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ABSTRACT
This retrospective cohort study aimed to assess treatment patterns over 24 months amongst patients with
chronic obstructive pulmonary disease (COPD), initiating a new COPD maintenance treatment, and to
understand clinical indicators of treatment change. Patients included in the study initiated a long-acting
β2-agonist (LABA), a long-acting muscarinic antagonist (LAMA), or a combination of LABA and an inhaled
corticosteroid (ICS/LABA) between January 1, 2009, and November 30, 2013, as recorded in the United King-
dom Clinical Practice Research Datalink (UK CPRD). Treatment modifications (switching or adding mainte-
nance treatments) over 24 months were assessed, and patient characteristics, disease burden, medication
and healthcare resource use during the 30 days before treatment modification were evaluated. The cohort
comprised 17,258 patients [LABA (8%), LAMA (39%) and ICS/LABA (54%)] with similar age, body mass index
and dyspnoea distribution. LABA users were more likely than LAMA users to add a maintenance therapy. Dis-
tinct patterns of treatment augmentations were noted, whereby LABA users typically received dual therapy
before moving to triple therapy, while LAMA users moved to triple therapy by directly adding an ICS/LABA.
Exacerbation events immediately prior to treatment change were not frequently recorded; however, the
need for rescue short-acting medication and assessment of dyspnoea in the 30 days prior to the treatment
change suggest that dyspnoea is a remaining unmet need driving therapy change.

Introduction

Chronic obstructive pulmonary disease (COPD) is a leading
cause of mortality and morbidity worldwide and is consid-
ered a treatable disease (1). Guidelines consider inhaled long-
acting bronchodilator therapy convenient and more effective in
maintaining symptom relief than short-acting bronchodilators
(SABDs) (1,2). Maintenance treatment with either a long-acting
muscarinic antagonist (LAMA) or a combination of inhaled cor-
ticosteroids (ICS) and long-acting β2-agonist (LABA) is rec-
ommended for patients with more symptoms and higher risk
of exacerbations. For those with persistent symptoms, the step-
wise escalation to inhaled triple therapy (ICS/LABA/LAMA) is
recommended. This combination improves lung function and
quality of life and may further reduce exacerbations (1).

The goal of treating COPD is to reduce symptoms; increase
exercise tolerance and health status; and to reduce future risk
of exacerbations, disease progression and mortality. Any change
in therapy (escalation/addition) is ideally driven by persistence
or worsening of symptoms, loss of functionality or health sta-
tus and the need to reduce the future risk of exacerbations or
mortality. Although all inhaled monotherapy and combination
therapies have shown improvements in lung function, quality
of life and exacerbations (3), results from a primary care study
have indicated that patients with COPD treated with long-acting
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bronchodilators alone continue to experience significant dys-
pnoea on exertion, exacerbations and reduced quality of life
indicative of suboptimal control (4). This may be attributable to
either a lack of appropriate maintenance treatment or the subop-
timal implementation of COPD guidelines in primary care clin-
ical practice (5–9). In constrast, deviation from guidelines may
also result in overtreatment, particularly with inhaled corticos-
teriods, which can carry increased risks of side effects and also
incur considerable cost to the healthcare system (10).

Therefore, it is crucial to understand the characteristics of
patients when presenting in a prodrome phase prior to a mod-
ifying therapy event and after initiation of a first maintenance
treatment. Considering the current scenario of scant literature
around disease burden and the economic impact of nonadher-
ence to guidelines, evaluation of the switching and escalation
of an initial long-acting bronchodilator treatment are likely to
provide important new insights on clinical events associated
with such treatment change. The current study aimed to evalu-
ate 1) treatment modifications over 24 months amongst patients
with COPD, initiating long-acting bronchodilator maintenance
treatment, either alone or in combination with ICS; and 2) the
drivers of treatment modification, as measured by clinical indi-
cators such as exacerbations, non-COPD hospitalisations, oral
corticosteroid use, SABD prescriptions, dyspnoea assessments,
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or spirometry measures recorded in the 30 days before treatment
modification.

Materials and Methods

Study design

This retrospective cohort study evaluated patient characteristics
and treatment patterns over 24 months amongst patients with
COPD who were newly prescribed a COPD maintenance treat-
ment including a LABA, LAMA, or ICS/LABA from the United
Kingdom Clinical Practice Research Datalink (UK CPRD). The
database contains longitudinal data on patient characteristics;
medical history, including records of referrals to consultants and
hospitalisations; and treatment history (11). The date of the first
qualifying prescription from January 1, 2009, to November 30,
2013, was identified as the index date. The electronic records
were anonymised, and the protocol was approved by the UK
CPRD Independent Scientific Advisory Committee (ISAC; pro-
tocol 13_073a2).

