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Abstract

Most patients with COPD are recommended to initiate maintenance therapy with a single long-acting
bronchodilator, such as a long-acting muscarinic antagonist or long-acting 3,-agonist. However, many patients
receiving mono-bronchodilation continue to experience high symptom burden, suggesting that patients are
frequently not receiving optimal treatment. Treatment goals for COPD are often broad and not individually
tailored, making initial treatment response assessments difficult. A personalised approach to initial maintenance
therapy, based upon an individual’s symptom burden and exacerbation risk, may be more appropriate.

An alternative approach would be to maximise bronchodilation early in the disease course of all patients
with COPD. Evidence suggests that dual bronchodilation has greater and consistent efficacy for lung
function and symptoms than mono-bronchodilation, whilst potentially reducing the risk of exacerbations
and disease deterioration, with a similar safety profile to mono-bronchodilators. Improvements in lung
function and symptoms between dual- and mono-bronchodilation have also been demonstrated in
maintenance-naive patients, who are most likely to resemble those at first presentation in a clinical setting.
Despite promising results, there are several evidence gaps that need to be addressed to allow decision
makers to evaluate the merits of a widespread earlier introduction of dual bronchodilation.

Introduction

COPD is a heterogenous condition estimated to affect over 380 million patients worldwide in 2010 [1],
and is a leading cause of morbidity and mortality associated with substantial economic burden [2]. The
chronic and complex nature of COPD means that symptom improvement alone may not be a reliable
indicator of treatment success and, unlike asthma where the concept of control is well established [3], there
is currently no widely accepted definition of COPD control [4, 5].

A personalised approach to COPD treatment has been advocated in recent years, with initial maintenance
and follow-up treatment recommendations differing according to clinical characteristics [2, 6]. According
to the 2021 Global Initiative for Chronic Obstructive Lung Disease (GOLD) report, dual long-acting
muscarinic antagonist/long-acting B,-agonist (LAMA/LABA) combination therapy may be considered as
initial treatment for symptomatic patients with low exacerbation risk (GOLD B) and severe breathlessness,
or for highly symptomatic (COPD Assessment Test (CAT) >20) patients with high exacerbation risk
(GOLD D) [2]. The American Thoracic Society clinical practice guidelines, using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) approach, provided a strong
recommendation in favour of LAMA/LABA combination therapy over long-acting bronchodilator (LABD)
monotherapy for patients with dyspnoea or exercise intolerance [7].
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Although LABD monotherapy has proven efficacy in COPD [8], almost half of patients receiving this
treatment continue to experience a high symptom burden [9], suggesting that monotherapy may be
suboptimal for many patients. Inadequate symptom control may lead to increased rates of morbidity and
mortality [10-12] and result in an increased economic burden, as highly symptomatic patients utilise more
healthcare, with more frequent hospitalisations and higher in-patient costs [13]. Similarly, among
maintenance-treated patients who frequently use short-acting bronchodilator rescue medication, those with
severe dyspnoea utilise significantly more healthcare resources and experience more frequent exacerbations
than patients with mild dyspnoea [14]. This raises the possibility of wide-ranging benefits from
intensifying bronchodilation early in the disease course to reduce symptom burden. To investigate this, in
this review we discuss: 1) current COPD treatment goals and their appropriateness for long-term COPD
management; 2) evidence for dual- versus mono-bronchodilation as initial maintenance therapy in COPD;
and 3) key evidence gaps in the optimal approach to initial bronchodilator therapy in COPD.

Defining treatment goals in COPD

There are three intrinsically linked over-arching components of COPD that need to be considered when
defining treatment goals (figure 1): 1) disease activity, which describes the intensity of underlying
biological mechanisms that drive disease progression and worsening of disease severity; 2) disease
severity, which relates to the degree of functional impairment such as airflow limitation [10, 15]; and
3) disease impact, which is a patient’s perception of the severity and activity of their disease, and any
modifications to their activities of daily living. These components are intrinsically linked. Disease activity
drives disease progression, which worsens disease severity; together disease activity and disease severity
influence disease impact (figure 1).

Current goals for COPD pharmacological treatment aim to prevent exacerbations and improve symptoms,
thereby minimising disease activity, preventing disease progression, and ultimately reducing disease
impact [2]. However, the framework for monitoring disease progression is not well defined, with no
objective thresholds routinely used in clinical practice to longitudinally evaluate changes in disease burden,
the quantification of disease activity and progression remains challenging. Individualised COPD treatment
goals that reflect disease activity would allow physicians to monitor treatment responses and identify when
treatment adjustments are necessary. Asthma guidelines recommend assessing treatment responses
3-6 months after treatment initiation [3] but in COPD, evidence suggests that LABD treatment effects can
be apparent within a few days of treatment initiation and that treatment responses at 4 weeks provide an
early indication of longer-term responses [16]. If treatment goals with thresholds for improvement/decline
over an appropriate time frame could be established for COPD, they could be used to objectively assess
initial treatment benefits and inform treatment decisions earlier in the disease course.

