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ABSTRACT

Introduction: In patients with chronic
obstructive pulmonary disease (COPD), treat-
ment with long-acting muscarinic antagonist
(LAMA)/long-acting b2-agonist (LABA) combi-
nation therapy significantly improves lung
function versus LABA/inhaled corticosteroid
(ICS). To investigate whether LAMA/LABA
could provide better clinical outcomes than
LABA/ICS, this non-interventional database

study assessed the risk of COPD exacerbations,
pneumonia, and escalation to triple therapy in
patients with COPD initiating maintenance
therapy with tiotropium/olodaterol versus any
LABA/ICS combination.
Methods: Administrative healthcare claims and
laboratory results data from the US HealthCore
Integrated Research DatabaseSM were evaluated
for patients with COPD initiating tiotropium/
olodaterol versus LABA/ICS treatment (January
2013–March 2019). Patients were aged at least
40 years with a diagnosis of COPD (but not
asthma) at cohort entry. A Cox proportional
hazard regression model was used (as-treated
analysis) to assess risk of COPD exacerbation,
community-acquired pneumonia, and escala-
tion to triple therapy, both individually and as a
combined risk of any one of these events.
Potential imbalance of confounding factors
between cohorts was handled using fine strati-
fication, reweighting, and trimming by expo-
sure propensity score (high-dimensional);
subgroup analyses were conducted on the basis
of blood eosinophil levels and exacerbation
history.
Results: The total population consisted of
61,985 patients (tiotropium/olodaterol
n = 2684; LABA/ICS n = 59,301); after
reweighting, the total was 42,953 patients (tio-
tropium/olodaterol n = 2600; LABA/ICS
n = 40,353; mean age 65 years; female 54.5%).
Patients treated with tiotropium/olodaterol
versus LABA/ICS experienced a reduction in the
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risk of COPD exacerbations (adjusted hazard
ratio 0.76 [95% confidence interval 0.68, 0.85]),
pneumonia (0.74 [0.57, 0.97]), escalation to
triple therapy (0.22 [0.19, 0.26]), and any one of
these events (0.45 [0.41, 0.49]); the combined
risk was similar irrespective of baseline eosino-
phils and exacerbation history.
Conclusions: In patients with COPD, tio-
tropium/olodaterol was associated with a lower

risk of COPD exacerbations, pneumonia, and
escalation to triple therapy versus LABA/ICS,
both individually and in combination; the
combined risk was reduced irrespective of
baseline eosinophils or exacerbation history.
Trial Registration: ClinicalTrials.gov identifier,
NCT04138758 (registered 23 October 2019).
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Key Summary Points

Why carry out this study?

Although some patients with chronic
obstructive pulmonary disease (COPD)may
benefit from regimens that include inhaled
corticosteroids (ICS), ICS-containing
treatments are oftenoverprescribed and can
increase the risk of pneumonia.

To investigate whether combination
therapy with the long-acting muscarinic
antagonist (LAMA)/long-acting b2-agonist
(LABA) tiotropium/olodaterol could
provide better clinical outcomes than
LABA/ICS, this large non-interventional
database study assessed the risk of COPD
exacerbations, pneumonia, and escalation
to triple therapy in patients with COPD
who initiated maintenance therapy with
either combination.

What was learned from the study?

Overall, tiotropium/olodaterol was
associated with a lower risk of COPD
exacerbations, pneumonia, and escalation
to triple therapy versus LABA/ICS, both
individually and as a combined risk of any
one of these events occurring; the
combined risk was reduced versus LABA/
ICS irrespective of baseline eosinophil
count or exacerbation history.

These results support and expand on those
fromprevious randomized controlled trials
that report a lower risk of exacerbations in
subsets of patients with COPD treated with
LAMA/LABA versus LABA/ICS.

Our findings highlight the important role
of LAMA/LABA in the management of
COPD and implicate it as a strong
alternative to LABA/ICS to avoid ICS
overuse and reduce exacerbations in
patients with COPD.

PLAIN LANGUAGE SUMMARY

There are several different inhaled medicines for
people with chronic obstructive pulmonary
disease (COPD), including long-acting mus-
carinic antagonists (LAMAs), long-acting b2-ag-
onists (LABAs), and inhaled corticosteroids
(ICS). These medicines can be prescribed on
their own or together. The most suitable choice
of medicine depends on the person. For exam-
ple, some people may benefit from treatments
that include ICS, such as those who also have
asthma or high levels of eosinophils—a type of
white blood cell that can indicate inflammation
in the body. However, ICS can also increase the
risk of pneumonia. In this study, we compared
treatment with a LAMA/LABA combination
(called tiotropium/olodaterol) against LABA/
ICS. We looked at which was more effective,
also taking into account the risk of side effects.
Using a large US database, we looked at infor-
mation from over 40,000 patients with COPD
who started treatment with either tiotropium/
olodaterol or LABA/ICS. Overall, tiotropium/
olodaterol reduced the risk of experiencing a
worsening of symptoms (known as an exacer-
bation) compared with LABA/ICS. Tiotropium/
olodaterol was also associated with a lower risk
of pneumonia and the need to increase (or
‘‘escalate’’) treatment to triple therapy with
LAMA/LABA/ICS versus LABA/ICS. Looking at
exacerbations, pneumonia, and escalation to
triple therapy together, the risk of any one of
these events was also reduced. This was true for
patients with low or high eosinophil levels and
for those who had a low or high number of
exacerbations before starting treatment. Over-
all, these results suggest that a LAMA/LABA
combination like tiotropium/olodaterol is a
strong alternative to LABA/ICS.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, summary slide,
and plain language summary, to facilitate
understanding of the article. To view digital
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features for this article go to https://doi.org/10.
6084/m9.figshare.13677457.