Patients were required to be aged �40 years and to have at
least one COPD “definite” diagnostic code within ±12 months
of the index date, have no history of an ICS prescription
in the 12 months before the index date (LABA and LAMA
groups only), and have at least 12 months of history before
and 24 months of follow-up after the index date (unless death
occurred).

All statistical analyses were conducted using SAS version 9.2.
Mantel-Haenszel chi-square tests for categorical variables and
analysis of variance for testing differences in mean age and mean
body mass index were used with two-tailed p-values <0.05 indi-
cating statistical significance.

Baseline characteristics

Patient demographics and disease characteristics, including
Medical Research Council (MRC) dyspnoea grade and COPD
exacerbations in the 12 months before the index date, were
collected and compared between initial maintenance treat-
ment groups. Exacerbations were identified using an algorithm
recently validated in the UK CPRD (12). Briefly, a moderate
exacerbation was defined using a combination of medical diag-
nosis of COPD exacerbation and/or treatment with COPD-
specific antibiotics combined with oral corticosteroids (OCSs)
(treated outside the hospital), while a severe exacerbation was
one resulting in hospitalisation or emergency department visit
for COPD.

Treatment modifications during follow-up

In the 24-month follow-up period, treatment modifications,
including first switch in treatment and all augmentations with
other maintenance therapy, were recorded for the LABA, LAMA
and LABA/ICS subgroups.

A ‘switch’ was recorded when another maintenance therapy
was started after the index therapy was discontinued, or if it
was initiated before index therapy discontinuation, and per-
sisted for at least 60 days after index therapy discontinuation.

Additions to treatment included those that resulted in dual ther-
apy (ICS/LABA, ICS/LAMA or LABA/LAMA) or triple therapy
(ICS/LABA/LAMA) and were considered when the new mainte-
nance therapy was started more than 30 days after the index date
and overlapped for at least 30 continuous days with the index
therapy. If there were less than 30 days of continuous overlap but
the patient had a future prescription for the add-on therapy, this
was also classified as an augmentation. Switches and augmen-
tations were considered separately, such that a patient could be
included in both analyses if they met the appropriate definitions.

Patient characteristics, MRC dyspnoea grade, Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD) stages of
airflow obstruction, other COPD medication use, non-COPD
hospitalisations, all-cause general practitioner (GP) interactions
and COPD exacerbations in the 30 days before treatment modi-
fication were evaluated. These data were collected for each treat-
ment modification separately, with the date of the first switch or
first addition acting as the anchor for each analysis.

Results

Patient disposition and demographics

The cohort comprised 17,258 patients [LABA (8%), LAMA
(39%) and ICS/LABA (54%)]. Patients on LAMA were slightly
more likely to be male, older and a current smoker (Table 1).
The three groups did not differ significantly on dyspnoea score;
however, patients initiating ICS/LABA were more likely to have

Table . Patient demographics prior to long-acting bronchodilator initiation.

LABA LAMA LABA/ICS p
(N = ) (N = ) (N = ) for difference

Gender, male (%)    <.
Age at index date,

mean (SD)
. (.) . (.) . (.) <.

Current smoker
(%)a

   <.

BMI, mean (SD)b . (.) . (.) . (.) .
Dyspnoea (%)a,c

MRC grade <    .
MRC grade �   
Moderate to severe

COPD
exacerbation (%
with � event)d

   <.

Discontinued
maintenance
treatment after
first prescription,
(%)e

   <.

