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Abstract: In the combined use of bronchodilators of different classes, ie, long-acting β2-agonists
(LABAs) and long-acting muscarinic antagonists (LAMAs), bronchodilation is obtained both
directly, through LABA-mediated stimulation of β2-adrenergic receptors, and indirectly, through
LAMA-mediated inhibition of acetylcholine action at muscarinic receptors. The clinical trial
data for LABAs/LAMAs in the treatment of chronic obstructive pulmonary disease (COPD)
continue to be promising, and these combinations will provide the convenience of delivering
the two major bronchodilator classes, recommended as first-line maintenance options in COPD
treatment guidelines. COPD is a complex condition that has pulmonary and extrapulmonary
manifestations. These clinical manifestations are highly variable, and several are associated
with different responses to currently available therapies. The concept of a COPD phenotype is
rapidly evolving from one focusing on the clinical characteristics to one linking the underlying
biology to the phenotype of the disease. Identification of the peculiarities of the different COPD
phenotypes will permit us to implement a more personalized treatment in which the patient’s
characteristics, together with his or her genotype, will be key to choosing the best treatment
option. At present in Japan, fixed combinations of inhaled corticosteroids (ICSs) and LABAs
are frequently prescribed in the earlier stages of COPD. However, ICSs increase the risk of
pneumonia. Notably, 10%–30% of patients with COPD with or without a history of asthma
have persistent circulating and airway eosinophilia associated with an increased risk of exacerbations and sensitivity to steroids. Thus, sputum or blood eosinophil counts might identify a
subpopulation in which ICSs could have potentially deleterious effects as well as a subpopulation that benefits from ICSs. In this review, I propose one plausible approach to position ICSs
and LABAs/LAMAs in clinical practice, based on both the extent of airflow obstruction and
the presence of an asthma component or airway eosinophilic inflammation. This approach is a
tentative move toward personalized treatment for COPD patients, and with progress in knowledge
and developments in physiology, lung imaging, medical biology, and genetics, identification of
COPD phenotypes that provide prognostic and therapeutic information that can affect clinically
meaningful outcomes is an urgent medical need.
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Two key classes of bronchodilators have been developed in chronic obstructive
pulmonary disease (COPD): β2-agonists and muscarinic antagonists. Long-acting
bronchodilators, such as tiotropium, formoterol, and salmeterol, are proven to provide
long-term improvements in lung function and quality of life and preventing exacerbations in patients with COPD.1–3 Long-acting bronchodilators also reduce lung
hyperinflation and dyspnea and increase exercise endurance.4,5
Airway smooth muscle relaxation (leading to bronchodilation) can be achieved
via two main routes: inhibition of acetylcholine signaling via muscarinic M3 receptors
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on airway smooth muscle with a muscarinic antagonist or
stimulation of β2-adrenoceptors with a β2-agonist.6 The interaction between the two systems has yet to be fully elucidated;
however, β2-agonists can amplify the bronchial smooth
muscle relaxation directly induced by muscarinic antagonists
by decreasing the release of acetylcholine via modulation of
cholinergic neurotransmission. Additionally, in preclinical
models, muscarinic antagonists have been demonstrated to
augment β2-agonist-stimulated bronchodilation by reducing
the bronchoconstrictor effects of acetylcholine. Theoretically,
targeting these two mechanisms of bronchoconstriction has
the potential to maximize the bronchodilator response without increasing the dose of either component and would help
to overcome the inter- and intrapatient variability in response
to individual agents seen in COPD.
