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Purpose: Chronic obstructive pulmonary disease (COPD) exacerbations are associated with significant morbidity and mortality and 
increased economic healthcare burden for patients with COPD. Long-acting muscarinic antagonist (LAMA)/long-acting β2-agonist 
(LABA) dual therapy is recommended for patients receiving mono-bronchodilator therapy who experience exacerbations or ongoing 
breathlessness. This study compared two single-inhaler LAMA/LABA dual therapies, umeclidinium/vilanterol (UMEC/VI) and 
indacaterol/glycopyrronium (IND/GLY), on moderate-to-severe exacerbation rates in patients with COPD in England.
Patients and Methods: This retrospective cohort study used linked primary care electronic health record data (Clinical Practice 
Research Datalink-Aurum) and secondary care data (Hospital Episode Statistics) to assess outcomes for patients with COPD who had 
a first prescription for single-inhaler UMEC/VI or IND/GLY (index date) between 1 January 2015 and 30 September 2019 (indexing 
period). Analyses compared UMEC/VI and IND/GLY on moderate-to-severe, moderate, and severe exacerbations, healthcare resource 
utilization (HCRU), and direct costs at 6, 12, 18, and 24 months, and time-to-first on-treatment exacerbation up to 24 months post- 
index date. Following inverse probability of treatment weighting (IPTW), non-inferiority and superiority of UMEC/VI versus 
IND/GLY were assessed.
Results: In total, 12,031 patients were included, of whom 8753 (72.8%) were prescribed UMEC/VI and 3278 (27.2%) IND/GLY. 
After IPTW, for moderate-to-severe exacerbations, weighted rate ratios were <1 at 6, 12, and 18 months and equal to 1 at 24 months 
for UMEC/VI; around the null value for moderate exacerbations and <1 at all timepoints for severe exacerbations. UMEC/VI showed 
lower HCRU incidence rates than IND/GLY for all-cause Accident and Emergency visits and COPD-related inpatient stays and 
associated all-cause costs at 6 months post-indexing. Time-to-triple therapy was similar for both treatments.
Conclusion: UMEC/VI demonstrated non-inferiority to IND/GLY in moderate-to-severe exacerbation reduction at 6, 12 and 18 
months. These results support previous findings demonstrating similarity between UMEC/VI and IND/GLY on reduction of moderate- 
to-severe exacerbations.

Plain Language Summary: Sudden exacerbations, or flare-ups, of chronic obstructive pulmonary disease (COPD) are linked with 
worsening health and increased risk of death, as well as increased healthcare costs for people with COPD. Long-acting muscarinic 
antagonist (LAMA)/long-acting β2-agonist (LABA) dual therapy is recommended for patients with COPD who take LAMA or LABA 
monotherapy but continue to experience flare-ups or ongoing breathlessness. This study compared two single-inhaler LAMA/LABA 
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dual therapies, umeclidinium/vilanterol (UMEC/VI) and indacaterol/glycopyrronium (IND/GLY), in terms of flare-ups in patients with 
COPD in England. 

We used two linked databases of de-identified medical records from general practitioners and hospitals for patients with COPD who had a first 
prescription for UMEC/VI or IND/GLY between 1 January 2015 and 30 September 2019. We compared the two treatments on COPD flare-ups, 
healthcare resource utilization and related costs, and changes in medication over the 2 years following starting treatment. 

We found that the treatments were comparable for moderate-to-severe flare-ups. Patients taking UMEC/VI had less Accident and 
Emergency (A&E) visits in total and less inpatient stays related to their COPD, and had a lower overall cost of healthcare for A&E 
visits and inpatient stays than patients taking IND/GLY. Changes to treatment and time before their first flare-up were similar for all 
patients, regardless of their prescribed treatment. 

This study showed that UMEC/VI is as effective as IND/GLY at preventing moderate-to-severe flare-ups. These results support 
previous findings demonstrating similarity between UMEC/VI and IND/GLY in reducing the rate of moderate-to-severe exacerbations 
after starting treatment. 

