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Abstract

While the pharmacological management of chronic obstructive pulmonary disease (COPD) has evolved from the drugs used to treat
asthma, the treatment models are different and the two diseases require clear differential diagnosis in order to determine the correct
therapeutic strategy. In contrast to the almost universal requirement for anti-inflammatory treatment of persistent asthma, the efficacy
of inhaled corticosteroids (ICS) is less well established in COPD and their role in treatment is limited. There is some evidence of a
preventive effect of ICS on exacerbations in patients with COPD, but there is little evidence for an effect on mortality or lung function
decline. As a result, treatment guidelines recommend the use of ICS in patients with severe or very severe disease (forced expiratory
volume in 1 second <50% predicted) and repeated exacerbations. Patients with frequent exacerbations — a phenotype that is stable over
time — are likely to be less common among those with moderate COPD (many of whom are managed in primary care) than in those with
more severe disease. The indiscriminate use of ICS in COPD may expose patients to an unnecessary increase in the risk of side-effects
such as pneumonia, osteoporosis, diabetes and cataracts, while wasting healthcare spending and potentially diverting attention from
other more appropriate forms of management such as pulmonary rehabilitation and maximal bronchodilator use. Physicians should
carefully weigh the likely benefits of ICS use against the potential risk of side-effects and costs in individual patients with COPD.
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Introduction
The pharmacological treatment of chronic obstructive pulmonary
disease (COPD) has evolved largely from the drugs used to treat
asthma. However, the two conditions have different pathologies
and the therapeutic benefits of inhaled corticosteroids (ICS) that
are evident in asthma are less clear-cut in COPD. Their relative
lack of efficacy in COPD and the risk of side-effects have led to
recommendations for their use to be restricted to patients with
more severe disease and repeated exacerbations.™ Despite this,
there is evidence of widespread use of ICS in patients with more
moderate disease.*"

We review here the evidence for the benefits and risks of ICS
in patients with COPD. This article is based on a review of the
literature (PubMed: COPD AND inhaled corticosteroids; no limits)

together with the authors’ clinical experience and judgement to
give a representative account of the available evidence for the
efficacy and safety of ICS use in patients with COPD.

Importance of correct diagnosis
The diagnosis of COPD can be suspected based on the
characteristics listed in Table 1, but requires pre- and post-
bronchodilator spirometry testing for confirmation.

Patients with suspected COPD on the basis of symptoms,
clinical and family history, and physical examination should have
airflow obstruction confirmed with spirometry. The spirometric
criteria for a diagnosis of COPD are a forced expiratory volume in
1 second (FEV1)/forced vital capacity (FVC) ratio of <0.7 when
measured post-bronchodilator (with severity classification guided
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Table 1. Suggestive features for differential diagnosis of COPD and asthma'™

COPD Asthma
Onset Mid-life (rare before age 35) Early life, usually childhood
Symptoms Typically dyspnoea, cough, mucus production Typically dyspnoea, cough, chest tightness, wheeze

Slowly progressive
Dyspnoea during exercise

(often occurring at night or early morning)
Vary from day to day (can improve with removal of triggers)
Dyspnoea after exercise

Smoking history Long history of tobacco smoking likely

(current or ex-smoker)

