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Purpose: Treatment pathways of patients with chronic obstructive pulmonary disease (COPD) receiving single-inhaler dual therapies
remain unclear. We aimed to describe characteristics, prescribed treatments, healthcare resource use (HCRU) and costs of patients with
COPD who initiated single-inhaler long-acting muscarinic antagonist/long-acting f3,-agonist (LAMA/LABA) dual therapy in primary
care in England.

Patients and Methods: Retrospective study using linked data from Clinical Practice Research Datalink Aurum and Hospital Episode
Statistics datasets. Patients with COPD with >1 single-inhaler LAMA/LABA prescription between June 2015 and December 2018 (index)
were included. Demographic and clinical characteristics, prescribed treatments, HCRU and costs were evaluated in the 12 months pre-index.
Data are presented for patients not receiving concomitant inhaled corticosteroids at index (non-triple users).

Results: Of 10,991 patients initiating LAMA/LABA, 9888 were non-triple users, of whom 21.3% (n=2109) received aclidinium bromide/
formoterol, 18.1% (n=1785) received indacaterol/glycopyrronium, 12.0% (n=1189) received tiotropium bromide/olodaterol and 48.6%
(n=4805) received umeclidinium/vilanterol. Demographic and clinical characteristics were similar across indexed therapies. LAMA
monotherapy was the most frequently prescribed respiratory therapy at 12 (18.4-25.8% of patients) and 3 months (23.9-33.7% of patients)
pre-index across indexed therapies; 42.5-59.0% of patients were prescribed no respiratory therapy at these time points. COPD-related
HCRU during the 12 months pre-index was similar across indexed therapies (general practitioner consultations: 62.0-68.6% patients;
inpatient stays: 19.3-26.1% patients). Pre-index COPD-related costs were similar across indexed therapies, with inpatient stays representing
the highest contribution. Mean total direct annual COPD-related costs ranged from £805—£1187.

Conclusion: Characteristics of patients newly initiating single-inhaler LAMA/LABA dual therapy were highly consistent across indexed
therapies. As half of non-triple users were not receiving respiratory therapy one year prior to LAMA/LABA initiation, there may be an
opportunity for early optimization of treatment to relieve clinical burden versus current prescribing patterns in primary care in England.
Keywords: COPD, initial maintenance therapy, primary care setting, patient characteristics, single-inhaler LAMA/LABA dual
therapy, treatment patterns

Plain Language Summary

Patients with chronic obstructive pulmonary disease (COPD) may start treatment with long-acting muscarinic antagonist/long-acting 3,-agonist
(LAMA/LABA) dual therapy, a combination of two bronchodilator medications that work together to open the airways. There are four different
LAMA/LABA dual therapies available as single inhalers in England, which are called aclidinium bromide/formoterol fumarate, indacaterol/
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glycopyrronium, tiotropium bromide/olodaterol, and umeclidinium/vilanterol. It is unclear whether there are differences between the patients
treated with each drug. In this study, we evaluated the characteristics of patients with COPD who began treatment with LAMA/LABA dual
therapy in a single inhaler at general practitioner (GP) practices in England. We used data from a large database containing records from GPs
linked with hospital records to gather information on patients’ demographics, disease characteristics, prescriptions, health service use, and
healthcare-related costs in the year before they started treatment with LAMA/LABA dual therapy. We compared these factors across groups of
patients who were prescribed any of the four different LAMA/LABA dual therapies. We found that patients who were prescribed different
treatments had similar characteristics, used healthcare services in a similar way, and had similar healthcare costs. Our results suggest that groups
of patients who are treated with different LAMA/LABA dual therapies in England are similar. However, there may be an opportunity to provide
earlier access to appropriate treatments for patients with COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by persistent respiratory symptoms and airflow limita-
tion that is usually progressive.' Globally, it is the most prevalent chronic respiratory disease accounting for approxi-
mately 55% of all cases of chronic respiratory diseases.’

In the UK, over 1 million people live with diagnosed COPD and the actual number of patients with the disease is
thought to be much higher due to underdiagnosis.*> The symptomatic burden of COPD is detrimental to patient health-
related quality of life (HRQoL), and increasing symptomatic burden is associated with an increased risk of COPD
exacerbations that can lead to hospitalization.®® Indeed, healthcare resource use (HCRU) among patients with COPD is
common, leading to a substantial clinical and economic burden.*’ In the UK alone, the annual cost of COPD is
approximately £1.9 million.’

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) strategy report recommends first-line long-
acting muscarinic antagonist (LAMA) or long-acting [,-agonist (LABA) monotherapy for symptomatic patients with
infrequent exacerbations, or initial LAMA/LABA dual therapy as an option for patients with more severe
breathlessness.'” The UK National Institute for Health and Care Excellence (NICE) guidelines recommend that
LAMA/LABA therapy should be offered to patients without features suggesting corticosteroid responsiveness who
remain breathless or have exacerbations despite short-acting bronchodilator therapy and optimized non-pharmacological
management.'' LAMA/LABA dual therapy can be delivered via a single inhaler (fixed-dose combinations) or separate
inhalers for each drug. Four LAMA/LABA single-inhaler combination therapies are licensed for the treatment of COPD
in the UK: indacaterol/glycopyrronium (IND/GLY), aclidinium bromide/formoterol fumarate (ACL/FF), tiotropium
bromide/olodaterol (TIO/OLO) and umeclidinium/vilanterol (UMEC/VI).'>"'> These therapies have all been shown to
reduce COPD symptoms and/or the risk of exacerbations compared with placebo or their monocomponents.'®=°

