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ABSTRACT

Introduction: Maintenance treatment strate-
gies in COPD recommend inhaled corticos-
teroid (ICS) ? long-acting muscarinic
antagonist (LAMA) ? long-acting b2-agonist
(LABA) triple therapy after initial dual therapy.
Little is known about how treatment pathways
to triple therapy vary across countries in
clinical practice.
Methods: This multi-country, retrospective cohort
study (conducted 1 January 2005–1 May 2016)

included patients with a COPD diagnosis, and
(UK only) evidence of smoking history, or
(France, Italy, Germany, and Australia) an indi-
cator confirming COPD diagnosis, a first instance
of triple therapy recorded during the study per-
iod and C 12 months of data prior to this date.
Treatment pathways to triple therapy were ana-
lyzed in patients whose first instance of triple
therapy was on or after the initial COPD diag-
nosis. The proportion of patients who initiated
triple therapy prior to initial COPD diagnosis was
also estimated. Meta-analyses of the main results
were performed.
Results: In 130,729 patients across all countries,
mean age (standard deviation) ranged from
63.4 (10.4) years (Germany) to 69.8 (9.9) years
(Italy), and median time (interquartile
range) from initial COPD diagnosis to
first prescription of triple therapy ranged
from 16.9 (5.7–36.2) months (Australia) to
42.5 (13.9–87.4) months (UK). ICS ? LABA was
the most common treatment pathway prior to
triple therapy in the UK, Germany, and Italy
(27.3%–31.6%); no previous maintenance ther-
apy prior to triple therapy was the most common
pathway in France and Australia (32.5% and
37.9%, respectively). Meta-analyses provided a
pooled estimate of 20.4% (95% confidence
interval: 13.8%–29.1%) for the proportion of
patients initiating triple therapy at or before
initial COPD diagnosis.
Conclusions: In this retrospective cohort study,
treatment pathways to triple therapy were
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diverse within and between countries. The dif-
fering impact of treatments may affect quality
of life and disease control in patients with
COPD. Further analyses should investigate fac-
tors influencing pathways to triple therapy.

Keywords: Adherence; Chronic obstructive
pulmonary disease; Patient pathways; Real-
world; Retrospective study; Stepping down;
Treatment initiation; Triple therapy

Key Summary Points

In COPD, escalation to triple therapy is
recommended for some patients with
inadequate response to dual therapy;
however, little is known about how
treatment pathways vary across countries
in clinical practice.

This study aimed to examine the
treatment pathways to triple therapy to
help inform real-world routine clinical
practice across selected European
countries and Australia.

The three most common maintenance
treatment pathways to triple therapy were
ICS ? LABA, no previous therapy, and
LAMA alone.

A large number of different pathways were
observed both within and across
countries. Future research should
investigate the factors that influence
pathways to triple therapy and disease
outcomes related to these choices.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12962564.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
was the third leading cause of death worldwide
in 2016 [1], with an estimated global prevalence
of 251 million people [2], although when con-
sidering potential undiagnosed cases, the
prevalence may be much higher [3]. Diagnosis
of COPD relies on clinical judgement based on a
combination of medical history, symptoms, and
assessment of airflow obstruction using
spirometry [4]. Symptoms can include dyspnea,
cough, wheeze, and sputum production, and
may vary between patients [4]. COPD fre-
quently presents with comorbidities, each of
which has an impact on quality of life, hospi-
talization rate, and healthcare costs [4, 5].
Asthma can also co-exist alongside COPD,
which requires additional treatment [4, 6–9].

The severity of COPD can be quantified
using the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) classification
scheme [4]. Initially, in 2001, patients’ disease
severity was categorized by the degree of airflow
obstruction using post-bronchodilator forced
expiratory volume in 1-s spirometry results
(GOLD stages 0–III) [10], which was updated in
the 2006 report (GOLD 1–4) [11, 12]. In 2011,
the grading system was further updated to also
include symptoms and exacerbation history
alongside airflow limitation severity (GOLD
A–D) [13]. This study utilized the GOLD cate-
gories from the 2011 GOLD report, which was
the current recommendation available during
the study period.

Treatment strategies for patients with COPD
include inhaled pharmacologic therapy such as
short- and long-acting b2-agonists (SABA and
LABA), and/or short- and long-acting mus-
carinic antagonists (SAMA and LAMA), with or
without inhaled corticosteroids (ICS) [4]. Dur-
ing the study period, triple therapy (ICS ?

