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Background: Umeclidinium bromide (UMEC) and umeclidinium/vilanterol (UMEC/VI) 
received European approval for maintenance treatment of patients with chronic obstructive 
pulmonary disease (COPD) in 2014. This study examined prescribing patterns, possible off- 
label prescribing, potential safety-related outcomes and adherence of these medications in 
routine clinical practice post-approval.
Methods: This retrospective, multi-database, longitudinal observational study of new users 
of UMEC, UMEC/VI, or other long-acting bronchodilators (LABD) analyzed data from UK 
electronic health record databases (primary care cohort), linked to hospital data (linked 
cohort). Off-label prescribing, safety outcomes (cardiovascular, respiratory, and mortality), 
treatment patterns, and medication adherence were assessed.
Results: In the primary care cohort (new users of UMEC n=3875; UMEC/VI n=2224; other 
LABD n=32,809), two-thirds of UMEC users were prescribed concomitant inhaled corticos-
teroids/long-acting β2-agonists. Possible off-label prescribing, defined as use in patients 
without COPD, was similar for UMEC (7.0%) and UMEC/VI (8.8%), but higher for new 
users of other LABD (18.0%). There were 547 UMEC users and 512 UMEC/VI users in the 
linked cohort. In both cohorts, incidence rates (IRs) of cardiovascular outcomes were similar 
for UMEC and UMEC/VI users (myocardial infarction IR per 1000 person-years [95% CIs]: 
UMEC 6.9 [4.4, 10.2]; UMEC/VI 6.8 [3.5, 11.9]). IRs of pneumonia and acute COPD 
exacerbations (AECOPD) were slightly higher among UMEC users compared with 
UMEC/VI users (AECOPD IR per 1000 person-years [95% CIs]: UMEC 979 [931, 1030]; 
UMEC/VI 746 [687, 811]). Adherence (medication possession ratio ≥80%) was 64% for 
UMEC and UMEC/VI.
Conclusion: Most new users of UMEC were receiving multiple-inhaler triple therapy. Off- 
label prescribing was uncommon for new users of UMEC and UMEC/VI. Incidence of 
cardiovascular and respiratory outcomes was as expected for these drug classes. This study 
provides evidence that UMEC and UMEC/VI are being prescribed appropriately and their 
safety profile remains unchanged.
Keywords: chronic obstructive pulmonary disease, electronic medical records, long-acting 
β2-agonist, long-acting muscarinic antagonist, umeclidinium, umeclidinium/vilanterol

Plain Language Summary
Why Was the Study Done?
Umeclidinium bromide (UMEC) and umeclidinium/vilanterol (UMEC/VI) are inhaled long- 
acting bronchodilator medications that relax the airways and improve breathing; they were 
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approved for the treatment of patients with chronic obstructive 
pulmonary disease (COPD) in 2014. Clinical trials demonstrated 
that UMEC and UMEC/VI improve patients’ COPD and there were 
no major safety concerns. However, studies in routine care have yet 
to investigate if doctors are prescribing these treatments off-label 
(for use in a way not specified in the approval of the treatments), 
how often adverse medical events occur, and if patients are taking 
these treatments according to prescribed instructions (adherence).

What Did the Researchers Do and Find?
Information from UK electronic health record databases 
was analyzed. Possible off-label prescribing occurred 
infrequently for both UMEC and UMEC/VI. The rates of 
cardiovascular events were similar for patients taking 
UMEC or UMEC/VI; the rates of pneumonia and COPD 
exacerbations (flare-ups) were slightly higher for patients 
taking UMEC compared with UMEC/VI. The level of 
adherence to taking UMEC and UMEC/VI was similar.

What Do These Results Mean?
In the UK, UMEC and UMEC/VI are being prescribed 
appropriately for patients with COPD and their safety 
profile remains unchanged.

Introduction
The aims of pharmacological treatment in patients with 
chronic obstructive pulmonary disease (COPD) are to 
reduce symptom burden, prevent exacerbations and dete-
rioration, reduce mortality, and improve exercise toler-
ance and health status.1 The Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) recommends long- 
acting bronchodilator (LABD) monotherapy (a long- 
acting muscarinic antagonist [LAMA] or a long-acting 
β2-agonist [LABA]) as initial maintenance therapy for 
most patients with COPD.1 In patients with severe symp-
toms or persistent exacerbations, treatment can be 
stepped up to dual (LAMA/LABA or inhaled corticoster-
oid [ICS]/LABA) or triple (ICS/LAMA/LABA) therapy.1 

With the exception of tiotropium, neither LAMAs nor 
LAMA/LABA dual therapies are approved or recom-
mended for maintenance treatment of patients with 
asthma.2,3

Umeclidinium bromide (UMEC), a LAMA monotherapy, 
and umeclidinium/vilanterol (UMEC/VI), a LAMA/LABA 
dual therapy, received European approval for maintenance 
treatment of patients with COPD in 2014.4,5 The efficacy 
and safety of UMEC and UMEC/VI in COPD have been 
established in clinical trials,6–13 but further investigation of 

their utilization in the early post-approval period is needed to 
assess appropriate prescribing and confirm the safety of 
UMEC and UMEC/VI in routine clinical practice. To address 
this need, this study aimed first to quantify off-label prescrib-
ing among new users of UMEC/VI, UMEC, and other LABDs 
and to describe these patients in terms of clinical characteris-
tics, disease severity, comorbidities, and previous and conco-
mitant treatment. The second aim was to measure the 
incidence of potential safety-related outcomes among new 
users of these drug classes, such as major cardiovascular and 
cerebrovascular events, pneumonia, acute exacerbations of 
COPD (AECOPD), and mortality. Furthermore, the study 
aimed to describe adherence among new users of UMEC/VI 
or UMEC with ≥12 months of follow-up.