Possible

Co-morbidities
osteoporosis, diabetes, depression

Chronic diseases common, e.g. heart disease,

Allergy, rhinitis and/or eczema often present

Family history

History of obstructive airway disease increases risk

Family history of asthma or allergy increases risk 2—6-fold

Airflow obstruction Not completely reversible

by FEV1 as a percentage of predicted normal)." However, an
FEV1/FVC ratio of <0.7 is not unique for COPD and the reduction
in lung function due to ageing may affect the diagnostic accuracy
in older subjects. The use of alternative cut-off points such as the
bottom 5% of the normal population distribution for FEV1/FVC
ratio by age category (i.e. lower limit of normal) for the diagnosis
of airflow obstruction in the elderly is currently under review."
By following these diagnostic steps, the majority of cases of
COPD can be clearly distinguished from those of asthma, and
only a small proportion (10-15%) of patients have mixed
disease, such as individuals with hyperresponsive airways who
are long-term smokers and who develop a degree of fixed
airflow obstruction.’ The correct diagnosis is key to deciding the
treatment strategy, which differs between asthma and COPD."*
COPD is not asthma
The pathobiology of airflow obstruction in COPD is unknown,
but it is associated with inflammation that intensifies during
exacerbations.™ Theories to explain the basis of the inflammation
and other aspects of COPD such as tissue loss include
accelerated ageing and autoimmunity,” and may vary by
different COPD phenotypes that are beginning to be described.
Airway inflammation in COPD is characterised by increased
numbers of neutrophils, macrophages, and CD8+ T
lymphocytes, with increased levels of the cytokine interleukin 8,
and is largely unresponsive to corticosteroids."'® Asthmatic
inflammation, in contrast, is dominated by eosinophils, mast cells
and CD4+ T lymphocytes, and most patients with mild-to-
moderate asthma are responsive to steroids or other anti-
inflammatory therapies such as leukotriene receptor antagonists.
The small groups of non-responders are likely to include smokers
and those with severe asthma."” Conversely, eosinophilic airway
inflammation may be important in the pathogenesis of severe
exacerbations of COPD,"™ which may explain why ICS are
effective in preventing some COPD exacerbations. In a 1-year
study involving 145 COPD patients, sputum eosinophilia was
associated with 17% of exacerbations and was involved jointly
with bacterial and/or viral infection in a further 10% of cases.™
The treatment models in asthma and COPD are markedly
different. In asthma, early anti-inflammatory treatment with an
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In most instances completely reversible

ICS or (less frequently) leukotriene modifier is recommended for
all those who require more than twice weekly use of a reliever
bronchodilator. The importance of treating the underlying
inflammation in asthma means that long-acting bronchodilators
(salmeterol or formoterol) are used only in combination with an
ICS.” In COPD, in contrast, long-acting bronchodilators are a
first-line maintenance treatment and ICS are reserved for
patients with severe disease and exacerbations.™

Effect of ICS on COPD exacerbations

The guideline recommendations for the use of ICS in COPD are
largely based on their preventive effect on exacerbations.' In
early studies evaluating the use of ICS in COPD, it was found that
the group of patients most likely to benefit from the ICS
fluticasone (daily dose 1,000ug) were those with more severe
COPD and a history of recurrent exacerbations.?>* A more recent
systematic review by the Cochrane collaboration of trials
comparing long-acting B2-agonists (LABAs) and ICS concluded
that the two therapies conferred similar benefits across most
outcomes, including exacerbations.” Since in most countries ICS
are not indicated as monotherapy for COPD, it is important to
evaluate the additional gain (and risk) obtained from adding ICS
to regular bronchodilator treatment — whether LABA, long-
acting antimuscarinic agents (LAMA), or both.

In the 1-year TRISTAN study of fluticasone (1,000ug/day),
salmeterol, and the salmeterol/fluticasone combination, all
active treatments reduced exacerbation rates compared with
placebo, but the rates with salmeterol (1.04 exacerbations/year)
and the combination (0.97 exacerbations/year) were not
significantly different. Salmeterol alone was also effective in
reducing both exacerbations requiring hospitalisations (labelled
‘severe’) and those treated as outpatients but requiring oral
steroids (labelled ‘moderate’) in the large 3-year TORCH study
(n=6,112) comparing the salmeterol/fluticasone (daily fluticasone
dose 1,000ug) combination with placebo, salmeterol alone, and
fluticasone alone.** Compared with salmeterol alone, the
addition of fluticasone significantly reduced the rate of moderate
exacerbations but did not have any effect on severe
exacerbations (Figure 1).
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Figure 1. Effect of treatment on the annual rate of
exacerbations in the TORCH Study. ***p<0.001 vs.

placebo, *p<0.05 vs. placebo. RR = rate ratio. Data from
Calverley et al.**
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Figure 2. Effect of treatment on probability of 3-year

mortality. Data from the TORCH Study.*
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The 2-year INSPIRE study in 1,323 patients with severe or
very severe COPD compared treatment with either
salmeterol/fluticasone (daily ICS dose 1,000ug) or the LAMA
bronchodilator tiotropium.* No difference in overall
exacerbation rate was found between the ICS/LABA
combination and tiotropium. Salmeterol/fluticasone was more
effective than tiotropium at reducing exacerbations requiring
oral corticosteroids, while tiotropium was more effective at
reducing exacerbations requiring antibiotics.