Given the numerous treatment options and pathways available for patients with COPD, it is of interest to understand
the clinical drivers for switching from LAMA or LABA monotherapy or open combination LAMA+LABA dual therapy
to single-inhaler LAMA/LABA dual therapy in clinical practice. However, the extent of variability in treatment pathways
for patients with COPD who receive treatment with single-inhaler dual therapies in England remains unclear. The
objective of this study was to describe characteristics, treatments prescribed, HCRU and costs in the year prior to
initiation of single-inhaler dual LAMA/LABA therapy in a primary care setting in England. This reflects the need for an
up-to-date overview of COPD treatment in primary care in England, to understand the treatment pathways and their
respective effects on healthcare service burden for patients with COPD prior to single-inhaler dual therapy initiation.

Materials and Methods

Study Design

This was a retrospective, longitudinal cohort study using anonymized, linked primary care electronic medical record data
and secondary care administrative data from England from the Clinical Practice Research Datalink (CPRD-Aurum) and
Hospital Episode Statistics (HES) datasets, respectively. CPRD-Aurum captures diagnoses, symptoms, prescriptions,
referrals and tests for over 19 million patients as of September 2018, while the HES Admitted Patient Care, Outpatient,
and Accident & Emergency datasets contain details of all admissions to, or attendances at English National Health
Service (NHS) healthcare providers.?'
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Patients with COPD who were prescribed single-inhaler LAMA/LABA dual therapy in primary care between
1 June 2015 and 31 December 2018 (the indexing period) were identified. The index date was defined as the date of
the first/earliest prescription of a LAMA/LABA within the indexing period. The baseline period was defined as the
12-month period prior to the index date. Data from the 12-month follow-up period were analyzed separately and are
not reported in this manuscript. All data reported is therefore from the indexing period and prior baseline period
(Figure 1A). The study period was selected in part to ensure all therapies were approved and available for use in the
UK throughout the baseline period.

Study Population
Eligible patients had a COPD diagnosis (a list of CPRD codes is shown in Supplementary Table 1) at age >35 years in the

primary care setting and >1 prescription of a single-inhaler LAMA/LABA dual therapy within the indexing period.
Patients were also required to have a forced expiratory volume in 1 second (FEV)/forced vital capacity (FVC) ratio <0.7
at any time prior to and including the index date, primary care data eligible for linkage to HES, and continuous
registration with a general practitioner (GP) practice for >12 months prior to the index date. Patients with >1 diagnostic
code of any medical conditions incompatible with a COPD diagnosis (eg, conditions related to lung or bronchial
development anomalies, cystic fibrosis, pulmonary fibrosis) at any time in their medical history were excluded.

Patients were categorized into index treatment subgroups (ACL/FF, IND/GLY, TIO/OLO, UMEC/VI, Figure 1B). Within the
overall cohort of LAMA/LABA users, the incident user cohort was defined as patients without a record of LAMA/LABA use
(single-inhaler or open combination) prior to the index date. Within the incident user cohort, the non-triple user cohort included
patients with no concomitant use of an inhaled corticosteroid (ICS)-containing medication on the index date. The initial
maintenance therapy (IMT) user cohort included non-triple users with no prescription of any COPD maintenance therapy
prior to the index date.

A
Study period

1stJune 2014 31t Dec 2019
\ Indexing period \

st Junle 2015 Index date: 31+ Delc 2018

First dual therapy prescription within indexing period

A
Vo

<7

12-month minimum baseline
for assessment of patient
characteristics

LAMA/LABA UMEC/VI ACL/FF TIO/OLO IND/GLY

Incident users

Figure | Study design (A)* and cohort structure (B) *Data from the 12-month follow-up period were analyzed separately and are not reported in this manuscript. All data
reported is therefore from the indexing period and prior baseline period.

Abbreviations: ACL, aclidinium; FF, formoterol fumarate; GLY, glycopyrronium; IMT, initial maintenance therapy; IND, indacaterol; LABA, long-acting ,-agonist; LAMA,
long-acting muscarinic antagonist; OLO, olodaterol; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.
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Study Outcomes

Study outcomes included demographics and clinical characteristics (age, sex, region, body mass index [BMI], lung
function, smoking status, modified Medical Research Council [mMRC] dyspnea score, comorbidities, moderate-to-severe
acute exacerbations of COPD [AECOPD], GOLD 2019 grade and blood eosinophil count) on the index date or during the
baseline period, COPD treatment use (ICS only, LABA only, LAMA only, ICS/LABA, short-acting bronchodilators
[SABD], other, or no respiratory therapy) at 3, 6, 9, and 12 months prior to the index date, all-cause and COPD-related
HCRU (prescriptions, GP consultations, outpatient visits, inpatient stays, accident and emergency [A&E] visits) during
the baseline period, cumulative length of all-cause and COPD-related inpatient stays across all admissions per patient
during the baseline period, and all-cause and COPD-related costs (total direct and HCRU-specific healthcare costs)
during the baseline period. COPD-related HCRU was defined as a COPD-related event (prescription for a respiratory
medication, diagnosis or service provider) recorded on the same day as the resource use. COPD-related costs were those
associated with COPD-related HCRU.

