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KEYWORDS Summary Chronic obstructive pulmornary dideatel (COPD) is the internationally
COPD; preferred term for ghronis, (prosiessive llung disorders which are characterised by
Inhaled steroids; airflow limitation thdat is motfully reversible. e symptoms of COPD — including

Dregthledsieds;-Cough, excessive, spitum, pioduction and reduced muscle tone and
rnuscile wasting — refiect the complex pathophysiology of the disease. In order to
address, thEse syimpignis, treatment regimens should take into account the multiple

B2-agonists;
Functional=tatus

exacerbakgye carapanents” that contribute to COPD. Clinical evidence has emerged indicating
that, especially in patients with severe COPD, long-acting beta,-agonists (LABAs)
and inhaled corticosteroids (ICS) result in improvements in symptoms, reduce the
frequency and severity of exacerbations, and improve health-related quality of life.
This review evaluates the clinical evidence for the potential of LABA/ICS treatment
to address the symptoms of COPD and whether combination therapy of this nature

adds significant benefit to patients.
© 2006 General Practice Airways Group. Published by Elsevier Ltd. All rights

reserved.
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Introduction COPD — a multicomponent disease

Chronic obstructive pulmonary disease (COPD)
encompasses several commonly used pathological
and clinical labels, including emphysema and
chronic bronchitis, both of which may be present
to a greater or lesser degree in patients with the
disease [1—3]. Although patients with COPD show
progressive reduction in lung function (as measured
by spirometry) they may be asymptomatic in
the early stages of the disease. Indeed, many
patients will not consult a physician until their
lung function has significantly declined. Patients
typically present with symptoms such as chronic
cough, sputum production and breathlessness upon
exertion, which are indicative of moderate to
severe COPD. In addition, symptoms relating to
the systemic component of the disease, such
as muscle wasting and loss of appetite, Laré
commonly seen in severe GGPR. yAsi-the disease
progresses, patiepts~ Siperiericd ' a decline \in
their héattinystatus.! The worsening of\dymptams,
especialyy breathlessness, mayorevent’them from
exercising and from carrying out daily activities
such as walking or climbing stairs, and it is
often this reduction in their quality of life
that prompts many patients to seek medical
attention. One of the key features of COPD is the
occurrence of acute exacerbations of symptoms
which may lead to respiratory failure and, in
severe cases, death [4,5]; these are thought to
occur in response to lung infections and possibly
airborne pollutants such as cigarette smoke, and
in some countries pollution from cooking on open
fires.

Airway

obstruction Inflammation

It is now accepted that COPD is a multicomponent
disease with airway inflammation at its core
comprising airway structural changes and
mucociliary dysfunction, all leading to airflow
limitation (see Figure 1) [2,6,7]. The components
of COPD are closely interrelated in what has been
termed the ‘vicious cycle of COPD’ [7].

Indeed, the symptoms of COPD reflect the
multiple component nature of the disease. Airflow
limitation, manifested by shortness of breath
particularly upon exertion, is progressive, only
partly reversible, and is to some extent due to
inappropriate smooth muscle contraction. Many of
the structural changes sugn™ aslbss\ of alveolar
airspaces, , pulmonaiy, | vascular Changes [8] and
increased smopth'rivuscle mass [9] which are also
associated with, airflow limitation in COPD are a
result of\dariiage (0 ‘the lungs caused by prolonged
ailway.inflammation. Patients with COPD may
also exhibit excess mucus secretion and reduced
mucociliary clearance, leading to a build-up of
mucus in the lungs, which may be expelled on
coughing [10,11]. The systemic component of COPD
is less well understood, but is thought to be heavily
associated with inflammatory mediators, and may
involve various organs including skeletal muscle,
the central nervous system, and the cardiovascular
system [6].

This review will summarise the treatment
options for COPD and evaluate the clinical benefit
of combination treatment with long-acting beta,-
agonists (LABAs) and inhaled corticosteroids (ICS),
in a single inhaler.

