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ABSTRACT

Introduction: Previous studies have reported
that more patients receive inhaled corticos-
teroid (ICS)-containing therapies than would be
expected based on exacerbation history, sug-
gesting overprescribing. We aimed to describe
patterns of treatment switching from first (1MT)
to second maintenance therapy (2MT) among
COPD patients in the US and UK.
Methods: We used healthcare data from the US
IBM� MarketScan� and UK Clinical Practice
Research Datalink databases (2015 – 2018) to
assess transitions between 1MT and 2MT among
COPD patients. Patients with a recorded asthma
diagnosis prior to 1MT were excluded. We

assessed whether prescribed treatments (long-
acting muscarinic antagonists [LAMA], long-
acting b2-agonists [LABA], inhaled corticos-
teroids [ICS], as monotherapy or in combina-
tion) were consistent with global and national
recommendations for COPD, identified patient
characteristics associated with treatment tran-
sitions, and evaluated treatment duration.
Results: Overall, 7028 patients in the US and
2461 in the UK initiated 2MT within a median
(IQR) 160.0 (76.0; 335.0) and 218.0 (86.0; 428.0)
days after 1MT, respectively. In the US, 33.6% of
patients initiating 2MT had no recorded exac-
erbations in the previous year, whereas 23.1%
had one and 43.3% had C 2. In the UK, 54.9%
of patients had no recorded exacerbations in the
previous year, whereas 20.9% had one and
24.2% had C 2. At 2MT, most patients switched
to LAMA/LABA/ICS (26.1%) or LABA/ICS
(25.8%) in the US, and LAMA/LABA (39.4%) or
LAMA/LABA/ICS (27.8%) in the UK; 62.2% (US)
and 47.5% of patients (UK) were prescribed ICS-
containing regimens. The most common treat-
ment transition from 1MT to 2MT was LABA/
ICS to LAMA/LABA/ICS (13.0%) in the US; and
LAMA to LAMA/LABA (32.5%) and LAMA to
LAMA/LABA/ICS (14.3%) in the UK.
Conclusions: At 2MT, the proportion of
patients on LAMA/LABA/ICS was similar
between the US and UK, but treatment path-
ways were different.
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PLAIN LANGUAGE SUMMARY

People with chronic obstructive pulmonary
disease (COPD) take inhaled medication to
control symptoms such as breathlessness and
cough. There are two types of inhaler: ‘reliever’
inhalers for immediate symptom relief, and
‘maintenance’ inhalers for long-term disease
control. Maintenance inhalers can be used on
their own or together, and treatment is often
escalated based on the persistence of symptoms
or exacerbations (flare-ups), for which inhaled
corticosteroids (ICS) are often prescribed. We
wanted to see whether doctors’ prescribing
habits are in line with clinical guidelines, so we
looked at data from COPD patients who swit-
ched from their first maintenance therapy
(1MT) to a second, different maintenance ther-
apy (2MT) between 2015 and 2018. Our data
sources were a US health claims database
(* 7000 patients) and a UK general practice
database (* 2500 patients). We excluded peo-
ple with a diagnosis of both COPD and asthma,
as similar inhalers are used to treat these two
conditions, although the clinical decisions for
when to prescribe them differ. On average, the
time between 1MT and 2MT was 160 days (US)
and 218 days (UK). Overall, 50% (UK) and 60%
of patients (US) were prescribed ICS as part of
their treatment regimen at 2MT, and ICS use in
both countries was higher than expected based
on the guidelines, which recommend ICS only
for patients with severe COPD who meet certain
criteria. This means that some patients are
being given medication without a known clin-
ical benefit, which puts them at risk of side
effects, possibly increasing unnecessary health-
care costs.

Keywords: Bronchodilators; Clinical
guidelines; COPD; Database; Inhaled
corticosteroid; Long-acting beta-agonists;
Long-acting muscarinic antagonists;
Maintenance therapy; Observational study;
Treatment switching

Key Summary Points

We analyzed * 7000 patients in the US
and * 2500 patients in the UK who
switched from their first maintenance
therapy (1MT) for COPD to a second
maintenance therapy (2MT), after an
average of 160 days and 218 days,
respectively.

In the US, * 60% of patients were
prescribed treatment regimens containing
inhaled corticosteroids (ICS) at 2MT; most
patients switched from their 1MT to either
a long-acting b2-agonist plus ICS (LABA/
ICS; 26%) or a combination of a long-
acting muscarinic antagonist (LAMA) and
LABA, together with ICS (LAMA/LABA/
ICS; 26%) at 2MT.

In the UK, * 50% of patients were
prescribed treatment regimens containing
ICS at 2MT; most patients switched from
their 1MT to either LAMA/LABA (39%) or
LAMA/LABA/ICS (28%) at 2MT.