Forced expiratory volume in 1s (FEV,) is a marker of COPD severity and has prognostic value. However,
it does not reflect the multifaceted nature of COPD or its impact on patients [17]. Although correlations
between FEV; and health status improvements have been noted in clinical trials [18, 19], correlations with
other patient-reported outcomes (PROs) have been weak or only observed in a minority of patients [17, 20].
As most patients with COPD continue to experience symptoms despite maintenance therapy [21], it is
unreasonable to define treatment goals as an absence of symptoms. Instead, a range of lung function and
symptom measures should be considered when evaluating treatment effectiveness. Several PROs assess
symptoms and health status in patients with COPD including the Transition Dyspnoea Index (TDI) [22],
CAT [23], Evaluating Respiratory Symptoms—COPD (E-RS) [24] and St George’s Respiratory
Questionnaire (SGRQ) [25]. In addition, more frequent use of rescue medication is associated with worse
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FIGURE 1 Relationship between COPD severity, activity and impact.
*: targets for pharmacological treatment.
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dyspnoea and a higher overall disease burden [14, 26], and may be another useful measure to monitor and
set treatment goals in clinical settings. Composite tools with objective thresholds for multiple outcomes
may provide more detailed insights into disease course and treatment response than one-dimensional
measures such as FEV; or dyspnoea severity alone [27].

Relationship between symptoms and disease progression

A history of frequent COPD exacerbations increases the risk of future disease progression [28, 29],
whereas the association between a high symptom burden and future outcomes including hospitalisations
and mortality is less well established [10, 30, 31]. In one study, patients with a high symptom burden and
low exacerbation risk (GOLD B) were approximately three times more likely to have 1-year respiratory
mortality compared with patients with a low symptom burden and low exacerbation risk (GOLD A) [31].
A Danish prospective cohort analysis found that compared with individuals without COPD, patients with
undiagnosed, symptomatic COPD had an increased risk of future exacerbations, pneumonia and
mortality [11]. Other studies found that dyspnoea predicts mortality better than exacerbation history or lung
function [32, 33], and that night-time dyspnoea is associated with increased exacerbation risk, hospital
admissions and mortality [12]. Chronic cough and sputum production have also been linked with increased
exacerbation risk and hospitalisations in patients with COPD [34]. However, not all studies have identified
associations between symptoms and future disease progression [35]. For example, in the ASSESS study,
early morning and daytime symptoms were significantly associated with the occurrence of exacerbations in
the subsequent 6 months, but this association was lost when confounding variables, including exacerbation
history and lung function, were accounted for [36]. Also, associations between symptom burden and future
disease deterioration may partly be a consequence of the high prevalence of comorbidities that can cause
dyspnoea among patients with COPD, such as cardiovascular disease [31, 32].

Disease stability as a treatment goal

Although the need to monitor COPD disease control and stability has been recognised since 2009 [37],
there currently remains no accepted definition of disease control in COPD [4, 5]. SoLEr-CATALUNA et al. [38]
propose defining COPD control as the long-term maintenance of disease stability (ongoing period of
no significant changes in disease activity, including an absence of clinical worsening and exacerbations
during the observation period) and low clinical impact on the patient (adjusted to the level of severity of
the disease). A prospective observational study reported that patients who achieved control had fewer
symptoms, better health status, and a reduced risk of future disease complications (including exacerbations
and hospitalisations) over 1-year follow-up than uncontrolled patients [5]. A post hoc analysis of the
SPARK trial where only 20% of patients were classified as “controlled” using disease impact and stability
as indicators of control status, found that these patients experienced significantly lower exacerbation rates
during 52 weeks’ follow-up than noncontrolled patients [39]. While both these studies defined disease
stability as the absence of exacerbations over 3 months [5, 39], the analysis of SPARK also included the
absence of clinical worsening assessed by CAT [39]. While there are merits to the concept of defining
disease control in this way, many patients have a burden of symptoms that cannot be reduced below such
thresholds.

In recent years, the clinically important deterioration (CID) concept has been introduced as a method of
evaluating short-term disease worsening to provide additional insights into disease activity [40]. CID is a
composite end-point that assesses early COPD disease deteriorations across FEV;, PROs and moderate/
severe exacerbations [41-44]. Several post hoc analyses, and prospective analyses of the EMAX and
FULFIL trials, have used CID to assess clinically relevant worsening [41-43, 45-48]. Importantly,
prognostic analyses have demonstrated that the absence of a short-term CID is linked to sustained
long-term improvements in lung function and symptoms with existing maintenance therapy, whereas CID
events are associated with increased risks of hospitalisation and mortality (figure 2) [46, 48-52]. Similarly,
in a post hoc analysis of the FLAME study, patients who experienced a CID within 12 weeks of treatment
initiation had significantly higher exacerbation rates over 52 weeks versus those without a CID [43]. In
TORCH, ECLIPSE, FULFIL and IMPACT, patients without a CID also had improvements in lung
function, health status and symptoms compared with patients with a CID [46, 48, 52]. These findings
support the use of CID to evaluate disease stability and worsening and suggest that efforts to reduce these
events early in the disease course may have long-term benefits. However, there are challenges in
implementing monitoring of CID in routine clinical practice, such as the lack of routine use of PROs in
many clinics. In this regard, the recent analysis of the IMPACT study shows that the CAT, which is
relatively quick to administer, is the most suitable PRO for this purpose [52].
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FIGURE 2 Risk of a) severe (hospitalised) exacerbations and b) mortality by clinically important deterioration
(CID) status [46, 51, 52]. CID was defined as >100 mL decrease in forced expiratory volume in 1s, >4-unit
increase in St George’s Respiratory Questionnaire score from baseline, and/or a moderate/severe exacerbation.
CID+: patients with a CID at 6 months in the TORCH and UPLIFT studies, at 12 months in the ECLIPSE study,
or at week 28 in the IMPACT study; CID-: patients without a CID in the same time frame. *: p<0.05; ***: p<0.001.