The regional distribution and relative proportion of muscarinic acetylcholine receptor (mAChR) and β-adrenoceptor
subtypes were evaluated in the human bronchus and lung
parenchyma.7 The M3 subtype predominantly occurred in
the bronchus, but the density decreased from the segmental
to subsegmental bronchus and was absent in the lung parenchyma. β2-adrenoceptors were increased along the airways,
and their densities in the subsegmental bronchus and lung
parenchyma were approximately twofold higher than those of
mAChRs in the same region. These differential distributions
of the receptors may also underlie the increased efficacy of
combined usage of long-acting β2-agonists (LABAs) and
long-acting muscarinic antagonists (LAMAs) in patients with
COPD. A study conducted on airways of patients without
histories of chronic airway diseases also suggested that combining LABA and LAMA in the treatment of COPD might
have a rationale by providing synergistic benefit on airway
smooth muscle relaxation of both the medium and the small
human airways.8
These proposed pharmacologic interactions of LAMA
and LABA are supported by clinical evidence suggesting that
improvements in lung function (forced expiratory volume in 1
second; FEV1) are significantly greater with combinations of
LABAs and LAMAs than with individual components3,9–11 and
that such improvements are maintained in the long term.12,13
These studies also indicate that LAMA/LABA combinations
are effective at improving patient-centered outcomes such
as symptoms, health status, and the need for daytime rescue
medication when compared with monotherapy.3,9,10 Changes
in FEV1 following bronchodilator therapy can be small;
however, the bronchodilator response in COPD patients
is secondary to changes that involve static lung volumes
reflected by residual volume and functional residual capacity
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rather than flow parameters14 and the accompanying larger
change in lung volume, which contributes toward reduction
in perceived breathlessness.15 In addition, bronchodilation
may also influence smoking-induced remodeling of the small
airways, which involves mucosal tissue changes, fiber types
and/or fibrosis, pulmonary and systemic inflammation, lung
vascular remodeling, and angiogenesis.16
Long-acting bronchodilators can reduce the rate of
exacerbations, partly owing to a reduction in pulmonary
hyperinflation and a resetting of the lung function dynamics.17
In the Withdrawal of Inhaled Steroids during Optimized
Bronchodilator Management (WISDOM) study, Magnussen
et al18 reported that the withdrawal of inhaled corticosteroids
(ICSs) had no significant effect on exacerbations in patients
with severe COPD. This result may suggest the presence of
a subgroup of COPD patients who do not require ICSs even
though they have severe airflow obstruction and frequent
exacerbations. Future studies will examine which groups of
patients might benefit from dual bronchodilation, along with
the benefits of using this approach as the initial maintenance
therapy.
Two fixed-dose combination inhalers (Ultibro®, Novartis International AG, Basel, Switzerland and Anoro™,
GlaxoSmithKline plc, London, UK) consisting of a LABA
and a LAMA are currently available in Japan. Ultibro, an
indacaterol/glycopyrronium combination, is the first commercial medication in Japan to combine once-daily LAMA
and LABA. Anoro, an umeclidinium/vilanterol combination,
is the first once-daily LAMA/LABA combination product
to be approved in the United States. Both combinations take
effect much faster than tiotropium and have mild side effects,
particularly when compared with corticosteroid medications.
In the near future, fixed-dose combination of tiotropium and
the novel once-daily LABA olodaterol will also be available
in Japan. Olodaterol is a highly selective and nearly full
β2-agonist that provides 24-hour bronchodilation in patients
with COPD.19 Once-daily dosing seems to be more convenient and may enhance compliance, leading to improved
overall clinical outcomes in patients with COPD.20