In the US, the most common transition
from 1MT to 2MT was LABA/ICS to
LAMA/LABA/ICS (13%). In the UK, the
most common transition was LAMA to
LAMA/LABA (32%), followed by LAMA to
LAMA/LABA/ICS (14%).

At 2MT, the proportion of patients on
LAMA/LABA/ICS was similar between the
US and UK (26% vs. 28%), but the
treatment pathways were different.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
imposes a heavy burden globally [1], including
significant morbidity and mortality and sub-
stantial healthcare costs [2–6]. According to the
Global Initiative for Chronic Obstructive Lung
Disease (GOLD) 2021 strategy report, the pri-
mary goals of COPD treatment are to reduce
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symptoms, decrease the risk of exacerbations,
and improve health status and exercise toler-
ance [7].

The GOLD recommendations provide guid-
ance for initiating pharmacologic management
of COPD using the ABCD assessment
scheme [7], which is discussed in some detail in
the accompanying paper in this issue. In this
analysis, rather than initiation of therapy, we
focus on follow-up management of COPD.
According to GOLD, when changing therapy,
factors affecting treatment choice include
symptoms, exacerbation risk and occurrence of
pneumonia, as described in Table 1 [7]. Guide-
lines from the American Thoracic Society (ATS)
also use breathlessness and exacerbation history
as guiding factors. LAMA/LABA is recom-
mended over LAMA or LABA monotherapy in
patients with COPD and dyspnea or exercise
intolerance [8]. Triple therapy (LAMA/LABA/
ICS) is only recommended for those with C 1
exacerbation in the past year despite being on
dual bronchodilator therapy, whereas ICS
withdrawal is recommended for patients
receiving triple therapy who have had no
exacerbations in the past year [8]. In addition,
the European Respiratory Society recommends
that in patients receiving ICS without a history
of exacerbations or a low eosinophil count,
withdrawal of ICS is recommended in order to
avoid any potential associated side effects,
including pneumonia [9]. In the UK, the
National Institute for Health and Care Excel-
lence (NICE) recommends that patients are
treated with a LAMA/LABA unless they have
features suggesting asthma or steroid respon-
siveness, in which case they should be offered
LABA/ICS [10]. According to NICE, patients on
LABA/ICS should be considered for treatment
with triple therapy if they experience frequent
exacerbations in the previous year (C 2 moder-
ate exacerbations or C 1 exacerbation leading
to hospitalization) or if their day-to-day symp-
toms adversely impact their quality of life [10].

Despite clear guidance that ICS should be
reserved for patients with asthma, a history of
exacerbations or high levels of blood eosino-
phils, evidence from real-world studies suggests
that ICS are often inappropriately prescribed
[11–14], which can expose patients to the

unnecessary risk of side effects such as pneu-
monia, osteoporosis and diabetes [15–18]. In
the accompanying paper in this issue, we report
that more patients in both the US and UK
received ICS-containing therapies at initiation
of first maintenance therapy (1MT) than would
be expected based on their exacerbation history,
suggesting overprescribing. In this analysis, we
aimed to investigate if prescribing habits at
second maintenance therapy (2MT) also dif-
fered from global and national recommenda-
tions for maintenance therapy and between
countries.

To do this, we conducted a study using two
databases from the US and UK. Our objectives
were to evaluate the treatment transitions
between 1MT and 2MT among patients with
COPD (without prior asthma), and their pat-
terns of treatment switching, including time to
treatment switch. We also assessed their demo-
graphic and clinical characteristics, including
exacerbations, comorbidities and concomitant
medication use at the initiation of 1MT and
2MT.

METHODS

Study Design and Patients

These retrospective cohort studies analyzed
longitudinal healthcare records from the US
and the UK. US data were drawn from the IBM�

MarketScan� claims databases, whereas UK data
were drawn from Clinical Practice Research
Datalink (CPRD) GOLD electronic health
records. Further details on these databases are
provided in the accompanying paper in this
issue. As this was an observational study based
on de-identified patient-level data from
healthcare databases reported in aggregate only,
the study did not require ethics committee
approval, nor were subjects required to provide
informed consent.