Evidence for dual bronchodilation versus monotherapy

Numerous studies have investigated the efficacy of dual- versus mono-bronchodilation in patients with
COPD, many of which have focussed on symptomatic patients without enrichment for patients with a
history of exacerbations, and have frequently included patients already receiving maintenance treatment
[42, 47, 53-58]. Some post hoc and prospective analyses of dual- versus mono-bronchodilation have also
been conducted in maintenance-naive patients (table 1) [45, 58-65] and provide evidence concerning
initial pharmacological treatment. Here, we summarise current evidence for dual- versus
mono-bronchodilation in maintenance-treated and maintenance-naive patients.

Lung function

Several meta-analyses have demonstrated greater lung function improvements with LAMA/LABA
combinations versus LAMA or LABA therapies (including combinations with inhaled corticosteroids
(ICS)/LABA), regardless of exacerbation history [67-69], as have numerous randomised controlled trials
(RCTs), which have demonstrated early and sustained benefits [47, 53-55]. In the 24-week EMAX trial in
symptomatic patients at low exacerbation risk, significant improvements in trough FEV; were observed
after 4 weeks of treatment with umeclidinium (UMEC)/vilanterol (VI) versus UMEC or salmeterol (SAL)
[47]. Similarly, trough FEV; improvements were also observed with indacaterol (IND)/glycopyrronium
(GLY) versus GLY and tiotropium (TIO) monotherapy by week 4 in the SPARK study [53]. Other studies
have found lung function benefits with LAMA/LABA versus monotherapy within 1 week of treatment [54, 55].

Lung function efficacy of dual- and mono-bronchodilation has been evaluated in maintenance-naive
patients with COPD (table 1) [45, 58-66]. In a 12-week prospective study in maintenance-naive Japanese
patients, mean FEV; improvement with TIO/olodaterol (OLO) was two-fold higher compared with TIO [65].
A pre-specified analysis of EMAX in maintenance-naive patients reported greater improvements in lung
function with UMEC/VI versus UMEC and SAL [62]. Post hoc analyses of maintenance-naive patients
have also reported greater improvements in trough FEV; at 24 weeks with UMEC/VI [45] and IND/GLY
[61] versus TIO and more recently in a pooled analysis of PINNACLE studies with GLY/formoterol
fumarate (FOR) versus the respective monotherapies [59]. Greater improvements in FEV, area under the
curve from 0-3h (AUCy3) with TIO/OLO versus TIO alone have also been demonstrated [58].
Furthermore, post hoc analyses of maintenance-naive patients in the OTEMTO and TONADO trials by
GOLD stage, Baseline Dyspnoea Index (BDI) score or baseline SGRQ total score showed that there were
significantly greater improvements in trough FEV, at 12 weeks with TIO/OLO versus TIO in patients with
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TABLE 1 Summary of studies comparing the efficacy of long-acting muscarinic antagonist/long-acting B,-agonist with monotherapy in maintenance-naive patients with COPD*

First author [Ref.]

Study

Lung function

Symptoms/disease impact

Risk of a CID event or exacerbation

ZHENG [59]

Nava [60]

Muro [61]

TAKAHASHI [65]

Post hoc analysis of two phase IlI
PINNACLE studies: GLY/FOR, GLY,
FOR or placebo for 24 weeks
MN patients had no LABD in the
30 days prior to screening

Post hoc analysis of two replicate
RCTs: UMEC/VI, UMEC, VI and
placebo for 24 weeks in
exacerbation-free patients

Post hoc pooled analysis of
ARISE, SHINE and SPARK trials:
IND/GLY versus TIO and GLY over

24 weeks in MN patients

Prospective study: TIO/OLO
versus TIO for 12 weeks in MN
patients

FEV; mean change from baseline
treatment difference: GLY/FOR versus GLY
73 mL; versus FOR 56 mL; versus placebo

152 mL; all p<0.0001

Trough FEV; LS mean (95% Cl) change
from baseline treatment difference: UMEC/
VI versus: UMEC 60 (14-106) mL, p=0.011;
versus VI 72 (27-117) mL, p=0.010; versus
placebo 209 (159-260) mL, p<0.001
Trough FEV; mean (95% Cl) change from
baseline treatment difference: IND/GLY
versus TIO 86 (54-118) mL; versus GLY 80
(47-112) mL

FEV; mean (95% Cl) change from baseline
treatment difference: TIO/OLO versus TIO
139 (53-225) mL; p=0.002
IC mean (95% Cl) change from baseline
treatment difference: TIO/OLO versus TIO
115 (—40-267) mL; p=0.13
FVC mean (95% CI) change from baseline
treatment difference: TIO/OLO versus TIO
55 (—93-202) mL; p=0.46

SGRQ mean change from baseline treatment
difference (95% Cl): GLY/FOR versus GLY
—0.39 (—1.92-1.14), p=0.6179; versus FOR

0.81 (—0.69-2.31), p=0.2903; versus placebo
—1.75 (=3.71-0.22), p=0.0810)

Rescue medication mean change from
baseline treatment difference puffs/day (95%
Cl): GLY/FOR versus GLY —0.2 (—0.6-0.2),
p=0.2740; versus —0.2 (—0.5-0.2), p=0.3845
versus placebo —0.9 (—1.4-—0.5), p<0.0001)

TDI focal score mean (95% Cl) change from
baseline treatment difference: IND/GLY
versus TIO 0.634 (—0.012-1.281); versus GLY
0.286 (-0.345-0.918)