Materials and Methods
Study Design and Sources of Data
This was a retrospective, multi-database, observational study 
of patients included in two UK electronic health record 
(EHR) databases: Clinical Practice Research Datalink 
GOLD (CPRD GOLD) and The Health Improvement 
Network (THIN). More details about these databases are 
presented in Supplementary materials. To avoid duplication, 
data from THIN were removed from practices that contrib-
uted to both databases. To facilitate the assessment of out-
comes that were diagnosed and/or treated in a hospital 
inpatient setting and mortality, a subset of patients in CPRD 
GOLD was linked to pseudonymized Hospital Episode 
Statistics (HES) and Office of National Statistics (ONS) 
data. Patients were eligible for linkage if they were registered 
in English practices contributing to the linkage scheme, had 
a valid National Health Service (NHS) number, and had not 
dissented from data transfer to NHS Digital (the third-party 
provider of linkage).

The study population consisted of patients who were 
newly prescribed UMEC, UMEC/VI or another LABD in 
the UK between July 1, 2014 and June 30, 2016 (Figure 1). 
New use was defined as never previously having 
a prescription for the treatment. The index date was defined 
as the date of new use of UMEC/VI, UMEC or other LABD 
prescription within the inclusion period. Inclusion criteria 
and drugs included in “other LABD” are shown in 
Supplementary materials. A single patient could contribute 
to one or more qualifying index medication cohorts. 
Concomitant respiratory therapies at index were permitted 
and were defined as two or more continuous prescriptions 
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that started up to and including 30 days after the index date 
and overlapped for ≥30 days with the index treatment.

Study Cohorts and Diagnosis Subgroups
The main study cohort was the “primary care” cohort, which 
consisted of all eligible patients included from the CPRD 
GOLD and THIN EHRs. The primary and secondary care 
“linked cohort” consisted of patients from the CPRD GOLD 
who were eligible for linkage to HES and ONS data.

All patients were classified into diagnosis subgroups 
based on a recorded diagnosis of COPD (in patients ≥35 
years of age), asthma, or “other” (neither COPD nor asthma) 
at any time in the patient’s history until the end of the study.

Outcomes
Off-label prescribing was defined as prescribing of 
UMEC, UMEC/VI or other LABD in patients without 
evidence of COPD. However, there were two exemptions 
to this to allow for acceptable prescribing use:

1. Patients in the other LAMA subgroup without evidence 
of COPD but with evidence of asthma who entered the 
study on or after September 13, 2014, with an index 
prescription for tiotropium 2.5 µg AND a concurrent 
prescription for ICS/LABA. This was implemented to 
account for the authorization of tiotropium as an add-on 
therapy for the treatment of asthma in patients with 
exacerbations in September 2014.3

2. Patients in the other LABA subgroup without evi-
dence of COPD but with evidence of asthma who 

entered the study with an index prescription for 
other LABA AND were receiving concomitant 
ICS at index date.

Potential safety outcomes (cardiovascular outcomes, 
respiratory outcomes, and mortality) related to these drug 
classes were identified from primary care records, and 
where applicable from linked hospitalization (HES) data. 
Primary care data, and links to death registration data 
(ONS) were used to ascertain deaths from all causes, and 
from cardiovascular causes.

Cardiovascular outcomes included:

1. Myocardial infarction (MI) or stroke (including 
transient ischemic attack) in all patients. Events 
occurring within 7 days were considered the same 
episode.

2. Congestive heart failure (CHF) among patients with 
no prior history.

Respiratory outcomes included:

1. Pneumonia. Events occurring within 28 days were 
considered the same episode.

2. AECOPD based on a validated algorithm that 
included diagnosis codes for AECOPD, information 
on lower respiratory tract infections and related 
symptoms, and prescriptions for antibiotics and/or 
oral corticosteroids around the same time.14,15 

Events occurring within 14 days were considered 
the same episode.

Figure 1 Study design. aAmong patients who discontinued index medication, all person-time from the discontinuation date up to the censoring date, or up to the date of 
resumption of the index medication (if applicable), was classified as not currently exposed. 
Abbreviations: GP, general practitioner; LABD, long-acting bronchodilator; UMEC, umeclidinium; UMEC/VI, umeclidinium/vilanterol.
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Mortality outcomes included:

1. Deaths from any cause identified in the primary 
care and in the linked cohort.

2. Cardiovascular deaths (only identified in the linked 
cohort using death registration data as causes of 
death are not recorded in primary care data).

New users of UMEC and UMEC/VI were classified into 
mutually exclusive treatment pattern groups based on pre-
scription records (only the first change in treatment was 
considered). For patients who were taking a concomitant 
COPD maintenance therapy at index, four treatment pat-
terns were defined for the 12-month follow-up period: 
continuous use of both treatments; discontinuation of 
index treatment; discontinuation of concomitant treatment; 
discontinuation of both treatments on the same day. For 
patients not taking a concomitant COPD maintenance 
therapy at index, six mutually exclusive treatment patterns 
were defined (Supplementary Figure 1).