Keywords: COPD dual therapy, LABA/LAMA new users, healthcare resource utilization, exacerbations, comparative effectiveness, 
single-inhaler dual therapy

Introduction
Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death globally, affecting 5–22% of adults 
aged 40 and above, and is a leading cause of hospitalizations worldwide.1 The burden of COPD is expected to grow in 
the coming years due to factors such as increased global exposure to tobacco and noxious particles, aging populations, 
and lack of awareness and access to diagnosis.1–3 In the United Kingdom (UK) alone, COPD is the second most common 
lung disease after asthma, with an estimated 1.2 million people (2% of the population) having been diagnosed.2 

Each year in the UK, COPD costs the National Health Service (NHS) approximately £1.9 billion, which constitutes 
29% of the total cost of respiratory illness, second only to asthma (£3 billion).3 Exacerbations are associated with 
significant morbidity and mortality, as well as increased economic burden of healthcare for patients with COPD.4,5

For patients receiving maintenance therapy with a long-acting muscarinic antagonist (LAMA) or a long-acting 
β2-agonist (LABA), but who still experience exacerbations, the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) strategic report recommends escalating to LAMA/LABA or inhaled corticosteroid (ICS)/LABA dual therapy.5 In 
the UK, the National Institute for Health and Care Excellence (NICE) guidelines recommend offering LAMA/LABA dual 
therapy for patients with dyspnea or exacerbations despite the use of a short-acting bronchodilator.6 For patients who 
develop further exacerbations on dual therapy with eosinophil counts ≥100 cells/µL, the GOLD strategy report 
recommends escalation to ICS/LAMA/LABA triple therapy.5 NICE guidelines recommend escalation to triple therapy in 
patients who experience one severe (requiring hospitalization) or two moderate exacerbations over the course of a year.6

A similar benefit in terms of frequency and proportion of patients experiencing exacerbations between umeclidinium/vilanterol 
(UMEC/VI), indacaterol/glycopyrronium (IND/GLY) and aclidinium/formoterol (ACL/FOR) was observed in the non-interven-
tional DETECT study.7 The study showed clinical benefits in terms of lung function, quality of life, and early morning symptoms of 
COPD in patients with COPD across multiple sites in Germany, which improved following indexing on UMEC/VI, IND/GLY, and 
ACL/FOR.7 However, there is little evidence comparing LAMA/LABA dual therapies in a UK patient population.

This study compares exacerbation outcomes, healthcare resource utilization (HCRU) and costs in patients with COPD 
newly initiating single-inhaler LAMA/LABA dual therapy with either UMEC/VI or IND/GLY in England in a routine 
primary care setting.

Methods
Study Design
This was a new-user, active comparator, retrospective cohort study (GSK study 214887) using anonymized primary care 
electronic health record data from the Clinical Practice Research Datalink (CPRD-Aurum) linked on a patient level using 
an 8-stage algorithm to secondary care administrative Hospital Episode Statistics (HES) data in England (Figure 1).
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The index date was defined as the date of the first single-inhaler UMEC/VI or IND/GLY prescription within the 
indexing period. The indexing period spanned from 1 January 2015 to 30 September 2019. This ensured that the overall 
study period did not include the severe acute respiratory syndrome coronavirus 2 (COVID-19) pandemic, as management 
of patients with COPD would not be representative during this period and the changes in HCRU were not under study. 
The minimum baseline for assessment of patient characteristics was 12 months before the index date. The follow-up 
period for assessment of clinical endpoints was variable, spanning from the index date to patient death, study period end 
date, or end of patient data availability, up to a maximum of 24 months.

Study Population
Inclusion criteria were applied prior to patient inclusion in the study. Patients needed ≥1 diagnostic code of COPD in 
primary care as an adult (≥35 years of age aligning with guidance from NICE6), ≥1 prescription of single-inhaler 
UMEC/VI or IND/GLY within the indexing period, and forced expiratory volume in one second/forced vital capacity 
(FEV1/FVC) <0.7 at any time prior to and including index date for study inclusion. They also had to have ≥12 months of 
continuous registration with a general practitioner (GP) prior to their index date, and healthcare data which were eligible 
for linkage to HES.

Patients were excluded from the study if they had a diagnosis of a medical condition incompatible with a COPD 
diagnosis at any time prior to and including index date. These included conditions related to lung developmental 
anomalies, degenerative processes such as cystic fibrosis, and other conditions potentially interfering with clinical 
COPD diagnosis or changing the natural history of the disease, such as pulmonary resections (Supplementary Table 1). 
Other exclusion criteria were prescription for both UMEC/VI and IND/GLY at index date, concomitant use of ICS at 
index date (two ICS prescriptions with ≤30-day gap between end of last supply date to subsequent new supply, 
overlapping the index date), and ≥1 prescription of any single-inhaler or open combinations of LAMA/LABA prior to 
index date.