Moderate-to-severe AECOPDs were defined using a pre-specified algorithm adapted for COPD?? that included any
of: a prescription for antibiotics and oral corticosteroids (OCS) for 5-14 days each; the presence of respiratory symptoms
and a prescription for antibiotics or OCS (or both) on the same day; a lower respiratory tract infection medical code; or
an AECOPD-specific medical code. Severe AECOPDs were defined as those requiring hospital admission, regardless of
length of stay in hospital.

GP consultation costs were ascertained using the 2019 Unit Costs of Health and Social Care document compiled by
the Personal Social Service Resource Unit (PSSRU).>* Prescription costs were taken from the 2019 NHS Drug Tariff.**
Outpatient, inpatient stay, and A&E visit costs were taken from the 2019/2020 national prices and national tariff
workbook compiled by NHS Improvement and NHS England.*> The most recent version of each source at the time of
the analysis was used.

Statistical Analysis

This was a descriptive study and no formal sample size calculations were performed. Patient demographics and clinical
characteristics were examined during the baseline period, including index, or in the patient’s medical history. Counts,
means, and standard deviations (SD) were reported for numeric variables, and relative frequencies and proportions were
reported for the nominal variables. Total and HCRU type all-cause and COPD-related costs were reported for resource
users, defined as those who had at least one unit of use for the respective healthcare service. Results based on small
numbers of patients (n<5) were not reported, in line with standard CPRD reporting policies.

Results

Study Population
Of the 19,141 LAMA/LABA users that met the study eligibility criteria, 10,991 (57.4%) were included in the incident
user cohort. The incident user cohort was further categorized into non-mutually exclusive subsets of non-triple users
(n=9888) and IMT users (n=2963). This article will focus on findings in the non-triple user cohort as they represent the
majority of the incident user cohort.

Of the non-triple user cohort, 21.3% (n=2109) received ACL/FF at index, 18.1% (n=1785) received IND/GLY, 12.0%
(n=1189) received TIO/OLO, and 48.6% (n=4805) received UMEC/VI.

Demographics and clinical characteristics by cohort and by indexed therapy are shown in Table 1 and Supplementary Table 2;

these were largely similar across cohorts, with little variation between the different indexed therapies. Overall, the majority of
non-triple users were in the western regions, with 18.6% of patients located in the North West, 15.9% in the West Midlands and
22.0% in the South West. The mean (SD) FEV% predicted ranged from 60.3 (17.5) in the ACL/FF subgroup to 61.3 (17.5) in the
TIO/OLO subgroup and the proportion of patients with a current asthma diagnosis ranged from 10.9% in the UMEC/VI
subgroup to 13.1% in the ACL/FF subgroup. In total, 26.3% (n=2111) and 19.4% (n=1559) of patients met the criteria for GOLD
2019 group B and D, respectively, with the highest proportions generally seen in the IND/GLY group. The IND/GLY group also
had the highest proportion of patients experiencing moderate-to-severe AECOPDs in the 12-month baseline period (35.1%).
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Table | Baseline Demographics and Clinical Characteristics by Cohort and by Index LAMA/LABA Treatment

Incident Users (N=10,991)

Non-Triple Users (N=9888)

IMT Users (N=2963)