aValue closest to index date in prior  months to  months after index date
( months prior only for MRC grade).
bPercentages represent distribution in patients with a known value. BMI data
unknown for N =  (%) LABA users, N =  (%) LAMA users and
N =  (%) LABA/ICS users.
cPercentages represent distribution in patients with a known value. Dyspnoea
data unknown for N =  (%) LABA users, N =  (%) LAMA users, and
N =  (%) LABA/ICS users.
dExacerbations in prior  months before index date.
ePatient did not have another prescription for COPD maintenance therapy of any
kind after the index prescription through the  months of follow-up.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; ICS, inhaled
corticosteroid; LABA, long-acting β-agonist; LAMA, long-acting muscarinic
antagonist; MRC, Medical Research Council dyspnoea scale –; SD, standard devi-
ation.
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Figure . Treatment augmentation and switches within  months of initiation of a first maintenance COPD therapy with LABA, LAMA or ICS/LABA. Note: This analysis
excluded  LABA initiators,  LAMA initiators and  ICS/LABA initiators who did not receive any COPD maintenance therapy prescription either replacing initiation
therapy or adding a different kind of therapy after their index prescription throughout the -month follow-up period. In total, % (N = ) of LABA users switched
therapy and % (N = ) augmented therapy (patients could contribute multiple augmentations, and thus, the height of the bar is greater than %). In total, %
(N = ) of LAMA users switched therapy, % (N = ) augmented therapy (patients could contribute multiple augmentations, and thus, the height of the bar is greater
than %). In total, % (N = ) of LABA/ICS users switched therapy (only switches to LAMA were considered as a change to LABA alone or ICS alone was considered a
discontinuation of LABA/ICS combination therapy), % (N = ) augmented to triple therapy. COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid;
LABA, long-acting β-agonist; LAMA, long-acting muscarinic antagonist.

experienced a COPD exacerbation in the 12 months prior to
the index date. Further details of patient and disease character-
istics, adherence to therapy and costs for the same cohort are
presented in a previous publication (13). A total of 141 (11%)
LABA initiators, 524 (8%) LAMA initiators and 1,733 (19%)
ICS/LABA initiators did not receive another prescription for
COPD maintenance therapy of any kind after their index pre-
scription throughout the 24-month follow-up period and thus
were excluded from the treatment modification analysis.

Treatment modifications

Treatment modifications amongst LABA initiators
Amongst LABA users, 18% (N = 211) switched therapy during
24 months of follow-up (Figure 1); the mean time to first switch
was 271 days [standard deviation (SD), 187 days]. Switching to a
LAMA was the most common option (83%), while the remain-
ing switches were to ICS monotherapy. Further, 35% (N = 410)
of LABA users experienced a total of 674 treatment augmenta-
tions (patients were allowed to contribute more than one). All
410 augmenters experienced one or more occasions of stepping
up to a dual therapy (LABA/LAMA or ICS/LABA), while only
10% (N = 117) escalated to triple therapy through a dual path-
way (Figure 1). The mean time to first dual therapy was 262 (SD,
196) days, while escalation to triple therapy was, on average, a
later event with a mean time of 347 (SD, 195) days.

Treatment modifications amongst LAMA initiators
A small proportion of LAMA users (6%, N = 383) switched ther-
apy within 24 months of follow-up, with a mean time to first
switch of 274 (SD, 211) days (Figure 1). Switching to ICS/LABA

was the most common option (62%) with switches to LABA
(16%) or ICS (22%) monotherapy occurring about equally. In
addition, 37% of LAMA users (N = 2,306) experienced 2,522
augmentations, with the majority of augmentation events (72%)
being direct escalations to triple therapy by adding ICS/LABA to
their existing LAMA therapy (Figure 1). Overall, the mean time
to first dual therapy [271 (SD, 197) days] was similar to the mean
time to first triple therapy [285 (SD, 202) days].

Treatment modifications amongst ICS/LABA initiators
Four percent (N = 287) of ICS/LABA users switched therapy
to a LAMA within 24 months of follow-up, with a mean time to
first switch of 259 (SD, 189) days (Figure 1). Amongst ICS/LABA
users, 36% (N = 2,708) escalated to triple therapy with a mean
time of 282 (SD, 201) days.

Clinical events and healthcare resource utilisation in the
30 days prior to treatment modification

A majority of patients (88–94%) initiating any of the three main-
tenance therapies had a GP visit recorded in the 30 days imme-
diately prior to switching or adding medications (Table 2). At
least half of all patients (55–64%) also had an SABD prescrip-
tion, with the exception of patients switching from ICS/LABA
to LAMA (46% with a SABD prescription). Regarding the clin-
ical assessment of patient symptoms, an MRC was recorded
for about one-third of patients (32–41%), while 11–17% had
a spirometry reading recorded. Amongst patients that had
received these assessments, those stepping up to triple therapy,
regardless of initial treatment group, were more likely to have
a record of moderate to severe dyspnoea (MRC grade � 3) or
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Table . Disease burden and healthcare resource utilisation in the  days prior to a treatment modification amongst the LABA, LAMA and ICS/LABA cohorts.