Patients were classified by indexed therapy (UMEC/VI or IND/GLY).

Outcomes
Outcomes were assessed up to a maximum of 24 months after the index date. The primary outcome was rate of moderate- 
to-severe exacerbations in the 6, 12, 18, and 24 months following treatment initiation in patients with COPD newly 
initiating UMEC/VI versus those initiating treatment with IND/GLY.

Secondary outcomes were rate of moderate exacerbations, rate of severe exacerbations, COPD-related and all-cause 
HCRU and direct healthcare costs at 6, 12, 18, and 24 months, and time-to-first on-treatment exacerbation (including 
moderate-to-severe, moderate, and severe exacerbations) up to 24 months. An exploratory endpoint of time-to-triple 
therapy up to 24 months was also investigated.

Figure 1 Study design. 
Abbreviations: GLY, glycopyrronium; IND, indacaterol; UMEC, umeclidinium; VI, vilanterol.
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Statistical Analysis
Differences in baseline characteristics between UMEC/VI and IND/GLY were calculated using t-test (continuous), chi-squared or 
Fisher’s Exact (for categorical), or Mann–Whitney (for ordinal) statistical comparisons. Rates of exacerbation were calculated by 
dividing the number of exacerbations observed by the total days at-risk across all patients, reaching the number of exacerbations 
per person per day. This could then be multiplied to calculate the rate of exacerbation per 1000 persons per day. Non-inferiority 
(NI) of UMEC/VI versus IND/GLY was assessed for the primary endpoint of moderate-to-severe exacerbations via rate ratio (RR) 
of exacerbations at 6, 12, 18, and 24 months; RRs were obtained using a negative binomial regression model. An NI margin of 
10% was prespecified, as differences of >10% are widely regarded as clinically important in related respiratory studies.8 If NI was 
met, superiority was also assessed with a margin of <0. A sample size of 998–1342 and 448–499 patients receiving UMEC/VI and 
IND/GLY, respectively, was determined to be needed to demonstrate NI in the rate of exacerbations between the UMEC/VI and 
IND/GLY cohorts. A sample size of 1392–1875 and 625–696 patients receiving UMEC/VI and IND/GLY, respectively, was 
determined to be needed to demonstrate superiority of UMEC/VI in the rate of exacerbations compared with IND/GLY.

Moderate-to-severe exacerbations were identified according to an existing algorithm previously validated against 
physician notes.9,10 Baseline demographics and clinical characteristics were evaluated and compared between treatment 
cohorts whereby subgroup counts and percentages were calculated for categorical variables, and means and standard 
deviations (SD) were calculated for continuous variables.

Inverse probability of treatment weighting (IPTW) was used whereby weights were derived from the propensity score 
(PS) to create a pseudo-population in which the distribution of covariates in the population is independent of treatment 
assignment. Covariates considered for inclusion in the IPTW model included baseline sociodemographic and clinical 
characteristics, exacerbations, treatment use (including ICS use), and HCRU/costs. Selection of covariates was primarily 
based on background knowledge of the association of pre-treatment variables on the outcomes of interest.

The IPTW model allowed estimation of the average treatment effect in the entire population by accounting for the 
effects of the covariates on the results. Prior to outcomes assessment, covariate balance was assessed using standardized 
mean differences in the unweighted and weighted cohorts, with a standardized difference of <10% in the weighted cohort 
being judged as indicative of adequate balance.11

When evaluating the treatment effect, so as not to increase the probability of a type 1 error, an intention-to-treat (ITT) 
analysis was conducted whereby patients were classified into treatment groups at index and remained in the cohort for 
their indexed treatment for the entire follow-up period (maximum 24 months) and were not censored for any reason other 
than a treatment switch to the comparator treatment.

An on-treatment sensitivity analysis was also conducted whereby patients were classified into treatment groups at 
index and censored at the time of the first prescription for any non-indexed, long-acting maintenance medication, or 
discontinuation of their indexed therapy.

When reporting outcomes, results based on small numbers of patients (n < 5) were suppressed to protect patient 
confidentiality. Secondary suppression was also implemented, where required, to protect primary suppression.

Results
Study Population and Baseline Characteristics
In total, 12,031 eligible patients were included in the study, of whom 8753 (72.8%) were indexed on UMEC/VI and 3278 (27.2%) 
were indexed on IND/GLY. Sample attrition following application of inclusion and exclusion criteria is shown in Figure 2.