Muco-ciliary
dysfunction

Structural
changes

| Airflow limitation

Figure 1 The multiple components contributing to airflow limitation in COPD.
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Treatment options for COPD

The most important risk factor for COPD in the
Western world is smoking. Smoking cessation is
essential for the treatment of any patient with
COPD, since patients who continue to smoke
show disease progression which is twice as rapid
compared to those who give up [12]. However,
smoking cessation is difficult to achieve and even
more difficult to sustain in COPD [13].

Physical therapies for COPD, such as pulmonary
rehabilitation programmes, are effective on
exercise tolerance and health status in patients
with moderate to severe COPD and to some
extent in patients with mild to moderate disease
[14].

There are currently no pharmacological
therapies that unequivocally slow the decline
in lung function seen in COPD [15]. However,
many drugs, including long-acting anticholinergics,
long-acting beta;-agonists (LABAs), and inhaled
corticosteriods (ICS), have positive effects on
some of the key symptoms of COPD including
improvements in cough and breathlessness,
exacerbations, and lung function.

Bronchodilators are a mainstay of COPD
treatment through their ability to work by both
smooth and non-smooth muscle mechanisnys:
The long-acting muscarinic receptor. cartagqnist
tiotropium has been shown.sigriificantly o improve
lung functiens, dydcrio=a, lexercise tolerancs, \dna
health related-gquality of life irl pafi=his with"COPD,
relative to placebo [16—18].! The ‘two currently
available LABAs - salmeterol and formoterol - also
show significant improvements in lung function,
health status, and symptom reduction, compared
with both placebo [19—22] and ipratropium
[23,24].

LABAs are recommended for use in patients
with moderate-to-severe COPD [25] and those
with ‘persistent symptoms’ [26]. Twice-daily
dosing of LABAs (i.e. salmeterol, formoterol) is
more convenient than 4-times-daily regimens of
traditional short-acting bronchodilators [27]. In
clinical studies significant improvements in lung
function, exacerbation rates, and health status
have been demonstrated with LABAs in moderate
to severe COPD [28,29].

The role of ICS therapy in COPD has been
the subject of much debate [30—32]. However,
ICS are recommended for regular treatment in
COPD patients with more severe disease and
frequent exacerbations [25,26]. Some studies
showed clinical benefits with ICS use in moderate
to severe but not in mild COPD [33—36]. ICS use
is associated with reductions in the number and

severity of exacerbations experienced by patients
with severe COPD [34,36—39]. In addition, in
a pooled analysis of seven randomised studies
involving 5085 patients, inhaled corticosteroids
reduced all-cause mortality by ~25% relative to
placebo in patients with stable COPD [40].

Clinical evidence supporting LABA/ICS
combination therapy

The beneficial effects of LABA/ICS combination
therapy have been recognised by guideline-
forming bodies [25,26]. These recommendations
have been based on a number of long-term
(=6 months) randomised, double-blind, placebo-
controlled, parallel group trials assessing the
efficacy and safety of combining a LABA with an
ICS in a single inhaler [29,37—39,41—43]. Outcome
measures in these trials included lung function,
symptom scores, exacerbation rates, quality of life,
and safety and tolerability. Results from these trials
are seen in Table 1.

Improvements in lung fanctionwyith
LABA/ICS theiapy

A progressive deciife lin lung function that is not
fully~rgversible’ arid which results in increased
shortriess of breath, is the hallmark of COPD.
Measurement of lung function is critical in order
to assess the severity of the disease in individual
patients, and helps to predict prognosis. The
parameter used is the forced expiratory volume
in one second (FEV4), with lower levels associated
with more advanced disease and a poorer
prognosis.

LABA/ICS combination treatment is associated
with improvements in lung function, compared
with monotherapy, in severe COPD [29,37—-39,41].
Studies show pre-dose FEV is improved by 13—17%
over baseline by LABA/ICS treatment and can
significantly increase pre-dose and post-dose
FEV{ compared with ICS monotherapy (Table 1)
[29,37-39,41]. In patients taking LABA/ICS
combination therapy, the withdrawal of ICS
therapy is associated with a significant, acute,
and persistent deterioration in lung function
[44].