LABA (N = ) LAMA (N = ) ICS/LABA (N = )

Switched
therapy
N = 

Addition
resulting in dual

therapy
N = 

Addition
resulting in

triple therapy
N = 

Switched
therapy
N= 

Addition
resulting in dual

therapy
N = 

Addition
resulting in

triple therapy
N = 

Switched
therapy
N = 

Stepped up to
triple therapy

N = 

Disease Burden
Moderate to severe COPD

exacerbations, % with
�  event

       

Hospitalized (severe)
COPD exacerbations,
% with �  event

       

Dyspnea, % with MRC
value recorded

       

MRC grade �  among
those with recorded
value, %

       

Airflow limitation, % with
value recorded

       

FEV <% predicted
among those with
recorded value, %

       

Other COPD Medication Use
SABD, % with � 

prescription
       

OCS, % with � 
prescription

       

Healthcare Resource Utilization
Non-COPD

hospitalizations, %
with �  event

       

GP visits, % with �  visit        

Note: This analysis excluded  LABA initiators,  LAMA initiators, and  ICS/LABA initiators who did not receive another COPD maintenance therapy prescription of
any kind after their index prescription through the -month follow-up period.

COPD, chronic obstructive pulmonary disease; GP, general practitioner; ICS, inhaled corticosteroid; LABA, long-acting β-agonist; LAMA, long-acting muscarinic antagonist;
MRC, Medical Research Council dyspnoea scale –; OCS, oral corticosteroid; SABD, short-acting bronchodilator; SD, standard deviation.

an FEV1 of <50% predicted. Exacerbations of COPD (moder-
ate to severe) in the 30 days prior to treatment change occurred
in fewer than one quarter of patients and were the only clini-
cal event studied that appeared to possibly discriminate modi-
fication choice. Amongst LABA initiators, 24% who stepped up
to triple therapy vs. 12-15% who switched or added to a dual
had experienced an exacerbation in the 30 days before treatment
change. Similarly, 18% of LAMA initiators who stepped up to
triple vs. 11-15% of dual or switchers experienced an exacerba-
tion. This pattern was also seen for ICS/LABA (15% progressing
to triple therapy vs 8% with a treatment switch). Serious medi-
cal events, including non-COPD hospitalisations (3–7% across
groups) or a hospitalised COPD exacerbation (2–5%), occurred
rarely.

Discussion

This study evaluated treatment modifications over 24 months
following initiation of maintenance treatment with LABA,
LAMA or ICS/LABA in patients with COPD. Subsequently, we
assessed clinical events and healthcare resource use during the
30 days prior to treatment modification to see if it was possi-
ble to identify particular events that may have guided treatment
change.

With regard to treatment patterns, these results demon-
strated that amongst the monobronchodilator-only users
(LABA or LAMA), additions to therapy were more common

occurrences than switches. LAMA users were much more
likely to escalate directly to triple therapy, possibly due to the
ease of adding an ICS/LABA combination to a LAMA in one
step, whilst for LABA users, escalation favoured a dual therapy
intermediate step up with only 10% further progressing to
triple therapy. Our results are similar to those of other stud-
ies conducted in the United Kingdom. In a newly diagnosed
COPD patient population, Wurst et al. (14) also showed that
switches were less common than treatment additions, and that
LAMA (32%) and ICS/LABA users (24%) were more likely
to progress to triple therapy over 2 years than those initiating
LABA monotherapy (6%). A study in the Optimum Patient Care
Research Database suggested that 32% of all COPD patients
progressed to triple therapy during follow-up (up to 10 years
after their initial COPD diagnosis), and that the most com-
mon pathway was the addition of LAMA to ICS/LABA (15).
It will be of interest to understand if the recent emergence of
fixed combination LAMA/LABA dual bronchodilator therapies
(vilanterol/umeclidinium and indacaterol/glycopyrronium,
aclidinium/formoterol and tiotropium/olodaterol) (16–19) may
have a major influence on treatment patterns in the future.