Demographic and clinical characteristics for both groups are shown in Table 1. Mean (SD) age at index was 69.6 years (10.7) 
for patients indexed on UMEC/VI and 69.4 years (10.3) for those indexed on IND/GLY. Distribution of patients per region 
differed between treatments. The UMEC/VI treatment group contained a greater proportion of patients from the South Central, 
South West, West Midlands, and Yorkshire and the Humber regions compared with the IND/GLY group, while the IND/GLY 
treatment group contained a greater proportion of patients from the East of England, London, North East, and South East Coast 
than the UMEC/VI group. The treatments included similar proportions of patients from the East Midlands and North West.

The UMEC/VI treatment group also contained more patients in the GOLD grade A category compared with the 
IND/GLY treatment group (43.0% vs 36.7%), and fewer patients across the other grades. A smaller proportion of patients 
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indexed on UMEC/VI had moderate-to-severe exacerbations in the 12 months prior to indexing: 30.6% compared with 
34.2% for IND/GLY. Patients indexed on UMEC/VI also had lower mean (SD) total medical costs per patient, at £158.40 
(163.80) compared with £190.90 (163.60) for those indexed on IND/GLY. LAMA monotherapy usage during baseline 
was also less common for patients indexed on UMEC/VI than those on IND/GLY (46.6% vs 61.4%, respectively). Mean 
(SD) % predicted FEV1 was similar for both treatments, at 61.7 (16.8) for UMEC/VI and 61.1 (17.1) for IND/GLY.

After IPTW, covariates were well balanced for all outcomes with all showing sufficient balance at all timepoints. No 
weighted analysis was done for the exploratory objective time-to-triple therapy.

Moderate-to-Severe Exacerbations
Across all timepoints, the moderate-to-severe exacerbation rates were lower in the UMEC/VI cohort than in the IND/GLY cohort 
in both unweighted and weighted analyses, except for the weighted analysis at 24 months where the rates were equivalent 
(Figure 3A). Unweighted RRs of moderate-to-severe exacerbations (95% confidence interval [CI]) were below 1 at all timepoints, 
ranging from 0.78 (0.70, 0.88) at 6 months, to 0.90 (0.82, 1.00) at 24 months. The weighted RR (95% CI) at 6 months was 0.90 
(0.79, 1.03), 0.97 (0.87, 1.08) at 12 months, 0.96 (0.87, 1.05) at 18 months, and 1.00 (0.89, 1.12) at 24 months (Figure 3B). NI was 

Figure 2 Sample attrition. 
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; GLY, glycopyrronium; GP, general 
practitioner; HES, Hospital Episode Statistics; ICS, inhaled corticosteroid; IND, indacaterol; LABA, long-actingβ2-agonist; LAMA, long-acting muscarinic antagonist; UMEC, 
umeclidinium; VI, vilanterol.
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Table 1 Baseline Patient Characteristics

Characteristic UMEC/VI 
(N=8753)

IND/GLY 
(N=3278)

p-value

Agea, years, mean (SD) 69.6 (10.7) 69.4 (10.3) 0.2769

Female, n (%) 3875 (44.3) 1510 (46.1) 0.0801

BMIb, mean (SD)a 27.3 (6.2) 27.1 (6.1) 0.0890

Smoking statusa, n (%)
Current smoker 4782 (54.6) 1768 (53.9) 0.8974
Former smoker 3768 (43.0) 1436 (43.8)

Non-smoker 193 (2.2) NRc

Unknown 10 (0.1) NRc

Patient region, n (%)
East Midlands 96 (1.1) 54 (1.6) <0.0001
East of England 254 (2.9) 152 (4.6)

London 703 (8.1) 511 (15.6)

North East 158 (1.8) 402 (12.3)
North West 1880 (21.6) 724 (22.1)

South Central 928 (10.7) 144 (4.4)

South East Coast 607 (7.0) 386 (11.8)
South West 1762 (20.3) 473 (14.4)

West Midlands 1535 (17.7) 253 (7.7)

Yorkshire And The Humber 767 (8.8) 175 (5.3)

% predicted FEV1, mean (SD)d 61.7 (16.8) 61.1 (17.1) 0.1372

GOLD 2019 grade, n (%)
A 3514 (43.0) 1116 (36.7) <0.0001

B 2950 (36.1) 1171 (38.5)
C 873 (10.7) 366 (12.0)