Patients eligible for inclusion
were C 40 years old on the cohort entry date,
with a recorded COPD diagnosis (first patient
health claim for COPD [US]; first appearance of
Read code in CPRD database [UK]; Supplemen-
tary Table 2) but no asthma diagnosis,
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Table 1 Recommendations for use of long-acting bronchodilators and/or ICS in patients with COPD

Long-acting bronchodilators ICS

GOLD

2021

[7]

Escalate LAMA or LABA monotherapy to LAMA/

LABA for patients with dyspnea as the predominant

trait

Escalate LAMA or LABA monotherapy to LAMA/

LABA for patients with exacerbations as the

predominant trait, unless:

-Eosinophil levels are C 300 cells/ll OR

-Eosinophils are C 100 cells/ll and C 2 moderate

exacerbations (or C 1 exacerbation leading to

hospitalization) are experienced in the previous year

LABA/ICS should be considered if:

-Eosinophil levels are C 300 cells/ll OR

-Eosinophils are C 100 cells/ll and C 2 moderate

exacerbations (or C 1 exacerbation leading to

hospitalization) are experienced in the previous year

For patients on LABA/ICS or LAMA/LABA/ICS, de-

escalation of ICS or a switch to LAMA/LABA should

be considered if there is a lack of response to ICS or if

pneumonia develops

ATS

[8]

Use LAMA/LABA over LAMA or LABA

monotherapy in patients with COPD and dyspnea or

exercise intolerance [strong recommendation]

Use triple therapy (LAMA/LABA/ICS) in patients

with COPD and dyspnea or exercise intolerance

(despite LAMA/LABA dual therapy) who have

experienced C 1 exacerbations in the past year

[conditional recommendation]

Consider ICS withdrawal for patients receiving triple

therapy (LAMA/LABA/ICS) if no exacerbations in

the past year [conditional recommendation]

NICE

[10]

Offer LAMA/LABA to patients with COPD who:

-Do not have asthmatic features/features suggesting

steroid responsiveness AND

-Remain breathless or have exacerbationsa

Consider LABA/ICS for patients with COPD who:

-Have asthmatic features/features suggesting steroid

responsiveness AND

-Remain breathless or have exacerbationsa

For patients with COPD who are taking LABA/ICS,

offer LAMA/LABA/ICS if:

-Their day-to-day symptoms continue to adversely

impact their quality of life OR

-They have a severe exacerbation (requiring

hospitalization) OR

-They have two moderate exacerbations within a year

For patients with COPD who are taking

LAMA ? LABA, consider LAMA ? LABA ? ICS

if:

-They have a severe exacerbation (requiring

hospitalization) OR

-They have two moderate exacerbations within a year
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and C 12 months of continuous enrollment in
the US and UK databases prior to COPD diag-
nosis. More details regarding definitions for
diagnosis of COPD in the US and UK are pro-
vided in the accompanying paper in this issue.

Eligible patients initiated maintenance ther-
apy in the form of LAMA, LABA or ICS
(monotherapy, dual or triple therapy) between
21 May 2015 and 31 March 2018 for 1MT and
between 22 June 2015 and 31 March 2018 for
2MT in the US (based on dispensing records),
and between 1 July 2015 and 31 Dec 2018 for
1MT and between 2 August 2015 and 31 Dec
2018 for 2MT in the UK (based on
prescriptions).

Maintenance therapy was defined as at least
30 days of continuous use of monotherapy, dual
therapy or triple therapy, including a 14-day
allowable gap between individual drug fills to
account for possible under-dosing of mainte-
nance therapies and skipping or forgetting to
take doses. 1MT was defined as the first occur-
rence of any of the study therapies after recor-
ded diagnosis of COPD, and 2MT was defined as
any subsequent therapy that differed from 1MT,
at least 30 days after the initiation of 1MT.
Patients receiving 1MT were followed up until
end of study period, end of continuous enroll-
ment, or death. Patients diagnosed with asthma
during the follow-up period were censored at
the time of asthma diagnosis, and therefore not
included in the analysis.

Study Variables

Demographic and clinical characteristics of eli-
gible patients (see Supplementary Table 2 for
diagnosis codes) were assessed at the following
times: (1) date of initiation of any monother-
apy, dual therapy or triple combination of
LAMA, LABA or ICS as 1MT after 21 May 2015
(US) or 1 July 2015 (UK); (2) date of initiation of
any monotherapy, dual therapy or triple com-
bination of LAMA, LABA or ICS as 2MT after
1MT.

In the same cohort, we identified the treat-
ment transitions between 1MT and 2MT. In
addition, we calculated the percentage of
patients who used each type of therapy class at
1MT and 2MT, and evaluated the time between
1MT and 2MT. Data were analyzed both overall
and stratified by maintenance therapy regimen.