INTRODUCTION

Multiple therapies can be used to treat chronic
obstructive pulmonary disease (COPD) as long-
term therapy, including long-acting bron-
chodilators (long-acting muscarinic antagonists
[LAMAs] and/or long-acting b2-agonists
[LABAs]) and inhaled corticosteroids (ICS). The
Global Initiative for Chronic Obstructive Lung
Disease (GOLD) 2020 strategy report recom-
mends a stepwise approach to pharmacologic
treatment, starting with a LAMA or LABA for
most patients with COPD, and escalating to
dual bronchodilation as the next step [1].
However, many patients remain symptomatic
with monotherapy [2–4]. Recent guidelines
from the American Thoracic Society go further,
strongly recommending dual LAMA/LABA
therapy over LAMA or LABA monotherapy for
patients with COPD with dyspnea or exercise
intolerance [5].

The optimal choice of treatment for COPD
may depend on several factors. For instance,
some patients, such as those with high eosino-
phil levels, an increased exacerbation risk, or a
history of asthma, may benefit from regimens
that include ICS [1, 5, 6]. The GOLD 2020
strategy report recommends that initial therapy
with LABA/ICS is limited to patients with eosi-
nophil levels of at least 300 cells/lL who are at
high risk of exacerbations and are symptomatic
[1].

Despite these recommendations, ICS are
sometimes overprescribed and may be appro-
priate only in a subset of users [7–15]. In par-
ticular, ICS overuse is common in the USA, as
shown by a cross-sectional study in the US
Veterans Affairs system in which a quarter of
patients with COPD without an identifiable
indication for ICS had filled two or more pre-
scriptions for ICS in the past year [16]. Notably,
ICS use is widely associated with an increased
risk of pneumonia and related use of healthcare
resources and cost [8, 17–20], making it partic-
ularly important that ICS are prescribed appro-
priately. For example, triple therapy with

LAMA/LABA/ICS has been associated with an
increased risk of pneumonia and higher costs
compared with dual therapy with LAMA/LABA
combinations [5, 21]. Hence, escalation to triple
therapy should be reserved for a specific popu-
lation of patients with COPD, namely symp-
tomatic patients with a high risk of
exacerbations, in whom the treatment benefits
may outweigh the risks [5, 22, 23].

Given the increasing evidence around the
need for more tailored use of ICS in people with
COPD [1, 5, 6, 24], it is important to investigate
if non-ICS-containing regimens can provide the
same or better clinical outcomes without the
added risk of side effects associated with ICS.
Treatment with LAMA/LABA combinations,
including tiotropium/olodaterol, has been
shown to significantly improve lung function
versus LABA/ICS combinations [3, 25–27]. This
non-interventional database study therefore
aimed to assess the risk of COPD exacerbations,
pneumonia, and escalation to triple therapy,
both individually and as a combined risk of any
one of these events occurring, in patients with
COPD who initiated maintenance therapy with
tiotropium/olodaterol versus any LABA/ICS
combination.

METHODS

Data Sources

This study (NCT04138758) was conducted
using data from the HealthCore Integrated
Research Database (HIRD; January 2013–March
2019), a large administrative healthcare claims
database maintained by HealthCore that has
previously been used for the study of numerous
diseases, including COPD [28–32]. The study
was conducted using administrative claims in
the form of a limited data set pursuant to data
agreements between HealthCore and partici-
pating health plans in compliance with the US
Health Insurance Portability and Accountability
Act. The study did not require ethics committee
approval, nor were subjects required to provide
informed consent.

HIRD includes longitudinal medical and
pharmacy claims data for health plan members
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residing in the USA. Member enrollment, med-
ical care (professional and facility claims), out-
patient prescription drug use, outpatient
laboratory test result data, and healthcare uti-
lization may be tracked for health plan mem-
bers in the database dating back to January
2006, and with diagnoses recorded in Interna-
tional Classification of Diseases, version 10
(ICD-10) since October 2015. Laboratory data
are available for those tests that have been per-
formed using two large, national reference lab-
oratories (Quest and LabCorp).

Study Population and Design

Patients in each cohort were required to have at
least one prescription for a fixed-dose combi-
nation (FDC) inhaler of tiotropium/olodaterol
or LABA/ICS between 1 January 2013 and
31 March 2019, with the first prescription
defined as the index date. Patients were also
required to have at least one diagnosis of COPD
at any time prior to the index date and at least
1 year of continuous health plan eligibility prior
to the index date. Patients were excluded for the
following reasons: age less than 40 years at the
index date; diagnosis of asthma in the year prior
to the index date, lung cancer, interstitial lung
disease, or lung transplant; or pre-index use of
tiotropium/olodaterol, LABA/ICS, or LABA/
LAMA/ICS in free or fixed form.

Study Subpopulations

All analyses were conducted for the total pop-
ulation, as well as in subgroups of patients at
high or low risk of exacerbation based on (1)
previous history of exacerbations in the year
preceding cohort entry (low exacerbation his-
tory, 0 hospitalizations and 0–1 outpatient
exacerbations; high exacerbation history, at
least 1 hospitalization or at least 2 outpatient
exacerbations); and (2) blood eosinophil count
(baseline eosinophils less than 300 cells/lL;
baseline eosinophils at least 300 cells/lL) as
identified on the basis of the laboratory result
value that was closest but prior to the index date
(within 6 months).

Exposure Measures

Exposure measures were based on pharmacy
dispensation of tiotropium/olodaterol and
LABA/ICS over up to 1 year of follow-up. Expo-
sure was based on the current use of tiotropium/
olodaterol or LABA/ICS as defined by the dis-
pensation date plus the day’s supply recorded at
the time of dispensation.