LAMA ? LABA) was recommended as second-
line therapy for GOLD group D patients, who
have a high symptom burden and exacerbation
risk, in the GOLD 2011 report [13]. Likewise,
triple therapy was only recommended for
patients occupying GOLD group D in the GOLD
2015 report [14]. Triple therapy is currently
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recommended for patients who experience
recurrent exacerbations, persistent breathless-
ness, or exercise limitation despite dual therapy
[4]. It is more effective than dual therapies in
reducing the rate of exacerbations [15–17].
Cyclic nucleotide phosphodiesterase-4 inhibi-
tors may also be used in patients who still
experience exacerbations despite treatment
with LAMA ? LABA or ICS ? LAMA ? LABA [4].

However, little is known about how treat-
ment patterns align with treatment guidelines
across countries, with some evidence suggesting
poor concordance between real-world prescrib-
ing and GOLD recommendations in single-
country studies [18–21]. Indeed, some patients
may be treated with triple therapy prior to a full
formal diagnosis of COPD, or may initially be
treated with triple therapy post-diagnosis
[18, 19], which may still follow recommenda-
tions if patients were classified as severe (GOLD
group D) at the time of diagnosis [14]. The
decision by clinicians to step down treatment
from triple to dual therapy or dual to
monotherapy is challenging, due to heteroge-
neous populations of patients with COPD [22].

This study aimed to examine the treatment
pathways to triple therapy, and time from
diagnosis to initiation of triple therapy, to help
inform and optimize patient treatment in real-
world routine clinical practice across selected
European countries and Australia. The study
objectives were to: (1) quantify the proportion
of patients on triple therapy prior to, at, and
after initial COPD diagnosis; (2) identify path-
ways to triple therapy and the proportion of
patients stepping down from triple therapy;
(3) assess time from initial COPD diagnosis to
the first prescription of triple therapy; (4) cal-
culate adherence to triple therapy; (5) calculate
the time to step-down after initiation of triple
therapy.

METHODS

Study Design and Patients

A retrospective cohort study was conducted
using anonymized patient electronic medical

records (EMRs) from the UK, Germany, Italy,
France, and Australia.

The study period was from 1 January 2005 to
1 May 2016, during which time fixed-dose
combination (FDC) triple therapies were not
available in any of the countries included in the
study. The index date was the first instance of
triple therapy during the study period. Follow-
up ceased at transfer out of practice, end of the
study period, or if death occurred.

Patients were included if they received their
first triple therapy during the study period and
had at least 12 months of data prior to their
index date. Patients were also included if they
had at least one recorded COPD diagnosis code
(considered sufficient to identify COPD patients
in EMRs [23]) on or after their 40th birthday
and evidence of smoking (current or ex-smoker)
at any point in the patient’s record (in the UK)
or an indicator confirming a diagnosis of COPD
(all other countries). Patients with unknown
gender were excluded.

For the UK, patient records were pooled from
both the IQVIA Medical Research Database
([IMRD], incorporating data from The Health
Improvement Network [THIN], a Cegedim
database [24]), and the Clinical Practice
Research Datalink (CPRD) [25] (general practi-
tioner [GP] only), as both sources capture data
from the same theoretical source population
(NHS UK GP practices). Duplicate patients were
removed. CPRD was linked to Hospital Episode
Statistics [26] to evaluate exacerbation events
reported in secondary care [27]. The patient
database Disease Analyzer (DA) was used in
Germany (GP and pneumologist panels) [28]
and the Longitudinal Patient Data (LPD) data-
base was used in France, Italy, and Australia,
which contains anonymized patient records
collected from the routine clinical management
of patients via GP and other office-based spe-
cialist consultations using practice manage-
ment software [19, 29]. All databases have been
validated for appropriateness regarding the
representation of patient populations and sam-
pling methods used [25, 27–30]. All data were
derived from anonymized patient EMRs and
reflect routine clinical care in each of the
respective countries. An Independent Scientific
Advisory Committee approved the use of CPRD
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data (16_298R) and a Scientific Review Com-
mittee approved the use of IMRD data
(16THIN097). Approval was not required for the
DA or LPD databases.

Analysis

Baseline characteristics of the study population
were reported, including proportions (%) for
categorical variables and mean (standard devi-
ation [SD]) and median (interquartile range
[IQR]) for continuous variables. Comorbidities
that were deemed clinically relevant to this
patient population based on previous research
were identified with Read codes or International
Classification of Diseases codes during the
12 months prior to index [31–33]. All analyses
were conducted separately for each country.