The smaller 1-year Optimal study in 449 patients with
moderate or severe COPD compared tiotropium, tiotropium plus
salmeterol, and tiotropium plus salmeterol/fluticasone, and
reported no significant differences between treatments in their
effect on the primary outcome — the proportion of patients with
exacerbations (63%, 65%, and 60%, respectively).®
Hospitalisations due to exacerbations were significantly reduced
with the triple combination compared with tiotropium alone
(incidence rate ratio 0.53). A later analysis of the study data
suggested that the beneficial effect of ICS disappeared when
prior ICS use was taken into account, with much of the
between-group difference due to deterioration in patients in the
bronchodilator treatment groups whose ICS treatment had been
abruptly withdrawn at the start of the study.”’

As shown in TORCH and other studies,??+>*3° treatment
with a long-acting bronchodilator alone can be effective in
preventing exacerbations of COPD. In terms of potential
mechanisms, the reduced risk of acute exacerbations following
lung volume reduction surgery suggests that improvement in
bronchial calibre may in turn reduce exacerbation frequency and
time to first exacerbation.?'* Patients with the largest
postoperative improvement in FEV1 had a significantly longer
time to first exacerbation.” It appears that airway patency is an
important mechanism in the prevention of exacerbations.

Effect of ICS on mortality
With regard to survival (the primary objective of the TORCH
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study), the effect of the salmeterol/fluticasone combination
narrowly failed to reach statistical significance (mortality rate
12.6% compared with 15.2% on placebo, Figure 2). However,
the addition of fluticasone did not offer additional benefit over
the LABA alone (13.5%). The hazard ratio for the combination
compared with fluticasone was significant (p=0.007), suggesting
that the LABA might be conferring a protective effect. The
TORCH results were supported by the INSPIRE study in which
mortality, although not a primary outcome, was significantly
reduced with salmeterol/fluticasone compared with tiotropium
(3% versus 6% of patients during the 2-year study).”

Several groups have suggested that most of the beneficial
effect of combined salmeterol/fluticasone on mortality is due to
salmeterol ”** Two groups retrospectively applied a factorial
analysis to the TORCH data to determine the independent
influence of salmeterol and fluticasone on mortality (i.e. any
patient receiving salmeterol or fluticasone, respectively,
compared with any who were not). Both analyses found that the
salmeterol component was associated with a significant
reduction in mortality, with a rate ratio of 0.83 (95% confidence
interval (Cl) 0.74 to 0.95) and a hazard ratio of 0.81 (95% Cl
0.70 to 0.94). The fluticasone component had no effect on
mortality (rate ratio and hazard ratio both 1.00).2"*

Effect of ICS on rate of decline in lung
function

There is limited evidence that drug treatment can modify the
rate of decline of FEVy in COPD. The TORCH study showed
similar rates of decline of FEV1 (measured post-bronchodilator)
over time with salmeterol, fluticasone, and salmeterol/
fluticasone (all p<0.003 vs placebo), but without any difference
in effect between the LABA (-42ml/year), the ICS (-42mL/year)
or their combination (-39ml/year).* A recent report from the
observational 3-year ECLIPSE study found that, while the annual
rate of decline of FEV1 was highly variable, more than half of the
2,163 patients had a rate of decline similar to that of people
without lung disease, suggesting that COPD is not invariably
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associated with accelerated decline of lung function.® The factor
most strongly associated with an increased rate of decline was
current smoking, emphasising the importance of smoking
cessation in the management of COPD.**

Effect of ICS on health status

In the 3-year TORCH study the addition of fluticasone to
salmeterol improved the St George’s Respiratory Questionnaire
(SGRQ) score by 2.2 units, although the change of -3.1 over
placebo was below the minimum clinically relevant difference of
4 units. In the INSPIRE study the SGRQ score was improved by
2.1 units at 2 vyears with salmeterol/fluticasone versus
tiotropium.? In the smaller 1-year Optimal study, the addition of
fluticasone improved the SGRQ total score by 2.3 units
compared with tiotropium plus salmeterol, and by 4.1 units
compared with tiotropium plus placebo (respective changes from
baseline were -8.6, -6.3, and -4.5).** Many studies have
demonstrated  that  monotherapy  with  long-acting
bronchodilators — both LABA and LAMA — can provide clinically
relevant improvements in health status of COPD patients, at least
in the shorter term.”*' The addition of ICS to a long-acting
bronchodilator appears to improve health status by
approximately 2 units.