Epidemiology and treatment
of COPD in Japan
More than 95% of COPD patients in Japan have the smokingrelated form of the disease because oil and gas, rather than
biomass fuels, are used throughout the country. The Nippon
COPD Epidemiology (NICE) study (N=2,343) demonstrated
that the prevalence of COPD in Japan is comparable to
that in other developed countries.21 The study was the first
International Journal of COPD 2015:10

International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/ by 54.198.55.167 on 18-Oct-2018
For personal use only.

Dovepress

spirometry-based study on the prevalence of airflow limitation
in Japan and revealed that more than 5.3 million people
-8.5% of the population aged 40 years and older – should be
diagnosed as having COPD based on the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) criteria (FEV1/
FVC [forced vital capacity] ,70%). That prevalence is dramatically higher than previous COPD prevalence estimates
from the Ministry of Health and Welfare, suggesting a very
high degree of under recognition of COPD in Japan.
Another study in Japan (N=1,040) also indicated significant
under diagnosis of COPD, reporting that 27% of COPD patients
were found among patients treated for diseases other than
chronic respiratory disease in primary care settings.22 About
61% of the patients had moderate-to-severe COPD according
to the international guidelines (FEV1 ,80% predicted). However, 31.3% did not receive any clinical intervention (smoking
cessation advice and/or drug administration). Another study
determined the proportion of Japanese patients with smoking
histories being treated for cardiovascular disease who had
concurrent airflow limitation compatible with COPD.23 The
study (N=995) indicated that a quarter of outpatients with
cardiovascular disease had COPD, but in almost all of them,
the condition was undiagnosed. The prevalence of airflow
limitation compatible with COPD was 27.0%, and 87.7% of
those patients did not have a prior diagnosis of COPD.
A global survey of patients with physician-diagnosed
COPD or emphysema or with physician-diagnosed or
symptom-based chronic bronchitis reported a prevalence
of COPD of 7% in a Japanese population aged 40 years or
older.24 The phenotypic distribution involving both airway
and systemic inflammation, in addition to airway obstruction,
is similar to that previously described in Western studies.25
A global survey24 also confirmed findings that COPD causes
a high societal and personal burden, as demonstrated by high
levels of symptoms, poor health status, and high frequency of
severe exacerbations of COPD. Given the high prevalence of
smoking in Japan, coupled with its aging population, the prevalence of the disease in the country is likely to increase over the
next 20–40 years, further increasing the burden of COPD.
The Japanese Respiratory Societies acknowledge the
recent dissemination of GOLD26 as a major worldwide
contribution to the fight against COPD. Putting emphasis on
smoking exposure as a primary etiology of the disease, the
Japanese guidelines describe COPD as:
A common preventable and treatable disease, characterized by persistent airflow obstruction that is usually progressive and associated with an enhanced chronic airway
International Journal of COPD 2015:10
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inflammation in response to noxious particles or gases,
primarily tobacco smoking exposure.27

Once COPD is diagnosed and its severity established,
nonpharmacologic and pharmacologic treatments aim to
reduce the symptoms and exacerbations (Figure 1). Shortacting β2-agonists (SABAs) or short-acting muscarinic receptor antagonists (SAMAs) are used on an as-needed basis for
symptomatic relief in the early stages. The current Japanese
guidelines recommend consideration of a monotherapy using
a long-acting bronchodilator (LAMA or LABA) in moderate
COPD to optimize the symptom benefit for patients.27 A combination of a LAMA and a LABA is prescribed if symptoms
persist even after individual bronchodilator monotherapy.
Although the optimal sequencing of monotherapies and
combination bronchodilators where LAMA/LABA combination therapy may be positioned in the treatment algorithm for
COPD is still uncertain, published evidence to date supports
the use of a combination therapy with a LAMA and a LABA
in COPD patients with advanced stages.9–11,18
ICSs in combination with long-acting bronchodilators are
indicated in COPD patients at risk of exacerbation and/or in
those with the asthma–COPD overlap syndrome (ACOS), but
never as a stand-alone therapy.28 Although identification of
the clinical factors that predict corticosteroid responsiveness
in COPD patients has not been established in large clinical
trials, the overlap phenotype with asthma has a good therapeutic response to ICSs in addition to bronchodilators.29 The
Japanese guidelines currently recommend that ICS/LABA
be given to symptomatic and exacerbation-prone patients,
although the COPD market in Japan is dominated by the
LAMA tiotropium and the ICS/LABA salmeterol/fluticasone
propionate combination (SFC), regardless of the presence or
absence of comorbid asthma.
Low frequency of COPD exacerbations is noted in Japan;
a Hokkaido COPD cohort study of 279 patients found a very
low-exacerbation frequency during the 5-year follow-up.30
Exacerbation frequency (events per person per year) was 0.06
for hospital admission definitions. In this study, 73% of the
participants were taking some daily medications, 52% were
taking anticholinergics, 35% β2-agonists, 44% theophylline,
and 14% ICS. Low frequency of exacerbations is among the
major factors that may affect the therapeutic option in Japan.
Another study also showed that 38.7%, 35.1%, 32.0%, and
37.6% of COPD patients in Asian countries were taking theophylline, an inhaler containing a combination of a corticosteroid and a LABA, an inhaled SABA, and an inhaled LAMA,
respectively.31 The usage of each medication appeared to
differ from those used in Western countries. Theophylline,
submit your manuscript | www.dovepress.com
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Figure 1 Algorithm of management of stable COPD in Japan.
Notes: The treatment strategy should be selected on the basis of a comprehensive evaluation of severity, taking into account the degree of manifestations in addition to the
degree of airflow obstruction. In cases of repeated exacerbations, introduction of ICSs in addition to long-acting bronchodilators should be considered. Translated and modified
from The Japanese Respiratory Society by Hizawa N. Guidelines for the Diagnosis and Treatment of COPD. 4th ed. Tokyo, Japan: Japanese Respiratory Society; 2013.27
Abbreviations: COPD, chronic obstructive pulmonary disease; ICSs, inhaled corticosteroids; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; SABA,
Short-acting β2-agonist; SAMA, short-acting muscarinic receptor antagonist.