Treatment adherence was assessed during the 12 
months following the index prescription of UMEC or 
UMEC/VI in patients with at least 12 months’ follow-up. 
Two complementary methods of calculating adherence 
were used: medication possession ratio (MPR), and pro-
portion of days covered (PDC) (Supplementary materials), 
and adherence was defined as ≥80% for both measures.

Data Analyses
This was a descriptive study; treatment groups were not 
balanced and no formal statistical comparisons between 
groups were conducted. Analyses were performed using 
Stata (StataCorp; College Station, TX). Off-label prescribing 
was analyzed for all patients prescribed index treatment of 
UMEC, UMEC/VI, or other LABD in the primary care 
cohort. Safety outcomes were analyzed for new users of 
UMEC or UMEC/VI for the primary care and linked cohorts. 
The main safety analysis was during the exposure to the 
index medication (“on-treatment”) and was stratified by con-
current ICS use. In addition, two sensitivity analyses were 
performed, one taking into account the whole follow-up time 
(“intention-to-treat”), which was also stratified by concurrent 
ICS use; and another, taking into account the time of expo-
sure to concomitant COPD maintenance therapy.

Total number of events were analyzed for stroke, MI, 
and pneumonia; however, incidence rates (IRs) were only 
calculated for first events. CHF was only analyzed in 
patients without a history of CHF and only the first event 

was counted. First and all subsequent AECOPD episodes 
were considered in event rate calculations and event counts; 
IRs and 95% confidence intervals (CI) were calculated 
using negative binomial regression to account for additional 
inter-individual variation in baseline risk. Adherence was 
analyzed for patients in the primary care cohort with ≥12 
months of follow-up. The mean and standard deviation 
(SD) MPR and PDC, and the proportion of adherent 
patients (defined as MPR or PDC ≥80%), were calculated.

Results
Patient Demographics and Clinical 
Characteristics
In the primary care cohort, there were 3875 new users of 
UMEC, 2224 new users of UMEC/VI, and 32,809 new 
users of other LABDs. The mean (SD) follow-up time was 
565.3 (268.6) days. The linked cohort comprised 547 new 
users of UMEC, 512 new users of UMEC/VI, and 10,590 
new users of other LABD. The mean (SD) follow-up time 
was 493.3 (286.1) days.

In the primary care cohort, the three treatment groups 
had similar characteristics; however, a greater proportion of 
new users of other LABDs were under 35 years of age and 
had never smoked and a smaller proportion had pre-existing 
cardiovascular disease compared with new users of UMEC 
and UMEC/VI (Table 1). New users of UMEC had a higher 
rate of moderate COPD exacerbations in the year prior to 
index date than new users of UMEC/VI and other LABD 
(Table 1). The baseline demographics of the linked cohort 
(all from English practices) were similar to the total primary 
care cohort (of which, 45.9% [17867/38908] were from 
English practices) (Supplementary Table 1).

In the 12 months prior to index date, a greater proportion 
of new users of UMEC received short-acting bronchodila-
tors or a fixed-dose combination of ICS/LABA versus users 
of UMEC/VI and other LABD (Figure 2A). At index date, 
68.3% (2648/3875) of new users of UMEC were prescribed 
concomitant maintenance treatment compared with 21.8% 
(485/2224) of UMEC/VI users. A high proportion of UMEC 
users were taking ICS/LABA medications (Figure 2B) and 
were therefore stepping up to multiple-inhaler triple therapy 
(MITT) or switching to UMEC from another LAMA. 
Among UMEC users, patients with and without concomi-
tant treatment were similar in terms of age, sex, smoking 
status, and body mass index (BMI); however, patients pre-
scribed concomitant medications had a higher incidence of 
moderate COPD exacerbations in the 12 months prior to 
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Table 1 Demographic Characteristics and Comorbidities at Baseline in the Primary Care Cohort

Characteristics UMEC (n=3875) UMEC/VI (n=2224) Other LABD (n=32,809)

Age at index, mean years (SD) 68.8 (10.8) 69.0 (10.7) 65.7 (14.9)

Age category, years, n (%)

<18 years 0 (0) 0 (0) 609 (1.9)
18−34 years 16 (0.4) 6 (0.3) 600 (1.8)

35−64 years 1237 (31.9) 686 (30.8) 11,863 (36.2)
≥65 years 2622 (67.7) 1532 (68.9) 19,737 (60.2)

Female, n (%) 1984 (51.2) 1055 (47.4) 16,723 (51.0)

Smoking status, n (%)

Current smoker 1656 (42.7) 883 (39.7) 13,107 (39.9)
Ex-smoker 1886 (48.7) 1152 (51.8) 14,435 (44.0)

Never smoker 332 (8.6) 188 (8.5) 4947 (15.1)

Missinga 1 (0) 1 (0) 320 (1.0)

BMI mean kg/m2 (SD) 27.9 (6.5) 28.4 (6.4) 28.0 (6.7)

Underweight (<18.5 kg/m2), n (%) 189 (4.9) 82 (3.7) 1367 (4.2)
Normal (18.5−24.9 kg/m2), n (%) 1162 (30.0) 615 (27.7) 9680 (29.5)

Overweight (25.0−29.9 kg/m2), n (%) 1228 (31.7) 732 (32.9) 9987 (30.4)

Obese (≥30 kg/m2), n (%) 1244 (32.1) 770 (34.6) 10,326 (31.5)
Missinga, n (%) 52 (1.3) 25 (1.1) 1449 (4.4)