The number of COPD exacerbations was
estimated during the year prior to the date of
2MT. In the US, COPD exacerbations were
defined as any of the following: an acute COPD
exacerbation diagnosis; a claim for an oral
antibiotic or an oral corticosteroid on the same
day, or within 7 days following an outpatient
COPD diagnosis or visit; an inpatient COPD
diagnosis; a hospitalization due to a respiratory
condition; an emergency department visit with
a COPD diagnosis; or a lower respiratory tract
infection diagnosis [19]. In the UK, COPD

Table 1 continued

Long-acting bronchodilators ICS

ERS [9] N/A Withdraw ICS in patients with COPD without a

history of frequent exacerbations [conditional

recommendation]

Do not withdraw ICS in patients with blood

eosinophil counts C 300 eosinophils/ll [strong

recommendation]

Treat with one or two long-acting bronchodilators if

ICS are withdrawn [strong recommendation]

ICS inhaled corticosteroids, LABA long-acting b2-agonist, LAMA long-acting muscarinic antagonist, N/A not applicable
aDespite having used or been offered treatment for tobacco dependence if they smoke AND optimized non-pharmacologic
management and relevant vaccinations AND using a short-acting bronchodilator
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exacerbations were defined as an acute COPD
exacerbation or respiratory failure diagnosis; a
lower respiratory tract infection diagnosis; or a
prescription for an oral antibiotic or oral corti-
costeroid on the same day, or within 7 days
following a COPD diagnosis (in line with a
previous classification strategy proposed by
Rothnie et al.) [20].

Statistical Analysis

Continuous variables were presented as mean
(standard deviation) and/or median (interquar-
tile range [IQR]), and categorical variables were
presented as absolute and relative frequencies.

Missing data in covariates or descriptive
variables were classified as their own category.
In addition, a feasibility assessment was per-
formed before beginning the analyses, and
variables with[ 75% missing values were
excluded from all analyses.

Sankey plots were generated to visually
illustrate the flow of patients from 1MT to 2MT
by therapy category.

All analyses were conducted using the Aetion
Evidence Platform� (2020; Aetion Inc., New
York, NY, USA), a software platform for real-
world data analysis, which has been validated
for a range of studies [21].

RESULTS

Patients Initiating 2MT

Among the 53,473 US patients and 8786 UK
patients who initiated 1MT, 7028 (13.1%) and
2461 (28.0%) patients, respectively, had data
indicating switch to 2MT, leaving 46,445
(86.9%) and 6325 (72.0%) patients, respectively,
without a 2MT during the study period (Sup-
plementary Table 1).

Patient characteristics and treatment choice
at 2MT are presented in Tables 2 and 3 for the
US and UK, respectively. Patient age, gender
distribution, and forced expiratory volume in
1 s (FEV1)/forced vital capacity (FVC) (available
in UK data only) were similar at 2MT,

irrespective of treatment group, in both the US
and the UK.

In the US, the most common maintenance
therapies initiated at 2MT were ICS-containing
regimens (62.2% overall; 26.1% LAMA/LABA/
ICS, and 25.8% LABA/ICS), followed by LAMA
(20.6%) and LAMA/LABA (16.0%).

In the UK, ICS-containing regimens were
also the most common maintenance therapy
initiated at 2MT (47.5% overall; 27.8% LAMA/
LABA/ICS, and 13.7% LABA/ICS), followed by
LAMA/LABA (39.4%).

Exacerbations

In the US, 33.6% of patients initiating 2MT had
no record of an exacerbation during the previ-
ous year, whereas 23.1% had 1 and 43.3%
had C 2. For patients prescribed ICS-containing
regimens at 2MT, the proportion with C 2
exacerbations in the previous year was 48.1%
(LAMA/LABA/ICS), 46.4% (LAMA/ICS), 40.4%
(ICS only), and 39.3% (LABA/ICS).

In the UK, 54.9% of patients initiating 2MT
had no record of an exacerbation during the
previous year, whereas 20.9% had one and
24.2% had C 2. For patients prescribed ICS-
containing regimens at 2MT, the proportion
with C 2 exacerbations in the previous year was
35.3% (LAMA/LABA/ICS), 26.6% (LABA/ICS),
20% (ICS only), and 22.4% (LAMA/ICS).

Respiratory Burden and Comorbidities

In the US, at 2MT, a total of 26.2% and 19.7% of
patients had recorded upper and lower respira-
tory tract infections in the previous year,
respectively. The percentage of patients with
pneumonia at 2MT was 25.9% and, for chronic
bronchitis, 15.6%. Lung fibrosis was reported in
5.5% of patients.

In the UK, at 2MT, a total of 44.2% and
56.8% of patients had recorded upper and lower
respiratory tract infections in the previous year,
respectively. The percentage of patients with
pneumonia at 2MT was 9.6% and, for chronic
bronchitis, 0.6%. Lung fibrosis was reported in
1.1% of patients.
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Treatment Transitions Between 1MT
and 2MT

Treatment transitions for patients initiating
1MT and 2MT in the US and UK are illustrated
via Sankey plots (Fig. 1).

In the US, the most common treatment
transition from 1MT to 2MT was LABA/ICS to
LAMA/LABA/ICS (13.0%); in the UK, it was
LAMA to LAMA/LABA (32.5%), followed by
LAMA to LAMA/LABA/ICS (14.3%).