especially, was the most prevalent and appears to be used
more when compared to Western countries.32 In addition,
transdermal tulobuterol is frequently used for COPD treatment in Japan. This formulation of tulobuterol was designed
to maintain drug levels at constant effective concentrations
over a 24-hour period when applied once daily. The efficacy
of this drug in COPD patients was investigated in a randomized comparative study using inhaled salmeterol, which is
used for the treatment of COPD.33
There is no question that FEV1 is a key factor in the diagnosis, characterization of severity, prognosis, and follow-up
of patients with COPD. However, it is now recognized that
the treatment of COPD should involve more than improving lung function since the impact of lung-function impairment varies greatly from patient to patient. Exacerbations
and symptoms also have a significant impact on the health
status of these patients.34,35 As a result, the GOLD strategy
document, updated in 2011 and 2013, has proposed a new,
multidimensional approach to assess patients with COPD.
The revised classification system emphasizes the heterogeneity among patients with COPD. It recommends that
COPD management and treatment should consider both the
disease impact, determined by assessment of the symptoms
and activity limitation, and the future risk of exacerbations,
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determined by assessment of airflow limitation or the
exacerbation history. This combined assessment of COPD
results in the grouping of patients into one of four categories:
(A) low risk, fewer symptoms; (B) low risk, more symptoms;
(C) high risk, fewer symptoms; and (D) high risk, more
symptoms.36 However, given that this strategy has not been
tested in a clinical trial, and given that many controversies
and unanswered questions regarding this approach remain,37,38
the Japanese guidelines do not currently apply it.

Choosing between LAMA/LABA
and ICS/LABA in the treatment
of COPD
The ILLUMINATE study39 has provided interesting information on the relative effects on lung function of a LAMA/
LABA versus an ICS/LABA combination; it showed significant, sustained, and clinically meaningful improvements in
airflow obstruction with indacaterol plus glycopyrronium
versus the ICS/LABA salmeterol/fluticasone. The LAMA/
LABA combination was also more effective at preventing exacerbations, specifically in less exacerbation-prone
COPD patients. A real-life, prospective study suggested
that the withdrawal of ICSs in patients at low risk of
exacerbation, namely patients with moderate airflow limitation
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(FEV1 .50% predicted) and less than two exacerbations in
the year preceding the study, can be safe, provided that the
patients are left on maintenance treatment with long-acting
bronchodilators.40 In the recent Indacaterol: Switching
Nonexacerbating Patients with Moderate COPD from Salmeterol/Fluticasone to Indacaterol (INSTEAD) trial involving
patients with moderate COPD who had no exacerbations
during the previous year, switching patients from an ICS/
LABA combination to an ultra-LABA did not increase the
exacerbation rate over 26 weeks of treatment.41 Together,
these studies support the notion that, at least in a subgroup
of patients with moderate-to-severe COPD, combining two
bronchodilators of different classes is an appropriate choice,
rather than adding an ICS, if maintenance treatment with a
single long-acting bronchodilator does not suffice.
On the other hand, the evidence clearly shows that ICS/
LABA combinations significantly reduce the yearly rate
of moderate and severe exacerbations and improve lung
function, when compared with LABAs alone,2 particularly
in patients with histories of frequent exacerbations.42 In
addition, the WISDOM study has shown that withdrawing
ICSs in patients with COPD treated with two bronchodilators is associated with a significant worsening of FEV1.18
In terms of mortality, although the TORCH (TOwards a
Revolution in COPD Health) study failed to show a significant beneficial effect of an ICS/LABA combination
on all-cause mortality rates,2 the statistical difference was
borderline, and a recent database analysis showed that in a
real-life scenario, an ICS/LABA combination significantly
reduced mortality when compared with a bronchodilator alone.43 Participants in these studies included COPD
patients with an asthma component, who also reap the
benefit from ICS treatments.
Although ICSs reduce the rates of moderate or severe
exacerbations of COPD, ICSs have been linked with an
increased risk of pneumonia in individuals with COPD.44,45
Factors indicated to be associated with this increased risk
among patients with COPD treated with fluticasone furoate/
vilanterol included older age, lower body mass index, current
smoking, previous occurrence of pneumonia, and poorer lung
function.42 A cluster analysis using a data-driven recursive
partitioning algorithm was applied to baseline data from two
pooled 1-year randomized exacerbation trials (N=3,255) of
fluticasone furoate/vilanterol or vilanterol alone to identify
distinct patient groups at greatest risk of pneumonia.46 This
cluster analysis also showed that patients at greater risk of
pneumonia had severe obstruction and either a lower body
mass index or a pneumonia history and greater comorbidities.