Improvement in symptoms with LABA/ICS
therapy

The main symptoms of COPD that prompt patients
to seek medical attention are breathlessness and



Table 1 Long-term, randomised, double-blind, placebo-controlled, parallel group trials of LABA/ICS combination treatment in COPD?

Study Combination treatment ARM Length  Severity (number LABA/ICS treatment: Results at endpoint
(weeks) randomized)

FEV, Symptoms Rate of exacerbations HRQoL
(% reduction)
Tristan, 2003 Salmeterol (50 mcg)/fluticasone 52 Moderate-to-severe +10% vs baselineb:¢d BreathlessnessP:¢-d 25 vs baseline? SGRQ: -4.5 vs baseline®-d
[37] propionate (500 mcg bid) (N=1465)
Use of relief medication®-<-4 30 in patients FEV;<50%
Cough?
Night-time awakenings®:¢
Dal Negro et al., Salmeterol (50 mcg)/fluticasone 52 Moderate (N=18) +7.3% vs baseline® Only combination therapy had 34 vs baseline (only -
2003 [41] propionate (250 mcg) bid significantly greater symptom  combiraZicn therapy had a
score reduction sigriiicar t“reduction)
Hanania, 2003 Salmeterol (50 mcg)/fluticasone 24 Moderate-to-severe +16.6% vs baseline®:¢ Breathlessnegs” - CRDQ: +10.0 vs baseline®
[40] propionate (250 mcg) bid (N=723)
Uce of relief medication®-9
Mahler et al., Salmeterol 50 mcg)/fluticasone 24 Moderate-to-severe +14.5% vs'baseline® <-4 |Dvshhoed (TRLP < — CRDQ: +10.0 vs baseline®-d
2002 [29] propionate (500 mcg) bid (H=691)
Use of relief medication®-9
Nights without awakening®
Calverley et al.,  Formoterol (9 mcg)/sudesoriide 52 ederare-th-severe +14% vs placeboP- <-4 Symptom score® 23.6 vs placeboP:© SGRQ total score: -7.5 vs
2003 [38] (320 mcg) bid (N=1022) placebo® <-4
BreathlessnessP:d
Chest tightness®
Night-time awakenings®
Szafranski et al., Formoterol (4.5 mcg)/budesonide 52 Moderate-to-severe +15% vs placebo®-d Total symptom score®d 24 vs placebo (severe); SGRQ total score: -3.9 vs
2003 [39] (160 mcg) bid (N=812) 62 vs placebo (mild)P-¢-d baseline®
Breathlessness? 9
CoughP-d

FEV;: forced expiratory volume in one second; SGRQ: St George’s Respiratory Questionnaire (a negative score indicates an improvement in health status); TDI: transitional dyspnoea
index; CRDQ: Chronic Respiratory Disease Questionnaire.

2 All studies compared LABA/ICS combination treatment with LABA monotherapy, ICS monotherapy and placebo.

b Significant improvement with LABA/ICS therapy compared with placebo.

¢ Significant improvement with LABA/ICS therapy compared with LABA monotherapy.

d Significant improvement with LABA/ICS therapy compared with ICS monotherapy.
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cough. Exercise is a key component of effective
treatment for COPD [25], and yet, due to increasing
breathlessness as the disease progresses, many
patients may find even walking or climbing
stairs difficult. LABA/ICS combination therapy can
produce a clinically significant reduction in these
and other daily symptoms of severe COPD (Table 1)
[29,37—39,41—43].

Four studies have demonstrated that LABA/ICS

combination  therapy significantly  reduces
breathlessness scores compared with monotherapy
[29,37—39]. Significant improvements were

consistently seen within one week of initiating
treatment and maintained until the study end.
In patients taking LABA/ICS combination therapy,
the withdrawal of ICS therapy is associated with
a significant, acute and persistent deterioration
in dyspnoea [44]. In addition, combination
LABA/ICS therapy produces a significantly greater
improvement in the transition dyspnoea index (TDI)
in patients treated with an anti-cholinergic/short-
acting beta agonist combination (Combivent)
[45,46].