SGRQ total score mean (95% ClI) change
from baseline treatment difference: IND/GLY
versus TIO —1.808 (—3.783-0.168); versus GLY
—0.809 (—2.829-1.210)

Rescue medication use mean (95% ClI)
change from baseline puffs/day treatment
difference: IND/GLY —0.531 (—0.869-—0.192);
versus GLY —0.499 (—0.849-—0.150)

TDI focal score mean (95% Cl) change from
baseline treatment difference: TIO/OLO
versus TI0 0.9 (0.2-1.8); p=0.02
Physical activity change in duration (95% Cl)
at >2.0 METs from baseline treatment
difference: TIO/OLO versus TIO 2.5 (—19.0-
24.0) min; p=0.82

CID % risk reduction: GLY/FOR versus
GLY 21%, p=0.0018; versus FOR 17%,
p=0.0157; versus placebo 43%, p<0.0001

Moderate/severe exacerbation % risk
reduction (95% CI): UMEC/VI versus:
UMEC 51 (—8-77)%, p=0.076; versus VI
60 (16-81)%, p=0.016; versus placebo
62 (15-83)%, p=0.018
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TABLE 1 Continued

First author [Ref.]

Study

Lung function

Symptoms/disease impact

Risk of a CID event or exacerbation

BJerMER (unpublished
data)

SINGH [63]

Pre-specified prospective analysis
of EMAX: UMEC/VI versus UMEC
and SAL over 24 weeks MN and

MT patients

Post hoc analysis of ACL/FOR and
AUGMENT RCTs: ACL/FOR versus
ACL, FOR and placebo over
24 weeks
MN patients

Trough FEV; LS mean (95% Cl) change
from baseline treatment difference: UMEC/
VI versus UMEC 44 (1-87) mL, p=0.045;
versus SAL 128 (85-171) mL, p<0.001
Trough FVC LS mean (95% Cl) change
from baseline treatment difference: UMEC/
VI versus UMEC 82 (15-148) mL, p=0.016;
versus SAL 177 (110-243) mL, p<0.001
Trough IC LS mean (95% Cl) change from
baseline treatment difference: UMEC/VI
versus UMEC 29 (—37-94) mL, p=0.388;
versus SAL 71 (6-136) mL, p=0.032

Trough FEV; mean change from baseline
treatment difference: ACL/FOR versus ACL
14 mL, ns; versus FOR 57 mL, p<0.01;
versus placebo 134 mL, p<0.001

TDI focal score LS mean (95% Cl) change
from baseline treatment difference: UMEC/VI
versus UMEC —0.37 (—0.21-0.96), p=0.210;
versus SAL 0.47 (—0.10-1.05), p=0.108
E-RS total score LS mean (95% Cl) change
from baseline treatment difference: UMEC/VI
versus UMEC —0.26 (—1.04-0.53), p=0.524;
versus SAL —0.58 (—1.36-0.20), p=0.148
SGRQ total score LS mean (95% Cl) change
from baseline treatment difference: UMEC/VI
versus UMEC 0.30 (—2.00-2.60), p=0.797;
versus SAL —1.12 (—3.40-1.17), p=0.338
CAT total score LS mean (95% Cl) change
from baseline treatment difference UMEC/VI
versus UMEC —0.3 (—1.4-0.8), p=0.599; versus
SAL —1.0 (—2.1-0.1), p=0.067
Rescue medication use LS mean (95% Cl)
change from baseline puffs/day treatment
difference UMEC/VI versus UMEC —0.44
(—0.73--0.16), p=0.002; versus SAL —0.37
(—0.66-—0.09), p=0.010
Rescue medication use LS mean (95% Cl) %
rescue medication-free days treatment
difference UMEC/VI versus UMEC 10.6
(4.9-16.3), p<0.001; versus SAL 8.3
(2.6-14.0), p=0.005
TDI focal score mean (95% Cl) change from
baseline treatment difference: ACL/FOR
versus ACL 1.166, p<0.001; versus FOR 0.0916,
p<0.01; versus placebo 1.535, p<0.001
E-RS total score mean (95% Cl) change from
baseline treatment difference: ACL/FOR
versus ACL —0.818, p<0.05; versus FOR
—0.827, p<0.05; versus placebo
—1.445, p<0.001
SGRQ total score mean (95% Cl) change
from baseline treatment difference: ACL/FOR
versus ACL —3.1, p<0.01; versus FOR —2.3,
p<0.05; versus placebo —5.3, p<0.001

CID (exacerbation, FEV;, SGRQ) HR
(95% Cl): UMEC/VI versus UMEC 1.16
(0.88-1.52), p=0.292; versus SAL 0.78
(0.60-1.00), p=0.048
CID (exacerbation, FEV;, CAT) HR (95%
Cl): UMEC/VI versus UMEC 0.90 (0.69-
1.18), p=0.454; versus SAL 0.70 (0.54-
0.90), p=0.006
CID (exacerbation, SGRQ, CAT, TDI) HR
(95% Cl): UMEC/VI versus UMEC 0.84
(0.67-1.06), p=0.144; versus SAL 0.80
(0.64-1.00), p=0.052
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TABLE 1 Continued

First author [Ref.] Study

Lung function

Symptoms/disease impact Risk of a CID event or exacerbation

MALEKI-YAzDI [45] Pooled analysis of three 24-week
studies; UMEC/VI versus TIO in