International Journal of COPD 2015:10
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Considering this, it is an unwise approach to add ICSs just
because patients have severe airflow obstruction and frequent
exacerbations; instead, it is critically important to understand
the need to identify a subgroup of patients with COPD who
respond better to ICSs.47
Inflammation, predominantly neutrophilic, contributes to
the narrowing of the small airways in patients with COPD48
and is increased during acute exacerbations.49 However, in
10%–30% of patients with COPD, evidence has been reported
of eosinophilic airway inflammation both during stable
periods and during acute exacerbations.49–51 Exacerbations
in individuals with COPD but no history of asthma can also
present along with airway eosinophilia.52 These patients have
good short- and long-term responses to glucocorticoids, and
a raised blood eosinophil count has been shown to be a good
biomarker of this pattern of airway inflammation.53–55 Titration of ICS treatment to reduce the concentration of airway
eosinophils attenuates the frequency of severe acute exacerbations of COPD.51 An increased peripheral blood eosinophil
count is also associated with an increased risk of death from
COPD56 and with a better response to oral prednisolone in
patients with a moderate57 or severe58 exacerbation.
The Investigating New Standards for Prophylaxis in
Reducing Exacerbations (INSPIRE) study compared the
effect of the anti-inflammatory/bronchodilator combination
of SFC with the bronchodilator tiotropium bromide on the
rate of moderate and/or severe exacerbations over a 2-year
treatment period.59 The study observed more episodes of
reported pneumonia in the SFC-treated patients. Although
the overall exacerbation rate did not differ between treatments, the nature of the exacerbations did differ; there were
fewer episodes requiring oral corticosteroid treatment in the
SFC group than in the tiotropium group, but relatively more
patients were treated with antibiotics in the SFC group. This
finding provides indirect evidence that these treatments affect
apparently similar patients in different ways, thus affecting
the clinical judgment. The heterogeneity of the biologic
response of COPD exacerbations has been investigated and
four distinct biologic exacerbation clusters were identified:
bacterial-, viral-, or eosinophilic-predominant, and pauciinflammatory.49 Bacteria- and sputum eosinophil-associated
exacerbations rarely coexisted and were reliably predicted
from the stable state, suggesting fundamental differences in
the immunopathogenesis of the exacerbations. Therefore,
these data are consistent with the view that bacterial and
eosinophilic exacerbations may reflect instability within
a complex and inherently unstable system, whereas viral
exacerbations are more likely to represent acquisition of a
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new pathogen. Although the current guidelines recommend
the use of systemic corticosteroids for COPD exacerbations,
the magnitude of the benefit is marginal and their use is
associated with significant side effects,60 and targeting corticosteroid therapy in a subgroup of exacerbations dependent
on the peripheral eosinophil count may reduce inappropriate
use of systemic corticosteroids.
Because ICSs are anti-inflammatory drugs and not bronchodilators, the presence of sputum and/or blood eosinophilia is a
good indicator to use ICSs in the treatment of COPD. In patients
with asthma, blood eosinophils had the highest accuracy in predicting eosinophilic airway inflammation.61 Therefore, the use
of blood eosinophils can facilitate individualized treatment and
management of COPD patients by identifying the eosinophilic
nature of the airway inflammation.51,54,55