Triple therapy was defined as the simulta-
neous presence of ICS, LABA, and LAMA for at
least 14 days, starting on the first day the three
drugs overlapped, and continuing until a gap of
at least 90 days was observed between prescrip-
tions of any of the three drugs. If a gap of at
least 90 days was observed between prescrip-
tions of any of the three drugs, the drug class
was assumed to have been discontinued, and
therefore the patient was classified as having
stepped down from triple therapy. The number
(%) of patients on triple therapy prior to, at, and
after initial COPD diagnosis was reported. A
meta-analysis was performed to provide a
pooled estimate of the proportion of patients
who initiated triple therapy prior to or at the
initial COPD diagnosis.

A treatment pathway to triple therapy was
created for every patient. For this analysis, pre-
scriptions of ICS, LABA, and LAMA in the period
between COPD diagnosis and triple therapy
were utilized; patients whose first instance of
triple therapy was before COPD diagnosis were
not included and SABA and SAMA use was
recorded but presented separately from the
treatment pathways. Pathways were then
grouped into a final list based on their fre-
quency. After triple therapy, pathways to step-
ping down were determined, which included
SABA and SAMA.

A meta-analysis was also performed pooling
results from each country to understand the
proportion of patients in the most prevalent
treatment pathways, with the top three path-
ways per country included in the analysis. The
true population prevalence of COPD was not
expected to be equal in all countries due to
heterogeneity in populations, treatment guide-
lines, and practices; as such, random-effects
meta-analyses were conducted to calculate
pooled estimates with 95% confidence intervals
(CIs; computed using the Wald method before
back-transformation using the method
proposed by Freeman–Tukey) [34].

Time (months) between COPD diagnosis and
initiation of triple therapy, as well as the dura-
tion of triple therapy, were analyzed. Mean (SD)
and median (95% CI, IQR) time between COPD
diagnosis and index date were calculated. The
median duration of triple therapy (with 95% CI
and IQR) was estimated using Kaplan–Meier
survival methods (patients were censored if they
were still on triple therapy at the end of their
follow-up time) and reported as cumulative
proportions.

To estimate adherence to triple therapy, the
proportion of days covered (PDC) was calcu-
lated for each patient during the period that the
patient was prescribed triple therapy (i.e., before
stepping down, discontinuing [current treat-
ment stopped] or being censored at the end of
follow-up [if patients were still on treatment at
the end of their follow-up time]). PDC only
includes the days covered by prescriptions
issued, removing any overlaps [35]. Adherence
was calculated separately for the three drug
classes (ICS, LAMA, and LABA) and then com-
bined to obtain a composite adherence
indicator.

RESULTS

Baseline Characteristics

The number of patients identified in EMRs was
82,300 in the UK (combined CPRD and IMRD
population), 22,178 (from GP practices), and
6816 (seen by pneumologists) in Germany,
10,443 in Italy, 6514 in France, and 2478
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patients in Australia (Table 1). The mean (SD)
age at COPD diagnosis was broadly similar in
each country, ranging from 63.4 (10.4) years in
patients seen by pneumologists in Germany to
69.8 (9.9) years in Italy (Table 1). Gender dis-
tribution varied, with Italy (63.8%) and France
(65.0%) having the highest proportion of male
patients (Table 1). Cardiovascular disease was
the most prevalent comorbidity in each country
but ranged from 11.5% of patients in Australia
to 73.3% of GP-treated patients in Germany.
The proportion of patients who had asthma
(diagnosis based on relevant coding information
5 years prior to or 5 years post-COPD diagnosis)
ranged from 10.4% of patients in Italy to 36.7% of
pneumologist-treated patients in Germany
(Table 1). The median (IQR) follow-up period
ranged from 28.5 (15.0–49.1) months in Germany
(pneumologists) to 49.8 (22.5–83.6) months in
Italy.

Treatment Pathways

The youngest patients initiating triple
therapy were found in France (mean age [SD]
65.5 [11.8] years), and the oldest were in Italy
(mean age [SD] 72.5 [9.9] years) (Table 1).
Patients in Australia had the shortest time from
COPD diagnosis to triple therapy (median [IQR]
16.9 [5.7–36.2] months), while those in the UK
experienced the longest time to triple therapy
(median [IQR] 42.5 [13.9–87.4] months)
(Table 2). Estimated adherence to triple therapy
was generally high ([ 80% PDC), ranging from
a mean (SD) 81.8% (15.5%) in the UK to 96.6%
(6.7%) in Australia (Table 2).