D 835 (10.2) 392 (12.9)

MRC Dyspnea Scale score in baseline periode, n (%)
1f 848 (9.7) 292 (8.9) <0.0001

2 3539 (40.4) 1190 (36.3)
3 2698 (30.8) 1099 (33.5)

4 966 (11.0) 391 (11.9)

5g 121 (1.4) 73 (2.2)
Unknown 581 (6.6) 233 (7.1)

Comorbidities, n (%)
Depression 2811 (32.1) 1068 (32.6) 0.6299

Anxiety 1764 (20.2) 687 (21.0) 0.3341

Gastroesophageal reflux disease 1672 (19.1) 712 (21.7) 0.0014
Acute myocardial infarction 927 (10.6) 392 (12.0) 0.0332

Congestive heart failure 782 (8.9) 328 (10.0) 0.0713

Stroke 957 (10.9) 363 (11.1) 0.8187
Bronchiectasis 251 (2.9) 104 (3.2) 0.3969

Dementia/cognitive impairment 635 (7.3) 245 (7.5) 0.6942

Rheumatoid/Osteoarthritis 2949 (33.7) 1136 (34.7) 0.3200
Lung cancer 80 (0.9) 60 (1.8) <0.0001

Diabetes 1849 (21.1) 690 (21.0) 0.9400

(Continued)
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met for UMEC/VI at every timepoint apart from 24 months, where the rates were equivalent. Across all timepoints, superiority 
was not observed for any comparison. On-treatment sensitivity analyses showed similar results (Supplementary Table 2). In the 12 
and 24 months post-index, the number of exacerbations for both treatment groups was similar with a mean number (SD) of 0.4 
(0.7) and 0.4 (0.8) at 12 months and 0.3 (0.7) for both groups at 24 months. The proportion of patients with exacerbations in the 12 
months post index was 26.8% for those indexed on UMEC/VI and 30.2% for those indexed on IND/GLY. At 24 months post 
index, the proportion of patients with exacerbations was 20.2% for those on UMEC/VI and 23.5% for those on IND/GLY (data not 
shown).

Moderate Exacerbations
At all timepoints, unweighted rates of moderate exacerbations for UMEC/VI were consistently lower than for IND/GLY 
(Supplementary Table 3). Unweighted RRs were below 1 at all timepoints, while weighted RRs were above 1 at 6 and 12 
months post-indexing, and equivalent at 18 and 24 months (Figure 4). On-treatment sensitivity analyses showed similar 
results (Supplementary Table 2).

Table 1 (Continued). 

Characteristic UMEC/VI 
(N=8753)

IND/GLY 
(N=3278)

p-value

≥1 exacerbation 12 months prior indexing, n (%)
Moderate-to-severe exacerbation 2676 (30.6) 1121 (34.2) 0.0002

Moderate exacerbation 2052 (23.4) 870 (26.5) 0.0005

Severe exacerbation 803 (9.2) 366 (11.2) 0.0012

Respiratory therapies received during baseline, n (%)
No use 723 (8.3) 177 (5.4) <0.0001
Any use 8030 (91.7) 3101 (94.6)

ICS (not overlapping LABA or SABA)h 179 (2.0) 67 (2.0) >0.9999

LABA (not overlapping ICS)h 781 (8.9) 268 (8.2) 0.2040
LAMAh 4075 (46.6) 2012 (61.4) <0.0001

ICS/LABA (FDC and open)h 883 (10.1) 317 (9.7) 0.5163

SABA (not overlapping SAMA)h 7102 (81.1) 2769 (84.5) <0.0001
SAMA (not overlapping SABA or ICS)h 215 (2.5) 48 (1.5) 0.0007

SAMA/SABA (FDC and open)h 268 (3.1) 84 (2.6) 0.1622

ICS/SABA (FDC and open)h 1006 (11.5) 379 (11.6) 0.9233
Xanthine 20 (0.2) 12 (0.4) 0.2312

Inhaled therapy immediately prior to index, n (%)
LAMA only 4317 (49.3) 2053 (62.6) <0.0001

LABA only 832 (9.5) 264 (8.1)
ICS only 499 (5.7) 148 (4.5)

ICS/LABA 1063 (12.1) 302 (9.2)

None of the above 2042 (23.3) 511 (15.6)

HCRUi

Number of primary care visits, mean (SD) 2.2 (1.7) 2.4 (2.0) <0.0001
Number of hospitalizations, mean (SD) 0.1 (0.4) 0.2 (0.6) <0.0001