In the US, one in three (36.7%) patients
receiving LABA/ICS at 1MT escalated to LAMA/
LABA/ICS at 2MT, whereas 26.4% de-escalated
to LAMA and 19.9% switched to LAMA/LABA.
Of those receiving LAMA at 1MT, a total of
34.0% escalated to LAMA/LABA/ICS at 2MT,
32.8% to LABA/ICS and 23.6% to LAMA/LABA.
Of those receiving LAMA/LABA at 1MT, a total
of 44.9% switched to LABA/ICS and 26.4%
escalated to LAMA/LABA/ICS.

In the UK, over half of patients receiving
LAMA at 1MT escalated to LAMA/LABA (55.6%)
at 2MT and 24.5% escalated to LAMA/LABA/
ICS. Of those receiving LAMA/LABA at 1MT,
50.3% escalated to LAMA/LABA/ICS and 23.8%
de-escalated to LAMA; of those receiving LABA/
ICS at 1MT, 56.8% escalated to LAMA/LABA/
ICS, whereas 19.2% switched to LAMA/LABA
and 16.6% de-escalated to LAMA.

Patterns of Treatment Switching

The demographic and clinical characteristics of
patients escalating, de-escalating or switching
therapy between 1MT and 2MT are shown in
Table 4 (US) and Table 5 (UK). Also shown are
the percentages of patients with 0, 1, or C 2
exacerbations in the previous year. Patterns of
treatment switching, expressed as a percentage
of all patients with a recorded treatment change
from 1MT to 2MT, are described below.

LABA/ICS to LAMA/LABA/ICS
Of the patients who had a treatment switch
recorded, a total of 13.0% of patients in the US
and 7.8% in the UK escalated from LABA/ICS at
1MT to LAMA/LABA/ICS at 2MT.
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Fig. 1 Sankey plots of treatment transitions from 1MT to 2MT. 1MT first maintenance therapy, 2MT second
maintenance therapy, ICS inhaled corticosteroids, LABA long-acting b2-agonist, LAMA long-acting muscarinic antagonist
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LAMA or LABA to LAMA/LABA
In total, 6.9% of patients in the US and 35.1% in
the UK escalated from LAMA or LABA
monotherapy at 1MT to LAMA/LABA at 2MT.

LAMA/LABA to LAMA/LABA/ICS
In total, 2.4% of patients in the US and 3.8% in
the UK escalated from LAMA/LABA at 1MT to
LAMA/LABA/ICS at 2MT.

LABA or LAMA to LABA/ICS
In total, 9.8% of patients in the US and 6.9% in
the UK escalated from LABA or LAMA
monotherapy at 1MT to LABA/ICS at 2MT.

LABA/ICS to LAMA/LABA
In total, 7.0% of patients in the US and 2.6% in
the UK switched from LABA/ICS at 1MT to
LAMA/LABA at 2MT.

LAMA/LABA/ICS to LAMA/LABA
In total, 0.9% of patients in the US and 0.5% in
the UK de-escalated from LAMA/LABA/ICS at
1MT to LAMA/LABA at 2MT.

DISCUSSION

In this retrospective analysis of healthcare data
from the US and UK, we found that between
one-half and two-thirds of patients were pre-
scribed ICS-containing treatment regimens at
2MT. In the US, the most common treatment
transition was LABA/ICS to triple therapy
(LAMA/LABA/ICS), whereas in the UK, LAMA
monotherapy to LAMA/LABA was the most
common transition. In both countries, the
proportion of triple therapy use at 2MT was
similar, but the prescribing pathways from 1MT
to 2MT were different.

In the US, the evaluable patient population
at 2MT was only 13% of the population studied
at 1MT. This is partly explained by the fact that
over half of patients were still receiving their
1MT at the end of the study period. In addition,
37% of patients did not receive 2MT because
they disenrolled from their health plan. This
finding is consistent with the well-documented
high turnover rate of patients within US

commercial datasets due to patients switching
their insurance provider relatively frequently,
for example because of changes in employment
or marital status. In addition, even with an
insurance plan, COPD medications can be pro-
hibitively expensive for some patients; as such,
decisions on whether or not to switch medica-
tion may be driven by purely cost-related (i.e.,
non-clinical) factors, influenced by the avail-
ability of more affordable generic medications,
or promotional coupons or rebate schemes
offered by specific manufacturers.

