could provide useful information on this 
topic. 

Relevance to NICE 
guidance 

High-priority: it was possible to make recommendations for people with 
COPD and asthma based on the available evidence and the clinical 
expertise of the committee, but the recommendations could be substantially 
changed if additional studies were carried out that provided information 
about the characteristics of people with COPD who are responsive to 
steroids but do not have a diagnosis of asthma. 

Current evidence 
base 

There are a large number of trials that look at the effectiveness of 
brochodilators and /or steroids in people with COPD, but the majority of 
them specifically excluded people with comorbid asthma. As a result, there 



 

 

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

 

FINAL 
 

649 

Potential criterion Explanation 

is a lack of evidence concerning the most effective treatments for people 
with COPD and asthmatic features.  

Equality No specific equality concerns are relevant to this research recommendation. 

Feasibility There is a large enough population of people with COPD who have 
comorbid asthma that intervention studies in this area should be feasible. 

Research question 2 

Question 

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

Population People diagnosed with COPD and asthma 

Interventions • LAMA 

• LABA 

• LAMA+LABA 

• LABA+ICS  

• LABA+LAMA+ICS 

Comparator Each other 

Outcomes • COPD exacerbations (moderate to severe and severe) 

• Respiratory health-related quality of life  

• Transition Dyspnoea Index (TDI) 

• Mortality 

• Total serious adverse events (SAEs) 

• Cardiac and COPD SAEs 

• Dropout due to adverse event 

• Trough FEV1 

• Pneumonia 

• Exercise tolerance/ capacity (6MWD) 

Study design Randomised controlled trial 

Subgroups Smoking status and history (for example current smokers and ex-smokers)  

 

Potential criterion Explanation 

Importance to 
patients, service 
users or the 
population 

Brochodilators and /or steroids are the main pharmacological treatments 
used to manage COPD symptoms. There are a number of possible drug 
combinations available at the class level (and within each drug class). If the 
wrong class level combinations are prescribed then the person with COPD 
may experience breathlessness and a reduced quality of life. This may also 
have a negative impact on their families and society at large (for example, 
their employers and colleagues). It is therefore important to prescribe the 
most effective treatment for each person with COPD, including those with 
comorbidities such as asthma.  

Relevance to NICE 
guidance 

High-priority: it was possible to make recommendations for this subgroup of 
people with COPD based on the available evidence and the clinical 
expertise of the committee, but the recommendations could be substantially 
changed if additional studies were carried out that specifically recruited 
people with COPD and cormorbid asthma. 
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Potential criterion Explanation 

Current evidence 
base 

There are a large number of trials that look at the effectiveness of 
brochodilators and /or steroids in people with COPD, but the majority of 
them specifically excluded people with comorbid asthma. As a result, there 
is a lack of evidence concerning the most effective treatments for this 
subgroup of people with COPD.  

Equality No specific equality concerns are relevant to this research recommendation. 

Feasibility There is a large enough population of people with COPD who have 
comorbid asthma that intervention studies in this area should be feasible. 
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Appendix M – References 

Cochrane review used as basis for inhaled therapy combinations reviews 

Oba Y, Keeney E, Ghatehorde N, Dias S. Dual combination therapy versus long-acting 
bronchodilators alone for chronic obstructive pulmonary disease (COPD): a systematic 
review and network meta-analysis, Cochrane Database of Systematic Reviews  2018, Issue 
12. 

Included clinical studies 

Inhaled therapy combinations 

This list was taken from the Cochrane review directly and contains papers that relate to the 
included RCTs, including conference abstracts. This is in contrast to the usual process 
employed by the Guideline Updates Team where papers are only included if data has been 
extracted from them. Without duplicating the data extraction process, it is unclear which 
papers were used by the Cochrane group as a source of included data and so all of the 
related papers are included in the list below. The studies are grouped according to the main 
study reference first author and year or trial registration number, shown in bold.  

205.137 2003 

Unpublished data only [ClinicalTrials.gov: NCT02173691] 

* Boehringer Ingelheim. A Multiple Dose Comparison of Tiotropium Inhalation Capsules, 
Salmeterol Inhalation Aerosol and Placebo in a Six-Month, Double-Blind, Double-Dummy, 
Safety and Efficacy Study in Patients with Chronic Obstructive Pulmonary Disease (COPD). 
https://trials.boehringer-ingelheim.com/public/trial_results_documents/205/205.137_U01-
1231-02.pdf February 21st 2001. 

205.264 2004 

Unpublished data only [ClinicalTrials.gov: NCT00274560] 

* Boehringer Ingelheim International. A Multiple Dose Comparison of Tiotropium Inhalation 
Capsules and Salmeterol Inhalation Aerosol in a 12 Week, Randomized, Double-Blind, 
Double-Dummy, Parallel Group Study in Patients with Chronic Obstructive Pulmonary 
Disease(COPD).. https://trials.boehringer-
ingelheim.com/public/trial_results_documents/205/205.264_CO.pdf 03 FEB 2004. 