A gap of 15 days was allowed between dis-
pensations to allow for delays in obtaining
medication refills and for continued use beyond
the days supplied where medication has been
missed because of imperfect adherence. The
15-day gap was increased in the sensitivity
analyses to 30 and 60 days.

Patients were followed from the index date
until the earliest of the following: first occur-
rence of a COPD exacerbation, community-ac-
quired pneumonia, escalation to triple therapy,
switch in treatment, discontinuation of COPD
treatment, the end of the study period, the end
of continuous health plan eligibility, or (for the
main analyses) 1 year after cohort entry. The
treatment segment ended at the earliest of the
following events: (1) 15 days after the end of the
observed day’s supply for the medication
received on the index date without a subse-
quent dispensing of COPD medication (i.e.,
discontinuation); (2) initiation of triple therapy;
or (3) any other change in use of study medi-
cation, including to a different combination
therapy, from a fixed-form to a free-form com-
bination therapy, or from combination therapy
to monotherapy.

Study Outcomes

The primary outcome was to compare the risk of
first COPD exacerbation after initiating treat-
ment with tiotropium/olodaterol versus LABA/
ICS. COPD exacerbation was defined as a COPD-
related hospitalization (severe exacerbation) or
an emergency department visit for COPD and/
or prescription of an antibiotic for a respiratory
condition the same day as an oral corticosteroid
(moderate exacerbation). To increase the speci-
ficity of our definition of exacerbation, the
prescription of either an antibiotic or oral
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corticosteroid alone was not included. Severe
and moderate exacerbations were considered as
a composite for the main analyses.

Secondary outcomes included the risk of
hospitalization for community-acquired pneu-
monia, risk of pharmacy dispensation indicat-
ing escalation to triple therapy, and risk of any
of the following events occurring: COPD exac-
erbation, hospitalization for pneumonia, or
escalation to triple therapy. Pneumonia was
defined as hospitalization with one of the fol-
lowing diagnostic codes: 481.x–486.x, 487.0,
507.x, 507.0, 507.1, 507.8, 510.0, 510.9, 511.0,
513.0, 514.x, 517.1, 519.8, 530.84 (as per
International Classification of Diseases, version
9, Clinical Modification [ICD-9-CM]; used up to
October 2015) and J10.0, J11.0, J12–J18, J22,
J69, J85.0, J85.1, and J86 (ICD-10; used from
October 2015 onwards) (pneumonia without
hospitalization was not captured). These defi-
nitions from hospitalization data have been
used in several previous studies in patients with
COPD [33] and are detailed in Table S1 in the
supplementary material. As a result of the nat-
ure of the ICD diagnostic codes (e.g., J10.0:
‘‘influenza due to other identified influenza
virus with pneumonia’’ [ICD-10]), it was not
possible to verify pneumonia as the primary
driver of hospitalization. Escalation to triple
therapy was defined as any combination of
pharmacy dispensations resulting in the over-
lapping use of a LAMA, LABA, and ICS through
any fixed or free combination for at least 1 day.

Statistical Analysis

Outcome rates are described using incidence
rates (IRs) and associated 95% confidence
intervals (CIs). Differences in the risk of a first
COPD exacerbation, pneumonia, escalation to
triple therapy, or any one of these events
(COPD exacerbation, or pneumonia, or escala-
tion to triple therapy) for tiotropium/olodaterol
use relative to LABA/ICS use were assessed using
hazard ratios (HRs) and associated 95% CIs. Cox
proportional hazard models were performed as
an as-treated analysis to derive HRs; a first
treatment carry-on analysis was conducted as a
sensitivity analysis. Confounding was

controlled via fine stratification and reweight-
ing of an exposure propensity score and by
including potential confounding factors in the
models for variables that remained imbalanced
after reweighting. Data trimming was applied
on the basis of the overlap of propensity score
distributions [34].

Data were analyzed separately and for sub-
groups based on blood eosinophil levels (for
those with available results) and exacerbation
history using the same approach. Calculation of
propensity scores and fine stratification and
reweighting were repeated within the patient
subgroups to create weighted populations.

Propensity scores including both pre-speci-
fied and high-dimensional, data-derived vari-
ables were calculated; scores were calculated on
the basis of the following covariates: sex, age,
calendar year of cohort entry, season of index
date, US census region of residence, insurance
type, medication history, exacerbation history
and pre-specified chronic comorbidities, in
addition to the most frequently occurring
diagnoses, medications, and procedures
observed. Adjustment for the propensity score
used the fine stratification method to create a
weighted pseudo-population [34]. Ten strata
were defined on the basis of the distribution of
the propensity score within tiotropium/olo-
daterol-exposed individuals for the region of
overlap with the LABA/ICS group, and stratum-
specific weights were applied to create balance
between the exposure groups. The balance of
patient characteristics between the treatment
groups was described before and after propen-
sity score application. The Cox proportional
hazard model was further adjusted for patient
characteristics found to be imbalanced after
application of the propensity score, where
imbalance was defined as standardized differ-
ences greater than 10%. Several sensitivity
analyses and bias analyses were performed, as
described in the supplementary methods.
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RESULTS

Study Cohort

Data were available from 237,328 patients with
a diagnosis of COPD who had received at least
one dose of study medication from 1 January
2013 to 31 March 2019 (Fig. 1). After removing
patients who did not meet the inclusion/ex-
clusion criteria, there were 2684 tiotropium/
olodaterol and 59,301 LABA/ICS users remain-
ing. Of those, 361 tiotropium/olodaterol users
(13.5%) and 6586 LABA/ICS users (11.1%) had
at least one eosinophil test result recorded
within 6 months prior to the index date. Based
on pre- and post-index health plan eligibility
data, the median time of enrollment was
61.1 months for tiotropium/olodaterol and
60.3 months for LABA/ICS. In the LABA/ICS
group, the mean (± standard deviation) dose of
ICS was 254.51 ± 242.31 lg and the majority of
users (n = 56,558; 95.4%) received LABA/ICS via
a single inhaler.