Overall (N=9888) | ACL/FF (N=2109) | IND/GLY (N=1785) | TIO/OLO (N=1189) | UMEC/VI (N=4805)
Age at index, years, mean (SD) 69.5 (10.5) 69.5 (10.4) 69.4 (10.3) 69.4 (10.2) 69.6 (10.3) 69.6 (10.6) 68.7 (10.6)
Female, n (%) 4878 (44.4) 4355 (44.0) 879 (41.7) 812 (45.5) 569 (47.9) 2095 (43.6) 1275 (43.0)
Region, n (%)
North East 583 (5.3) 531 (5.4) 57 (2.7) 245 (13.7) 130 (10.9) 99 (2.1) 137 (4.6)
North West 2071 (18.8) 1842 (18.6) 235 (11.1) 402 (22.5) 311 (26.2) 894 (18.6) 508 (17.1)
Yorkshire & The Humber 838 (7.6) 755 (7.6) 80 (3.8) 103 (5.8) 75 (6.3) 497 (10.3) 344 (11.6)
East Midlands 156 (1.4) 145 (1.5) 64 (3.0) 14 (0.8) 12 (1.0) 55 (1.1) 30 (1.0)
West Midlands 1776 (16.2) 1569 (15.9) 551 (26.1) 129 (7.2) 58 (4.9) 831 (17.3) 430 (14.5)
East of England 362 (3.3) 326 (3.3) 49 (2.3) 80 (4.5) 34 (3.9) 163 (3.4) 95 (3.2)
South West 2408 (21.9) 2177 (22.0) 458 (21.7) 329 (184) 233 (19.6) 1157 (24.1) 701 (23.7)
South Central 1206 (11.0) 1118 (11.3) 212 (10.1) 80 (4.5) 229 (19.3) 597 (12.4) 335 (11.3)
London 883 (8.0) 784 (7.9) 244 (11.6) 223 (12.5) 50 (4.2) 267 (5.6) 211 (7.1)
South East Coast 708 (6.4) 641 (6.5) 159 (7.5) 180 (10.1) 57 (4.8) 245 (5.1) 172 (5.8)
BMI?, kg/m?
n 9668 8694 1844 1585 1074 4191 2459
mean (SD) 27.7 (6.6) 27.7 (6.7) 27.9 (6.7) 27.6 (6.9) 27.5 (6.4) 27.6 (6.7) 27.4 (6.8)
FEV,% predicted®
n 8648 7803 1708 1364 969 3762 2290
mean (SD) 60.6 (17.6) 60.6 (17.5) 60.3 (17.5) 60.7 (17.5) 61.3 (17.5) 60.5 (17.5) 59.3 (17.6)
FEV,/FVC ratio®
n 8349 7503 1560 1340 91l 3692 2307
mean (SD) 58.8 (12.9) 58.8 (12.8) 584 (13.1) 59.0 (13.4) 58.9 (12.6) 58.8 (12.6) 57.8 (12.0)
Smoking status® n (%)
Current smoker 4514 (41.1) 4068 (41.1) 822 (39.0) 799 (44.8) 495 (41.6) 1952 (40.6) 1335 (45.1)
Former smoker 5380 (49.0) 4867 (49.2) 1092 (51.8) 832 (46.6) 562 (47.3) 2381 (49.6) 1360 (45.9)
Non-smoker 239 (2.2) 199 (2.0) 46 (2.2) 32(1.8) 36 (3.0 85 (1.8) 50 (1.7)
Unknown 858 (7.8) 754 (7.6) 149 (7.1) 122 (6.8) 96 (8.1) 387 (8.1) 218 (7.4)
mMRC Dyspnea scale score®, n (%)
1€ 1292 (11.8) 1152 (11.7) 241 (11.4) 211 (11.8) 130 (10.9) 570 (11.9) 343 (11.6)
2 4017 (36.6) 3607 (36.5) 801 (38.0) 591 (33.1) 436 (36.7) 1779 (37.0) 767 (25.9)
3 2516 (22.9) 2240 (22.7) 464 (22.0) 491 (27.5) 279 (23.5) 1006 (20.9) 389 (13.1)
4 867 (7.9) 778 (7.9) 178 (8.4) 176 (9.9) 102 (8.6) 322 (6.7) 121 (4.1)
54 104 (1.0) 89 (0.9) 20 (1.0) 26 (1.5) 13 (1.1) 30 (0.6) 11 (0.4)
Unknown 2195 (20.0) 2022 (20.5) 405 (19.2) 290 (16.3) 229 (19.3) 1098 (22.9) 1332 (45.0)
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Table | (Continued).

Incident Users (N=10,991)

Non-Triple Users (N=9888)

IMT Users (N=2963)

Overall (N=9888) | ACL/FF (N=2109) | IND/GLY (N=1785) | TIO/OLO (N=1189) | UMEC/VI (N=4805)

Comorbidities, mean (SD) 1.81 (1.45) 1.82 (1.45) 1.77 (1.43) 1.89 (1.45) 1.86 (1.44) 1.80 (1.46) 1.70 (1.42)
Comorbidities®, n (%)

Depression 4569 (41.6) 4109 (41.6) 821 (38.9) 778 (43.6) 507 (42.6) 2003 (41.7) 1187 (40.1)

Anxiety 2915 (26.5) 2614 (26.4) 545 (25.8) 502 (28.1) 332 (27.9) 1235 (25.7) 728 (24.6)

GERD 2510 (22.8) 2241 (22.7) 467 (22.1) 437 (24.5) 265 (22.3) 1072 (22.3) 606 (20.5)

Acute myocardial infarction 1317 (12.0) 1190 (12.0) 234 (11.1) 227 (12.7) 142 (11.9) 587 (12.2) 326 (11.0)

Congestive heart failure 1334 (12.1) 1218 (12.3) 250 (11.9) 221 (12.4) 145 (12.2) 602 (12.5) 327 (11.0)

Stroke 1371 (12.5) 1266 (12.8) 224 (10.6) 228 (12.8) 168 (14.1) 646 (13.4) 356 (12.0)

Bronchiectasis 321 (2.9) 284 (2.9) 63 (3.0) 51 (2.9) 41 (3.5) 129 (2.7) 68 (2.3)

Dementia/cognitive impairment 1117 (10.2) 1026 (10.4) 250 (11.9) 185 (10.4) 131 (11.0) 460 (9.6) 278 (9.4)

Rheumatoid/osteoarthritis 4447 (40.5) 4018 (40.6) 888 (42.1) 740 (41.5) 483 (40.6) 1907 (39.7) 1163 (39.3)
Current asthma diagnosis’, n (%) 1489 (13.6) 1148 (11.6) 276 (13.1) 212 (11.9) 135 (11.4) 525 (10.9) 274 (9.3)
GOLD 2019 group®, n (%)

A 3711 (41.3) 3327 (41.4) 740 (42.7) 514 (33.7) 417 (42.3) 1656 (43.6) 1656 (43.6)

B 2350 (26.1) 2111 (26.3) 459 (26.5) 468 (30.7) 268 (27.2) 916 (24.1) 916 (24.1)