A3401 2016  

Published and unpublished data [ClinicalTrials.gov: NCT01985334] 

* Novartis Pharmaceuticals. A prospective, multicenter, 12-week, randomized open-label 
study to evaluate the efficacy and safety of glycopyrronium(50 micrograms o.d.) or 
indacaterol maleate and glycopyrronium bromide fixed-dose combination (110/50 
micrograms o.d.) regarding symptoms and health status in patients with moderate chronic 
obstructive pulmonary disease (COPD)switching from treatment with any standard COPD 
regimen. https://www.novctrd.com/CtrdWeb/displaypdf.nov?trialresultid=14229 29 Nov 2016. 
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and safety of budesonide and formoterol in one pressurized metered-dose inhaler in patients 
with moderate to very severe chronic obstructive pulmonary disease: results of a 6-month 
randomized clinical trial. Drugs 2008;68(14):1975-2000. [PubMed: 18778120] 

Tashkin 2009  

Published and unpublished data [ClinicalTrials.gov: NCT00139932] 

* Tashkin DP, Pearle J, Iezzoni D, Varghese ST. Formoterol and tiotropium compared with 
tiotropium alone for treatment of COPD. COPD 2009 Feb;6(1):17-25. [PubMed: 19229704] 

Tashkin 2012  

Published and unpublished data [ClinicalTrials.gov: NCT00383435 ; ClinicalTrials.gov: 
NCT00383721; Other: P04229AM4; Other: P04230AM4] 

Doherty DE, Tashkin DP, Kerwin E, Knorr BA, Shekar T, Banerjee S, et al. Effects of 
mometasone furoate/formoterol fumarate fixed-dose combination formulation on chronic 
obstructive pulmonary disease (COPD): results from a 52-week Phase III trial in subjects with 
moderate-to-very severe COPD. Int J Chron Obstruct Pulmon Dis 2012;7:57-71. [PubMed: 
22334769 ] 
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* Tashkin DP, Doherty DE, Kerwin E, Matiz-Bueno CE, Knorr B, Shekar T, Gates D, 
Staudinger H.. Efficacy and safety characteristics of mometasone furoate/formoterol 
fumarate fixed-dose combination in subjects with moderate to very severe COPD: findings 
from pooled analysis of two randomized, 52-week placebo-controlled trials.. Int J Chron 
Obstruct Pulmon Dis. 2012;7:73-86. [PubMed: 22334770 ] 

Tashkin 2012a  

Published and unpublished data [ClinicalTrials.gov: NCT00383435 ; Other: 
P04230AM4] 

See Tashkin 2012 for reference. 

Tashkin 2012b  

Published and unpublished data [ClinicalTrials.gov: NCT00383721; Other: P04229AM4] 

See Tashkin 2012 for reference. 

To 2012  

Published and unpublished data [ClinicalTrials.gov: NCT00794157; Other: 
CQAB149B1302 ] 

* To Y, Kinoshita M, Lee SH, Hang LW, Ichinose M, Fukuchi Y, et al. Assessing efficacy of 
indacaterol in moderate and severe COPD patients: a 12-week study in an Asian population. 
Respir Med 2012 Dec;106(12):1715-21. [PubMed: 23040786] 

Troosters 2016  

Published and unpublished data [ClinicalTrials.gov: NCT02085161; Other: 1237.16; 
Other: PHYSACTO] 

* Troosters T, Bourbeau J, Maltais F, Leidy N, Erzen D, De Sousa D, et al. Enhancing 
exercise tolerance and physical activity in COPD with combined pharmacological and non-
pharmacological interventions: PHYSACTO randomised, placebo-controlled study design. 
BMJ Open 2016 Apr;6(4):e010106. [PubMed: 27075841] 

Vincken 2014  

Published and unpublished data [ClinicalTrials.gov: NCT01604278 ; Other: 
CNVA237A2316; Other: GLOW 6] 

* Vincken W, Aumann J, Chen H, Henley M, McBryan D, Goyal P. Efficacy and safety of 
coadministration of once-daily indacaterol and glycopyrronium versus indacaterol alone in 
COPD patients: the GLOW6 study. Int J Chron Obstruct Pulmon Dis 2014 Feb 24;9:215-28. 
[PubMed: 24596459 ] 

Vogelmeier 2008  

Published and unpublished data [ClinicalTrials.gov: NCT00134979; Other: 
CFOR258F2402 ] 

* Vogelmeier C, Kardos P, Harari S, Gans SJ, Stenglein S, Thirlwell J. Formoterol mono- and 
combination therapy with tiotropium in patients with COPD: a 6-month study. Respir Med 
2008 Nov;102(11):1511-20. [PubMed: 18804362 ] 
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Vogelmeier 2011  

Published and unpublished data [ClinicalTrials.gov: NCT00563381; Other: 205.389; 
Other: POET-COPD] 

Chong J, Karner C, Poole P. Tiotropium versus long-acting beta-agonists for stable 
chronicobstructive pulmonary disease (Review). Cochrane Database of Systematic Reviews 
2012 Sep 12. Art. No.: CD009157. DOI: 10.1002/14651858.CD009157.pub2. [PubMed: 
22972134] 

* Vogelmeier C, Hederer B, Glaab T, Schmidt H, Rutten-van Mölken MP, Beeh KM, et al. 
Tiotropium versus salmeterol for the prevention of exacerbations of COPD. N Engl J Med 
2011 Mar 24;364(12):1093-1103. [PubMed: 21428765] 

Vogelmeier 2013  

Published and unpublished data [ClinicalTrials.gov: NCT01315249; Other: 
ILLUMINATE; Other: CQVA149A2313 ] 

* Vogelmeier CF, Bateman ED, Pallante J, Alagappan VK, D'Andrea P, Chen H, et al. 
Efficacy and safety of once-daily QVA149 compared with twice-daily salmeterol-fluticasone in 
patients with chronic obstructive pulmonary disease (ILLUMINATE): a randomised, double-
blind, parallel group study. Lancet Respir Med 2013 Mar;1(1):51-60. [PubMed: 24321804] 

Vogelmeier 2016  

Published and unpublished data [ClinicalTrials.gov: NCT01908140; Other: 2013-
000116-14; Other: AFFIRM; Other: M/40464/39] 

* Vogelmeier C, Paggiaro PL, Dorca J, Sliwinski P, Mallet M, Kirsten AM, et al. Efficacy and 
safety of aclidinium/formoterol versus salmeterol/fluticasone: a phase 3 COPD study. Eur 
Respir J 2016 Oct;48(4):1030-39. [PubMed: 27492833 ] 