The analysis of treatment pathways sug-
gested some cross-country trends, with the
same top three pathways in each country, but
there was wide variability in pathways recorded
(Table 3; Fig. 1). The most commonly recorded
pathway prior to triple therapy was ICS ? LABA
in the UK (N = 75,513; 27.9%), Germany (GPs
N = 20,069; 30.2%; pneumologists N = 6439;
27.3%) and Italy (N = 8839; 31.6%), and no
previous therapy in France (N = 5462; 32.5%)
and Australia (N = 2136; 37.9%). The second
most common treatment pathway to triple
therapy was no previous therapy in Germany

(GPs 19.4%; pneumologists 23.4%) and Italy
(18.0%) and ICS ? LABA in France (28.2%) and
Australia (24.1%). LAMA alone was the second
most common treatment pathway in the UK
(13.1%) and the third most common treatment
pathway in all other countries, ranging from
7.2% in Italy to 22.9% in Australia. No previous
therapy was the third most common treatment
pathway in the UK (12.1%). In all countries, a
considerable number of pathways each inclu-
ded\ 1% of patients per country, (8.9%–26.0%)
(Table 3; Fig. 1).

Although the analysis of the pathways to triple
therapy focused on maintenance treatments, the
proportions of patients who received short-acting
bronchodilators between COPD diagnosis and
triple therapy were also recorded. A large pro-
portion of patients in each country received
short-acting bronchodilators, which varied across
countries: 63,473 (N = 75,513; 84.1%) patients in
the UK, 10,127 (N = 20,069; 50.5%) patients
treated by GPs in Germany, 3716 (N = 6439;
57.7%) patients treated by pneumologists in
Germany, 4000 (N = 8839; 45.3%) patients in
Italy, 2124 (N = 5462; 38.9%) patients in France,
and 790 (N = 2136; 37.0%) patients in Australia.

In a meta-analysis of the pathways to triple
therapy, which included the proportion of
patients in the top three pathways in each
country (ICS ? LABA, no previous therapy, and
LAMA), the pooled estimate for ICS ? LABA was
the most common (28.3%; 95% CI:
26.5%–30.1%). The pooled estimate for the no
previous therapy pathway was the second most
common (22.7%; 95% CI 16.5%–30.4%), and
the pooled estimate for LAMA alone was the
third most common pathway overall (11.7%;
95% CI 8.6%–15.7%). The proportion of
patients occupying each of these pathways per
country is shown in Fig. 2a–c.

Variability was also seen when examining
the proportion of patients recording triple
therapy on or before COPD diagnosis (Table 1):
10.8% (95% CI 10.0%–11.5%) of German
(pneumologist-treated) patients had triple
therapy on or before diagnosis, while this was
much more common in France (34.0%;
95% CI 32.9%–35.2%) and Australia (37.6%;
95% CI 35.7%–39.5%). The pooled proportion
of patients who initiated triple therapy
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Table 1 Baseline characteristics for study populations across countries

Characteristic UK
(N = 82,300)

Germany
(GPs,
N = 22,178)

Germany
(pneumologists,
N = 6816)

Italy
(N = 10,443)

France
(N = 6514)

Australia
(N = 2478)

Age at COPD diagnosis, years

Mean (SD) 64.7 (10.6) 65.9 (11.4) 63.4 (10.4) 69.8 (9.9) 63.9 (11.6) 66.7 (11.5)

Median (IQR) 64.8

(57.4–72.4)

67.0

(58.0–74.0)

64.0

(56.0–71.0)

71.0

(64.0–77.0)

64.0

(55.0–73.0)

67.0

(59.0–75.0)

Gender (male),

n (%)

43,889 (53.3) 12,158 (54.8) 3773 (55.4) 6657 (63.8) 4235 (65.0) 1263 (51.0)

Comorbidities,a n (%)

Cardiovascular

disease

55,076 (66.9) 16,267 (73.3) 1851 (27.2) 7208 (69.0) 3582 (55.0) 285 (11.5)

Atrial fibrillation 6711 (8.2) 3311 (14.9) 206 (3.0) 990 (9.5) 376 (5.8) 37 (1.5)

Heart failure 7216 (8.8) 5359 (24.2) 263 (3.9) 847 (8.1) 417 (6.4) 42 (1.7)

Depression/

anxiety

30,810 (37.4) 6357 (28.7) 174 (2.6) 1168 (11.2) 2687 (41.3) 118 (4.8)

Osteoporosis 6519 (7.9) 3294 (14.9) 212 (3.1) 1808 (17.3) 532 (8.2) 29 (1.2)