Baseline Characteristics

Baseline characteristics before and after
reweighting are shown in Table 1. Prior to
reweighting, the mean age of patients was 64.8
and 65.0 years for tiotropium/olodaterol and
LABA/ICS, respectively; 45.6% of tiotropium/
olodaterol users and 49.7% of LABA/ICS users
were female. The majority of patients had not
received previous maintenance treatments for
COPD (tiotropium/olodaterol group, 69.2%;
LABA/ICS group, 82.0%). The most common
previous COPD treatment was LAMA
monotherapy (tiotropium/olodaterol, 22.4%;
LABA/ICS, 12.9%). More patients in the tio-
tropium/olodaterol group reported previous
LAMA/LABA combination therapy versus those
in the LABA/ICS group (6.4% versus 1.1%).

After reweighting for stratified propensity
scores, the total pseudo-population consisted of
42,953 patients (tiotropium/olodaterol, 2600;
LABA/ICS, 40,353). Overall, after reweighting,
baseline characteristics were balanced between
users of tiotropium/olodaterol and LABA/ICS, as
demonstrated by low values of standardized

difference (Table 1). There was still some
imbalance in prior exacerbation history
between tiotropium/olodaterol and LABA/ICS
users, particularly for severe exacerbations (tio-
tropium/olodaterol versus LABA/ICS: one severe
exacerbation in year prior to cohort entry,
13.2% vs. 18.3%; at least two exacerbations,
2.7% vs. 4.7%). To account for this imbalance,
severe exacerbations were adjusted for in the
model.

Risk of COPD Exacerbations

Tiotropium/olodaterol users had a lower adjus-
ted IR (aIR [95% CIs]) per 100 person-years of
exacerbations (59.53 [53.68, 66.03]) than LABA/
ICS users (88.67 [86.45, 90.94]) (see Table 2 for
adjusted and unadjusted data). The risk of
exacerbations was also lower with tiotropium/
olodaterol compared with LABA/ICS (adjusted
HR [aHR] 0.76 [95% CI 0.68, 0.85]) (Fig. 2).

Similar results were observed for patients
stratified by baseline exacerbation frequency
and for patients with baseline eosinophil levels
less than 300 cells/lL (Table 2 and Fig. 3).
Notably, the observation that tiotropium/olo-
daterol users had a lower risk of exacerbations
than LABA/ICS users tended to be more pro-
nounced in patients with baseline eosinophils
less than 300 cells/lL (aHR 0.54 [95% CI 0.36,
0.82]) versus patients with at least 300 cells/lL
(aHR 0.83 [0.50, 1.38]).

Across sensitivity analyses, the aHR estimates
varied from 0.69 to 0.91 (see Table S2 in the
supplementary material). This was generally
consistent across the subgroup analyses. For the
bias analysis, only minimal changes in the aHR
were observed when correcting for the parame-
ters shown in Table S3 in the supplementary
material.

Risk of Pneumonia

Tiotropium/olodaterol users had a lower aIR
(95%CI) per 100 person-years of hospitalization
for pneumonia (8.57 [6.61, 11.10]) than LABA/
ICS users (12.54 [11.76, 13.36]) (see Table 2 for
adjusted and unadjusted data). The risk of
pneumonia was also lower with tiotropium/
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Fig. 1 Formation of the study cohort. Percentage values
show the proportion of individuals lost from the study
cohort at each step compared with those with at least one
COPD diagnosis (n = 237,328 [100%]). COPD chronic

obstructive pulmonary disease, ICS inhaled corticosteroids,
LABA long-acting b2-agonist, LAMA long-acting mus-
carinic antagonist, Olo olodaterol, Tio tiotropium

Adv Ther (2021) 38:2249–2270 2257



Table 1 Baseline patient demographics in patients with COPD receiving tiotropium/olodaterol versus LABA/ICS

Overall population Reweighted populationa

Tio/Olo
(n = 2684)

LABA/ICS
(n = 59,301)

Standardized
difference

Tio/Olo
(n = 2600)

LABA/ICS
(n = 40,353)

Standardized
difference

Age at index date

Mean (SD), years 64.8 (10.3) 65.0 (11.5) - 1.5 65.0 (10.3) 64.8 (11.5) - 0.3

40–49 years, n (%) 135 (5.0) 4543 (7.7) - 10.8 126 (4.8) 1975 (4.9) - 0.3

50–64 years, n (%) 1360 (50.7) 27,803 (46.9) 7.6 1297 (49.9) 20,193 (50.0) - 0.2

C 65 years, n (%) 1189 (44.3) 26,955 (45.5) - 2.3 1177 (45.3) 18,185 (45.1) 0.4

Female, n (%) 1225 (45.6) 29,497 (49.7) - 8.2 1415 (54.4) 21,994 (54.5) - 0.2

Calendar year of cohort entry, n (%)

2013 0 7710 (13.0) - 54.7 0 0

2014 0 9902 (16.7) - 63.3 0 0

2015 218 (8.1) 10,021 (16.9) - 26.8 201 (7.7) 3471 (8.6) - 3.2

2016 694 (25.9) 9879 (16.7) 22.6 669 (25.7) 10,286 (25.5) 0.6

2017 788 (29.4) 9690 (16.3) 31.4 761 (29.3) 11,683 (29.0) 0.7

2018 749 (27.9) 9561 (16.1) 28.7 735 (28.3) 11,279 (27.9) 0.7

2019 235 (8.8) 2538 (4.3) 18.2 234 (9.0) 3635 (9.0) 0.0

Season of cohort entry, n (%)