Wedzicha 2008  

Published and unpublished data [ClinicalTrials.gov: NCT 00361959; Other: INSPIRE; 
Other: SCO40036] 

GlaxoSmithKline. Multicentre, Randomised, Double-Blind, Double Dummy, Parallel Group, 
104-week Study to Compare the Effect of the Salmeterol/Fluticasone Propionate 
Combination Product (SERETIDE*) 50/500mcg Delivered Twice Daily via the 
DISKUS*/ACCUHALER* Inhaler with Tiotropium Bromide 18 mcg Delivered Once Daily via 
the HandiHaler Inhalation Device on the Rate of Health Care Utilisation Exacerbations in 
Subjects with Severe Chronic Obstructive Pulmonary Disease (COPD). https://www.gsk-
clinicalstudyregister.com/files2/gsk-sco40036-clinical-study-report-redact.pdf Sep 04, 2015. 

* Wedzicha JA, Calverley PM, Seemungal TA, Hagan G, Ansari Z, Stockley RA. The 
prevention of chronic obstructive pulmonary disease exacerbations by salmeterol/fluticasone 
propionate or tiotropium bromide. Am J Respir Crit Care Med 2008 Jan 1;177(1):19-26. 
[PubMed: 17916806] 

Wedzicha 2013  

Published and unpublished data [ClinicalTrials.gov: NCT01120691; Other: 
CQVA149A2304; Other: SPARK] 
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Novartis. A 64-week Treatment, Multi-center, Randomized, Double-blind, Parallel-group, 
Active Controlled Study to Evaluate the Effect of QVA149 (110/50 μg o.d.) vs NVA237 (50 μg 
o.d.) and Open-label Tiotropium (18 μg o.d.) on COPD Exacerbations in Patients With 
Severe to Very Severe Chronic Obstructive Pulmonary Disease (COPD). 
https://www.novctrd.com/CtrdWeb/displaypdf.nov?trialresultid=9283 December 2, 2013. 

* Wedzicha JA, Decramer M, Ficker JH, Niewoehner DE, Sandström T, Taylor AF, et al. 
Analysis of chronic obstructive pulmonary disease exacerbations with the dual bronchodilator 
QVA149 compared with glycopyrronium and tiotropium (SPARK): a randomised, double-
blind, parallel-group study. Lancet Respir Med 2013 May;1(3):199-209. [PubMed: 24429126 ] 

Wedzicha 2014  

Published and unpublished data [ClinicalTrials.gov: NCT00929851; Other: CCD-0906-
PR-0016; Other: FORWARD] 

* Wedzicha JA, Singh D, Vestbo J, Paggiaro PL, Jones PW, Bonnet-Gonod F, et al. Extrafine 
beclomethasone/formoterol in severe COPD patients with history of exacerbations. Respir 
Med 2014 Aug;108(8):1153-62. [PubMed: 24953015 ] 

Wedzicha 2016  

Published and unpublished data [ClinicalTrials.gov: NCT01782326; Other: 
CQVA149A2318; Other: FLAME] 

* Wedzicha JA, Banerji D, Chapman KR, Vestbo J, Roche N, Ayers RT, et al. Indacaterol-
Glycopyrronium versus Salmeterol-Fluticasone for COPD. N Engl J Med 2016 Jun 
9;374(23):2222-34. [PubMed: 27181606 ] 

Wise 2013  

Published and unpublished data [ClinicalTrials.gov: NCT01126437; Other: 205.452 ; 
Other: TIOSPIR] 

* Wise RA, Anzueto A, Cotton D, Dahl R, Devins T, Disse B, et al. Tiotropium Respimat 
inhaler and the risk of death in COPD. N Engl J Med 2013 Oct 17;369(16):1491-501. 
[PubMed: 23992515 ] 

Yao 2014  

Published and unpublished data [ClinicalTrials.gov: NCT00792805; Other: 
CQAB149B2333 ] 

* Yao W, Wang C, Zhong N, Han X, Wu C, Yan X, et al. Effect of once-daily indacaterol in a 
predominantly Chinese population with chronic obstructive pulmonary disease: a 26-week 
Asia-Pacific study. Respirology 2014 Feb;19(2):231-238. [PubMed: 24383720 ] 

Zhong 2015  

Published and unpublished data [ClinicalTrials.gov: NCT01709903; Other: 
CQVA149A2331; Other: LANTERN] 

* Zhong N, Wang C, Zhou X, Zhang N, Humphries M, Wang L, et al. LANTERN: a 
randomized study of QVA149 versus salmeterol/fluticasone combination in patients with 
COPD. Int J Chron Obstruct Pulmon Dis 2015 Jun 5;10:1015-26. [PubMed: 26082625 ] 

ZuWallack 2014  
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Published and unpublished data [ClinicalTrials.gov: NCT01694771; ClinicalTrials.gov: 
NCT01696058; Other: 1222.51; Other: ANHELTO 1 & 2] 

* ZuWallack R, Allen L, Hernandez G, Ting N, Abrahams R. Efficacy and safety of combining 
olodaterol Respimat(®) and tiotropium HandiHaler(®) in patients with COPD: results of two 
randomized, double-blind, active-controlled studies. Int J Chron Obstruct Pulmon Dis 2014 
Oct 14;9:1133-44. [PubMed: 25342898 ] 

ZuWallack 2014a  

Published and unpublished data [ClinicalTrials.gov: NCT01694771; Other: ANHELTO 
1] 

See ZuWallack 2014 for reference. 

ZuWallack 2014b  

Published and unpublished data [ClinicalTrials.gov: NCT01696058; Other: ANHELTO 
2] 

See ZuWallack 2014 for reference. 