Comorbiditiesb, n (%)
Cardiovascular disease 2510 (64.8) 1453 (65.3) 19,711 (60.1)

Prescription for a beta-blocker 707 (18.2) 485 (21.8) 6391 (19.5)

Pneumonia 284 (7.3) 160 (7.2) 2312 (7.0)
Gastroesophageal disease 890 (23.0) 525 (23.6) 7440 (22.7)

Diabetes 753 (19.4) 410 (18.4) 5863 (17.9)

Kidney disease 826 (21.3) 438 (19.7) 5883 (17.9)
Cancer 564 (14.6) 313 (14.1) 4287 (13.1)

“Moderate” COPD exacerbations in the previous yearc

Rate per 1000 person-years (95% CI) 1091 (1058, 1124) 769 (734, 807) 830 (820, 840)

0 events, n (%) 1826 (47.1) 1257 (56.5) 17,629 (53.7)

1 event, n (%) 984 (25.4) 563 (25.3) 8535 (26.0)
≥2 events, n (%) 1065 (27.5) 404 (18.2) 6645 (20.3)

Dyspnea, mean (SD) 2.8 (1.0) 2.7 (0.9) 2.6 (1.0)
MRC grade 1, n (%) 196 (6.5) 100 (5.9) 1643 (9.2)

MRC grade 2, n (%) 1070 (35.5) 680 (40.4) 7091 (39.8)

MRC grade 3, n (%) 1018 (33.7) 585 (34.8) 5586 (31.4)
MRC grade 4, n (%) 629 (20.8) 278 (16.5) 2935 (16.5)

MRC grade 5, n (%) 105 (3.5) 40 (2.4) 545 (3.1)

Missinga, n (%) 1186 (30.6) 599 (26.9) 12,200 (37.2)

FEV1 % predicted, mean (SD) 58.1 (19.2) 60.0 (19.0) 59.8 (19.4)

Mild, Grade 1 (≥80%), n (%) 329 (12.2) 226 (13.9) 2882 (14.0)
Moderate, Grade 2 (≥50% to <80%), n (%) 1427 (53.1) 915 (56.3) 11,312 (54.9)

Severe, Grade 3 (≥30% to <50%), n (%) 768 (28.6) 401 (24.7) 5266 (25.6)

Very severe, Grade 4 (<30%), n (%) 165 (6.1) 83 (5.1) 1149 (5.6)
Missinga, n (%) 1186 (30.6) 599 (26.9) 12,200 (37.2)

(Continued)
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index date (1336 per 1000 person-years [95% CI: 1293, 
1381] vs 560 per 1000 person-years [95% CI: 520, 603]), 
had more severe dyspnea (29.2% vs 12.8% with medical 

research council [MRC] grade 4 or 5) and worse lung 
function (41.2% vs 19.9% with forced expiratory volume 
in 1 second [FEV1] % predicted <50%). New users of 

Figure 2 Previous (A) and concomitant (B) use of inhaled COPD maintenance therapy at index in the primary care cohort. 
Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting β2-agonist; LABD, long-acting bronchodilator; LAMA, long-acting muscarinic antagonist; OCS, oral 
corticosteroids; SABD, short-acting bronchodilator; UMEC, umeclidinium; UMEC/VI, umeclidinium/vilanterol.

Table 1 (Continued). 

Characteristics UMEC (n=3875) UMEC/VI (n=2224) Other LABD (n=32,809)

FEV1/FVC ratio, mean (SD) 58.9 (15.9) 60.4 (14.1) 62.1 (15.6)

<70%, n (%) 1752 (79.1) 1130 (77.8) 12,866 (72.1)

≥70%, n (%) 464 (20.9) 323 (22.2) 4975 (27.9)

Missinga, n (%) 1659 (42.8) 771 (34.7) 14,968 (45.6)

Notes: aPercentages were calculated separately for those with missing and without missing data; bpatients who had ever had a diagnosis or who had a prescription for beta- 
blockers in the previous 12 months; caccording to primary care data. 
Abbreviations: BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; FVC, forced 
vital capacity; LABD, long-acting bronchodilator; MRC, Medical Research Council; SD, standard deviation; UMEC, umeclidinium; UMEC/VI, umeclidinium/vilanterol.
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UMEC/VI receiving versus not receiving concomitant med-
ications also had a higher incidence of moderate COPD 
exacerbations in the 12 months prior to index date 
(1252 per 1000 person-years [95% CI: 1156, 1355] vs 
635 per 1000 person-years [95% CI: 598, 673]), had more 
severe dyspnea (27.2% vs 16.5% with MRC grade 4 or 5) 
and worse lung function (40.5% vs 26.6% with FEV1% 
predicted <50%).

Possible Off-Label Prescribing of UMEC, 
UMEC/VI, and Other LABD
Possible off-label use of UMEC and UMEC/VI was low 
as most patients had a diagnosis of COPD (Table 2). 
Overall, 7.0% of new users of UMEC and 8.8% of new 
users of UMEC/VI in the primary care cohort were con-
sidered to have received possible off-label treatment 
compared with 18.0% of other LABD users (Table 2). 
There were 130 (3.4%) new users of UMEC and 69 
(3.1%) new users of UMEC/VI with an asthma diagnosis, 
of whom 34 (0.9% of all UMEC patients) and 39 (1.8% 
of all UMEC/VI users), respectively, were not taking 
concomitant ICS at the index date, suggesting possible 
off-label use. For both UMEC and UMEC/VI users, con-
comitant ICS use was lower in the subgroup of patients 
without a diagnosis of COPD or asthma compared with 
patients with either diagnosis.