Autumn/fall 706 (26.3) 12,990 (21.9) 10.3 676 (26.0) 10,479 (26.0) 0.1

Spring 662 (24.7) 16,331 (27.5) - 6.5 641 (24.7) 9957 (24.7) 0.0

Summer 577 (21.5) 13,028 (22.0) - 1.1 561 (21.6) 8645 (21.4) 0.4

Winter 739 (27.5) 16,952 (28.6) - 2.3 722 (27.8) 11,272 (27.9) - 0.4

US census region of residence, n (%)

Midwest 780 (30.0) 18,644 (32.4) - 5.2 780 (30.0) 12,147 (30.1) - 0.2

Northeast 300 (11.5) 8883 (15.4) - 11.5 300 (11.5) 4698 (11.6) - 0.3

South 1052 (40.4) 19,206 (33.4) 14.7 1052 (40.5) 16,287 (40.4) 0.2

West 469 (18.0) 10,785 (18.8) - 1.9 468 (18.0) 7222 (17.9) 0.3

Insurance type, n (%)

Commercial 2207 (82.2) 46,599 (78.6) 9.2 2123 (81.7) 32,943 (81.6) 0.0

Medicare advantage 320 (11.9) 8391 (14.1) - 6.6 320 (12.3) 4974 (12.3) - 0.1

Medicare other 157 (5.8) 4311 (7.3) - 5.7 157 (6.0) 2436 (6.0) 0.0
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Table 1 continued

Overall population Reweighted populationa

Tio/Olo
(n = 2684)

LABA/ICS
(n = 59,301)

Standardized
difference

Tio/Olo
(n = 2600)

LABA/ICS
(n = 40,353)

Standardized
difference

Number of previous COPD maintenance treatments, n (%)

0 1856 (69.2) 48,653 (82.0) - 30.4 1794 (69.0) 27,922 (69.2) - 0.4

1 742 (27.6) 9834 (16.6) 26.9 722 (27.8) 11,233 (27.8) - 0.1

2 65 (2.4) 598 (1.0) 10.9 64 (2.5) 893 (2.2) 1.6

C 3 21 (0.8) 216 (0.4) 5.5 20 (0.8) 305 (0.8) 0.2

Previous COPD treatments, n (%)

LAMA monotherapy 601 (22.4) 7668 (12.9) 25.0 587 (22.6) 9079 (22.5) 0.2

LABA monotherapy 11 (0.4) 285 (0.5) - 1.1 11 (0.4) 169 (0.4) 0.1

ICS monotherapy 131 (4.9) 2743 (4.6) 1.2 126 (4.8) 1950 (4.8) 0.1

LAMA/LABA combination

therapy

172 (6.4) 675 (1.1) 27.9 167 (6.4) 654 (1.6) 24.6

LAMA/ICS combination

therapy

19 (0.7) 200 (0.3) 5.1 18 (0.7) 281 (0.7) 0.0

Previous acute COPD exacerbation (overall), n (%)

Any

0 1752 (65.3) 34,201 (57.7) 15.7 1701 (65.4) 26,321 (65.2) 0.4

1 555 (20.7) 15,138 (25.5) - 11.5 534 (20.5) 8334 (20.7) - 0.3

C 2 377 (14.0) 9962 (16.8) - 7.6 365 (14.0) 5697 (14.1) - 0.2

Moderate

0 1999 (74.5) 43,261 (73.0) 3.5 1938 (74.5) 28,856 (71.5) 6.8

1 444 (16.5) 10,537 (17.8) - 3.3 431 (16.6) 7471 (18.5) - 5.1

C 2 241 (9.0) 5503 (9.3) - 1.0 231 (8.9) 4026 (10.0) - 3.7

Severe

0 2262 (84.3) 45,306 (76.4) 19.9 2189 (84.2) 31,107 (77.1) 18.1

1 352 (13.1) 11,145 (18.8) - 15.6 342 (13.2) 7368 (18.3) - 14.1

C 2 70 (2.6) 2850 (4.8) - 11.7 69 (2.7) 1878 (4.7) - 10.7

Use of other respiratory drugs, n (%)

SABAs 1374 (51.2) 29,155 (49.2) 4.1 1335 (51.3) 20,752 (51.4) - 0.2

Anticholinergics 112 (4.2) 2317 (3.9) 1.3 105 (4.0) 1395 (3.5) 3.1

Methylxanthines 23 (0.9) 401 (0.7) 2.1 23 (0.9) 395 (1.0) - 1.0

Muscarinic antagonists 619 (23.1) 8747 (14.8) 21.3 605 (23.3) 9327 (23.1) 0.3
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Table 1 continued

Overall population Reweighted populationa

Tio/Olo
(n = 2684)

LABA/ICS
(n = 59,301)

Standardized
difference

Tio/Olo
(n = 2600)

LABA/ICS
(n = 40,353)

Standardized
difference

SAMAs 74 (2.8) 1275 (2.2) 3.9 69 (2.7) 819 (2.0) 4.1

Use of antibiotics for a

respiratory condition, n (%)

1792 (66.8) 41,092 (69.3) - 5.4 1731 (66.6) 26,852 (66.5) 0.0

Count of distinct drugs used during the baseline period

0 to\ 5 2668 (99.4) 58,515 (98.7) 7.5 2585 (99.4) 39,800 (98.6) 7.6

5 to\ 10 16 (0.6) 786 (1.3) - 7.5 16 (0.6) 553 (1.4) - 7.6

C 10 0 0 0 0

Chronic comorbidities any time prior to index date, n (%)