LAMA monotherapy 
Data for UPLIFT trial participants not using LABA was provided by Boehringer Ingelheim and 
is unpublished. Please see Celli et al (2009) or Tashkin (2008) in the excluded reference list 
for details of this study.  

Included SRs 

Halpin David M. G, Vogelmeier Claus, Pieper Michael P, Metzdorf Norbert, Richard Frank, 
and Anzueto Antonio (2016) Effect of tiotropium on COPD exacerbations: A systematic 
review. Respiratory medicine 114, 1-8 

Karner Charlotta, Chong Jimmy, and Poole Phillippa (2014) Tiotropium versus placebo for 
chronic obstructive pulmonary disease. The Cochrane database of systematic reviews (7), 
CD009285 

Ni Han, Soe Zay, and Moe Soe (2014) Aclidinium bromide for stable chronic obstructive 
pulmonary disease. The Cochrane database of systematic reviews (9), CD010509 

Ni Han, Htet Aung, and Moe Soe (2017) Umeclidinium bromide versus placebo for people 
with chronic obstructive pulmonary disease (COPD). The Cochrane database of systematic 
reviews 6, CD011897 

Ulrik Charlotte Suppli (2012) Once-daily glycopyrronium bromide, a long-acting muscarinic 
antagonist, for chronic obstructive pulmonary disease: a systematic review of clinical benefit. 
International journal of chronic obstructive pulmonary disease 7, 673-8 

Zou Yong, Xiao Jian, Yang Dan Hui, Li Jun, and Chen Qiong (2016) Efficacy and Safety of 
an Aclidinium Bromide Treatment for 12 Weeks or Longer in Patients with Moderate-To-
Severe COPD: A Meta-Analysis. COPD 13(4), 499-508 

Included NMAs 

Ismaila Afisi Segun, Huisman Eline L, Punekar Yogesh Suresh, and Karabis Andreas (2015) 
Comparative efficacy of long-acting muscarinic antagonist monotherapies in COPD: a 
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systematic review and network meta-analysis. International journal of chronic obstructive 
pulmonary disease 10, 2495-517 

Karabis Andreas, Lindner Leandro, Mocarski Michelle, Huisman Eline, and Greening Andrew 
(2013) Comparative efficacy of aclidinium versus glycopyrronium and tiotropium, as 
maintenance treatment of moderate to severe COPD patients: a systematic review and 
network meta-analysis. International journal of chronic obstructive pulmonary disease 8, 405-
23 

Oba Y, and Lone NA (2015) Comparative efficacy of long-acting muscarinic antagonists in 
preventing COPD exacerbations: a network meta-analysis and meta-regression.. 
Therapeutic advances in respiratory disease 9(1), 3-15 

Included RCTs 

Bateman Eric, Singh Dave, Smith David, Disse Bernd, Towse Lesley, Massey Dan, 
Blatchford Jon, Pavia Demetri, and Hodder Rick (2010) Efficacy and safety of tiotropium 
Respimat SMI in COPD in two 1-year randomized studies. International journal of chronic 
obstructive pulmonary disease 5, 197-208 

Bateman Eric D, Ferguson Gary T, Barnes Neil, Gallagher Nicola, Green Yulia, Henley 
Michelle, and Banerji Donald (2013) Dual bronchodilation with QVA149 versus single 
bronchodilator therapy: the SHINE study. The European respiratory journal 42(6), 1484-94 

Beeh Km, Beier J, Buhl R, Stark-Lorenzen P, Gerken F, Metzdorf N, and Atem 
Studiengruppe (2006) Efficacy of tiotropium bromide (Spiriva) in patients with chronic-
obstructive pulmonary disease (COPD) of different severities. Pneumologie (stuttgart, and 
germany) 60(6), 341-346 

Brusasco V, Hodder R, Miravitlles M, Korducki L, Towse L, and Kesten S (2003) Health 
outcomes following treatment for six months with once daily tiotropium compared with twice 
daily salmeterol in patients with COPD. Thorax 58(5), 399-404 

Casaburi R, Mahler DA, Jones PW, Wanner A, San PG, ZuWallack RL, Menjoge SS, Serby 
CW, and Witek T Jr (2002) A long-term evaluation of once-daily inhaled tiotropium in chronic 
obstructive pulmonary disease.. The European respiratory journal 19(2), 217-24 

Chapman Kenneth R, Beeh Kai-Michael, Beier Jutta, Bateman Eric D, D'Urzo Anthony, 
Nutbrown Robert, Henley Michelle, Chen Hungta, Overend Tim, and D'Andrea Peter (2014) 
A blinded evaluation of the efficacy and safety of glycopyrronium, a once-daily long-acting 
muscarinic antagonist, versus tiotropium, in patients with COPD: the GLOW5 study. BMC 
pulmonary medicine 14, 4 

Donohue J F, Maleki-Yazdi M R, Kilbride S, Mehta R, Kalberg C, and Church A (2013) 
Efficacy and safety of once-daily umeclidinium/vilanterol 62.5/25 mcg in COPD. Respiratory 
medicine 107(10), 1538-46 

D'Urzo A, Ferguson GT, van Noord JA, Hirata K, Martin C, Horton R, Lu Y, Banerji D, and 
Overend T (2011) Efficacy and safety of once-daily NVA237 in patients with moderate-to-
severe COPD: the GLOW1 trial.. Respiratory research 12, 156 

D'Urzo Anthony D, Rennard Stephen I, Kerwin Edward M, Mergel Victor, Leselbaum Anne R, 
Caracta Cynthia F, and investigators Augment Copd study (2014) Efficacy and safety of 
fixed-dose combinations of aclidinium bromide/formoterol fumarate: the 24-week, 
randomized, placebo-controlled AUGMENT COPD study. Respiratory research 15, 123 
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Dusser D, Bravo M L, and Iacono P (2006) The effect of tiotropium on exacerbations and 
airflow in patients with COPD. The European respiratory journal 27(3), 547-55 