Number of A&E visits, mean (SD) 0.1 (0.3) 0.1 (0.5) <0.0001

Total medical costsi, (GBP), mean (SD) 158.4 (163.8) 190.9 (163.6) <0.0001

Notes: aAt index; bUMEC/VI: n=8631; IND/GLY: n=3218; cresults based on small numbers of patients (n<5) were suppressed as well as related values to 
protect primary suppression; dUMEC/VI: n=6805; IND/GLY: n=2536; emost recent score in the 24 months prior to index; fnot troubled by breathlessness 
except on strenuous exercise; gtoo breathless to leave the house; hpercentages calculated for the full cohort; iat baseline. 
Abbreviations: A&E, Accident and Emergency; BMI, body mass index; FDC, fixed-dose combination; FEV1, forced expiratory volume in 
one second; GBP, British Pound Sterling; GOLD, Global Initiative for Chronic Obstructive Lung Disease; GLY, glycopyrronium; HCRU, 
healthcare resource utilization; ICS, inhaled corticosteroid; IND, indacaterol; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic 
antagonist; MRC, Medical Research Council; NR, Not reported; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist; SD, 
standard deviation; UMEC, umeclidinium; VI, vilanterol.
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Severe Exacerbations
Across all timepoints, the severe exacerbation rates were lower in the UMEC/VI cohort than in the IND/GLY cohort in 
both unweighted and weighted analyses (Supplementary Table 4). Unweighted and weighted RRs of severe exacerbations 
were both consistently below 1; it was statistically significant at 6 months (Figure 5). On-treatment sensitivity analyses 
showed RRs remaining <1 at all timepoints (Supplementary Table 2).

Time-to-First On-Treatment Exacerbation
Time-to-first on-treatment exacerbation (moderate-to-severe, moderate, and severe exacerbations) occurred at a steady 
and relatively unchanging rate from indexing until 24 months post-indexing for both unweighted and weighted analyses; 
median survival (the point at which half of patients had experienced an on-treatment exacerbation) was not reached for 

Figure 3 (A) Rate and (B) rate ratio of moderate-to-severe exacerbations at 6, 12, 18, and 24 months. 
Abbreviations: CI, confidence interval; GLY, glycopyrronium; IND, indacaterol; UMEC, umeclidinium; VI, vilanterol.
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either treatment (Supplementary Figure 1). In general, unweighted and weighted analyses showed no significant 
difference between UMEC/VI and IND/GLY in time-to-first on-treatment exacerbation, with the only exception being 
unweighted time-to-severe exacerbation, which was significantly greater for UMEC/VI versus IND/GLY (Figure 6). 
On-treatment sensitivity analyses showed similar results (Supplementary Table 2).

HCRU
In general, at 6 months post-indexing, the incidence rates of COPD-related and all-cause HCRU were lower among 
patients indexed on UMEC/VI than on those indexed on IND/GLY, with the exception of all-cause prescriptions 
(Supplementary Table 5). Statistical significance was met for number of all-cause A&E visits and COPD-related inpatient 
stays. After IPTW, at 6 months post-indexing, the weighted RRs were largely below 1, but only all-cause A&E visits and 
COPD-related inpatient stays were statistically significant in favor of UMEC/VI (Figure 7). A similar trend was observed 
at 12, 18, and 24 months post-indexing (Supplementary Table 5). On-treatment sensitivity analyses showed similar 
results for all elements except all-cause inpatient stays and A&E visits (Supplementary Table 2).

Figure 4 Rate ratio of moderate exacerbations at 6, 12, 18, and 24 months. 
Abbreviations: CI, confidence interval; GLY, glycopyrronium; IND, indacaterol; UMEC, umeclidinium; VI, vilanterol.

Figure 5 Rate ratio of severe exacerbations at 6, 12, 18, and 24 months. 
Abbreviations: CI, confidence interval; GLY, glycopyrronium; IND, indacaterol; UMEC, umeclidinium; VI, vilanterol.
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Figure 6 Hazard ratio of time-to-first moderate-to-severe, moderate, or severe exacerbation. 
Abbreviations: CI, confidence interval; GLY, glycopyrronium; IND, indacaterol; UMEC, umeclidinium; VI, vilanterol.