Pharmacogenetics of LABA
and LAMA in COPD patients

The gene encoding the β2-adrenergic receptor (ADRB2) is
among the gene targets studied most extensively in asthma
and COPD, and variations in ADRB2 have been suggested to
play a role in the differential response to β-agonist therapy
in asthma and COPD.62 In fact, the β2-adrenergic receptor
is involved in a number of pathophysiological processes
throughout the body. Several studies have demonstrated its
participation in the aging process of the respiratory system,
heart, vessels, skeletal muscle, immune system, pancreatic
islets, and bone,63,64 and this participation is significantly
involved in the pathobiology of COPD.
The effect of different ADRB2 polymorphisms (16 and
27 amino acid positions) on COPD exacerbations is described
in patients treated with salmeterol or tiotropium, either alone
or concomitantly with an ICS at baseline. The results of
this subanalysis of the Prevention Of Exacerbations with
Tiotropium-COPD (POET-COPD) trial showed that Arg16
homozygous patients had better exacerbation outcomes in
response to salmeterol than did patients carrying the Gly16
allele,65 suggesting a potential differential Arg16Gly genotype effect on treatment response to LABAs.66
In vitro experiments in human airway smooth muscle
cells have suggested that, in response to long-term agonist
exposure, ADRB2 Arg16 alleles exhibited greater resistance
to receptor downregulation than did ADRB2 Gly16 alleles.67
The Arg16 β2-adrenoceptor might therefore be expressed
at greater levels than the Gly16 β2-adrenoceptor within the
airways. Accordingly, one could speculate that perhaps in
Arg16 homozygous patients with COPD, this resistance allows
salmeterol to provide increased bronchodilation so that its
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effects are equivalent to tiotropium in that group; in contrast,
individuals carrying the Gly16 allele might be more sensitive
to stimuli resulting in bronchoconstriction and, therefore,
have more exacerbations than individuals carrying the Arg16
allele. Alternatively, since altering β2-adrenergic receptor
expression might affect the function of the cholinergic receptors controlling airway contractility,6 the possibility remains
that cholinergic receptors explain the significant association
observed between the Gly16 allele and the increased frequency
of COPD exacerbations.
The US Food and Drug Administration has issued
recommendations on how LABAs should be used to treat
asthma.68 Several studies have shown dissociation between
the bronchodilator (effects on FEV1) and bronchoprotective (effects on exacerbations) effects of LABA,69 which
may underlie the significant deterioration in asthma control
caused by long-term usage of LABA. The data reported by
McGraw et al70 suggested that persistent high-level activation
of the β2-adrenergic receptor leads to increased expression of
phospholipase C-β (PLC β) in airway smooth muscle. Since
agonists such as acetylcholine, histamine, and leukotrienes
that cause airway smooth muscle contraction do so by acting
on receptors that couple to Gq and activate PLC β, chronic
β-agonists might augment the effects of these bronchoconstrictors. Accordingly, the presence of the Arg16 allele, which
demonstrates resistance to downregulation and therefore has
persistent high-level activation of the β2-adrenergic receptor,
might negatively affect the clinical efficacy of regular use
of LABAs in patients with asthma. In the LARGE trial,71
half of the Arg16 homozygous patients with asthma experienced worsening of methacholine responsiveness despite
their airway functions having been improved by addition of
a LABA to an ICS. Collectively, in patients with COPD,
especially in terms of exacerbations, compared with LAMAs,
LABAs may be detrimental in Gly16 homozygous patients
without asthma, while LABAs may be detrimental in Arg16
homozygous patients with asthma (ACOS), indicating that
unless contraindicated, LAMAs rather than LABAs should be
the choice as the first-line bronchodilator. Future studies will
examine whether the effects of LAMA/LABA combinations
are dependent on the ADRB2 Arg16Gly genotype.