Risks of ICS for COPD patients

While ICS have a smaller therapeutic role in COPD than in
asthma, patients are more at risk from side-effects (Table 2).*
One factor is the higher doses of ICS often used in COPD, since
many side-effects are dose-related. In many countries,
fluticasone is licensed for use in COPD (in combination with
salmeterol) at a daily dose of 1,000ug, equivalent to 2,000ug of
beclometasone' or approximately 10mg/day of prednisone.* A
lower dose of fluticasone (250ug twice daily) is licensed for
COPD in the USA and some other countries. Patients with COPD
are more likely to be older and often have several co-morbid
conditions for which they receive multiple medications, making
them susceptible to potential adverse effects of ICS treatment —

Table 2. Side-effects of inhaled corticosteroids in COPD
and type of evidence

Randomised Observational Systematic
controlled study review
trial

Pneumonia v v v

Tuberculosis v

Bone fracture (No effecton v v
fracture risk)

Skin thinning/ v

easy bruising

Cataract v

Diabetes v

Oropharyngeal v v 4

candidiasis
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Figure 3. Adjusted rate ratios of hospitalisation for
pneumonia associated with current use, past use, and
dose of inhaled corticosteroid (ICS). All doses were
converted to fluticasone equivalents and categorised as

high (fluticasone >1,000pg/day), moderate (fluticasone
500-999ug/day), and low (fluticasone <500ug/day). Data
from Ernst et al.*
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for example, skin thinning and easy bruising in patients on
anticoagulant treatment and effects on bone density in patients
with osteoporosis. Occasional use of systemic corticosteroids
(such as steroid bursts for COPD exacerbations) increases the
lifetime steroid burden and will also increase the risk of 1CS-
related adverse effects.

Pneumonia

Patients with COPD are at an increased risk of pneumonia** and
the risks may be further increased by the use of ICS.**In a large
case-control study, current ICS use was associated with a 70%
increase in the rate of hospitalisation for pneumonia.* The risk
increased with ICS dose, with the use of fluticasone 1,000ug/day
(or equivalent) more than doubling the risk of hospitalisation for
pneumonia (Figure 3).

Most of the data on pneumonia come from three clinical
studies reporting an increased incidence of pneumonia among
fluticasone-treated patients.*** In the 3-year TORCH study*
pneumonia was reported for 19.6% and 18.3% of the
fluticasone-containing arms compared with 13.3% with
salmeterol and 12.3% with placebo. Risk factors for pneumonia
in patients on ICS treatment included age >55 years, FEV1 <50%
predicted, protracted COPD exacerbations, worse dyspnoea, and
body mass index <25kg/m2.% The reported relative risk of
pneumonia with ICS use in COPD ranges from 1.3 to 1.8,
increasing in line with ICS dose.®** Budesonide was reported not
to be associated with pneumonia over 1 year of use.*

The mechanism of pneumonia as an adverse effect of ICS use
in COPD is not well understood but may represent blunting of the
immune response in the lung, increasing susceptibility to bacterial
infections. Mucoid airway occlusion of the small conducting
airways may combine with steroid-induced immune suppression
to increase the probability of lower respiratory tract infection.”’
Tuberculosis
Immune suppression may also be involved in the link between
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steroid use and increased risk of tuberculosis among COPD
patients.*® A case-control study found that ICS did not add to the
risk of tuberculosis in the presence of systemic steroids but
increased the risk of tuberculosis among non-users of oral
corticosteroids, especially at doses equivalent to fluticasone
1,000ug/day or more (rate ratio 1.97, 95% Cl 1.18 to 3.3).* The
effect of steroids on tuberculosis is likely to be of most clinical
relevance in areas where tuberculosis is common.® Since both
tuberculosis and COPD due to exposure to biomass smoke are
highly prevalent in developing countries, there is an urgent need
to perform interventional and/or observational studies
investigating the safety of ICS in patients with COPD in these
populations.