Diabetes 11,978 (14.6) 5175 (23.3) 264 (3.9) 1176 (11.3) 1027 (15.8) 50 (2.0)

Gastroesophageal

reflux disease

18,846 (22.9) 5180 (23.4) 463 (6.8) 1903 (18.2) 1483 (22.8) 135 (5.5)

BMI (closest value to COPD diagnosis)

n (%) with BMI

available

79,564 (96.7) 7964 (35.9) 1283 (18.8) 7948 (76.1) 3974 (61.0) 1124 (45.4)

Mean (SD) 27.1 (6.3) 28.5 (6.5) 28.2 (5.9) 27.9 (5.3) 27.0 (6.0) 28.2 (7.1)

Median (IQR) 26.3

(22.7–30.5)

27.8

(24.2–31.9)

27.5

(24.2–31.4)

27.4

(24.4–30.7)

26.3

(23.0–30.1)

27.0

(23.0–32.0)

Phenotype (asthma), n (%)

Asthmatic 18,800 (22.8) 7271 (32.8) 2503 (36.7) 1083 (10.4) 2364 (36.3) 883 (35.6)

Non-asthmatic 63,500 (77.2) 14,907 (67.2) 4313 (63.3) 9360 (89.6) 4150 (63.7) 1595 (64.4)

Age at first triple therapy, years

Mean (SD) 69.0 (10.6) 69.2 (11.2) 66.8 (10.5) 72.5 (9.9) 65.5 (11.8) 67.7 (11.7)

Median (IQR) 69.5

(61.8–76.8)

70.0

(61.0–78.0)

68.0

(59.0–75.0)

74.0

(66.0–80.0)

66.0

(57.0–75.0)

68.0

(60.0–77.0)

Follow-up period, months

Mean (SD) 46.6 (33.2) 39.8 (30.3) 35.6 (27.3) 55.0 (37.4) 47.8 (33.3) 44.3 (31.5)
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on or before COPD diagnosis was 20.4%
(95% CI 13.8%–29.1%).

Stepping Down

Pathways following triple therapy included an
assessment of stepping down or discontinuing
treatment. The greatest proportion of patients
who stepped down (84.9%) was observed in
Italy. German and Italian patients stepped
down the most quickly, after a median of
2.7 months (Germany [pneumologist-treated]
95% CI 2.6%–2.8%; Italy 95% CI 2.6%–2.9%) of
initiating triple therapy (Table 2). In contrast,
59.1% of UK patients stepped down after a
median of 18.2 months (95% CI 17.8%–18.5%)
of initiating triple therapy. Patients in Australia
tended to remain on triple therapy for
more extended periods (median 5.9 months;
95% CI 5.9%–5.9%) compared with patients in
European countries, aside from the UK
(Table 2). Except for the UK and France, the
ICS ? LABA regimen was the most common
pathway following step down from triple ther-
apy in all countries (ranged from 24.7% in
Australia to 43.6% in pneumologist-treated
German patients; Table 4).

DISCUSSION

This large, retrospective cohort study lends
insights into prescribing pathways to triple
therapy within clinical practice across multiple
countries, indicating that patients followed a
wide variety of pathways before receiving triple
therapy. While recent evidence suggests benefit
of triple therapy in those without a prior exac-
erbation history [17], GOLD recommends that
patients are treated with dual therapy prior to
initiation of triple therapy [13, 36]. The addi-
tion of an ICS component to long-acting bron-
chodilators is recommended for prevention of
exacerbations in patients with COPD. As use of
ICS may increase side effects including raised
risk of pneumonia, oropharyngeal candidiasis,
and osteoporosis, among others, the overall risk
benefit needs to be weighed in treatment deci-
sions [4]. However, an initial prescription of
triple therapy may still follow recommenda-
tions if patients were classified as severe (GOLD
group D) at the time of diagnosis [14]. We found
that 5.5%–16.2% of patients included in this
analysis were prescribed triple therapy prior to a
formal diagnosis of COPD and triple therapy
was frequently initiated as a first-line therapy
without any other prior pharmacological COPD

Table 1 continued

Characteristic UK
(N = 82,300)

Germany
(GPs,
N = 22,178)

Germany
(pneumologists,
N = 6816)

Italy
(N = 10,443)

France
(N = 6514)

Australia
(N = 2478)

Median (IQR) 40.0

(19.3–68.4)

32.6

(16.1–55.9)

28.5

(15.0–49.1)

49.8

(22.5–83.6)

42.8

(18.2–72.5)

38.3

(18.2–65.3)

Initiation of triple therapy, n (%)