Feldman Gregory, Maltais Francois, Khindri Sanjeev, Vahdati-Bolouri Mitra, Church Alison, 
Fahy William A, and Trivedi Roopa (2016) A randomized, blinded study to evaluate the 
efficacy and safety of umeclidinium 62.5 mug compared with tiotropium 18 mug in patients 
with COPD. International journal of chronic obstructive pulmonary disease 11, 719-30 

Johansson Gunnar, Lindberg Anne, Romberg Kerstin, Nordstrom Lars, Gerken Fronke, and 
Roquet Annika (2008) Bronchodilator efficacy of tiotropium in patients with mild to moderate 
COPD. Primary care respiratory journal : journal of the General Practice Airways Group 
17(3), 169-75 

Jones PW, Singh D, Bateman ED, Agusti A, Lamarca R, de Miquel G, Segarra R, Caracta C, 
and Garcia Gil E (2012) Efficacy and safety of twice-daily aclidinium bromide in COPD 
patients: the ATTAIN study.. The European respiratory journal 40(4), 830-6 

Kerwin EM, D'Urzo AD, Gelb AF, Lakkis H, Garcia Gil E, and Caracta CF (2012) Efficacy and 
safety of a 12-week treatment with twice-daily aclidinium bromide in COPD patients 
(ACCORD COPD I).. COPD 9(2), 90-101 

Kerwin Edward, Hebert Jacques, Gallagher Nicola, Martin Carmen, Overend Tim, Alagappan 
Vijay K. T, Lu Yimeng, and Banerji Donald (2012) Efficacy and safety of NVA237 versus 
placebo and tiotropium in patients with COPD: the GLOW2 study. The European respiratory 
journal 40(5), 1106-14 

Lee Sang Haak, Lee Jongmin, Yoo Kwang Ha, Uh Soo-Taek, Park Myung Jae, Lee Sang 
Yeub, Kim Jae Yeol, Kim Deog Kyeom, Kim Seung Joon, Lee Kwan Ho, and Yoo Chul-Gyu 
(2015) Efficacy and safety of aclidinium bromide in patients with COPD: A phase 3 
randomized clinical trial in a Korean population. Respirology (Carlton, and Vic.) 20(8), 1222-8 

Rennard Stephen I, Scanlon Paul D, Ferguson Gary T, Rekeda Ludmyla, Maurer Brian T, 
Garcia Gil, Esther , and Caracta Cynthia F (2013) ACCORD COPD II: a randomized clinical 
trial to evaluate the 12-week efficacy and safety of twice-daily aclidinium bromide in chronic 
obstructive pulmonary disease patients. Clinical drug investigation 33(12), 893-904 

Singh Dave, Jones Paul W, Bateman Eric D, Korn Stephanie, Serra Cristina, Molins Eduard, 
Caracta Cynthia, Gil Esther Garcia, and Leselbaum Anne (2014) Efficacy and safety of 
aclidinium bromide/formoterol fumarate fixed-dose combinations compared with individual 
components and placebo in patients with COPD (ACLIFORM-COPD): a multicentre, 
randomised study. BMC pulmonary medicine 14, 178 

Singh Dave, Ferguson Gary T, Bolitschek Josef, Gronke Lars, Hallmann Christoph, Bennett 
Nathan, Abrahams Roger, Schmidt Olaf, and Bjermer Leif (2015) Tiotropium + olodaterol 
shows clinically meaningful improvements in quality of life. Respiratory medicine 109(10), 
1312-9 

Tonnel A B, Perez T, Grosbois J M, Verkindre C, Bravo M L, Brun M, and group Tiphon 
study (2008) Effect of tiotropium on health-related quality of life as a primary efficacy 
endpoint in COPD. International journal of chronic obstructive pulmonary disease 3(2), 301-
10 

Trivedi Roopa, Richard Nathalie, Mehta Rashmi, and Church Alison (2014) Umeclidinium in 
patients with COPD: a randomised, placebo-controlled study. The European respiratory 
journal 43(1), 72-81 
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Troosters Thierry, Sciurba Frank C, Decramer Marc, Siafakas Nikos M, Klioze Solomon S, 
Sutradhar Santosh C, Weisman Idelle M, and Yunis Carla (2014) Tiotropium in patients with 
moderate COPD naive to maintenance therapy: a randomised placebo-controlled trial. NPJ 
primary care respiratory medicine 24, 14003 

Verkindre C, Bart F, Aguilaniu B, Fortin F, Guerin J C, Le Merre , C , Iacono P, and Huchon 
G (2006) The effect of tiotropium on hyperinflation and exercise capacity in chronic 
obstructive pulmonary disease. Respiration, and international review of thoracic diseases 
73(4), 420-7 

Voshaar T, Lapidus R, Maleki-Yazdi R, Timmer W, Rubin E, Lowe L, and Bateman E (2008) 
A randomized study of tiotropium Respimat Soft Mist inhaler vs. ipratropium pMDI in COPD. 
Respiratory medicine 102(1), 32-41 

Wang Chen, Sun Tieying, Huang Yijiang, Humphries Michael, Bai Lingyan, Li Lilly, Wang 
Qian, Kho Pearl, Firth Roz, and D'Andrea Peter (2015) Efficacy and safety of once-daily 
glycopyrronium in predominantly Chinese patients with moderate-to-severe chronic 
obstructive pulmonary disease: the GLOW7 study. International journal of chronic obstructive 
pulmonary disease 10, 57-68 

Additional references 

Calverley PMA, Konen-Bergmann M, Richard F, Bell S, Hohlfeld JM.Tiotropium Respimat 
Versus HandiHaler: Comparison of Bronchodilator Efficacy of Various Doses in Clinical 
Trials. Adv Ther 2016 33:786–793. 