0 218 (8.1) 8656 (14.6) - 20.5 206 (7.9) 3220 (8.0) - 0.2

1–2 1649 (61.4) 32,442 (54.7) 13.7 1594 (61.3) 24,788 (61.4) - 0.3

C 3 817 (30.4) 18,203 (30.7) - 0.6 801 (30.8) 12,343 (30.6) 0.4

Cardiovascular disease 1998 (74.4) 45,839 (77.3) - 6.7 1945 (74.8) 30,228 (74.9) - 0.2

Diabetes 652 (24.3) 15,705 (26.5) - 5.0 641 (24.6) 9956 (24.7) - 0.1

Thyroid disease 495 (18.4) 11,743 (19.8) - 3.5 484 (18.6) 7540 (18.7) - 0.2

Renal failure 328 (12.2) 8823 (14.9) - 7.8 324 (12.5) 5047 (12.5) - 0.2

Autoimmune disease 680 (25.3) 19,012 (32.1) - 14.9 667 (25.6) 10,408 (25.8) - 0.3

Pneumonia 424 (15.8) 11,300 (19.1) - 8.6 410 (15.8) 6337 (15.7) 0.2

Obesity 579 (21.6) 9814 (16.5) 12.8 562 (21.6) 8698 (21.6) 0.1

Alcohol use disorder 64 (2.4) 1012 (1.7) 4.8 60 (2.3) 922 (2.3) 0.1

Tobacco use or cessation

counseling

1096 (40.8) 22,080 (37.2) 7.4 1046 (40.2) 16,224 (40.2) 0.0

Cancer (excluding basal cell

carcinoma)

334 (12.4) 6399 (10.8) 5.2 331 (12.7) 5067 (12.6) 0.5

Subgroups, n (%)

Patients with eosinophil data

availableb
361 (13.5) 6586 (11.1) 347 (13.3) 4101 (10.2)

Baseline eosinophils\ 300

cells/lL

259 (71.7) 4848 (73.6) 248 (71.5) 3052 (74.4)

Baseline eosinophils C 300

cells/lL

102 (28.3) 1738 (26.4) 99 (28.5) 1049 (25.6)

Patients with exacerbation

history availableb
2684 (100) 59,301 (100) 2596 (99.8) 40,245 (93.7)

Low exacerbation historyc 2091 (77.9) 41,744 (70.4) 2027 (78.1) 28,476 (70.8)
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olodaterol compared with LABA/ICS (aHR 0.74
[95% CI 0.57, 0.97]) (Fig. 2).

Risk of Escalation to Triple Therapy

Tiotropium/olodaterol users had a lower aIR
(95% CI) per 100 person-years of escalation to
triple therapy (20.81 [17.53, 24.47]) than LABA/
ICS users (114.79 [112.50, 117.25]) (see Table 2
for adjusted and unadjusted data). The risk of
being escalated to triple therapy was also lower
with tiotropium/olodaterol compared with
LABA/ICS (aHR 0.22 [95% CI 0.19, 0.26])
(Fig. 2).

Combined Risk of COPD Exacerbation,
or Pneumonia, or Escalation to Triple
Therapy

When looking at the combined risk of any one
of a COPD exacerbation, pneumonia, or esca-
lation to triple therapy, tiotropium/olodaterol
users had a lower aIR (95% CI) per 100 person-
years (79.04 [72.32, 86.56]) than LABA/ICS users
(207.21 [203.81, 210.75]) (see Table 2 for
adjusted and unadjusted data). The risk of a
COPD exacerbation, or pneumonia, or escala-
tion to triple therapy was also lower with tio-
tropium/olodaterol compared with LABA/ICS
(aHR 0.45 [95% CI 0.41, 0.49]; Fig. 2).

Similar results were observed for patients
stratified by baseline exacerbation frequency
and eosinophil levels (Table 2 and Fig. 4). For
eosinophils, there was no notable difference
between tiotropium/olodaterol and LABA/ICS
in patients with fewer than 300 cells/lL (aHR
0.39 [95% CI 0.29, 0.53]) versus patients with at
least 300 cells/lL (aHR 0.54 [0.34, 0.86]).

DISCUSSION

This non-interventional, real-world study
showed that, in patients who initiated mainte-
nance therapy with tiotropium/olodaterol ver-
sus LABA/ICS, there was a reduction in the risk
of COPD exacerbations, community-acquired
pneumonia and escalation to triple therapy, as
well as a 54% reduction in the combined risk of
any one of these events. The combined measure
provides a useful and clinically relevant com-
parison of the two treatment options, given that
the prescription of a treatment may be based on
avoiding a number of possible events.

These findings are consistent with a growing
body of evidence reporting that LAMA/LABA
combination therapy is associated with a com-
parable or lower risk of exacerbations compared
with LABA/ICS, while ICS use is linked with an
increased risk of pneumonia [35–38]. For
example, the FLAME trial reported that patients

Table 1 continued

Overall population Reweighted populationa

Tio/Olo
(n = 2684)

LABA/ICS
(n = 59,301)

Standardized
difference

Tio/Olo
(n = 2600)

LABA/ICS
(n = 40,353)

Standardized
difference

High exacerbation historyd 593 (22.1) 17,557 (29.6) 569 (21.9) 11,769 (29.2)