The GOLD Global Strategy suggests that disease monitoring,
including symptom evaluation and objective measures of air-
flow limitation, should determine when to modify therapy (1).
Amongst patients with a treatment modification during follow-
up, we attempted to understand if symptom measurement,
number of SABD prescriptions for rescue bronchodilation or
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disease worsening markers provided any indication of a pref-
erence for a particular treatment modification (switch versus
escalation). Results showed that exacerbation events were only
a minor influence on treatment augmentation. By contrast, the
need to prescribe short-acting rescue medication in addition
to bronchodilator maintenance therapy and the assessment
of dyspnoea, using the MRC, suggest ongoing symptomatic
disease burden for many patients in the 30 days prior to an
augmentation or a switch event. The propensity for physicians
to augment treatment based on elevated symptoms highlights
the need for additional bronchodilation currently fulfilled most
often by escalation to triple therapy amongst LAMA initiators
and the addition of LAMA or ICS or both amongst LABA
initiators. This suggests that a high proportion of patients in
GOLD Stages A and B (low risk, few/significant symptoms)
who remain symptomatic are prescribed triple therapy without
having experienced an exacerbation event. Indeed, Price and
colleagues showed that 49% of patients in GOLD Stage 2 with
no exacerbations in the previous year were prescribed ICS (20).
Alternatively, for patients displaying continued breathlessness
but who are not exacerbating, a phenotype-based pharma-
cotherapeutic approach suggests that new fixed combination
LAMA/LABA dual bronchodilator therapies may be a rea-
sonable management option (21,22). Whilst no such analysis
regarding events immediately preceding treatment modifica-
tion has been conducted to date in the United Kingdom, Price
and colleagues showed little variability in the pathway to triple
therapy based on patient history of exacerbation, mMRC score,
or lung function at baseline (15,20). Our findings are similar to
those of a study conducted in the United States using insurance
claims data, which also found little difference in the frequency
of exacerbation events and all-cause hospitalisation between
patients adding or switching from LAMA therapy (LABA
analysis not conducted) (23). Compared to the US study, how-
ever, we found a considerably higher recording of dyspnoea
(approximately one-third with an MRC recording compared to
10–12% with an International Classification of Disease ([ICD]-
9) code for shortness of breath in the US study), suggesting
that symptom monitoring may be more frequent in UK general
practice. However, it cannot be ruled out that this difference is
simply due to variability in coding practices between electronic
medical record and reimbursement-based insurance records
schemes.

These data only allow generation of hypotheses about treat-
ment decision-making, as the electronic medical record alone
lacks a recording of the physician rationale behind medication
changes. Our data on treatment patterns must be interpreted in
the context of the 2 year follow-up, as more patients may have
had a treatment change if followed longer. It has previously been
shown that maximum modification to treatment is likely in the
first 6 months of diagnosis (with 15–49% of patients changing
their initial therapy) (14); however, studies with longer follow-
up have shown that some patients do not progress to triple ther-
apy until 3–7 years after diagnosis (15). Furthermore, while this
study includes a large sample size with reasonable follow-up
and is one of the few studies to make inroads towards under-
standing clinical events that occur proximal to treatment mod-
ifications, there are limitations inherent in the CPRD database

with regard to studying treatment patterns and possible rea-
sons for treatment change. First, the CPRD database represents
patients treated in primary care, and thus, prescriptions or clin-
ical events that occur in hospital and may affect GP decision-
making about treatment plans are not necessarily collected. As
well, CPRD provides data on prescribed, rather than dispensed,
medications. Second, the occurrence of events in the period
outside of the 30-day window may have had some bearing on
these treatment changes; moreover, mild self-reported exacer-
bations not related to increasing healthcare resource use, and
thus not collected in our analysis, may have influenced physician
prescribing behaviours. Third, the lack of sufficient clinical data
on patient symptomatology and severity of airflow obstruction
may simply reflect a lack of recording the results of MRC dysp-
noea evaluation or spirometry, and does not necessarily mean
that these were not performed or used for clinical decision-
making. Finally, the database is unlikely to capture patient-
driven reasons for treatment modification, such as patient pref-
erence or ability to use certain devices or adverse drug reactions
(24). These final two points are considerable limitations and
additional longitudinal research with detailed capture of patient
symptoms and outcomes, as well as the patient voice in treat-
ment decision-making, is warranted.

Conclusions

Overall, we identified a trend for physicians to preferentially
escalate therapy over switching therapy for both LABA and
LAMA initiators. Amongst those with a treatment addition,
direct step up to triple therapy was common for those initiating
LAMA therapy, while those starting LABA had a slower transi-
tion and tended to step through a dual therapy first. The choice
to switch versus escalate therapy occurred largely in the absence
of a marked difference in exacerbation incidence and was pri-
marily associated with the need for rescue short-acting medica-
tion and assessment of dyspnoea in the 30 days prior to the treat-
ment change. This suggests that dyspnoea is a remaining unmet
need that may be a driver of therapy change in UK primary care.
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