Analysis of patient characteristics by diagnosis shows 
that for UMEC and UMEC/VI users, patients with COPD 
tended to be older, were more likely to be male, and 
tended to have poorer lung function than those with an 
asthma diagnosis (Supplementary Table 2).

Potential Safety-Related Outcomes
In the main on-treatment safety analysis, the IR of cardi-
ovascular outcomes (MI, stroke, and newly diagnosed 
CHF) was similar among UMEC and UMEC/VI users in 
the primary care (Table 3) and linked (Table 4) cohorts. 
Secondary analyses of all follow-up (ie, including any 
time between discontinuation of the index medication 
and censoring or restarting of index medication) showed 
the IR of cardiovascular outcomes was similar for both 
UMEC and UMEC/VI users (Supplementary Table 3). 
Furthermore, among new users of UMEC and UMEC/VI, 
analyses in patients prescribed versus not prescribed con-
comitant COPD maintenance therapy showed similar IRs 
of cardiovascular outcomes (Supplementary Table 3).

In the main on-treatment analysis, IRs of pneumonia 
and moderate AECOPD were higher among UMEC ver-
sus UMEC/VI users in the primary care cohort and were 
higher among patients treated with versus without ICS at 
the index date and in patients with versus without con-
current maintenance treatment (Table 3 and 
Supplementary Table 4). In both index treatment groups, 
IRs of pneumonia and AECOPD were substantially 
higher in the linked cohort than in the primary care 
cohort; however, the definitions of these outcomes were 
different for the two cohorts (Tables 3 and 4). AECOPD 
were much more frequent than pneumonia events in both 
cohorts; however, the IRs for these outcomes were calcu-
lated differently, with only first events included for pneu-
monia. IRs of respiratory outcomes during all available 
follow-up in the primary care cohort were similar to the 
on-treatment analysis (Table 3 and Supplementary 
Table 3).

Table 2 Diagnosis and Possible Off-Label Prescribing in the Primary Care Cohort (N=34,516)

Index Therapy All New 
Users

COPD Asthma Other (Not COPD or 
Asthma)

Possible Off-Label 
Prescribing

Alla, n (%) 38,908 31,000 (79.7) 4876 (12.5) 3032 (7.8) 6385 (16.4)b

UMEC, n (%) 3875 3604 (93.0) 130 (3.4) 141 (3.6) 271 (7.0)c

UMEC/VI, n (%) 2224 2029 (91.2) 69 (3.1) 126 (5.7) 195 (8.8)c

Other LABD, n (%) 32,809 25,367 (77.3) 4677 (14.3) 2765 (8.4) 5919 (18.0)b

Other LAMA, n (%) 24,125 19,655 (81.5) 2327 (9.6) 2143 (8.9) 3980 (16.5)b

Other LABA, n (%) 6218 3458 (55.6) 2278 (36.6) 482 (7.8) 1727 (27.8)b

Other LABA/LAMA, n (%) 2466 2254 (91.4) 72 (2.9) 140 (5.7) 212 (8.6)c

Notes: aPatients can qualify for cohort entry, disease or medication group more than once, which is reflected in the higher number new users than patients in the study; 
bdefined as all patients without a diagnosis code of COPD at any time, with the exception of a) patients with a diagnosis of asthma prescribed index tiotropium 2.5 µg, (other 
LAMA), if they entered the study on or after September 13, 2014, with a concurrent prescription for ICS/LABA; b) patients with a diagnosis of asthma prescribed an index 
other LABA and were receiving concomitant ICS at index date; cdefined as patients without a diagnosis of COPD only. 
Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LABD, long-acting bronchodilator; LAMA, long- 
acting muscarinic antagonist; UMEC, umeclidinium; UMEC/VI, umeclidinium/vilanterol.
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In the main, on-treatment analysis, 105 (2.7%) new 
users of UMEC and 62 (2.8%) new users of UMEC/VI 
died; mortality was slightly higher in the linked cohort 
(UMEC, 18 [3.3%] patients; UMEC/VI, 19 [3.7%] 
patients) versus the primary care cohort (Tables 3 and 4). 
In the on-treatment analysis of both cohorts, mortality was 
higher among new users of UMEC/VI not taking conco-
mitant ICS at index compared with those who were taking 
ICS (Tables 3 and 4). All-cause mortality during all avail-
able follow-up was higher than observed during the on- 
treatment analysis (Supplementary Table 3). All-cause 
mortality was similar among patients who were or were 

not receiving other respiratory therapies concurrently 
(Supplementary Table 4).