Figure 7 Rate ratios for (A) COPD-related and (B) all-cause HCRU at 6 months. 
Abbreviations: A&E, Accident and Emergency; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GLY, glycopyrronium; GP, general practitioner; 
HCRU, healthcare resource utilization; IND, indacaterol; UMEC, umeclidinium; VI, vilanterol.
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Direct Treatment Costs
At 6 months post-indexing, COPD-related and all-cause costs per-patient per-year were lower for all HCRU elements 
among patients indexed on UMEC/VI than for patients indexed on IND/GLY in both unweighted and weighted analyses 
(Supplementary Table 6). Patients indexed on UMEC/VI had significantly lower costs for inpatient stays and A&E visits 
versus IND/GLY in unweighted (COPD-related and all-cause costs) and weighted analyses (all-cause costs) (Figure 8). 
Lower costs for inpatient stays and A&E visits were also observed at 12, 18, and 24 months post-indexing 
(Supplementary Table 6). Total COPD-related costs were numerically lower and all-cause costs were significantly 
lower for patients indexed on UMEC/VI than IND/GLY at all timepoints (Figure 9, Supplementary Table 6). 
On-treatment sensitivity analyses showed similar results (Supplementary Table 2).

Time-to-Triple Therapy
Time-to-triple therapy was similar for patients indexed on UMEC/VI and IND/GLY. Approximately 9% of patients had 
escalated to triple therapy by 6 months post-indexing, 15% by 12 months and 20% by 18 months, irrespective of indexed 
treatment. Median survival was not reached for either indexed treatment (Supplementary Figure 2).

Figure 8 Incidence rates for (A) COPD-related and (B) all-cause costs by HCRU at 6 months. 
Abbreviations: A&E, Accident and Emergency; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GLY, glycopyrronium; GP, general practitioner; 
HCRU, healthcare resource utilization; IND, indacaterol; UMEC, umeclidinium; VI, vilanterol.
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Discussion
In this study, we demonstrated NI on the rate of moderate-to-severe exacerbations in patients with COPD newly 
prescribed UMEC/VI versus IND/GLY in England. Across all timepoints, the rate of moderate-to-severe exacerbations 
was lower with UMEC/VI than with IND/GLY in both unweighted and weighted analyses, except for the weighted 
24-month analysis where rates were equivalent. Treatment with UMEC/VI may result in a greater reduction of severe 
exacerbations in comparison with IND/GLY, as evidenced by the significantly lower incidence rates of UMEC/VI at 6 
months post-indexing. This was possibly due to a reduced delay in accrued long-term benefit of treatment compared with 
IND/GLY.

The demonstration of NI of UMEC/VI in moderate-to-severe exacerbations in this study is in line with the non- 
interventional DETECT study, which reported no significant difference in the frequency of overall exacerbations between 
patients indexed on UMEC/VI and those indexed on IND/GLY.7

Two network meta-analyses including 16 randomized controlled trials and 49 studies, respectively, also found no 
significant differences in the number of moderate-to-severe exacerbations over at least 48 weeks12 or annualized 
moderate-to-severe exacerbation rates over 24 weeks13 between UMEC/VI and IND/GLY. Our study therefore supports 
previous findings concerning similarity between UMEC/VI and IND/GLY in moderate-to-severe exacerbations 
specifically.

Figure 9 Rate ratios for (A) COPD-related and (B) all-cause total costs at 6, 12, 18, and 24 months. 
Abbreviations: A&E, Accident and Emergency; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GLY, glycopyrronium; GP, general practitioner; IND, 
indacaterol; UMEC, umeclidinium; VI, vilanterol.
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There were no significant differences in weighted comparisons between cohorts for time-to-first on-treatment 
exacerbation regardless of exacerbation severity. These results suggest that despite the numerical reduction in rate of 
moderate-severe exacerbations for UMEC/VI versus IND/GLY in the 2 years following treatment initiation, there is no 
delay between treatments as to when the exacerbations begin. This is in line with a recent network meta-analysis which 
found similar results for UMEC/VI, IND/GLY and GLY/formoterol in hazard ratio of time-to-first exacerbation.13 The 
results presented here also support findings from a recent cohort study that collected data from patients with COPD in 
Taiwan, which found comparable time-to-first exacerbation rates between UMEC/VI and IND/GLY, along with lower 
annualized exacerbation rates with UMEC/VI versus IND/GLY.14