One of the most striking findings in the US
dataset was the high proportion of ICS-con-
taining treatment regimens at 2MT. In the
accompanying paper in this issue, we reported a
high proportion of ICS prescription (66%) at
1MT, discordant with global and national
treatment guidelines, with almost half of
patients dispensed LABA/ICS. Similarly, the
proportion of ICS use at 2MT was 62%, with
triple therapy and LABA/ICS the most com-
monly prescribed treatment regimens (26%
each). The most common transition from 1MT
to 2MT was LABA/ICS to triple therapy, sug-
gesting an escalation in treatment driven by a
presumed worsening in symptoms or exacerba-
tions. However, our analysis suggests varying
degrees of concordance with guideline recom-
mendations for treatment escalation. Of the
patients prescribed a 2MT, around one-third
had no record of an exacerbation during the
previous year, whereas 23% and 43% of patients
had 1 and C 2 recorded exacerbations, respec-
tively. ATS guidelines recommend the use of
triple therapy in patients with breathlessness
who have had C 1 exacerbation requiring
antibiotics, oral steroids or hospitalization in
the previous year. In our analysis, 72% of
patients on triple therapy had C 1 exacerbation
in the year prior to 2MT (73% for patients
escalating from LABA/ICS and 74% for those
escalating from LAMA/LABA), suggesting that
one in four patients were prescribed triple
therapy contrary to ATS guidelines.

Regarding de-escalation from triple therapy,
we found a very small proportion (1%) of
patients in the US switching from triple therapy
to LAMA/LABA at 2MT (the larger proportion of
patients appearing to de-escalate to LAMA or
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LABA/ICS likely reflects new prescriptions for
one component of an open triple combination,
and thus cannot be classified as true de-escala-
tion; see Fig. 1). Of note, for patients on LABA/
ICS or triple therapy, GOLD recommends de-
escalating ICS or switching to LAMA/LABA if
there is a lack of response to ICS or pneumonia
develops [7]. The ATS guidelines recommend
ICS withdrawal for patients receiving triple
therapy who have no exacerbations in the pre-
vious year [8]. However, in the current analysis,
more than one in four US patients (28%) on
triple therapy at 2MT had no exacerbations in
the previous year.

In the UK, the evaluable patient population
at 2MT was higher than in the US but still rel-
atively low (28%), which is largely explained by
the fact that more than 80% of patients were
still receiving their 1MT at the end of the study
period. Due to the state-reimbursed nature of
the UK healthcare system, treatment switching
is not driven by changes in insurance plan or
other commercial factors, but largely by patient
symptoms and dose-escalation by the treating
physician (disenrollment from the CPRD data-
base only occurs if a patient emigrates, for
example). Over half of patients (55%) in the UK
had no recorded exacerbations in the year prior
to 2MT.

In the UK, the most common treatment
regimens at 2MT were LAMA/LABA (40%) and
triple therapy (28%), and almost half of patients
(48%) received ICS. The most common transi-
tion from 1MT to 2MT was single to dual
bronchodilation (LAMA to LAMA/LABA) (33%),
followed by direct escalation from LAMA
monotherapy to triple therapy (14%). The
2010–2018 NICE guidelines (applicable to the
period of data collection in this analysis) rec-
ommend escalation to LAMA/ICS or triple
therapy for patients with persistent exacerba-
tions or breathlessness despite treatment with
either LAMA or LABA monotherapy, or LABA/
ICS (depending on FEV1). However, as the term
‘persistent’ was not quantified in these guideli-
nes, assessing whether the treatment switches
we observed in our study are concordant with
the NICE guidelines from this period is chal-
lenging. In our study, 28% of patients were
prescribed triple therapy at 2MT, of whom justT

ab
le

4
co
nt
in
ue
d

T
re
at
m
en
t
sw

it
ch

L
A
M
A

or
L
A
B
A

to
L
A
B
A
/I
C
S

L
A
B
A
/I
C
S
to

L
A
M
A
/L

A
B
A

L
A
M
A
/L

A
B
A
/I
C
S
to

L
A
M
A
/L

A
B
A

1M
T

2M
T

1M
T

2M
T

1M
T

2M
T

Pn
eu
m
on
ia
,n

(%
)

11
7
(1
7.
0)

16
2
(2
3.
5)

10
0
(2
0.
2)

12
7
(2
5.
7)

12
(2
0.
0)

16
(2
6.
7)