Treatment Patterns
In the primary care cohort, 32.3% (1047/3240) of new 
users of UMEC with ≥12 months of follow-up were not 
receiving concomitant COPD maintenance therapy at the 
index date, compared with 81.1% (1478/1822) of new 
users of UMEC/VI (Table 5). Among patients receiving 
UMEC and no concomitant COPD maintenance therapy, 
35.4% (371/1047) continued to receive UMEC for ≥12 
months. Over half of patients who discontinued UMEC 

Table 3 On-Treatment Cardiovascular, Respiratory, and All-Cause Mortality Outcomes in New Users of UMEC/VI and UMEC in the 
Primary Care Cohort

Outcome UMEC (n=3875; 3508.7 Person-Yearsa) UMEC/VI (n=2224; 1768.3 Person-Yearsa)

Total 
Eventsb, n

IR per 1000 Patient-Years 
(95% CI)c,d

Total 
Eventsb, n

IR per 1000 Patient-Years 
(95% CI)c.d

MI

All patients 27 6.9 (4.4, 10.2) 13 6.8 (3.5, 11.9)
With ICS use at index date 19 6.7 (3.9, 10.7) 0 0.0 (0.0, 21.6)

No ICS use at index date 8 7.4 (3.0, 15.3) 13 7.5 (3.9, 13.2)

Stroke

All patients 171 30.9 (25.3, 37.4) 84 30.5 (22.8. 39.8)
With ICS use at index date 113 26.7 (20.7, 33.9) 7 23.7 (6.5, 60.7)

No ICS use at index date 58 42.3 (30.1, 57.9) 77 31.2 (23.1, 41.2)

Newly diagnosed CHFe

All patients 48 14.8 (10.9, 19.6) 18 11.0 (6.5, 17.4)
With ICS use at index date 35 14.9 (10.4, 20.7) 0 0.0 (0.0, 23.8)

No ICS use at index date 13 14.5 (7.7, 24.8) 18 12.2 (7.2, 19.2)

Pneumonia (primary care)

All patients 25 6.9 (4.4, 10.2) 6 3.4 (1.2, 7.4)

With ICS use at index date 21─24 Not calculated 2─5 Not calculated

No ICS use at index date 1─4 Not calculated 1─4 Not calculated

Moderate AECOPDd

All patients 3409 979 (931, 1030) 1275 746 (687, 811)

With ICS use at index date 2919 1157 (1098, 1220) 231 1335 (1097, 1626)

No ICS use at index date 490 534 (467, 610) 1044 675 (617, 738)

Death (all causes)

All patients 105 29.9 (24.5, 36.2) 62 35.1 (26.9, 44.9)

With ICS use at index date 77 30.1 (23.7, 37.6) 5 29.3 (9.5, 68.3)

No ICS use at index date 28 29.6 (19.7, 42.8) 57 35.7 (27.0, 46.2)

Notes: aFollow-up time for the full cohort; bincludes first and subsequent events. Ranges are shown where <5 events were reported; cincidence based on first event only; 
dfor AECOPD, all events were included; epatients with prior history of CHF were excluded. 
Abbreviations: AECOPD, acute exacerbations of COPD; CHF, congestive heart failure; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ICS, inhaled 
corticosteroid; IR, incidence rate; MI, myocardial infarction; UMEC, umeclidinium; UMEC/VI, umeclidinium/vilanterol.
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resumed use after a hiatus of ≥90 days. Among patients 
receiving UMEC and concomitant maintenance therapy, 
67.5% (1480/2193) of patients continued to receive 
UMEC for ≥12 months.

Among patients receiving UMEC/VI and no concomitant 
COPD maintenance therapy, 44.3% (807/1478) continued to 
receive UMEC/VI for ≥12 months of follow-up. Among 

UMEC/VI users receiving concomitant therapy, 49.4% (170/ 
344) of patients received UMEC/VI for ≥12 months.

Adherence
Overall, 63.8% (1734/2716) of UMEC users and 64.3% 
(921/1432) of UMEC/VI users were adherent to index ther-
apy based on having an MPR ≥80%, whereas 41.1% (1332/ 

Table 4 On-Treatment Cardiovascular, Respiratory, and All-Cause Mortality Outcomes in New Users of UMEC/VI and UMEC in the 
Linked Cohort

Outcome UMEC (n=547; 374.7 Person-Years) UMEC/VI (n=512; 365.6 Person-Years)

Total 
Eventsa, n

IR per 1000 Patient-Years 
(95% CI)b,c

Total 
Eventsa, n

IR per 1000 Patient-Years 
(95% CI)b,c

MI

All patients 5 8.0 (1.7, 23.4) 1─4 Not calculated
With ICS use at index date 1─4 Not calculated 0 Not calculated

No ICS use at index date 1─4 Not calculated 1─4 Not calculated

Stroke

All patients 19 35.4 (18.9, 60.6) 13 16.5 (6.1, 36.0)
With ICS use at index date 14 31.1 (13.4, 61.4) 1─4 Not calculated

No ICS use at index date 5 45.5 (14.8, 106.3) 9─12 Not calculated

Newly diagnosed CHFd

All patients 5 14.6 (4.7, 34.0) 7 20.5 (8.3, 42.3)
With ICS use at index date 5 21.0 (6.8, 49.0) 1─4 Not calculated

No ICS use at index date 0 0.0 (0.0, 35.2) 3─6 Not calculated

Pneumonia (primary and secondary care)

All patients 25 66.0 (42.3, 98.2) 18 47.3 (27.5, 75.7)

With ICS use at index date 21─24 Not calculated 1─4 Not calculated

No ICS use at index date 1─4 Not calculated 14─17 Not calculated

Moderate and severe AECOPD

All patients 554 1484 (1326, 1661) 421 1168 (1013, 1345)

With ICS use at index date 437 1658 (1471, 1869) 103 1931 (1426, 2616)

No ICS use at index date 117 1091 (830, 1434) 318 1027 (880, 1200)

Death (all causes)

All patients 18 48.0 (28.5, 75.9) 19 52.0 (31.3, 81.2)

With ICS use at index date 12 45.6 (23.6, 79.7) 1─4 Not calculated

No ICS use at index date 6 53.8 (19.7, 117.0) 15─18 Not calculated

Cardiovascular deaths

All patients 1─4 Not calculated 6 16.4 (6.0, 35.7)