C 1170 (13.0) 1041 (13.0) 214 (12.4) 207 (13.6) 107 (10.9) 513 (13.5) 513 (13.5)

D 1758 (19.6) 1559 (19.4) 319 (184) 335 (22.0) 194 (19.7) 711 (18.7) 711 (18.7)
Moderate-to-severe AECOPDs"

Patients with AECOPD, n (%) 3521 (32.0) 3145 (31.8) 650 (30.8) 627 (35.1) 365 (30.7) 1503 (31.3) 909 (30.7)

Mean (SD) 0.4 (0.8) 0.4 (0.8) 0.4 (0.8) 0.5 (0.8) 0.4 (0.8) 0.4 (0.7) 0.4 (0.7)
Moderate AECOPDs"

Patients with AECOPD, n (%) 2859 (26.0) 2547 (25.8) 547 (25.9) 485 (27.2) 286 (24.1) 1229 (25.6) 739 (25.0)

Mean (SD) 0.4 (0.7) 0.3 (0.7) 0.4 (0.7) 0.4 (0.7) 0.3 (0.7) 0.3 (0.7) 0.3 (0.6)
Severe AECOPDs"

Patients with AECOPD, n (%) 88| (8.0) 795 (8.0) 128 (6.1) 193 (10.8) 108 (9.1) 366 (7.6) 211 (7.1)

Mean (SD) 0.1 (0.3) 0.1 (0.3) 0.1 (0.3) 0.1 (0.4) 0.1 (0.4) 0.1 (0.3) 0.1 (0.3)
Blood eosinophil counti, cells/pL

n 6176 5580 1188 1042 676 2674 1711

Mean (SD) 0.2 (0.2) 0.2 (0.2) 0.2 (0.2) 0.2 (0.1) 0.2 (0.2) 0.2 (0.2) 0.2 (0.2)

Notes: *Most recent score/status at any time in a patient’s history prior to and including index; ®most recent score in the 24 months prior to index; “not troubled by breathlessness except on strenuous exercise; dtoo breathless to leave
the house; °present, prior to and including index; fin the 24 months prior to and including index; #a composite measure of COPD severity using AECOPD events in the prior 12 months and the most recent mMMRC measurement in the 24
months prior to and including the index date (A: <| moderate exacerbation in 12 months and mMMRC |-2, B: <| moderate exacerbation in 12 months and mMRC 23, C: 22 moderate/severe OR 2| severe exacerbation in |2 months and

mMRC -2, D: 22 moderate/severe OR 21 severe exacerbation in 12 months and mMRC 23); "in the 12 months to prior and including index date; ‘most recent measurement in the 12 months prior to and including index.

Abbreviations: ACL, aclidinium; AECOPD, acute exacerbations of COPD; COPD, chronic obstructive pulmonary disorder; FEV |, forced expiratory volume; FF, formoterol fumarate; FVC, forced vital capacity; GERD, gastroesophageal
reflux disease; GLY, glycopyrronium; GOLD, Global Initiative for Chronic Obstructive Lung Disease; IMT, initial maintenance therapy; IND, indacaterol; LABA, long-acting B,-agonist; LAMA, long-acting muscarinic antagonist; MRC,

Medical Research Council; OLO, olodaterol; SD, standard deviation; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.
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Treatment Pathways

Across indexed therapy subgroups, 51.8-59.0% and 42.5-50.4% of patients were not prescribed any respiratory
therapy at 12 and 3 months prior to index, respectively (Figure 2). At both 12 and 3 months prior to index,
LAMA monotherapy was the most frequently prescribed respiratory medication across all indexed therapy
subgroups (18.4-25.8% at 12 months; 23.9-33.7% at 3 months) (Figure 2). Across all indexed therapies, SABD
use increased between 12 months (11.5-12.3%) and 3 months (12.5-15.6%) prior to index (Figure 2). Respiratory
therapy use at all other pre-index time points showed a similar pattern, with LAMA monotherapy and SABD
being the most frequently prescribed therapies and 40.4-57.7% of patients receiving no respiratory therapies
(Supplementary Figure 1).

The mean number of prescribed respiratory medications per patient was consistently higher at 3 months prior to index
than at 12 months prior to index in patients with and without AECOPDs in the prior year (Figure 3). Notably, at 3 months
prior to index, the mean number of prescribed respiratory medications per patient was generally higher among patients
with >1 versus 0 AECOPDs in the prior year (Figure 3). The mean (SD) number of respiratory therapies per patient
across all pre-index time points ranged from 0.58 (0.78) to 0.86 (0.85) (Supplementary Figure 2).