Osteoporosis and risk of bone fractures

Patients with COPD are at high risk for osteoporosis and fractures
because of lifestyle factors (e.g. smoking, sedentary lifestyle),
systemic effects of the disease, and co-morbidities.c"
Osteoporosis and low bone mineral density are common even in
milder stages of disease.®** A meta-analysis found that ICS use
in COPD was associated with a modest but statistically significant
increase in fracture risk. Each 500ug (beclometasone
dipropionate equivalent) increase in ICS dose was associated
with a 9% increase in risk of fractures (Figure 4).%

The risk of osteoporosis in COPD and the seriousness of its
consequences have led some to conclude that all patients with
COPD, regardless of ICS treatment, should be evaluated for
osteoporosis and treated with a bisphosphonate when
necessary.®®
Easy bruising
Increased bruising has been reported in approximately 10% of
COPD patients in clinical studies, together with slow healing of
cuts or sores.®® Although probably of only modest clinical
significance to the majority of patients, the skin thinning effect
of corticosteroids would be of increased concern in patients on

Figure 4. Risk of fractures with increasing dose of
inhaled corticosteroid: results from observational

studies included in a meta-analysis. Reproduced from
Loke et al.®* with permission
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anticoagulants who are already prone to easy skin bruising.
Cataracts

Large population-based studies have shown an increased risk of
posterior subcapsular cataract formation with increasing dose
and duration of ICS use,”™” although the increase in risk has not
been consistently observed.”

Diabetes

A large case-control study in patients with asthma or COPD
reported that ICS use was associated with a 34% increase in the
risk of both new-onset diabetes and diabetes progression.” The
risks were more pronounced (rate ratios 1.64 and 1.54,
respectively) at high doses equivalent to fluticasone
>1,000ug/day. The authors recommended that patients should
be assessed for hyperglycaemia before starting high doses of
ICS.”

Oropharyngeal candidiasis and hoarseness

A systematic review of studies of ICS use in COPD identified an
increased risk of oral thrush (relative risk 2.98, 95% Cl 2.09 to
4.26) and hoarseness (relative risk 2.02, 95% Cl 1.43 to 2.83)
among ICS users.” A Cochrane review of 47 primary studies
similarly reported an increased risk of oropharyngeal candidiasis
(odds ratio 2.49, 95% CI 1.78 to 3.49) and hoarseness.” The
TORCH study reported rates per year of candidiasis of 0.7-0.9
with fluticasone-containing treatment compared with 0.2 for
salmeterol and placebo groups.*

Which COPD patients will benefit from
an ICS?

Two groups of COPD patients appear likely to benefit most from
ICS treatment. The first is the minority with mixed asthma and
COPD, given the need to avoid using LABA monotherapy in
patients who might have asthma. The second is those COPD
patients who are frequent exacerbators despite optimal
bronchodilator treatment, a phenotype that may involve
increased eosinophilic (asthma-like) inflammation."” COPD
patients with identified sputum eosinophilia who received
increasing doses of ICS and oral corticosteroids according to
eosinophil levels, in a strategy designed to reduce eosinophilic
airway inflammation, had a significant reduction in exacerbations
compared with patients treated according to traditional
guidelines.”®

The definition of COPD patients as frequent exacerbators is
based on expert opinion rather than a rigorous phenotypic
assessment. Thus, frequent exacerbations are defined as >2/year
by the Global Initiative for Chronic Obstructive Lung Disease
(GOLD)" as well as the ECLIPSE study investigators.” The single
best predictor of exacerbations across all GOLD stages is a history
of exacerbations.”

The frequent exacerbator phenotype is less common among
patients with moderate COPD than in those with more severe
disease. In the ECLIPSE study, frequent exacerbations (>2/year)
occurred in 22% of patients with GOLD stage 2 disease
(moderate), 33% with stage 3 (severe), and 47% with stage 4

96



Inhaled corticosteroids in COPD

(very severe).” Baseline data on exacerbation history from
patients in the TORCH study also suggested an increase in the
frequency of exacerbations with increasing COPD severity.”
Furthermore, more than half (56%) of the patients followed in
the ECLIPSE study had <1 exacerbation in the first year. Of these,
83% continued to have <1 exacerbation in the next year.
Exacerbation frequency was relatively stable over time, especially
patients who had no exacerbations (more than 40% of patients
in the first year).”® However, these estimates of exacerbation
frequency are not derived from representative samples of those
patients seen mainly in primary care, and the estimate of about
one in five frequent exacerbators among those with moderate
COPD - who make up the majority of those typically managed in
primary care — requires confirmation in the appropriate
population. It is also important to note that the identification of
the frequent exacerbator phenotype in the ECLIPSE study did not
focus on medication as a determinant of exacerbations (use of
any LABA or any ICS was self-reported by >70% of patients).”
Patients already on ICS