COPD chronic obstructive pulmonary disease, ICS inhaled corticosteroids, LABA long-acting b2-agonist, LAMA long-
acting muscarinic antagonist, Olo olodaterol, SABA short-acting b2-agonist, SAMA short-acting muscarinic antagonist, SD
standard deviation, Tio tiotropium
a Weighted pseudo-population based on stratified exposure high-dimensional propensity score. All variables shown were
included in the propensity score, apart from mean age at index date and number of moderate and severe exacerbations,
which are descriptive variables
b Percentage values show the proportion of patients in each cohort with baseline eosinophil results or exacerbation history
available
c Low exacerbation history was defined as 0 inpatient and 0–1 outpatient events in the preceding year
d High exacerbation history was defined as C 1 inpatient and/or C 2 outpatient events in the preceding year
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with COPD and a history of exacerbation
receiving LAMA/LABA (indacaterol/glycopyrro-
nium) had fewer exacerbations and a lower
incidence of pneumonia than those receiving
LABA/ICS (salmeterol/fluticasone) over 1 year of
follow-up [35]. Similarly, in LANTERN, patients
with moderate-to-severe COPD and a history of
at least one exacerbation in the previous year
who received indacaterol/glycopyrronium had a
significantly lower rate of moderate-to-severe
exacerbations and a threefold lower incidence
of pneumonia compared with those receiving
salmeterol/fluticasone [37]. In AFFIRM COPD,
there was a comparable reduction in exacerba-
tion risk, but a lower incidence of pneumonia,
with LAMA/LABA (aclidinium/formoterol) ver-
sus salmeterol/fluticasone in patients with
stable, moderate-to-severe COPD [38]. Addi-
tionally, several large observational studies have
shown no benefit of LABA/ICS over LAMA or
LAMA/LABA in terms of reducing exacerbation
risk [39–41]. For example, in a large retrospec-
tive study in the USA evaluating 5384 patients
on LAMA/LABA and 473,388 on LABA/ICS,
both treatments were similarly effective in
terms of exacerbation rates [39]. Similarly, in a
recent real-world study comparing 1977
patients with COPD initiating LAMA/LABA
with 1977 initiating LABA/ICS, LAMA/LABA
was as effective as LABA/ICS in preventing
exacerbations, but with a lower incidence of
severe pneumonia [40]. Also, in a population-
based observational study of 12,366 patients
with COPD initiating LAMA and 12,366 initi-
ating LABA/ICS, patients with low blood eosi-
nophil levels (at most 300 cells/lL) experienced
no difference in exacerbation risk with either
treatment [41]. In contrast, in both the IMPACT
and ETHOS trials, which compare triple LAMA/
LABA/ICS therapy with LABA/ICS and LAMA/
LABA, a lower rate of moderate or severe COPD
exacerbations was observed with LABA/ICS
versus LAMA/LABA [42, 43]. However, it is
worth noting that these patients were more
severe in terms of exacerbation history and lung
function than those in the current study
[42, 43]. Our results confirm that LAMA/LABA is
the preferred option as initial therapy in
patients with infrequent exacerbations.
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Fig. 2 Risk of exacerbation, pneumonia, escalation to
triple therapy, or a combination of these events (exacer-
bation, or pneumonia, or escalation to triple therapy) in
patients receiving tiotropium/olodaterol versus LABA/
ICS. Hazard ratios were derived using Cox proportional
hazard models. The Cox proportional hazard model was
further adjusted for patient characteristics found to be

imbalanced after application of the propensity score, where
imbalance was defined as standardized differences greater
than 10%. aHR adjusted hazard ratio, CI confidence
interval, COPD chronic obstructive pulmonary disease,
ICS inhaled corticosteroids, LABA long-acting b2-agonist,
Olo olodaterol, Tio tiotropium

Fig. 3 Subgroup analyses for the risk of exacerbations in
patients receiving tiotropium/olodaterol versus LABA/
ICS. Hazard ratios were derived using Cox proportional
hazard models. The Cox proportional hazard model was
further adjusted for patient characteristics found to be

imbalanced after application of the propensity score, where
imbalance was defined as standardized differences greater
than 10%. aHR adjusted hazard ratio, CI confidence
interval, ICS inhaled corticosteroids, LABA long-acting
b2-agonist, Olo olodaterol, Tio tiotropium
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There is also evidence to support the safe
withdrawal of ICS where appropriate [24].
Recent guidelines from the European Respira-
tory Society (ERS) conditionally recommend
withdrawing ICS in patients with COPD with-
out a history of frequent exacerbations and
strongly recommend treatment with one or two
long-acting bronchodilators if ICS are with-
drawn [24]. In support of this, in patients from
the WISDOM trial with COPD and a history of
exacerbations who received LAMA/LABA/ICS
triple therapy (tiotropium/salmeterol/fluticas-
one propionate), the risk of moderate or severe
exacerbations was similar among those discon-
tinuing versus continuing ICS [36]. Notably, the
ERS guidelines strongly recommend not with-
drawing ICS in patients with blood eosinophil
counts of 300 cells/lL or higher [24].

Given that LABA/ICS are currently recom-
mended for symptomatic patients with higher
exacerbation risk [1], lower exacerbation rates
may be anticipated in LAMA/LABA versus
LABA/ICS users, which has the potential to
confound any comparison of these treatment
regimens. However, the reduction in

exacerbation risk with tiotropium/olodaterol
versus LABA/ICS in our study occurred irre-
spective of baseline exacerbation history, indi-
cating reductions in patients with both low and
high exacerbation history. Similarly, prior
therapy did not influence our results, as shown
by a sensitivity analysis that included only
those patients who had not received prior
monotherapy; in this analysis, only marginal
variations in the risk estimates for COPD exac-
erbations were observed overall and in the
subgroup analyses by exacerbation history,
suggesting that prior monotherapy did not
modify the observations. Lastly, eosinophil
count has the potential to influence exacerba-
tion outcomes; however, our study showed that
patients benefit from initiating therapy with
tiotropium/olodaterol compared with LABA/
ICS, irrespective of baseline eosinophil count.
The reduction in COPD exacerbation risk with
tiotropium/olodaterol versus LABA/ICS was
more pronounced in patients with low baseline
eosinophil levels (less than 300 cells/lL) com-
pared with those with high baseline eosinophils
(at least 300 cells/lL). Of note, a previous UK

Fig. 4 Subgroup analyses for the risk of exacerbation or
pneumonia or escalation to triple therapy in patients
receiving tiotropium/olodaterol versus LABA/ICS. Hazard
ratios were derived using Cox proportional hazard models.
The Cox proportional hazard model was further adjusted
for patient characteristics found to be imbalanced after

application of the propensity score, where imbalance was
defined as standardized differences greater than 10%. aHR
adjusted hazard ratio, CI confidence interval, ICS inhaled
corticosteroids, LABA long-acting b2-agonist, Olo olo-
daterol, Tio tiotropium
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observational study reported no difference in
exacerbation risk with LABA/ICS versus LAMA
initiation in patients with COPD and low
baseline eosinophil levels; however, a reduction
in risk with LABA/ICS versus LAMA was
observed in patients with high baseline eosi-
nophils [41].