HCRU and Costs

Across indexed therapy subgroups, the proportion of patients with a COPD-related prescription ranged from 61.3% to 72.3%
(Table 2). Over the 12-month baseline period, 62.0-68.6% attended COPD-related GP consultations, 13.2-20.2% attended
COPD-related outpatient visits, 19.3-26.1% needed COPD-related inpatient stays and 0.9-1.3% required a COPD-related
A&E visit; similar trends were seen for all-cause HCRU (Table 2; Supplementary Table 3). Notably, during both the 12-month
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Abbreviations: ACL, aclidinium; FF, formoterol fumarate; GLY, glycopyrronium; ICS, inhaled corticosteroid; IND, indacaterol; LABA, long-acting ,-agonist; LAMA, long-
acting muscarinic antagonist; NR, not reported; OLO, olodaterol; SABA, short-acting B,-agonist; SABD, short-acting bronchodilator; SAMA, short-acting muscarinic
antagonist; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.
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baseline period and the 1 day to <3 months prior to index, the proportion of patients with COPD-related prescriptions,
outpatient visits and inpatient stays in the non-triple user cohort was highest in the IND/GLY subgroup (Table 2), as was the
proportion of patients with all-cause outpatient visits, inpatient stays and A&E visits (Supplementary Table 3).

Mean COPD-related HCRU per patient was also similar across indexed therapy subgroups. Among patients >1
use of the relevant resource, the mean number of GP consultations per patient was 1.99-2.15 in the 12-month
baseline period and 1.30—1.38 between 1 day and <3 months prior to index, and the mean number of outpatient
visits per patient was 2.18-2.74 and 1.50-1.71 in the same time periods (Figure 4). All-cause HCRU was also
similar across indexed therapy subgroups. The mean number of GP consultations per patient was 11.78-12.19 in
the 12-month baseline period and 3.93-4.02 between 1 day and <3 months prior to index, and the mean number of
outpatient visits per patient was 5.74—6.67 and 2.45-2.80 in the same time periods (Supplementary Figure 3). The

mean cumulative length of COPD-related inpatient stays during the 12-month baseline period ranged from 4.04
days in the ACL/FF subgroup to 6.06 days in the TIO/OLO subgroup (Supplementary Table 4). Between 1 day
and <3 months prior to index, the cumulative length of COPD-related inpatient stays ranged from 3.79 in the
ACL/FF subgroup to 5.53 in the TIO/OLO subgroup (Supplementary Table 4).

Across indexed therapy subgroups, the range of mean costs was £116—£138 for COPD-related prescriptions, £74—£80
for GP consultations, £347-£424 for outpatient visits, and £184—£216 for A&E visits, with costs generally highest in the
IND/GLY subgroup and lowest in the UMEC/VI subgroup (Figure 5). Inpatient stays comprised the highest proportion of

total costs (£3196—£3666) in all indexed therapy subgroups (Figure 5). A similar pattern was seen for COPD-related
costs during the 3 months prior to index and for all-cause costs during both periods (Figure 5; Supplementary Figure 4).

Mean total direct COPD-related healthcare costs per patient during the 12-month baseline period ranged from £805 in the
ACL/FF subgroup to £1187 in the IND/GLY subgroup, while all-cause total direct healthcare costs ranged from £2116 in
the UMEC/VI subgroup to £2617 in the IND/GLY subgroup (Table 3). Similar patterns were seen in the 3 months prior

to index (Table 3).
0.69
057|

0 AECOPDs 21 AECOPDs

M 12 months prior to index W 3 months prior to index

0.77 0.76
0.63
0.60

0 AECOPDs 21 AECOPDs

1.00

0.91
. 0.84 0.84
i - 0.79
0.80 0.75
0.69 0.71 0.69
0.62 0.63 0.64

0.60 -

0.40

0.20 1

0.00 1

0 AECOPDs 21 AECOPDs

0.77

Mean number of respiratory medications per patient

0 AECOPDs 21 AECOPDs 0 AECOPDs 21 AECOPDs

Overall (N=9,888) ACL/FF (N=2,109) IND/GLY (N=1,785) TIO/OLO (N=1,189) UMEC/VI (N=4,805)
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Table 2 Proportion of Patients with COPD-Related HCRU During the Baseline Period (Non-Triple Users Cohort)

Overall ACL/FF IND/GLY TIO/OLO UMEC/VI

(N=9888) (N=2109) (N=1785) (N=1189) (N=4805)
12-month baseline period
Prescriptions, n (%) 6378 (64.7) 1378 (65.5) 1288 (72.3) 778 (65.8) 2934 (61.3)
GP consultations, 6382 (64.5) 1446 (68.6) 1204 (67.5) 752 (63.3) 2980 (62.0)
n (%)
Outpatient visits, 1528 (15.5) 338 (16.0) 360 (20.2) 194 (16.3) 636 (13.2)
n (%)
Inpatient stays, n (%) 2117 (21.4) 406 (19.3) 465 (26.1) 280 (23.6) 966 (20.1)
A&E visits, n (%) 123 (1.2) 28 (1.3) 21 (1.2) 11 (0.9) 63 (1.3)
I day to <3 months prior to index
Prescriptions, n (%) 5093 (51.7) 1100 (52.3) 1057 (59.3) 614 (51.9) 2322 (48.6)
GP consultations, 3345 (33.8) 762 (36.1) 613 (34.3) 392 (33.0) 1578 (32.8)
n (%)
Outpatient visits, 1040 (10.5) 213 (l10.1) 259 (14.5) 139 (11.7) 429 (8.9)
n (%)
Inpatient stays, n (%) 1008 (10.2) 174 (8.3) 248 (13.9) 133 (11.2) 453 (9.4)
A&E visits, n (%) 72 (0.7) 17 (0.8) NR? NR? 37 (0.8)

Notes: *Results based on small numbers of patients (n<5) were suppressed, as well as the next-smallest value to protect primary suppression.
Abbreviations: A&E, accident and emergency; ACL, aclidinium; COPD, chronic obstructive pulmonary disorder; FF, formoterol fumarate; GLY, glycopyrronium; GP, general
practitioner; HCRU, healthcare resource use; IND, indacaterol; NR, not reported; OLO, olodaterol; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.