Careful withdrawal of ICS may be appropriate, especially for
patients at high risk of side-effects. Patients may be receptive to
such an approach, since only about half of COPD patients persist
with ICS for more than a year® and adherence, particularly
among the elderly, may be low.*" Studies examining the effect of
ICS withdrawal reported some deterioration in disease
control.®® However, a recent meta-analysis highlighted
methodological flaws in evaluable studies of ICS withdrawal in
COPD and calculated that withdrawal of ICS resulted only in a
small and insignificant increase in exacerbations.® Nevertheless,
a preferable approach would be to ensure the correct treatment
strategy from the outset, with the use of ICS reserved for
patients in whom the benefit will outweigh the risk.

Place of ICS in COPD treatment guidelines
Evidence-based guidelines support a limited role for ICS in COPD
treatment."? According to global COPD guidelines, the use of an
ICS in combination with a LABA is appropriate for patients with
higher risk, defined as GOLD stage 3 or 4 (severe or very severe
airflow limitation) and/or frequent exacerbations." A recent
US/European clinical practice guideline found strong evidence for
the use of long-acting bronchodilator monotherapy for
symptomatic patients with FEV1 <60% predicted. The evidence
was judged too weak to support a strong recommendation for
the broad use of combination therapy (LABA and ICS) in these
patients, and clinicians were advised to weigh the potential
benefits and harms of combination therapy on a case-by-case
basis.? Based on cost-effectiveness analysis and ‘inconclusive’
clinical evidence of effectiveness of LABA/ICS (versus LABA alone)
in more severe COPD, the UK National Institute for Health and
Clinical Excellence (NICE) guidelines recommended the LABA/ICS
combination as an option (alongside LAMA monotherapy as the
other option) for patients with FEVy <50% predicted (GOLD
stage 3 or 4) with exacerbations or breathlessness.’ However, the
evolving evidence reviewed here suggests that some guideline
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recommendations may merit review, including the NICE
recommendation to consider LABA/ICS for symptomatic patients
treated with a LAMA, irrespective of their FEV1.?

Many current guidelines set out treatment recommendations
according to severity staging based on different ranges of FEV4
percentage predicted. Since COPD is a progressive disease and
divisions around the cut-off values of FEV1 are to some extent
arbitrary, the treating physician will also need to consider broader
aspects of disease severity when choosing treatment for a
particular patient. The recently updated GOLD guidelines include
symptom burden and exacerbation frequency for severity
staging, as well as airflow obstruction.' Factors such as quality of
life, exacerbations and co-morbidities, and their relative impact
on the patient’s lifestyle, as well as patient preference and the
risk of side-effects of treatment, should also be taken into
account.

Conclusions

Correct diagnosis at the outset is essential to deciding
treatment strategy. ICS have valuable beneficial effects in
asthma that are less apparent in COPD, where these agents
have an important but much more limited role in treatment.
The use of high doses of ICS and the patients’ typically older
age and frequent co-morbidities put COPD patients at
increased risk of 1CS-associated side-effects, many of which
are far from trivial. Thus, the potential benefits and risks of ICS
treatment need to be weighed for individual patients and
their use reserved for those patients who are clearly most
likely to benefit — that is, those with severe COPD with
repeated exacerbations and the 10-15% of COPD patients
with mixed asthma and COPD. Patients with frequent
exacerbations are identifiable from their history of
exacerbations, and exacerbation frequency is fairly constant
over years. Many patients being managed in primary care
have moderate disease and many patients — especially those
with  moderate COPD - do not experience frequent
exacerbations. Currently available long-acting bronchodilators
(both LABAs and LAMAs) have demonstrated efficacy for
exacerbation prevention, and we endorse the guideline
approach to treat with one or more long-acting
bronchodilators in patients with COPD before using ICS.
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