MN patients

SINGH [58] Post hoc analysis of OTEMTO 1
and OTEMTO 2 RCTs: TIO/OLO
versus TIO and placebo over
12 weeks
MN and MT subgroups
Post hoc analysis of the two
TORNADO trials: TIO/OLO versus
TIO and OLO at 24 weeks
Subgroup analysis by prior
bronchodilator treatment

FErGUSON [64]

BuHL [66] Post hoc analysis of four pooled
studies TIO/OLO versus TIO at
12 weeks in MN patients
Subgroup analysis by GOLD
stage, BDI score or baseline

SGRQ total score

Trough FEV; LS mean (95% Cl) change
from baseline treatment difference: UMEC/
VI versus TIO 146 (102-189) mL, p<0.001

FEV; AUC,_3 : TIO/OLO versus TIO
significant improvements
Trough FEV;: TIO/OLO versus TIO ns

Trough FEV; adjusted meantse change
from baseline
GOLD 2: TIO/OLO (5/5 pg) 146+14 mL
versus TIO (5 pg) 68+14 mL, significant
difference
GOLD 3/4: TIO/OLO (5/5 pg) 148+14 mL
versus TIO (5 pg) 79+13 mL, significant
difference
Trough FEV; adjusted mean (95% Cl)
change from baseline treatment difference
(TIO/OLO versus TIO):
GOLD 2: 56 (25-87) mL, p=0.0004
GOLD 3: 51 (11-91) mL, p=0.0122
BDI <6: 62 (29-95) mL, p=0.0002
BDI >6: 54 (21-86) mL, p=0.0012
SGRQ <median: 41 (8-74) mL, p=0.0138
SGRQ >median: 68 (35-101) mL, p<0.0001

Risk of a first CID HR (95% Cl): UMEC/VI
versus TIO 0.66 (0.51-0.85), p=0.001

SGRQ total score mean (95% Cl) change
from baseline treatment difference: UMEC/VI
versus TIO Ns
Rescue medication mean (95% Cl) change
from baseline puffs/day treatment
difference: UMEC/VI versus TIO —0.5 (—0.9-
0.0), p=0.066
TDI focal score: TIO/OLO versus TIO
significant improvements
SGRQ total score: TIO/OLO versus TIO
significant improvements

SGRQ total score adjusted mean (95% Cl)
change from baseline treatment difference
(TIO/OLO versus TIO):

GOLD 2: —2.02 (—3.69-—-0.36), p=0.0171
GOLD 3: —1.36 (—3.85-1.13), p=0.2841
BDI <6: —2.41 (—4.40-—0.41), p=0.0183
BDI >6: —1.70 (—3.49-0.08), p=0.0617
SGRQ <median: —1.56 (—3.14-0.04), p=0.0562
SGRQ >median: —1.97 (—4.17-0.23),
p=0.0786
TDI focal score adjusted mean (95% Cl)
change from baseline treatment difference
(TIO/OLO versus TIO):

GOLD 2: 0.52 (0.10-0.94), p=0.0152
GOLD 3: 0.18 (—0.43-0.80), p=0.5628
BDI <6: 0.37 (—0.09-0.83), p=0.1152
BDI >6: 0.50 (0.02-0.98), p=0.0415
SGRQ <median: 0.31
(—0.14-0.77), p=0.1732
SGRQ >median: 0.54 (0.05-1.03), p=0.0295

CID: clinically important deterioration; GLY: glycopyrrolate; FOR: formoterol fumarate; MN: maintenance-naive; LABD: long-acting bronchodilator; FEV;: forced expiratory volume in 1's; SGRQ: St
George’s Respiratory Questionnaire; RCT: randomised controlled trial; UMEC: umeclidinium; VI: vilanterol; LS: least squares; IND: indacaterol; TIO: tiotropium; TDI: Transition Dyspnoea Index; OLO:
olodaterol; IC: inspiratory capacity; FVC: forced vital capacity; METs: metabolic equivalents; SAL: salmeterol; MT: maintenance-treated; E-RS: Evaluating Respiratory Symptoms—COPD; CAT: COPD
Assessment Test; ACL: aclidinium; ns: not significant; AUCy_s: area under the curve from 0-3 h; GOLD: Global Initiative for Chronic Obstructive Lung Disease; BDI: Baseline Dyspnoea Index. *: data
for maintenance-treated subgroups are presented in supplementary table 1.
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GOLD 2 and GOLD 3 COPD, and regardless of their BDI or SGRQ scores at baseline [66], suggesting
that dual therapy is beneficial for maintenance-naive patients, irrespective of disease severity.

Symptom and health status outcomes

Several RCTs and large meta-analyses have demonstrated greater efficacy with LAMA/LABA
combinations versus monotherapy across multiple symptoms and health status measures [47, 53, 54, 56,
67-74]. For example, EMAX demonstrated early and sustained improvements in TDI focal score and E-RS
total score from week 4, and a greater proportion of CAT responders (=2 unit increase from baseline), with
UMEC/VI versus UMEC and SAL [47]. In SPARK, IND/GLY demonstrated significant improvements in
SGRQ score versus monotherapy in patients with high exacerbation risk [53]. Dual bronchodilation has
also been found to be more effective at reducing rescue medication use (puffs/day) compared with
mono-bronchodilation [47, 53, 67, 75, 76]. Evidence also suggests exercise capacity such as
activity-related breathlessness and inspiratory capacity are improved by dual therapy compared with
monotherapy [74, 77-80]. However, not all studies have identified consistent improvements in symptom or
health status outcomes with LAMA/LABA versus monotherapy [45, 47, 81-84], although some of these
studies were not powered to detect symptom burden treatment differences [47, 81], which may partially
explain these inconsistencies.