In studies that reported cough scores, LABA/ICS
treatment demonstrated a trend towards an
improvement in cough scores compared with
monotherapy [37—39,43] (Table 1). This trend
was significant compared with ICS and LABA
monotherapy within two weeks  af~ifitiating
treatment in one study, |43}, ardGompared with
ICS after A2 manths|ih\ariothier study [39]-Ccugh
improved sigrificantly in the LARAZICS) comibination
therapy group, but not in thkie“ICS' monotherapy
or LABA monotherapy groups in one study
[37].

Improvements have been demonstrated in
chest tightness and night-time awakenings with
formoterol/budesonide therapy and these were
significant compared with budesonide alone
[38,39]. A significant reduction in the use of
relief medications has been demonstrated with
salmeterol/fluticasone propionate compared with
fluticasone propionate monotherapy [29,37, 41]
and salmeterol monotherapy [37] and in the

number of night-time awakenings compared
with  fluticasone  propionate = monotherapy
[37,41].

Effects of LABA/ICS therapy on health status

Health status is generally assessed using a
questionnaire such as the St George’s Respiratory
Questionnaire (SGRQ), which takes into account
symptoms, activity and impact on the daily life
of patients, and in which a change of 4 points
from baseline is considered clinically relevant

[47]. Another commonly used questionnaire is the
Chronic Respiratory Disease Questionnaire (CRDQ),
which evaluates breathlessness, fatigue, emotional
function and the patient’s feeling of control over
the disease, in which a change of 10 points
from baseline is considered clinically meaningful
[48,49].

In studies using the CRDQ, only one study with
GABA/ICS combination in severe COPD showed a
statistically significant rise in CRDQ compared with
ICS alone (+4.8; p=0.017) [29].

Studies using the SGRQ have also shown
clinically significant (>4) improvements sustained
over baseline in severe COPD [37—39]. These
improvements, seen in patients receiving LABA/ICS
combination therapy, are significantly greater than
those seen in patients receiving either LABA or ICS
monotherapy [37,39].

In addition, studies show that patients on
combination treatment have greater improvements
in limitation of activity scores, indicating that
combination therapy allows patients with severe
COPD to lead a more active life compared with
patients receiving either LABA or ICS monotherapy
[29,38,41].

Effect.of, LARA/ICS therapy on exacerbations

Exacerbatipng \aré| Gssaciated with an increase in
symptoms that"Cause the patient to seek medical
atterition, and patients may require hospitalisation
and/or oral corticosteroid treatment for
exacerbations  [4,5,50]. Exacerbations are
also associated with significant mortality and
morbidity [51-53]. In addition, recent data
from prospective studies show that exacerbation
frequency contributes to the decline in lung
function in patients with COPD [54]. A decrease
in exacerbation frequency is also strongly
associated with an increase in patient health
status. Therefore, exacerbations have a significant
negative effect on the morbidity and mortality of
patients with COPD, and controlling exacerbation
frequency should be a major goal of COPD
management [2,55].

LABA/ICS combination therapy is associated
with a significant reduction in exacerbation
rates in severe COPD [37,39,42] (Table 1),
reducing the rate of exacerbations requiring oral
corticosteroids by up to 24—35% [37,39]. LABA/ICS
combination treatment showed a trend towards a
greater reduction in exacerbations requiring oral
corticosteroids, with a significant change compared
to LABA monotherapy in two studies [38,39], and
compared to ICS monotherapy in one study [39].
In patients taking LABA/ICS combination therapy,
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the withdrawal of ICS therapy is associated with an
increase in mild exacerbations [44].

These reductions in exacerbation rates are likely
to be related to the severity of disease and the
frequency of exacerbations in individual patients;
indeed, it was noted in one study that patients with
an FEV, <50% predicted had more than double the
time to a first exacerbation [38].

Effects on mortality

Improving survival is a key unmet need in
COPD, and definitive evidence of the effects of
pharmacotherapy from a prospective randomised
controlled trial is awaited. Morbidity and mortality
rate reductions with LABA/ICS treatment have been
suggested by epidemiological and observational
studies, though these data may be subject to
bias and await clarification [56—58]. An ongoing,
three-year prospective study in over 6000 patients
with COPD, comparing the effects of combination
LABA/ICS with placebo and individual LABA and
ICS components on morbidity and mortality, will
be critical in determining the long-term effects of
LABA/ICS [59].