Time-to-triple therapy was similar between indexed treatments. Given the similarity in baseline demographic and 
clinical characteristics between the treatment groups, as well as comparable rates of exacerbations and time-to-first 
exacerbation, it is unsurprising that there was not a significant difference in time-to-triple therapy between the treatments, 
as a step up to triple therapy is recommended by both the GOLD strategic report and NICE guidelines for patients on 
LAMA/LABA dual therapy who continue to experience exacerbations.5,6 In this study, UMEC/VI was associated with 
a reduced rate of COPD-related inpatient stays and all-cause A&E visits, significantly lower all-cause medical costs, and 
numerically lower COPD-related medical costs than IND/GLY. The lower costs reported here may suggest that 
UMEC/VI is more effective than IND/GLY at lowering the burden of healthcare for patients with COPD, particularly 
regarding inpatient stays, which have been shown to drive COPD-related costs for patients with COPD newly initiating 
treatment with a LAMA/LABA in primary care in England.15

This study had several strengths. Firstly, an extensive and robust process was used to identify suitable covariates for 
inclusion into the PS models, ensuring that covariate balance in all models presented was sufficient for effective 
comparison of the groups. The suitability of the covariates used is demonstrated by the finding that across all objectives, 
PS models achieved high or satisfactory balance across all covariates once weighting had been applied. Secondly, use of 
IPTW to adjust for relevant covariates allowed for effective direct comparison between the two cohorts included in this 
study, despite the use of observational data. Finally, electronic medical records such as CPRD-Aurum represent an 
observation of effects in the real-world rather than under optimal conditions, providing the findings of this study with 
relevance in clinical practice.16

Limitations of this study included generalizability of results to the wider UK population being potentially impacted as 
the linkage to HES data reduces the patient sample to only those registered at a GP practice in England, and CPRD- 
Aurum data covers <10% of UK practices, although the sample population is considered highly representative of the UK 
population.17 There was also missing secondary care data due to poor linkage from outpatient HES data to CPRD- 
Aurum, although as most treatments initially prescribed in secondary care are continued in primary care. As such, this 
may not have been greatly consequential but may have led to the index date being slightly later than actual initiation of 
dual therapy in some cases. Also, patients with recorded asthma diagnoses were not excluded from this study so as not to 
exclude those with asthma-COPD overlap syndrome, possibly increasing the risk of misclassification due to reduced 
diagnostic accuracy of COPD for patients with asthma.18 It also cannot be known for certain that medication was 
specifically prescribed for treatment of COPD, as many COPD medications can also be indicated to treat asthma, 
although a diagnosis of COPD was required for patient inclusion in this study, in line with a definition of COPD validated 
against patient notes.18 Further, head-to-head clinical studies would provide additional evidence to confirm the findings 
from retrospective database studies.

Conclusions
Across all timepoints, the incidence rates of exacerbations were lower in the UMEC/VI cohort than in the IND/GLY 
cohort in both unweighted and weighted analyses, except for the weighted 24-month analysis where the rates were 
equivalent. In this study, UMEC/VI demonstrated NI to IND/GLY with regard to moderate-to-severe exacerbation 
reduction at 6, 12, and 18 months post-indexing. These results support previous findings demonstrating similarity 
between UMEC/VI and IND/GLY in effectiveness concerning reduction of moderate-to-severe exacerbations after 
treatment initiation.
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Abbreviations
A&E, Accident and Emergency; ACL, aclidinium; BMI, body mass index; CI, confidence interval; COPD, chronic 
obstructive pulmonary disease; COVID, coronavirus; CPRD, Clinical Practice Research Datalink; FDC, fixed-dose 
combination; FEV1, forced expiratory volume in one second; FOR, formoterol; FVC, forced vital capacity; GBP, British 
Pound Sterling; GLY, glycopyrronium; GOLD; Global Initiative for Chronic Obstructive Lung Disease; GP, general 
practitioner; HCRU, healthcare resource utilization; HES; Hospital Episode Statistics; ICS; inhaled corticosteroid; IND, 
indacaterol; IPTW, inverse probability of treatment weighting; ITT, intention-to-treat; LABA, long-acting β2-agonist; 
LAMA, long-acting muscarinic antagonist; MRC, Medical Research Council; NHS, National Health Service; NI, 
noninferiority; NICE, National Institute for Health and Care Excellence; PS, propensity score; RR, rate ratio; SABA, 
short-acting β2-agonist; SAMA, short-acting muscarinic antagonist; SD, standard deviation; UK, United Kingdom; UMEC; 
umeclidinium; VI, vilanterol.
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