Several analyses have also compared dual- and mono-bronchodilation efficacy for symptom and health
status outcomes in maintenance-naive patients (table 1). In a pooled post hoc analysis, IND/GLY showed
significant improvements in SGRQ total score and TDI focal score versus TIO in bronchodilator-naive
patients (although ICS use was permitted) [61]. However, in a post hoc analysis of three 24-week trials,
SGRQ total score improvements with IND/GLY versus TIO were not significant in the maintenance-naive
subgroup [45]. In a post hoc analysis of maintenance-naive patients, TIO/OLO significantly improved
mean SGRQ total score and TDI focal score versus TIO [58]. A pooled post hoc analysis of
maintenance-naive patients found an overall benefit for TIO/OLO versus TIO on SGRQ and TDI
outcomes, with no convincing evidence of a greater magnitude of effect in any subgroup analysed (GOLD 2,
GOLD 3, BDI <6, BDI >6, SGRQ <median, SGRQ >median) [66]. Another post hoc analysis reported
significant improvements over 24 weeks in SGRQ, TDI and E-RS total scores with aclidinium (ACL)/FOR
versus ACL and FOR in maintenance-naive patients [63]. Significant reductions in rescue medication use
with dual- versus mono-bronchodilation have also been identified in several studies [45, 59, 61]. There is
little evidence of the impact of dual therapy on physical activity in maintenance-naive patients. The
SCOPE study in Japanese patients found no significant difference in 6-min walk distance, daily number of
steps or changes in the duration of physical activity in patients treated with TIO/OLO versus TIO [65].

In summary, most studies investigating LAMA/LABA versus monotherapy were not powered for
maintenance-naive patients; the smaller sample sizes for these subgroup comparisons may contribute to the
lack of statistical significance observed in some studies.

Exacerbations

Dual bronchodilation is recommended as an initial maintenance therapy option for highly symptomatic
patients with a history of exacerbations (GOLD D) [2]. In SPARK, patients with a high risk of
exacerbations had a significantly reduced risk of future moderate/severe exacerbations with IND/GLY
versus GLY (12% risk reduction) but not TIO (10%, nonsignificant risk reduction) [53]. The DYNAGITO
trial found a 7% reduction in the risk of future exacerbations with TIO/OLO versus TIO in patients with a
history of exacerbations, but this was below the trial’s pre-defined threshold for statistical significance [85].
Consistent with this, in patients with both low and high exacerbation risk, a network meta-analysis of over
16 trials found that LAMA/LABA dual therapy significantly reduced the risk of moderate/severe
exacerbations versus LABA (18% reduction) but not LAMA [68]; similar findings were reported in a
pooled analysis of 23 studies [18]. These data suggest that LAMAs have superior efficacy for preventing
exacerbations than LABAs, and that although LAMA/LABA combination treatment may not provide
significant benefits over LAMA monotherapy in this regard, there is a trend towards a benefit. However, it
is important to consider patient withdrawal in COPD clinical trials as it may reduce exacerbation outcome
treatment differences because of a healthy survivor effect [86]. In EMAX, the risk of a first exacerbation
was numerically lower (19%) for UMEC/VI compared with UMEC, and significantly lower (36%) for
UMEC/VI compared with SAL [47] but the composite end-point of reduced risk of exacerbation and study
treatment withdrawal was significantly reduced with UMEC/VI compared with both monotherapies,
suggesting that this combined composite may better capture overall treatment benefits [87].

To investigate whether prior maintenance therapy impacts reductions in exacerbation risk provided by
bronchodilation, Nava et al. [60] conducted a post hoc analysis of two 24-week RCTs to compare the time
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to first exacerbation with UMEC/VI versus UMEC and VI in maintenance-naive and maintenance-treated
subgroups. In maintenance-naive patients, UMEC/VT significantly reduced the risk of a moderate-to-severe
exacerbation versus VI, but not UMEC, whereas no significant reductions in exacerbation risk were
observed with UMEC/VI versus monotherapy in maintenance-treated patients [60]. These data suggest that
maintenance-naive patients who participate in clinical trials benefit more from dual bronchodilation than
those with prior maintenance therapy, and the confounding effect of continuing ICS treatment is important
in this regard.

Clinically important deteriorations

In a post hoc analysis of two 24-week RCTs in symptomatic patients with a low exacerbation risk,
UMEC/VT significantly reduced the risk of a first CID event (defined as >100 mL decrease in trough
FEV,, >4-unit increase in SGRQ total score, or a moderate/severe exacerbation) versus TIO, UMEC and
VI monotherapy [41]. Similar findings for UMEC/VI versus TIO were observed in a post hoc analysis of
three 24-week RCTs [45] and a post hoc analysis of three 26-week studies reported a significantly reduced
risk of a first CID event (with the same definition, or as described but with >1-unit decrease in TDI score
replacing trough FEV,) with IND/GLY versus TIO [42]. In the first prospective CID analysis of treatment
differences between dual- and mono-bronchodilation according to three CID definitions, the EMAX trial
found that patients receiving UMEC/VI had a significantly reduced risk of a CID over 24 weeks versus
UMEC and SAL [47].