1M
T
fir
st
m
ai
nt
en
an
ce

th
er
ap
y,
2M

T
se
co
nd

m
ai
nt
en
an
ce

th
er
ap
y,
IC
S
in
ha
le
d
co
rt
ic
os
te
ro
id
s,
IQ
R
in
te
rq
ua
rt
ile

ra
ng
e,
L
A
B
A
lo
ng
-a
ct
in
g
b
2-
ag
on
is
t,
L
A
M
A
lo
ng
-

ac
ti
ng

m
us
ca
ri
ni
c
an
ta
go
ni
st

a P
er
ce
nt
ag
e
of

to
ta
l
nu

m
be
r
of

U
S
pa
ti
en
ts
at

in
it
ia
ti
on

of
2M

T

88 Pulm Ther (2022) 8:75–93



T
ab
le

5
Pa
ti
en
t
ch
ar
ac
te
ri
st
ic
s
fo
r
su
bg
ro
up
s
tr
an
si
ti
on
in
g
fr
om

1M
T

to
2M

T
—
U
K

T
re
at
m
en
t
sw

it
ch

L
A
B
A
/I
C
S
to

L
A
M
A
/L

A
B
A
/

IC
S

L
A
M
A

or
L
A
B
A

to
L
A
M
A
/

L
A
B
A

L
A
M
A
/L

A
B
A

to
L
A
M
A
/L

A
B
A
/

IC
S

1M
T

2M
T

1M
T

2M
T

1M
T

2M
T

N
um

be
r
of

pa
ti
en
ts
in
it
ia
ti
ng

2M
T
,N

(%
)a

19
2
(7
.8
)

86
3
(3
5.
1)

93
(3
.8
)

T
im

e
be
tw
ee
n
1M

T
an
d
2M

T
,m

ed
ia
n
(I
Q
R
)

20
3.
0
(8
2.
0;

45
1.
5)

28
1.
0
(1
12
.0
;
46
9.
0)

20
7.
0
(1
05
.0
;
41
2.
0)

C
O
PD

ex
ac
er
ba
ti
on
s
in

pr
ev
io
us

ye
ar
,n

(%
)

0
10
2
(5
3.
1)

81
(4
2.
2)

59
9
(6
9.
4)

54
1
(6
2.
7)

52
(5
5.
9)

35
(3
7.
6)

1
41

(2
1.
4)

40
(2
0.
8)

17
0
(1
9.
7)

16
5
(1
9.
1)

28
(3
0.
1)

21
(2
2.
6)

2
30

(1
5.
6)

29
(1
5.
1)

58
(6
.7
)

81
(9
.4
)

6
(6
.5
)

14
(1
5.
1)

3
10

(5
.2
)

18
(9
.4
)

24
(2
.8
)

47
(5
.5
)

\
5

8
(8
.6
)

4
7
(3
.7
)

15
(7
.8
)

10
(1
.2
)

14
(1
.6
)

\
5

\
5

5?
\

5
9
(4
.7
)

\
5

15
(1
.7
)

\
5

11
(1
1.
8)

Pn
eu
m
on
ia
,n

(%
)

17
(8
.9
)

19
(9
.9
)

60
(7
.0
)

70
(8
.1
)

9
(9
.7
)

11
(1
1.
8)

T
re
at
m
en
t
sw

it
ch

L
A
B
A

or
L
A
M
A

to
L
A
B
A
/I
C
S

L
A
B
A
/I
C
S
to

L
A
M
A
/L

A
B
A

L
A
M
A
/L

A
B
A
/I
C
S
to

L
A
M
A
/L

A
B
A

1M
T

2M
T

1M
T

2M
T

1M
T

2M
T

N
um

be
r
of

pa
ti
en
ts
in
it
ia
ti
ng

2M
T
,N

(%
)a

17
0
(6
.9
)

65
(2
.6
)

13
(0
.5
)

T
im

e
be
tw
ee
n
1M

T
an
d
2M

T
,m

ed
ia
n
(I
Q
R
)

19
7.
0
(7
8.
0;

36
1.
0)

35
9.
0
(1
45
.0
;
61
4.
0)

20
9.
0
(5
3.
0;

36
5.
0)

C
O
PD

ex
ac
er
ba
ti
on
s
in

pr
ev
io
us

ye
ar
,n

(%
)

0
10
2
(6
0.
0)

84
(4
9.
4)

35
(5
3.
9)

32
(4
9.
2)

8
(6
1.
5)

6
(4
6.
2)

1
40

(2
3.
5)

38
(2
2.
4)

20
(3
0.
8)

21
(3
2.
3)

\
5

\
5

2
19

(1
1.
2)

25
(1
4.
7)

\
5

\
5

\
5

\
5

3
\

5
10

(5
.9
)

\
5

\
5

\
5

4
\

5
7
(4
.1
)

\
5

\
5

5?
\

5
6
(3
.5
)

\
5

\
5

\
5

Pulm Ther (2022) 8:75–93 89



over half reported at least one exacerbation in
the previous year. In patients escalating from
LABA/ICS or LAMA/LABA to triple therapy,
around 60% experienced at least one exacerba-
tion in the year prior to 2MT. This suggests
discordance between UK guidelines and real-
world prescribing patterns, with up to two in
five patients in this analysis potentially over-
prescribed ICS based on their exacerbation his-
tory. Regarding de-escalation from triple ther-
apy, we found a very small percentage (0.5%) of
patients in the UK switching from triple therapy
to LAMA/LABA at 2MT (as discussed earlier in
this section, the larger proportion of patients
appearing to de-escalate to LAMA or LABA/ICS
likely reflects patients receiving a new prescrip-
tion for one component of an open triple
combination). This is consistent with a previous
large-scale analysis of UK primary care health
records between 2014 and 2018, in which the
annual incidence of ICS withdrawal was also
found to be very low (2–3%) [14].