The increased risk of pneumonia with LABA/
ICS versus tiotropium/olodaterol in our study is
consistent with findings from a previous retro-
spective claims analysis, which showed that
pneumonia risk was higher for ICS users versus
non-users in Medicare patients with COPD in
the USA [44]. An increased risk of pneumonia
with LABA/ICS versus LAMA/LABA or LAMA
was also observed in two previous real-world,
clinical practice, observational studies [40, 41].
It is worth noting that the incidence rate of
pneumonia was slightly higher in our study
compared with previous studies [41, 45]; how-
ever, it was similar to that reported in a recent
observational study by Suissa et al. [40]. Large
variations in pneumonia rates in patients with
COPD have been reported, for example between
countries [46], which therefore makes it difficult
to compare incidence rates between studies.

For escalation to triple therapy, our obser-
vation of a reduction in risk with tiotropium/
olodaterol versus LABA/ICS is in line with
results from a previous retrospective US health
insurer database study showing that patients
with COPD initiating LAMA/LABA (umecli-
dinium/vilanterol) had a longer time before
escalation to multiple-inhaler triple therapy
(and higher adherence) than those initiating
fluticasone propionate/salmeterol [47].

A key strength of this study is the large
number of patients (n[40,000) in the main
cohort and that only new initiators of tio-
tropium/olodaterol and LABA/ICS combina-
tions were identified, allowing the study to
reflect treatment outcomes relating to initial
usage. Despite the substantial difference in the
numbers of tiotropium/olodaterol and LABA/
ICS users, cohorts were balanced after fine
stratification, reweighting, and trimming by
exposure propensity score, and large numbers of
patients could be retained in the analysis. After
reweighting, an imbalance in prior history of
severe exacerbations remained between

tiotropium/olodaterol and LABA/ICS users;
however, this was accounted for by adjusting
the model for severe exacerbations. To control
for any confounding by treatment group, we
used fine stratification and reweighting by
exposure propensity score. However, this was
only possible for measured covariates, and
therefore an impact of residual confounding by
unmeasured confounders cannot be ruled out.
For instance, claims data are unlikely to capture
any lifestyle factors that are less critical to
insurance billing, as assessed in the bias analy-
sis. In addition, eosinophil test results were only
available in a subset of users, who may not be
representative of the total study population. A
further limitation is the lack of lung function
data, which could have introduced unmeasured
confounding by not allowing accurate
reweighting by COPD disease severity. The
model was, however, adjusted for severe
exacerbations.

In addition, the definition used for moderate
exacerbations did not include the prescription
of either an antibiotic or an oral corticosteroid
alone, and therefore under-reporting of COPD
exacerbations was possible. However, it is more
likely that only true exacerbation events were
captured. A further limitation was that it was
not possible to verify pneumonia as the primary
driver of hospitalization because of the nature
of the ICD diagnostic codes (e.g., J10.0: ‘‘in-
fluenza due to other identified influenza virus
with pneumonia’’ [ICD-10]). The inclusion cri-
teria present another potential limitation, since
patients were included if they had at least one
prescription of an FDC inhaler; those with only
one prescription have an increased possibility of
non-use or discontinuation when compared
with multiple prescriptions. The prescriptions
dispensed by a pharmacy but not taken by
patients could lead to misclassification of
exposure. Pharmacy dispensation data should
more closely reflect patient use than physician
prescribing given that the patient has taken the
effort to obtain the medication. Quantitative
bias analyses were used to formally describe the
extent to which some of these issues are pre-
sent. The analyses suggest that the impact of
residual confounding due to unmeasured obe-
sity or smoking status did not have a
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meaningful impact on study results. It is worth
noting, however, that bias analysis parameters
are informed by literature and clinical expert
opinion; hence, any analysis is limited by such
assumptions.

There is an inherent limitation in that the
study population is limited to those with health
insurance and hence the results may not be
generalizable to uninsured patients with COPD.
However, the sensitivity analyses that were
conducted suggest that there was a relatively
small variation in the risk estimates for COPD
exacerbations overall and across the subgroup
analyses. A further limitation is the possibility
of information bias due to misclassification of
outcomes, exposure, or missing data. In addi-
tion, for the subgroup analyses of COPD exac-
erbations and pneumonia, the relatively small
sample sizes did not allow for strong conclu-
sions to be drawn.

CONCLUSION

This analysis shows that treatment with tio-
tropium/olodaterol is associated with a lower
risk of COPD exacerbations, pneumonia, and
escalation to triple therapy, both individually
and as a combined risk of any one of these
events occurring, versus LABA/ICS in patients
with COPD. Our findings support and expand
on those from previous randomized controlled
trials reporting a lower risk of exacerbations in
subsets of patients with COPD treated with
LAMA/LABA versus LABA/ICS.

These results highlight the important role of
LAMA/LABA in the management of COPD, and
implicate it as a strong alternative to LABA/ICS
to avoid ICS overuse and reduce exacerbations
in patients with COPD.
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