Oba Y, Fadila M, Keeney E, Dias S. Fixed-dose combination inhalers compared to long-
acting bronchodilators for COPD: a network meta-analysis. Cochrane Database of 
Systematic Reviews 2017, Issue 3. Art. No.: CD012620.
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Excluded clinical studies 

Inhaled therapy combinations 

This list was taken directly from the Cochrane review. The first author and year or trial 
registration number is used to reference the study.  

1237.20  

Unpublished data only [ClinicalTrials.gov: NCT01559116] 

* Boehringer Ingelheim. Randomised, Double-blind, Placebo-controlled, 6 Treatment, 4 
Period, Incomplete Cross-over Trial to Characterise the 24-hour Lung Function Profiles of 
Tiotropium + Olodaterol Fixed Dose Combination (2.5/5 µg, 5/5 µg), Tiotropium (2.5 µg, 5 µg) 
and Olodaterol (5 µg) (Oral Inhalation, Delivered by the Respimat® Inhaler) After 6 Weeks 
Once Daily Treatment in Patients With Chronic Obstructive Pulmonary Disease (COPD) 
[VIVACITOTM]. https://clinicaltrials.gov/ct2/show/NCT01559116 July 16, 2015. [Other: 
NCT01559116] 

1237.4  

Unpublished data only [ClinicalTrials.gov: NCT00696020] 

* Boehringer Ingelheim. Randomised, Double-Blind, Parallel Group Study to Assess the 
Efficacy and Safety of 4 Weeks of Once Daily Treatment of 3 Doses of Orally Inhaled BI 
1744 CL, Each in Fixed Dose Combination With 5 Microgram Tiotropium Bromide (Delivered 
by the Respimat Inhaler) Compared With 5 Microgram Tiotropium Bromide Monoproduct 
(Delivered by the Respimat Inhaler) in Patients With COPD. 
https://clinicaltrials.gov/ct2/show/NCT00696020 August 13, 2015. [Other: NCT00696020] 

1237.7  

Unpublished data only [ClinicalTrials.gov: NCT02030535] 

* Boehringer Ingelheim. A Randomised, Placebo-controlled, Double-blind, Single Dose, 
Cross-over Study to Evaluate the Efficacy and Safety of Orally Inhaled Tiotropium + 
Olodaterol as Both a Fixed Dose Combination and a Free Combination (Both Delivered by 
the Respimat® Inhaler) in Patients With Chronic Obstructive Pulmonary Disease (COPD). 
https://clinicaltrials.gov/ct2/show/NCT02030535 July 16, 2015. [Other: NCT02030535] 

205.264 2004  

Unpublished data only [ClinicalTrials.gov: NCT00274560] 

* Boehringer Ingelheim International. A Multiple Dose Comparison of Tiotropium Inhalation 
Capsules and SalmeterolInhalation Aerosol in a 12 Week, Randomized, Double-Blind, 
Double-Dummy,Parallel Group Study in Patients with Chronic Obstructive Pulmonary 
Disease(COPD).. https://trials.boehringer-
ingelheim.com/public/trial_results_documents/205/205.264_CO.pdf 03 FEB 2004. 

Barnes 2010  

[ClinicalTrials.gov: NCT00463567; Other: PMID:20080201] 
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* Barnes PJ, Pocock SJ, Magnussen H, Iqbal A, Kramer B, Higgins M, et al. Integrating 
indacaterol dose selection in a clinical study in COPD using an adaptive seamless design. 
Pulm Pharmacol Ther 2010 Jun;23;3:165-71. [PubMed: 20080201] 

Bateman 2010  

[ClinicalTrials.gov: NCT00168831; ClinicalTrials.gov: NCT00168844; Other: PMID: 
20714373] 

* Bateman E, Singh D, Smith D, Disse B, Towse L, Massey D, et al. Efficacy and safety of 
tiotropium Respimat SMI in COPD in two 1-year randomized studies. Int J Chron Obstruct 
Pulmon Dis 2010 Aug 9;5(197-208). [PubMed: 20714373] 

Beeh 2014  

[ClinicalTrials.gov: NCT01294787; Other: CQVA149A2305] 

* Beeh KM, Korn S, Beier J, Jadayel D, Henley M, D'Andrea P, et al. Effect of QVA149 on 
lung volumes and exercise tolerance in COPD patients: the BRIGHT study. Respir Med 2014 
Apr;108(4):584-92. [PubMed: 24534204] 

Beeh 2016  

[ClinicalTrials.gov: NCT01969721; Other: ENERGITO] 

* Beeh KM, Derom E, Echave-Sustaeta J, Grönke L, Hamilton A, Zhai D, et al. The lung 
function profile of once-daily tiotropium and olodaterol via Respimat(®) is superior to that of 
twice-daily salmeterol and fluticasone propionate via Accuhaler(®) (ENERGITO(®) study). Int 
J Chron Obstruct Pulmon Dis 2016 Feb 4;11:193-205. [PubMed: 26893551 ] 

Berton 2016  

[ClinicalTrials.gov: NCT01693003] 

* Berton DC, Santos ÁH, Bohn I Jr, Lima RQ, Breda V, Teixeira PJ. Effects of indacaterol 
versus tiotropium on exercise tolerance in patients with moderate COPD: a pilot randomized 
crossover study. J Bras Pneumol 2016 Sep-Oct;42(5):367-373. [PubMed: 27812637 ] 

Celli 2014  

[ClinicalTrials.gov: NCT01313637; Other: DB2113361] 

* Celli B, Crater G, Kilbride S, Mehta R, Tabberer M, Kalberg CJ, et al. Once-daily 
umeclidinium/vilanterol 125/25 mcg in COPD: a randomized, controlled study. Chest 2014 
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Appendix N – Network meta-analysis summary tables 

Inhaled therapy combinations 

Low risk group 

Table 65 Summary of NMA results for the low risk group.  