Before COPD

diagnosis

6787 (8.2) 2109 (9.5) 377 (5.5) 1604 (15.4) 1052 (16.2) 342 (13.8)

At COPD

diagnosis

4641 (5.6) 1481 (6.7) 356 (5.2) 457 (4.4) 1164 (17.9) 589 (23.8)

After COPD

diagnosis

70,872 (86.1) 18,588 (83.8) 6083 (89.2) 8382 (80.3) 4298 (66.0) 1547 (62.4)

BMI body mass index, COPD chronic obstructive pulmonary disease, GP general practitioner, IQR inter-quartile range,
SD standard deviation
a Proportions reflect those with non-missing values
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maintenance treatment, which could indicate
that many patients were only diagnosed in the
later stages of COPD when the severity required
treatment with triple therapy. There is consid-
erable variability in adherence to GOLD rec-
ommendations in general practice [37], in
classification, diagnosis, and treatment plans
observed between European countries [38];
however, it is perhaps unsurprising that guide-
lines take some time to become established in

clinical practice, especially in disease areas as
prevalent as COPD. Real-world data show that
1 year following the release of the GOLD 2011
guidelines, only two-thirds of patients received
treatment in accordance with GOLD recom-
mendations; instead, treatment decisions were
found to be based on clinical experience [39].

Furthermore, it has been shown that, despite
GOLD recommendations, spirometry is signifi-
cantly under-used for the diagnosis of COPD in

Table 2 Time to triple therapy, duration of triple therapy, and adherence to triple therapy

Variable UK
(N = 82,300)

Germany
(GPs,
N = 22,178)

Germany
(pneumologists,
N = 6816)

Italy
(N = 10,443)

France
(N = 6514)

Australia
(N = 2478)

Time to triple therapy, monthsa

n (%) with

data

available

70,872 (86.1) 18,588 (83.8) 6083 (89.2) 8382 (80.3) 4298 (66.0) 1547 (62.4)

Mean (SD) 60.9 (63.1) 48.6 (47.7) 46.5 (38.2) 46.1 (37.1) 36.1 (32.7) 26.0 (27.3)

95% CI 60.4–61.3 47.9–49.3 45.6–47.5 45.3–46.9 35.1–37.1 24.6–27.3

Median

(IQR)

42.5

(13.9–87.4)

33.6

(14.6–66.7)

35.4

(19.3–62.7)

36.4

(15.8–69.3)

26.2

(11.4–52.6)

16.9

(5.7–36.2)

Duration of triple therapy, monthsb (Kaplan–Meier estimates)

Events,

n (%)

48,616 (59.1) 17,751 (80.0) 5526 (81.1) 8865 (84.9) 5137 (78.9) 2028 (81.8)

Censored,c

n (%)

33,684 (40.9) 4427 (20.0) 1290 (18.9) 1578 (15.1) 1377 (21.1) 450 (18.2)

Median

(95% CI)

18.2 (17.8–18.5) 3.6 (3.5–3.7) 2.7 (2.6–2.8) 2.7 (2.6–2.9) 4.7 (4.4–5.0) 5.9 (5.9–5.9)

IQR 3.5–86.9 1.4–13.5 1.3–9.8 1.0–11.1 1.3–18.2 4.2–13.9

Adherence to triple therapy, measured as proportion of days covered, %

Mean (SD) 81.8 (15.5) 93.8 (9.6) 90.2 (13.0) 88.4 (14.3) 91.1 (13.5) 96.6 (6.7)

95% CI 81.7–81.9 93.7–93.9 89.9–90.5 88.1–88.7 90.7–91.4 96.3–96.9

Median

(IQR)

84.4

(70.5–95.7)

99.0

(90.8–100.0)

98.5

(82.5–100.0)

93.7

(81.0–100.0)

99.2

(86.1–100.0)

100.0

(95.7–100.0)

CI confidence interval, COPD chronic obstructive pulmonary disease, GP general practitioner, IQR inter-quartile range,
SD standard deviation
a Only includes patients with index date after COPD diagnosis
b Patients who stepped down or discontinued triple therapy during the study period
c Patients who remained on triple therapy until they finished the study
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clinical practice [40]. The results of the present
study can be used to further understand patient
treatment pathways and may assist with the
optimization of these pathways. Previously,
Brusselle et al. found that of the 11,858 patients
in the UK with COPD who were included, the
majority of patients who received triple therapy
did so within 8 years of diagnosis. Additionally,
of the patients who received triple therapy, 25%
received it within 1 year of diagnosis, and over
40% received it within 2 years of diagnosis,
regardless of their classification [18]. Further-
more, in an extensive study of Italian patients
newly diagnosed with COPD, 6% of patients
were treated with triple therapy within the first
year, and 42% of these patients had no prior
treatment [41].