In maintenance-naive patients, a pooled analysis of three trials found that UMEC/VT significantly reduced
the risk of CID versus TIO (figure 3) [45]. Similarly, in a prospective analysis of maintenance-naive
patients in EMAX, which analysed three definitions of CID, UMEC/VI significantly reduced the risk of a
first CID versus SAL for two of the definitions (unpblished data). Additionally, a post hoc analysis of
PINNACLE demonstrated GLY/FOR significantly increased the time to a first CID event over 24 weeks
versus GLY and FOR monotherapy in maintenance-naive patients [59]. While these results in
maintenance-naive patients support a benefit for dual bronchodilator treatment over monotherapy for CID,
further prospective studies of the CID end-point in maintenance-naive patients are required to evaluate
whether earlier initiation of dual bronchodilation can reduce the risk of future disease deterioration.

Safety

Meta-analyses of several clinical trials have reported no increased risk of adverse events or mortality with
LAMA/LABA versus monotherapy, including cardiovascular-related events [67, 68]. However, these
cardiovascular data must be interpreted with caution as many COPD clinical trials exclude patients with
major cardiovascular comorbidities [88]. A real-world, observational study using primary care medical
records identified no significant increase in the risk of most cardiovascular-related events after 1 year of
adding a second bronchodilator, although the risk of heart failure was marginally higher [89]. Large,
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FIGURE 3 Risk of a first clinically important deterioration (CID) event over 24 weeks with dual- versus
mono-bronchodilator therapy [45, 59]. CID was defined as >100 mL decrease in forced expiratory volume in 1's,
>4-unit increase in St George’s Respiratory Questionnaire score from baseline, and/or a moderate/severe
exacerbation. LAMA: long-acting muscarinic antagonist; LABA: long-acting B,-agonist; UMEC: umeclidinium; VI:
vilanterol; TIO: tiotropium; SAL: salmeterol; GLY: glycopyrronium; FOR: formoterol fumarate. *: p<0.05;
**: p<0.01; ***: p<0.001.
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long-term clinical trials in patients with COPD who also have cardiovascular comorbidities are required to
more thoroughly investigate any potential cardiovascular risks associated with dual bronchodilation.

Key evidence gaps around the optimal approach to initial bronchodilator therapy in COPD

Evidence to date is broadly consistent that LAMA/LABA bronchodilation provides greater efficacy than
LAMA or LAMA monotherapy across lung function, symptoms and disease progression end-points, with
no increased risk of AEs. Crucially, as treatment differences with dual- versus mono-bronchodilators have
also been reported in maintenance-naive patients, there are likely to be wide-ranging benefits from
initiating dual therapy earlier in the disease course. Some guidelines support the use of LAMA/LABA as
initial maintenance therapy for patients with symptomatic COPD, although it is not universally accepted
that this approach should be used for all patients [2, 7, 90]. Evidence gaps that may improve future
decision making with regard to initial maintenance therapy are discussed below.

Potential confounding by ICS

Clinical trials comparing the efficacy of dual- and mono-bronchodilation have not always accounted for
concurrent ICS use, which may have confounded treatment differences. EMAX is the largest prospective
study to date to investigate dual- versus mono-bronchodilation in symptomatic patients with low
exacerbation risk not receiving ICS. It demonstrated early and sustained benefits in lung function and
several PROs with UMEC/VI versus UMEC and SAL [47]. In contrast, two studies which allowed ICS use
reported that UMEC/VI was not superior to UMEC or VI for improving TDI scores [54, 75]. Additionally,
in EMAX, UMEC/VI reduced the risk of a first moderate/severe exacerbation versus SAL by 36% and
19% versus UMEC (not significant) [47], suggesting that dual bronchodilation may reduce exacerbation
risk versus LABA monotherapy when ICS use is absent; findings which contrast with those from clinical
trials that permitted concurrent ICS use [18, 68]. A recent post hoc analysis of two large RCTs also found
that patients not receiving ICS had greater reductions in exacerbation risk with UMEC/VI versus placebo
than with monotherapy versus placebo [60]. These findings indicate that concurrent ICS use may confound
symptom and exacerbation outcome treatment differences; therefore, future studies of LAMA/LABA
combination treatments should not be performed in patients with COPD who continue taking ICS.

Rescue medication use

Several clinical trials have indicated that rescue medication use affects treatment differences. A post hoc
analysis of two large RCTs found that patients with low rescue medication use (<3.6 puffs per day) had
greater reductions in exacerbation risk versus placebo with UMEC/VI than with monotherapy, and that the
incremental symptom and exacerbation benefits that occurred when escalating from mono- to
dual-bronchodilation therapy were more easily detected in low versus high baseline rescue medication
users [60]. High rescue medication use was also associated with reduced symptom benefits with UMEC/VI
versus monotherapy in the EMAX trial [26]. These data may support early intensification of maintenance
therapy to help prevent overuse of rescue medication. Patients with high use of rescue medication may
represent a sub-population who required different management strategies.