The columns list the drug combinations and the rows list the outcomes. Within each box, the drug combinations in black represent results where 
there was an improvement in that outcome, but the point estimate was less than the defined minimal clinically important difference (MID). The 
treatments in green represent results where the effect was greater than the MID. Results have been reversed where necessary to ensure that they 
are presented as improvements. Boxes with dashes represent cases where the drug was not better than any of the other drug combinations or, 
more rarely, where there was no data for that particular drug and outcome. 

Outcome LAMA+LABA LABA+ICS LAMA LABA 

FEV1 (3 months) Improvements compared to: 

• LABA+ICS 

• LAMA 

• LABA 

Improvements compared to: 

• LABA 

- - 

FEV1 (6 months) Improvements compared to: 

• LABA+ICS  

• LAMA 

• LABA 

Improvements compared to: 

• LABA 

Improvements compared to: 

• LABA  

- 

FEV1 (12 months) Improvements compared to: 

• LABA 

- Improvements compared to: 

• LABA  

- 

Moderate to severe 
exacerbations 

Improvements compared to: 

• LABA 

Improvements compared to: 

• LABA 

Improvements compared to: 

• LABA 

- 

Severe exacerbations - - - - 
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Outcome LAMA+LABA LABA+ICS LAMA LABA 

Dropouts due to adverse 
events 

- - - - 

SGRQ (3 months) Improvements compared to: 

• LAMA 

Improvements compared to: 

• LAMA 

- - 

SGRQ (6 months) Improvements compared to: 

• LAMA 

• LABA 

Improvements compared to: 

• LABA 

- - 

SGRQ (12 months) Improvements compared to: 

• LAMA 

Improvements compared to: 

• LAMA+LABA 

• LAMA 

• LABA 

- - 

SGRQ responders (3 
months) 

Improvements compared to: 

• LAMA 

Improvements compared to: 

• LAMA 

- Improvements compared to: 

• LAMA 

SGRQ responders (6 
months) 

Improvements compared to: 

• LAMA 

• LABA 

- - - 

TDI (3 months) Improvements compared to: 

• LABA+ICS 

• LAMA 

• LABA 

- - - 

TDI (6 months) Improvements compared to: 

• LAMA 

• LABA 

- - - 

TDI (12 months) Improvements compared to: 

• LAMA 

• LABA 

- - - 

Serious adverse events - - - Improvements compared to: 
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Outcome LAMA+LABA LABA+ICS LAMA LABA 

• LABA+ICS 

COPD serious adverse 
events 

- - - - 

Cardiac serious adverse 
events 

- - - - 

Pneumonia - - Improvements compared to: 

• LABA+ICS 

Improvements compared to: 

• LABA+ICS 

Mortality - - - - 
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High risk group  1 

Table 66 Summary of NMA results for the high risk group.  2 

The columns list the drug combinations and the rows list the outcomes. Within each box, the drug combinations in black represent results where 3 
there was an improvement in that outcome, but the point estimate was less than the defined minimal clinically important difference (MID). The 4 
treatments in green represent results where the effect was greater than the MID. Results have been reversed where necessary to ensure that they 5 
are presented as improvements. Boxes with dashes represent cases where the drug was not better than any of the other drug combinations or, 6 
more rarely, where there was no data for that particular drug and outcome. 7 

Outcome LAMA+LABA LABA+ICS LAMA LABA 

FEV1 (3 months) Improvements compared to: 

• LABA+ICS 

• LAMA 

• LABA 

Improvements compared to: 

• LABA 

Improvements compared to: 

• LABA 

- 

FEV1 (6 months) Improvements compared to: 

• LABA+ICS 

• LAMA 

• LABA 

Improvements compared to: 

• LABA 

Improvements compared to: 

• LABA 

- 

FEV1 (12 months) Improvements compared to: 

• LABA+ICS 

• LAMA 

• LABA 

Improvements compared to: 

• LABA 

Improvements compared to: 

• LABA 

- 

Moderate to severe 
exacerbations 

Improvements compared to: 

LABA+ICS 

LAMA 

LABA 

Improvements compared to: 

• LABA 

Improvements compared to: 

• LABA 

- 

Severe exacerbations Improvements compared to: 

• LABA+ICS 

Improvements compared to: 

• LABA 

Improvements compared to: 

• LABA 

- 



 

 

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

 

FINAL 
 

716 

Outcome LAMA+LABA LABA+ICS LAMA LABA 

• LABA 

Dropouts due to adverse 
events 

- - - - 

SGRQ (3 months) Improvements compared to: 

• LABA+ICS 

• LAMA 

• LABA 

Improvements compared to: 

• LAMA 

- - 

SGRQ (6 months) Improvements compared to: 

• LABA+ICS 

• LAMA 

• LABA 

Improvements compared to: 

• LAMA 

• LABA 

- - 

SGRQ (12 months) Improvements compared to: 

• LAMA 

• LABA 

Improvements compared to: 

• LABA 

- - 

SGRQ responders (12 
months) 

Improvements compared to: 

• LABA+ICS 

• LAMA 

• LABA 

Improvements compared to: 

• LABA 

- - 

Serious adverse events - - Improvements compared to: 

• LABA+ICS 

• LABA 

- 

COPD serious adverse 
events 

- - Improvements compared to: 

• LABA 

- 

Cardiac serious adverse 
events 

- - - - 

Pneumonia Improvements compared to: 

• LABA+ICS 

- Improvements compared to: 

• LABA+ICS 

Improvements compared to: 

• LABA+ICS 
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Outcome LAMA+LABA LABA+ICS LAMA LABA 

Mortality - - - - 

1 
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LAMA monotherapy 

Table 67 Summary of the NMA results. 