Treatment information obtained as part of
this study was based on prescriptions issued
rather than those dispensed or taken by the
patient. It was assumed that medications pre-
scribed were filled and taken by the patient,
with adherence estimated based on PDC. The
study relied on the interpretation of prescrip-
tion data to infer active decision-making on the
part of the physician. Also, pathways were
analyzed based on algorithms; for example, tri-
ple therapy was defined as an overlap
of C 14 days in the recorded length of pre-
scriptions and discontinuation was defined as a
gap of C 90 days between refills. The absence of
one maintenance treatment from prescription
data was interpreted as the patient actively
stepping down.

Fig. 1 Treatment pathways across countries. Only patients
whose first instance of triple therapy was on or after
COPD diagnosis were included, and only the period on
and after COPD diagnosis was considered. Short-acting
bronchodilators were omitted from the treatment path-
ways. Column width reflects the number of patients from

each country. aPathways with C 1%–2.5% of patients in
each country. bPathways with\ 1% of patients in each
country. GP general practitioner, ICS inhaled corticos-
teroids, LABA long-acting b2-agonist, LAMA long-acting
muscarinic antagonist

342 Pulm Ther (2020) 6:333–350



Fig. 2 Proportion of patients occupying the pathway of
a no treatment, b ICS/LABA, and c LAMA only prior to
triple therapy. Open/unfilled diamonds indicate pooled
estimates across countries. Values on the right represent

the proportion of patients occupying the pathway of
interest in each country. GP general practitioner, ICS
inhaled corticosteroids, LABA long-acting b2-agonist,
LAMA long-acting muscarinic antagonist
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An array of pathways and timelines to initi-
ation of triple therapy was found in our study,
similar to previous estimates [18]. Specific
pathways to triple therapy are likely to differ
across countries due to differences in prescrib-
ing practices [38]. Similar to previous studies by
Brusselle et al. in the UK [18] and Meeraus et al.
in France [21], in our study, ICS ? LABA was the
most common treatment pathway prior to tri-
ple therapy in the UK, Germany and Italy, and
the second most common pathway in France
and Australia. In the meta-analysis of the
treatment pathways to triple therapy, ICS ?

LABA alone was the most common treatment
pathway prior to triple therapy in 28.3% of
patients overall. However, several other path-
ways that included earlier treatments also
ended in ICS ? LABA as the last treatment prior
to triple therapy, meaning that the proportion
of patients receiving triple therapy as a step-up
from ICS ? LABA was higher. No previous
therapy was the second most common pathway
(22.7%), and LAMA only was the third most
common pathway (11.7%). Another UK study
demonstrated that the patients most likely to
initiate triple therapy were those who were
initially treated with LAMA [20].

In the multi-country study reported here,
triple therapy was initiated within a mean of
2 to 5 years from COPD diagnosis, and the
duration of triple therapy tended to range from
a median of 3 to 18 months across countries,
despite similar follow-up periods (median range
29–50 months). Observational research has not
typically examined the duration of triple
therapy.

The use of triple therapy may be influenced
by the coexistence of asthma with COPD, with
treatment strategies often aimed at asthma
management [9]. Distinguishing chronic
asthma from COPD using current techniques is
difficult, and asthma–COPD overlap may be
assumed [9]. Asthma–COPD overlap often has
worse outcomes than either disease alone, and
treatment solely with bronchodilators is usually
avoided, due to the associated risks of this
treatment approach [9]. In these cases, ICS ?

LABA is recommended, which could increase
the use of ICS-containing regimens [9]. How-
ever, in the present study, stratification of the

data into subgroups with and without asthma
showed that approximately two-thirds or more
of COPD phenotypes were primarily non-asth-
matic across countries. Although difficult to co-
diagnose, 15%–20% of COPD patients may have
asthma [9, 42]. The higher prevalence of asthma
in several countries (Germany, France, and
Australia) may have resulted from previously
misdiagnosing COPD as asthma [23]. It should
be noted that the previous studies that evalu-
ated pathways to triple therapy, by Brusselle
et al. and Wurst et al. in the UK and Meeraus
et al. in France, excluded patients with a diag-
nosis of asthma [18, 20, 21].