Our analysis has some similarities with pre-
vious studies. In an observational population-
based study of[ 34,000 patients with COPD
who initiated triple therapy with LAMA/LABA/
ICS in Spain, most patients initiating triple
therapy were non-exacerbators and continued
on the same treatment over time, regardless of
the severity of disease [22]. This suggests a ten-
dency to over-prescribe ICS and a reluctance for
ICS withdrawal, as observed in our study. Con-
versely, in a recent US study, which compared
actual treatment choices according to COPD
severity versus the GOLD recommendations,
the authors identified gaps between actual use
and guideline use and concluded that triple
therapy was underutilized [23]. In another UK-
based retrospective observational study of
patients with COPD, treatment transitions
leading to triple therapy in the UK were found
to be diverse [24]. The major treatment transi-
tion leading to triple therapy was LABA/ICS,
reported by 28% of patients [24]. In our study,
57% of treatment switches from LABA/ICS at
1MT were escalations to triple therapy, whereas
escalation to triple therapy represented only
25% and 50% of switches from LAMA and
LAMA/LABA, respectively. Another UK study
analyzed treatment patterns of LAMA, LABAT
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and ICS prescriptions as monotherapy, dual
therapy and triple therapy between 2000 and
2016 [25], using the same UK database that we
analyzed in this study. Overall, the NICE
guidelines were not well adhered to during this
period, consistent with our findings. Trends in
prescribing patterns for COPD included a rapid
increase in triple therapy as first-line therapy,
with 41% of patients maintained on LAMA/
LABA/ICS by 2014 [25]. After this, LAMA/LABA
started to gain popularity as 1MT [25]. The
current analysis focuses on initiation of 2MT
rather than 1MT, but also noted a predomi-
nance of LAMA/LABA at 2MT in the UK (re-
ported in 39% of patients and representing the
most commonly prescribed therapy at 2MT).

Other real-world studies have also noted that
over-use of ICS is common [26–28]. However,
investigating treatment patterns according to
guidelines can be challenging as there could be
other factors influencing prescribing patterns
that are not covered by the data included in this
analysis.

A discussion of the strengths and limitations
of the databases and methods of analysis used in
this study is provided in the accompanying paper
in this issue. In summary, some of the differences
between the US and UK may be explained by
differences between the data sources (health
records from an insurance database in US versus a
primary care database in UK), among other fac-
tors. This analysis includes patients in the data-
bases with recorded transitions; however, the
representativeness of the 2MT population may be
compromised due to the high proportion of
patients with no 2MT recorded. A further limita-
tion is the lack of data on additional symptoms
(such as cough and sputum production), disease
severity (absent from the US dataset), hospital-
ization or emergency department visits (absent
from the UK dataset), and eosinophil levels or
severity of exacerbations, which would have
provided a more complete picture and helped
guide our understanding of treatment transitions
between 1MT and 2MT relative to global and
national recommendations.

Although exacerbations were recorded in the
year prior to initiation of 1MT or 2MT, the
median time between 1MT and 2MT was less
than a year (160 days in the US and 218 days in

the UK), thus confounding the interpretation of
exacerbations in the year prior to 2MT as a
driver of treatment decisions. Another potential
source of confounding is caused by the diffi-
culty in ascertaining the exact end date of
continuous drug use, since we cannot know
whether patients had one inhaler left over from
a previous prescription. In order to handle this
uncertainty, a gap of 14 days was allowed at the
end of continuous prescriptions. Lastly, exclu-
sion of patients diagnosed with asthma during
the follow-up period is not reflective of real-
world practice as a co-diagnosis of asthma
would not prevent prescription of a mainte-
nance therapy for COPD.

CONCLUSIONS

Results suggest that ICS is overused in the US
and UK compared with global and national
recommendations, with 25–40% of patients
potentially over-prescribed ICS based on their
exacerbation history. Conversely, ICS with-
drawal is very uncommon. At 2MT, around one
in three patients in both the US and UK were
prescribed triple therapy (LAMA/LABA/ICS),
with patients most commonly escalating from
LABA/ICS in the US and LAMA monotherapy in
the UK. Use of dual bronchodilation at 2MT was
higher in the UK than in the US. Escalation
from LAMA to LAMA/LABA appeared to be
common in the UK.
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