The columns list the drugs and the rows list the outcomes. Within each box, the drugs in black represent results where there was an improvement 
in that outcome, but the point estimate was less than the defined minimal clinically important difference (MID). The treatments in green represent 
results where the effect was greater than the MID. Results have been reversed where necessary to ensure that they are presented as 
improvements. Boxes with dashes represent cases where the drug was not better than any of the other drugs or, more rarely, where there was no 
data for that particular drug and outcome. 

Outcome Aclidinium Glycopyrronium Tiotropium Umeclidinium 

Moderate to severe 
exacerbations 

- - - - 

Severe exacerbations Improvements compared to: 

• Umeclidium 

Improvements compared to: 

• Umeclidinium 

Improvements compared to: 

• Umeclidium 

- 

Dropouts due to adverse 
events 

Improvements compared to: 

• Umeclidium 

Improvements compared to: 

• Umeclidinium 

Improvements compared to: 

• Umeclidium 

- 

SGRQ (3 months) - - - - 

SGRQ (6 months) - - - - 

SGRQ responders - - - - 

TDI (3 months) - - - - 

TDI (12 months) - - - - 

Serious adverse events Improvements compared to: 

• Umeclidium 

Improvements compared to: 

• Umeclidium 

Improvements compared to: 

• Umeclidium 

- 

Mortality - - - - 
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Appendix O – Unpublished data from UPLIFT 

This appendix details the unpublished data on the UPLIFT trial supplied by Boehringer 
Ingelheim for trial participants not taking LABA.  

Table 68 Mean difference (95% CI) between arms at the end of the trial (48 months) for 
patients not using LABA at baseline. 

 Number of patients *Adjusted mean treatment 
difference 
(95% CI) 

 Placebo HH Tio HH 18 Tio HH 18 – Placebo HH 

SGRQ total score 642 727 −3.225 (−4.770, −1.681) 

FEV1 trough (litres) 644 717 0.095 (0.071, 0.120) 

*Adjusted for baseline 

Table 69 Number of SGRQ responders at the end of the trial (48 months) for patients 
not on LABA at baseline. 

 Placebo HH (n=959) Tio HH 18 (n=1011) 

Responder 228 354 

Non-responder 414 373 

Missing 317 284 

Includes treated patients with no LABA at baseline and with at least 2 non−missing SGRQ 
Total Scores after Month 6 (inclusive) 

UPLIFT was a 4-year study with a higher dropout rate on placebo. Therefore the number of 
patients with events needs to be adjusted for the time at risk. 

Table 70 Adverse events in patients not using LABA at baseline. 

 Placebo HH (n=1198) Tio HH 18 (n=1190) 

 Time at 
risk 
(patient 
years) 

No. 
with  
event 

Rate/ 
100 pt 
years 

Time at 
risk 
(patient 
years) 

No. 
with  
event 

Rate/ 
100 pt 
years 

Drop-outs due to adverse 
events 

3434.6 286 8.33 3668.1 251 6.84 

Deaths 3465 178 5.14 3699 168 4.54 

Number with at least one SAE 2605 598 22.96 2758 623 22.59 
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Number with at least one 
episode of pneumonia* 

3291 167 5.07 3495 175 5.01 

Events are counted from drug start through drug stop + 30 days. Time at risk is the time from 
drug start to the first occurrence of the event of interest but censored at min (date of death, 
drug stop date + 30 days). 

*Pneumonia was defined as the following MedDRA version 16.0 preferred terms: Atypical 
mycobacterial pneumonia, Atypical pneumonia, Bronchopneumonia, Congenital pneumonia, 
Embolic pneumonia, Enterobacter pneumonia, Lobar pneumonia, Miliary pneumonia, 
Neonatal pneumonia, Pneumonia, Pneumonia adenoviral, Pneumonia anthrax, Pneumonia 
bacterial, Pneumonia blastomyces, Pneumonia bordetella, Pneumonia chlamydial, 
Pneumonia cryptococcal, Pneumonia cytomegaloviral, Pneumonia escherichia, Pneumonia 
fungal, Pneumonia haemophilus, Pneumonia helminthic, Pneumonia herpes viral, 
Pneumonia influenza, Pneumonia klebsiella, Pneumonia legionella, Pneumonia measles, 
Pneumonia Moraxella, Pneumonia mycoplasmal, Pneumonia necrotising, Pneumonia 
parainfluenzae viral, Pneumonia pneumococcal, Pneumonia respiratory, syncytial viral, 
Pneumonia salmonella, Pneumonia staphylococcal, Pneumonia streptococcal, Pneumonia 
toxoplasmal, Pneumonia tularaemia, Pneumonia viral, Post procedural pneumonia 
Source data: RSA1301 and xtioana6\AUT1802 

Table 71 Moderate to severe exacerbations in patients not using LABA at baseline. 

 Placebo HH Tio HH 18 

Number of patients at risk 1198 1190 

Number of patients with at least one exacerbation 747 726 

Median time to first exacerbation (months) 17.47 21.71 

Exacerbation rate per patient year 0.68 0.60 

Table 72 Exacerbations leading to hospitalisation in patients not using LABA at 
baseline. 

 Placebo HH Tio HH 18 

Number of patients at risk 1198 1190 

Number of patients with at least one COPD hospitalisation 282 275 

Median time to first COPD hospitalisation (months) 36.19 41.54 

COPD hospitalisation rate per patient year 0.14 0.14 

 