Blood eosinophil (EOS) counts could
potentially guide more efficient prescription
of ICS in patients with moderate-to-very sev-
ere COPD, given the increased benefit of ICS
observed in patients with higher EOS counts
(C 100 cells/mm3) compared with lower EOS
counts (\ 100 cells/mm3) [4]. Additionally,
GOLD guidelines suggest blood EOS count
could be used alongside other clinical assess-
ments (such as prior exacerbation history) to
guide future ICS prescription due to the
known relationship between blood
EOS count and observed treatment benefits [4].
Current ERS guidelines recommend maintaining
ICS use in patients with EOS counts C 300 cells/
mm3 and withdrawal for patients with EOS
counts\300 cells/mm3 having\2 exacerba-
tions per year and no hospitalization events [43].

After stepping down or discontinuing from
triple therapy, most patients recorded ICS ?

LABA or LAMA only, which corresponds with
the findings by Meeraus et al. in France [21].
The availability and actual use of LAMA/LABA
FDCs was very low during the study period,
which may impact prescription choices and the
decision to recommend that a patient steps
down in their medication regimen. A previous
study of two cohorts of French patients showed
lower rates of discontinuation in patients who
received triple therapy versus those who
received long-acting bronchodilators only, and
that guidelines were not always followed [21].
Withdrawal of the ICS component can be con-
sidered in the case of adverse effects (such as
pneumonia), a reported lack of efficacy [4], or in
patients without an established frequent
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exacerbation history [43]. However, as blood
eosinophil counts increase C 150 cells/mm3,
rates of exacerbations after ICS withdrawal
increase [44]. Therefore, if removing ICS,
patients should be followed closely to monitor
relapse of exacerbations [4].

A unique strength of this study is that it
provides a holistic view of pathways to triple
therapy using large populations for analysis
derived from COPD care settings across multiple
countries. Due to common misdiagnosis, a val-
idated algorithm was also used to classify
patients with COPD in each database [23];
therefore, results are likely to apply to the gen-
eral population of patients with COPD.

Some limitations should be acknowledged
when interpreting the findings of the study.
Owing to differences in data across countries,
criteria for defining the initial cohort were
adapted as needed; accordingly, populations
may not be directly comparable. However, this
was taken into account by the methods used to
conduct the meta-analysis [34]. Additionally,
attributing GOLD categories was not possible
for a large number of patients, and variation in
the incidence and types of comorbidities
between countries may be due to differences in
recording practices across countries. It should
be noted that individual countries’ prescribing
practices will be impacted by drug availability/
accessibility, reimbursement, and cost, which
may have influenced the pathways reflected
within the results of this study. Moreover, as
previously reported [45], GOLD guidelines are
updated on an annual basis to ensure current
recommendations are based on the most
recently available, published evidence. National
and regional guidelines may not be updated as
frequently, may be based on the constraints
outlined above, and thus may differ as a result.
All national guidance documents for countries
included within the analysis of this study con-
sidered triple therapy for patients experiencing
exacerbations despite dual therapy, but differed
in whether the step-up pathway should be from
LAMA/LABA or ICS/LABA. For example, Ger-
man and Australian guidelines recommend tri-
ple therapy for patients with forced expiratory
volume in 1 s (FEV1)\50% and C 2 exacerba-
tions per year, but in France and the UK, triple

therapy was recommended for patients experi-
encing persistent exacerbations on dual therapy
or ICS/LABA, respectively. Italian guidelines
recommend triple therapy for patients with
FEV1\60% predicted, having C 2 exacerba-
tions per year and persistent symptoms despite
ICS/LABA therapy [45]. Furthermore, since ICS/
LAMA/LABA FDCs were not available during the
study period and LAMA/LABA FDCs were not
available for the majority of the study period, it
should be noted that pathways to triple therapy
use may change as the availability and use of
FDCs grows. A UK database study showed that
LAMA/LABA combination treatment (either free
or fixed dose) was only used as a maintenance
regimen in a small proportion (5%) of patients
[46]; however, its use will likely have increased
considerably in the last 4 years, potentially
impacting on treatment pathways. Addition-
ally, changes in access to therapy or reim-
bursement levels were not analyzed.

CONCLUSIONS

In this retrospective cohort study conducted
across the UK, Germany, Italy, France, and
Australia, the three most common maintenance
treatment pathways to triple therapy were
ICS ? LABA, no previous therapy, and LAMA
only. Our results also demonstrated that a large
number of different pathways could be observed
both within and across countries. The differing
impact of treatments may affect quality of life
and disease control in patients with COPD.
Future research is required to investigate the
factors that influence pathways to triple therapy
and disease outcomes related to these choices.
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