Discussion

This retrospective longitudinal cohort study used primary and secondary care data in England to determine treatment
patterns and characteristics among patients with COPD who initiated single-inhaler LAMA/LABA dual therapy in
a primary care setting in England. Within the non-triple users cohort, approximately 46% of patients were classified at
baseline as GOLD group B or D, for which GOLD recommends that LAMA/LABA can be considered as an initial
treatment option in patients with severe symptoms (eg, COPD Assessment Test score >20 for group D).'® As such,
LAMA/LABA use may differ from guideline recommendations for the remaining 54% of patients. However, GOLD
2019 classification was based on exacerbation frequency in the 12 months prior to index and the most recent mMRC
measurement in the 24 months prior to index, so it is possible that GOLD grades may have changed during the baseline
period. Furthermore, patients with missing mMRC scores were not included in the GOLD 2019 categorization. Notably,
only 15.5% of the overall incident user cohort were IMT users, suggesting that LAMA/LABA dual therapy is not
commonly prescribed as IMT in England.

In the non-triple user cohort, there was little difference across indexed therapy subgroups in baseline demographics
and clinical characteristics including lung function and the presence of comorbid asthma, although the IND/GLY
subgroup had the highest proportion of patients with GOLD 2019 grade D and the highest proportion of patients with
moderate-to-severe AECOPDs during the 12-month baseline period. There were differences across indexed therapy
subgroups in the number and type of respiratory treatments received in the year prior to LAMA/LABA initiation. Some
regional differences in LAMA/LABA prescribing were observed; for example, IND/GLY and TIO/OLO appeared to be
the preferred prescribed treatments in the Northern regions, while ACL/FF and UMEC/VI were more commonly
prescribed in the Midlands. The data cover a number of Clinical Commissioning Groups which may have different
prescribing practices, but it is not possible to identify the reasons underlying the observed regional differences in this
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Table 3 Total Direct All-Cause and COPD-Related Healthcare Costs During the Baseline Period (Non-Triple Users Cohort)

Overall ACL/FF IND/GLY TIO/OLO UMEC/VI

(N=9888) (N=2109) (N=1785) (N=1189) (N=4805)
12-month baseline period
COPD-related costs, GBP, 902 (2335.5) 805 (2094.1) 1187 (2745.7) 1027 (2619.5) 808 (2181.3)
mean (SD)
All-cause costs, GBP, mean 2255 (3507.3) 2155 (3310.3) 2617 (3822.4) 2455 (3732.4) 2116 (3399.4)
(SD)
I day to <3 months prior to index
COPD-related costs, GBP, 342 (1223.6) 282 (1107.9) 484 (1450.8) 387 (1315.5) 304 (1150.0)
mean (SD)
All-cause costs, GBP, 697 (1577.7) 622 (1379.3) 862 (1766.2) 749 (1626.1) 656 (1568.6)
mean (SD)

Note: Costs are presented for resource-users.
Abbreviations: ACL, aclidinium; COPD, chronic obstructive pulmonary disorder; FF, formoterol fumarate; GBP, British pound sterling; GLY, glycopyrronium; IND, indacaterol;
OLO, olodaterol; SD, standard deviation; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.

database study. Taken together, these results suggest that there are no consistent drivers for selecting one single-inhaler
LAMA/LABA over another in England. This is consistent with recent findings of comparable safety and efficacy

between dual therapy treatments,?®?’

although some differences have been found in specific metrics, for example,
a network meta-analysis demonstrated that patients receiving UMEC/VI had lower risk of exacerbations in comparison
with other LAMA/LABA therapies.*®

In the current study, some differences were observed between indexed therapy subgroups. However, no statistical
comparisons were performed to substantiate these observations, so they should be interpreted with caution. Numerically,
the IND/GLY therapy subgroup had the highest proportion of patients requiring for both, all-cause and COPD related,
prescriptions, outpatient and inpatient stays and highest healthcare costs over the 12-month baseline period among non-
triple users. Non-triple users receiving IND/GLY also had the highest mean number of respiratory therapies prescribed at
every time point prior to index.

The study highlighted that around half of the patients in the non-triple users cohort did not receive respiratory therapy
in the year prior to LAMA/LABA initiation, although this proportion was approximately 10% lower at 3 months prior to
LAMA/LABA initiation than at 12 months prior. Importantly, the mean number of respiratory medications prescribed at
12 months and 3 months prior to starting LAMA/LABA treatment was generally higher in patients who had experienced
>1 AECOPD in the 12 months prior to initiating LAMA/LABA than in those who had not experienced an AECOPD
during this time period. This is in line with the NICE guidelines which recommend LAMA/LABA therapy in patients
who remain breathless or have exacerbations despite SABD use.''