Safety of LABA/ICS therapy

Although the above evidence clearly suggasts
a trend of additicnal\dncrenicanal' benefit with
LABA/IG5s cervibined| treatment, any diszuigsion \of
the use\of ‘HFASA/ICS treatmentZin patiehis has to
be weighed against the real risk ¢f systemic side-
effects.

Minor adverse events such as throat irritation
and oral candidiasis are seen with ICS monotherapy.
More serious adverse events due to systemic
absorption of corticosteroids are rare. Significant
but small decreases in mean cortisol are seen,
but these are not associated with evidence of
hypoadrenalism [34,36].

There is a concern that ICS therapy may be
associated with an increased risk of bone mineral
density (BMD) reduction, or fracture. The Lung
Health Study Il, which looked at the safety and
efficacy of triamcinolone acetonide (600 mcg bid)
over 3 years, reported a 2% reduction in BMD in
the femoral neck with triamcinolone, compared
with placebo [60]. A population-based case-
control study in the UK suggested a dose-response
relationship between ICS use and hip fractures,
even after adjustment for oral corticosteroids [61].
However, other studies and most major analyses of
published data suggest ICS therapy is not associated
with an increased risk of bone mineral density
reduction or fracture [62—64].

LABA monotherapy is generally thought to be
well tolerated; however, tremor and cardiac effects
can be a problem. Studies with salmeterol and
formoterol in patients with COPD do not report
increased risk of cardiovascular adverse events
[65,66].

In the large number of clinical studies with
LABA/ICS combination therapy, the incidence of
patients reporting adverse events is similar in
patients receiving LABA/ICS combination therapy
and in those receiving monotherapy with a LABA
or an ICS [29,37—39,41,42].

Rationale for LABA/ICS therapy

When combining therapies, the effects of
potentially complex dosing regimens on patient
compliance should be considered. The ability to
deliver multiple drugs using a single device has
important implications for COPD treatment, since
simpler treatment regimens are associated with
higher patient compliance and better outcomes
[67]. However, there may be additienal benefits
from the co-administration of-thészidnugs.

Many cuirent fHerapies target just one aspect of
the CdmipliExipatnophysiology of COPD. For optimal
treatment,. a_therapeutic regimen that has the
potential toacticri-nultiple underlying components
of \the disease might be considered.

Treatment with ICS has not shown conclusive
evidence or consistent effects on the inflammatory
processes thought to be important in the
pathophysiology of COPD. Some consider COPD to
be a ‘‘steroid-resistant disease’’ and studies in
patients with COPD have shown that even high
doses of inhaled corticosteroids do not reduce
inflammatory cell numbers, concentrations of
cytokines, or proteases [30].

The combination of a LABA with an ICS has the
potential to address many underlying components
especially in severe COPD. However, COPD is a
complex disease and many observations require full
confirmation in studies on COPD patients.

Conclusion
For optimal treatment of COPD, there are
indications which support the concept of

addressing  the underlying  multicomponent
nature of the disease. This can be achieved
by combining treatments with complementary
modes of action. In patients with COPD, LABA/ICS
therapy has the potential to address multiple
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components contributing to airflow limitation, and
therefore the clinical symptoms of the disease.
However, further clinical evidence is needed to
confirm the extent of these effects. Data from
randomised, controlled clinical trials in severe
COPD patients show that combination LABA/ICS
therapy brings about a rapid improvement in
lung function which is sustained for at least 12
months. In addition, greater improvements in
the symptoms of cough and breathlessness are
seen with combination treatment, compared
to monotherapy with the individual agents
alone. Importantly, the number and severity of
exacerbations experienced by patients is reduced
by LABA/ICS combination therapy, compared with
monotherapy, in severe COPD. However, in patients
with mild to moderate COPD, no additional benefit
of LABA/ICS combination thereapy has been shown
thus far. Moreover, there are concerns about the
increased risk of side-effects and cost of using
LABA/ICS therapy in COPD.
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