With ICS use at index date 1─3 Not calculated 0 0.0 (0.0, 71.8)

No ICS use at index date 1─3 Not calculated 6 19.1 (7.0, 41.6)

Notes: aIncludes first and subsequent events. Ranges are shown where <5 events were reported; bincidence based on first event only; cfor AECOPD, all events were 
included; dpatients with prior history of CHF were excluded. 
Abbreviations: AECOPD, acute exacerbations of COPD; CHF, congestive heart failure; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ICS, inhaled 
corticosteroid; IR, incidence rate; MI, myocardial infarction; UMEC, umeclidinium; UMEC/VI, umeclidinium/vilanterol.
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3240) of UMEC users and 32.9% (59/1822) of UMEC/VI 
users were classified as adherent according to having 
a PDC ≥80%.

Discussion
This retrospective study combined patients from two pri-
mary care databases to identify and characterize new users 
of UMEC, UMEC/VI, and other LABD. Around two- 
thirds of new users of UMEC were already receiving 
treatment with ICS/LABA and were therefore either step-
ping up to MITT or were already receiving triple therapy 
but switching to UMEC from a different LAMA. Prior to 
initiation of index treatment, new users of UMEC had 
more severe disease than new users of UMEC/VI or 
other LABDs, with a higher incidence of COPD exacer-
bations, more severe dyspnea and airflow limitation, which 
is consistent with the large proportion of patients receiving 
UMEC as a component of triple therapy. These character-
istics of UMEC users appear to align with the GOLD 
report, which recommends triple therapy in patients with 
severe COPD and a risk of exacerbations.1

Few patients without a diagnosis of COPD were pre-
scribed UMEC/VI or UMEC, suggesting that most general 
practitioners (GPs) are aware of the licensed indications 
for these treatments. A small proportion of new users of 

UMEC or UMEC/VI did not have a recorded diagnosis of 
COPD or asthma; in these cases, it is possible that the 
patients’ diagnosis had not been coded during the period 
of data availability resulting in misclassification of off- 
label use.

The IRs of cardiovascular events were similar for UMEC 
and UMEC/VI users. Other studies using the THIN and 
CPRD GOLD databases have reported higher IRs of cardio-
vascular events in new users of LAMA, LABA, or LAMA/ 
LABA.16,17 Reported incidence of MI range between 10 and 
13 per 1000 person-years compared with 6.8─6.9 per 
1000 person-years in this study, and reported incidences of 
CHF range between 29 and 46 per 1000 person-years com-
pared with 11─14.8 per 1000 person-years in our study.16,17 

The higher incidence reported in the previous studies may be 
explained by a number of factors: both earlier studies were 
restricted to patients over 55 years of age at index date, 
whereas no age restriction was imposed in the current 
study; the earlier studies examined incidence between 2003 
and 2013, compared with 2014─2016 in the current study; 
and there were differences in the codes and algorithms used 
to identify cases. Previous studies have also reported a lower 
IR of stroke (8─16 per 1000 person-years)16,17 than in the 
current study (30.5─30.9 per 1000 person-years). The inclu-
sion of codes for transient ischemic attack in the case 

Table 5 Treatment Patternsa in the 12 Months Following Initiation of UMEC and UMEC/VI in the Primary Care Cohort

Treatment Pattern UMEC (n=3240) UMEC/VI (n=1822)

n, (%) Days to First Change, 
Mean (SD)

n, (%) Days to First Change, 
Mean (SD)

No concomitant COPD maintenance therapy at index date

All patients 1047 (32.3) 1478 (81.1)

Continuous user 371 (35.4) n/a 655 (44.3) n/a
Augmenter 32 (3.1) 110.7 (65.6) 32 (2.2) 118.2 (72.0)

Immediate switcher 114 (10.9) 96.2 (66.7) 249 (16.8) 120.7 (88.9)

Discontinuer 530 (50.6) 106.5 (98.5) 542 (36.7) 111.3 (95.9)
True discontinuer 216 (40.8) 96.2 (98.2) 177 (32.7) 84.4 (89.7)

Discontinuer with drug hiatus 279 (52.6) 121.3 (100.7) 359 (66.2) 125.5 (96.5)

Discontinuer with latent switch 35 (6.6) 53.1 (41.0) 6 (1.1) 55.8 (31.5)

With concomitant COPD maintenance therapy at index date

All patients 2193 (67.7) 344 (18.9)

Continuous use of both drugs 1116 (50.9) n/a 22 (6.4) n/a

Discontinuation of index drug only 553 (25.2) 143.2 (105.9) 115 (33.4) 87.3 (81.8)
Discontinuation of concomitant drug only 364 (16.6) 114.7 (99.4) 148 (43.0) 68.4 (70.4)

Discontinuation of both drugs 160 (7.3) 125.4 (97.8) 59 (17.2) 87.3 (69.6)

Note: aAs defined in Supplementary Figure 1. 
Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation; UMEC, umeclidinium; UMEC/VI, umeclidinium/vilanterol.
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identification algorithm may have contributed to the higher 
rates seen in the current study.