Disease severity

As many patients with COPD have substantially decreased lung function at first presentation [91, 92], it is
important to consider whether disease severity could impact initial dual-bronchodilator treatment responses.
There are a paucity of studies of dual versus monotherapy in patients with mild COPD (defined as FEV;
>80% pred; GOLD 1), who represent almost a fifth of those beginning COPD maintenance therapy [93].
A post hoc analysis by Fercuson et al. [64] found greater improvements in lung function outcomes with
TIO/OLO versus TIO in maintenance-naive patients with less severe disease (GOLD 2) versus more severe
disease (GOLD 3 and 4). In EMAX, UMEC/VI provided greater improvements in TDI focal score and
E-RS total score versus monotherapy regardless of baseline CAT score, with the largest benefits observed
in patients with CAT scores <20 [94]. Therefore, patients with less severe COPD may particularly benefit
from early initiation with dual-bronchodilator therapy, which contrasts with current GOLD
recommendations that only highly symptomatic patients should initiate maintenance treatment with LAMA/
LABA [2]. Evidence suggests that COPD progresses at a faster rate in patients with less severe disease [95, 96];
therefore, providing dual bronchodilation as initial maintenance therapy in patients with less severe COPD
at first presentation may help to prevent the rapid decrease in lung function seen in these patients [95, 96].
Although there is currently no evidence to show that dual therapy is more effective than monotherapy in
reducing the underlying inflammatory response that drives COPD progression, short-term studies have
shown that initiating maintenance treatment with dual therapy reduces the risk of a CID greater than
monotherapy [45, 59, 68]. However, long-term studies are needed to confirm the effect of bronchodilator
treatment in COPD disease progression.
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Furthermore, there is increasing awareness of the need to identify individuals who develop COPD at a
younger age, as these patients are often not included in COPD clinical trials. Studies in patients with mild
COPD, and younger patients, could help decision makers optimise diagnosis and treatment strategies
earlier in the disease course.

Comparative efficacy of LAMA/LABA fixed-dose combinations

A small number of RCTs have directly compared the efficacy of LAMA/LABA fixed-dose combinations
and suggest an efficacy gradient exists within this treatment class [97-99]. Superiority was observed with
UMEC/VI versus TIO/OLO for improvements in trough FEV; and reductions in rescue medication use
after 8 weeks [98], and non-inferiority of IND/GLY twice daily versus UMEC/VI could not be ruled out in
another study [97]. GLY/FOR was found to be non-inferior to UMEC/VI for peak FEV;, but not trough
FEV,, over 24 weeks of treatment [99]. Several network meta-analyses have also identified significant
differences between LAMA/LABA fixed-dose combinations for FEV;, TDI and SGRQ score efficacy, and
the risk of cardiovascular adverse events [100, 101]; however, others have been unable to replicate this
[102, 103]. The potential for non-equivalence of LAMA/LABA fixed-dose combinations needs to be
investigated further, as this may be relevant to decision makers when evaluating the merits of dual- versus
mono-bronchodilation.

Discussion

A personalised approach to initial COPD treatment has been advocated in recent years to account for
differences in symptom burden and exacerbation risk between patients, with most patients recommended to
initiate therapy with a single bronchodilator [2, 6]. However, the persistent symptoms experienced by
many patients when receiving mono-bronchodilation [9] and the widespread overuse of ICS-containing
medications among non-exacerbating patients [104] suggests inadequate or inappropriate treatment. There
are some limitations to current COPD treatment guidelines. For examples, GOLD initial treatment
recommendations were mainly informed by clinical trials conducted in patients receiving maintenance
treatment [2]. Furthermore, current COPD treatment recommendations place less emphasis upon early
pharmacological intervention in at-risk populations than other progressive diseases, such as cardiovascular
disease [105].

A potential alternative to the personalised approach to initial therapy is to initiate all symptomatic patients
with dual LAMA/LABA bronchodilation. Clinical trial evidence has consistently demonstrated greater
efficacy in lung function, symptom and exacerbation outcomes with LAMA/LABA therapy versus
monotherapy, with a similar safety profile [42, 45, 47, 53-65]. Crucially, several recent studies have
suggested that these treatment differences are also apparent in maintenance-naive and ICS-free COPD
populations, who more closely resemble those at first presentation in clinical settings [45, 58-65]. There is
also evidence that LAMA/LABA combination treatments prevent future disease deteriorations, measured
by CID events [41, 42, 45, 47, 59]. Considering that CID has been associated with worse prognosis in
terms of mortality [46], there is a case to support the use of LAMA/LABA combinations as initial
maintenance treatment to reduce future risk in addition to the current use, which is often targeted at
symptom control only.

Treatment goals for COPD are broadly defined and the appropriate time frames for monitoring disease
stability (or progression) are unclear. Furthermore, measuring disease activity remains a challenge that
needs to be solved. Consequently, there are no accepted frameworks for monitoring and assessing whether
a patient’s treatment is appropriate. A variety of measures and PROs have been developed to assess disease
impacts in patients with COPD, and composite end-points, such as the CID, can provide insights into
disease stability and progression across multiple dimensions. Novel composite end-points appropriate for
clinical settings may help physicians more easily monitor the disease course and treatment response.

There are several areas in which additional evidence is required to determine the optimal approach to the
use of dual bronchodilation. It is important to identify which patient subgroups may benefit the most from
early dual bronchodilation, and there remains a lack of prospective studies in maintenance-naive patients,
ICS-free patients, patients with mild COPD and young patients. There are data suggesting within-class
efficacy differences between LAMA/LABAs with comparable safety, which warrant further consideration
[97-99].

In conclusion, early initiation of dual-bronchodilator treatment is a potential alternative to the personalised
approach currently recommended in the GOLD 2021 strategy [2]; however, further evidence is required to
address the remaining evidence gaps. If future studies demonstrate that dual bronchodilation has sustained
efficacy in maintenance-naive patients across the wide range of age and disease characteristics, whilst
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reducing the risk of future disease deterioration with no increased safety risk, there could be a strong
argument to initiate all newly diagnosed patients with LAMA/LABA dual bronchodilation.
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