COPD-related HCRU during the 12-month baseline period was similar across the index therapy subgroups,
with 61-72% of patients receiving a prescription, 62-69% attending GP consultations, 13-20% attending out-
patient visits, 19-26% needing inpatient stays and ~1% requiring an A&E visit. Outpatient visits had the highest
mean number per patient during the baseline period; our estimates were higher than those reported in
a retrospective, observational study of patients with COPD in the UK in 2014, where the median number of
secondary care visits ranged from 0 to 1.0 depending on disease severity.”’ This difference may be due to the
lower proportion of patients with very severe COPD (10%) in the 2014 study compared with ~20% GOLD group
D patients in the non-triple users cohort in the current study. Notably, the mean number of COPD-related primary
care contacts per patient in the present study (1.99-2.15) was similar to the median (2.33) reported in patients
with mild-moderate COPD in the 2014 study.”” Total all-cause direct costs during the 12-month baseline period

were approximately £2000—£2500, which is similar to the annual total COPD management costs shown in a cohort
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of patients with COPD in the UK 12 months following their COPD diagnosis.’® Inpatient stays were the greatest
contributor to COPD-related costs during the baseline period, in line with a previous study conducted across the
UK, USA, Canada, France, Germany, Italy, the Netherlands, and Spain, in which hospitalizations were found to
account for 54% of total direct costs among patients with COPD.?' Given that approximately 50% of patients in
the non-triple users cohort were not receiving respiratory therapies in the year prior to LAMA/LABA initiation,
there appears to be an opportunity to provide early treatment optimization to reduce the unmet clinical and
economic burden of disease and HCRU among patients with COPD in England. The study had a number of
strengths, including the size of the cohorts and the use of the CPRD Aurum database which adequately captures
the majority of patients’ healthcare journeys given that patients with COPD are largely managed in the primary
care setting in the UK. As such, the study provided an accurate insight into prescribing patterns among healthcare
professionals managing patients with COPD in England. Notably, use of the CPRD Aurum database meant that
the study did not include privately insured patients; however, as over 98% of the UK population are registered
with a primary care GP and under the NHS,*? the data are likely to be representative of the UK majority in this
regard. However, they may not be readily generalizable to other countries where higher proportions of the
population may use private healthcare primarily. Further limitations of the study included the possibility that
medications may have been prescribed for asthma rather than for COPD in some patients, as well as the potential
for misdiagnosis of asthma as COPD and vice versa. The requirement for patients in the study to have a COPD
diagnosis helped ensure a focus on medications used to treat COPD. This is an accepted approach to identify
patients with COPD, in line with a study showing that the presence of specific COPD codes in CPRD medical
records could identify patients with COPD with a high positive predictive value.>® Furthermore, only medications
prescribed in the primary care setting were recorded, potentially resulting in a misrepresentation of medication
costs. Drugs prescribed in secondary and tertiary care were not included, despite evidence suggesting that these
may incur higher costs than those prescribed in primary care in some cases.** However, most prescriptions are
either provided through primary care or managed by a GP after prescription by a specialist, and so would be
observable in the data. There are likely to be relatively few medications which are not captured in the data due to
being prescribed in secondary care without the involvement of a GP. Notably, approximately 25% of patients were
missing mMRC scores, and so GOLD group could not be derived for these patients. Adherence to medication is
an important factor in achieving disease control and reducing exacerbation risk; however, adherence was not
assessed in this study. Finally, direct costs may have been underestimated, as some tariffs are negotiated locally
and not nationally. Nonetheless, this study provides a robust, real-world picture of the characteristics of patients
prescribed single-inhaler dual therapy for COPD in England.

Conclusion

This real-world study of patients with COPD in a primary care setting in England demonstrated that the characteristics of
patients receiving different single-inhaler LAMA/LABA dual therapies were highly consistent, with no apparent drivers
for choosing one therapy over another. Given that approximately half of the non-triple user cohort were not receiving
respiratory therapies in the year prior to LAMA/LABA initiation and relatively few patients received LAMA/LABA as
initial maintenance therapy, there may be an opportunity for early optimization of treatment to relieve the unmet clinical
burden of COPD compared with current prescribing patterns.

Abbreviations

A&E, accident and emergency; ACL, aclidinium; AE, adverse event; AECOPD, acute exacerbations of COPD; BMI,
body mass index; COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; ED,
emergency department; EV, forced expiratory volume in 1 second; FF, formoterol fumarate; FVC, forced vital capacity;
GBP, British pound sterling; GERD, gastroesophageal reflux disease; GLY, glycopyrronium; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; GP, general practitioner; HCRU, healthcare resource use; HES, Hospital Episode
Statistics; HRQoL, health-related quality of life; ICS, inhaled corticosteroid; IMT, initial maintenance therapy; IND,
indacaterol; ITT, intent-to-treat; LABA, long-acting [B,-agonist; LAMA, long-acting muscarinic antagonist; mMRC,
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modified Medical Research Council; NHS, National Health Service; NICE, National Institute for Health and Care
Excellence; NOS, nitric oxide synthase; OCS, oral corticosteroid; OLO, olodaterol; PSSRU, Personal Social Service
Resource Unit; RFC, residual functional capacity; SABA, short-acting 3,-agonist; SABD, short-acting bronchodilators;
SAMA, short-acting muscarinic antagonist; SD, standard deviation; TIO, tiotropium bromide, UMEC, umeclidinium; VI,
vilanterol.
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