In the primary care cohort, rates of pneumonia and 
AECOPD were slightly higher among UMEC versus 
UMEC/VI users, which may have been due to UMEC 
patients having more severe COPD. Similarly, in both 
UMEC and UMEC/VI users, AECOPD tended to be 
higher among patients taking concomitant ICS at index 
date, who were also likely to have more severe disease. 
Compared with the primary care cohort, the linked cohort 
had higher IRs of pneumonia and AECOPD exacerbations 
for new users of UMEC and UMEC/VI; however, for the 
primary care cohort, moderate AECOPD were analyzed 
whereas the linked cohort included moderate and severe 
AECOPD. The HES data identified severe pneumonia 
cases resulting in hospital admission; less severe cases of 
pneumonia treated in primary care, often without x-ray 
confirmation, may have been recorded using non-specific 
codes such as lower respiratory tract infection, and there-
fore would not be counted as pneumonia in the primary 
care data. Previous studies using CPRD-HES linked data 
reported similar rates of pneumonia resulting in hospitali-
zation among patients with COPD on LAMA/LABA 
(51 per 1000 patient-years)18 and LAMA (53 per 1000 
patient-years) maintenance therapy.16 Another study using 
CPRD GOLD-HES linked data reported higher rates of 
pneumonia (107 per 1000 patient-years);19 however, that 
study population consisted of users of all inhaled main-
tenance therapy (including ICS, LAMA, LAMA/LABA, 
and ICS/LAMA/LABA) and the inclusion of ICS-exposed 
patients likely accounted for the higher rate. Likewise, 
moderate or severe AECOPD rates in the same study 
using CPRD-HES linked data were similar to those 
observed in our study; for LAMA/LABA without ICS 
use they found an IR of 907 per 1000 patient-years18 

versus 1029 per 1000 patient-years in our study.
Mortality rates reported in this study for the linked 

cohort were similar to those reported in a previous study 
using the same dataset for other maintenance therapies 
(aclidinium 32.9 per 1000 patient-years; tiotropium 
45.1 per 1000 patient years; other LAMAs 39.3 per 1000 
patient-years and other LABAs 39.9 per 1000 patient- 
years).20 Mortality rates were lower in the on-treatment 
analysis compared with the analysis of all follow-up time, 
suggesting that mortality increased after patients discon-
tinued their medication. However, it may also be in part 
due to the additional follow-up time occurring later in the 
course of a progressive disease, or because some patients 

may have switched to UMEC or UMEC/VI due to disease 
deterioration and this treatment may have been discontin-
ued if their condition continued to deteriorate.

Treatment patterns in the 12 months after initiating 
treatment suggest that UMEC and UMEC/VI were well 
tolerated by most patients, with approximately one-third of 
UMEC and UMEC/VI users switching or permanently 
discontinuing their index medication during this time. 
The adherence of the index treatment was higher among 
those who received concomitant COPD maintenance ther-
apy than among those who received only UMEC or only 
UMEC/VI. Thus, 67.5% versus 35.4% continued with 
UMEC for ≥12 months and 49.4% versus 44.3% continued 
with UMEC/VI for ≥12 months. This might indicate 
a better adherence to an open triple therapy specially 
among UMEC users.

Medication adherence in COPD is an important issue 
for patients and health care systems. Non-adherence to 
COPD maintenance treatment is common and is associated 
with significant negative impact on morbidity, healthcare 
costs, quality of life, and mortality.21,22 Adherence esti-
mated for new users of UMEC/VI from PDC ≥80% in this 
study (33%) was comparable to adherence reported in 
previous studies using the same measure (approximately 
29%).23,24 When assessing adherence, it is important to 
note that neither MPR or PDC can account for primary 
non-adherence because it is not possible to identify pre-
scriptions that were issued but not dispensed.

Several limitations should be considered in the inter-
pretation of the findings of this study. This study included 
UK data and as such may not be generalizable to other 
countries. There are some inherent issues with using EHR 
data. Diagnoses were recorded using data coded by GPs 
in EHRs, which may have resulted in inaccurate identifi-
cation of patients without a diagnosis for COPD or 
asthma because their medical record did not contain 
a coded diagnosis. There is also the potential to misdiag-
nose COPD as asthma, or vice versa, particularly in 
patients over 40 years of age,25 and some patients may 
have both conditions. New exposure to UMEC/VI, 
UMEC, or other LABD was based on records of GP- 
prescribed medications; prescriptions initiated in hospi-
tals or secondary care were not accessible for analysis. 
This may have led to an underestimation of UMEC and 
UMEC/VI prescribing, off-label use and adherence. 
Moreover, prescribed medications might not have been 
dispensed at the pharmacy or utilized by the patient. As 
such, this study is only able to assess off-label prescribing 
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and cannot make strong inferences about off-label use. 
Finally, although LAMA and LAMA/LABA are still part 
of the treatment guidelines for patients with COPD, and 
our study findings can be applicable to the current prac-
tice, there has been some shift in treatment over the last 
few years towards the use of MITT or single-inhaled 
triple therapy that should be considered.

A strength of this study was that patients from two 
primary care databases were combined to facilitate faster 
accrual of data on the newly approved treatments and to 
give a more representative sample. Furthermore, linking the 
primary care data with HES and ONS data allowed more 
complete assessment of safety outcomes, including deaths.

Conclusions
This study of the use of UMEC and UMEC/VI in 
clinical practice in the UK provides evidence that 
these COPD maintenance therapies are being prescribed 
according to their labels and respiratory guidelines. In 
most cases, UMEC was prescribed as step-up therapy to 
MITT. The incidence of the cardiovascular, respiratory, 
and mortality events was consistent with that reported in 
other studies.
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