Approach to COPD based
on the disease phenotype
Although the mainstays of COPD management, including
inhaled LAMAs or LABAs alone or combined with ICSs,
have been shown in randomized clinical trials to improve
lung function and quality of life and to reduce exacerbation

International Journal of COPD 2015:10

frequency,1,2,42 the rising number of both single-agent and
combination therapies for COPD increases the number of
treatment options and, hence, makes the treatment choice
more complex.
COPD is a heterogeneous multifactorial disorder associated
with an abnormal inflammatory response of the peripheral airways and with variable morphologic, physiologic, and clinical
phenotypes.72 Definition of these phenotypes will likely allow
us to understand which patients may benefit from the addition
of an ICS and which patient should be treated with a longacting bronchodilator alone. For example, the emphysema
phenotype presents a poor therapeutic response to existing
anti-inflammatory drugs, and LABAs and/or LAMAs together
with rehabilitation are the primary treatments of choice. ICSs
fail to suppress inflammation owing to a marked reduction in
histone deacetylase-2, the nuclear enzyme that corticosteroids
require to switch off activated inflammatory genes.73
The ACOS has garnered much interest.74 Gershon et al43
reported the results of an investigation of the comparative
efficacy of using a LABA alone or together with an ICS in
elderly patients with COPD: the relative risk of death or
hospitalization was approximately 8% less than among those
treated with LABAs alone. The benefit associated with ICS/
LABA use was greatest among patients with a prior diagnosis
of asthma, suggesting that ACOS is a common clinical problem among older COPD patients and merits treatment with an
ICS/LABA combination for this subphenotype. The presence
of blood eosinophilia in COPD patients without asthma can
also identify those more responsive to corticosteroids.51,55
In addition, one study demonstrated that the presence of
an allergic phenotype is associated with increased risk of
lower respiratory symptoms and respiratory exacerbations
among individuals with COPD,75 suggesting that the presence
of allergic sensitization is another good indicator for ICS/
LABA treatment because allergic sensitization, assessed by
allergen-specific IgE or skin-prick testing, is a known risk
factor for asthma and its severe symptoms.
The exacerbator phenotype is characterized by at least two
exacerbations in the previous year.76 Although exacerbations
become more frequent and severe as COPD progresses, the
rate at which they occur appears to reflect an independent susceptibility phenotype.76 Among the patients who had moderate
COPD, 22% had frequent exacerbations; exacerbations were
more common among patients with airway hyperreactivity,
such as wheezing or a history of asthma. This finding may
explain, at least partly, why ICS/LABA combinations were
more effective than LAMA/LABA combinations at preventing
exacerbations in exacerbation-prone COPD patients.
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ICS/LABA is expected to have more impact on exacerbations
in patients with asthma components to their COPD.
Figure 2 shows a proposal for positioning ICSs and
bronchodilators in COPD in clinical practice. This scheme
uses two dimensions: the presence of airway eosinophilia and
airflow obstruction. Among older individuals with COPD,
use of LABAs and LAMAs may be associated with increased
risks of cardiovascular events, requiring closer monitoring.77
In addition, adding a LABA to a LAMA in patients with lowcomplexity COPD appeared just to increase costs without
providing significant benefits. Therefore, if FEV1 is 50% or
greater than the predicted FEV1, monotherapy using either a
LABA or a LAMA should remain the management of stable
COPD. Although LABAs and LAMAs provided clinically
relevant improvements in lung function with comparable
safety profiles, LAMAs always afforded greater protection from exacerbations.65,78 Furthermore, considering the
genetic influences of the Arg16Gly at the ADRB2 gene on
the therapeutic outcomes of LABA in patients with COPD,
LAMA monotherapy early in the course of COPD among
patients with low-to-moderate disease complexity will be
the first treatment choice rather than LABA monotherapy.
If the presence of eosinophilic inflammation in the airways

+LJK

(RVLQRSKLOOJ(

International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/ by 54.198.55.167 on 18-Oct-2018
For personal use only.

Dovepress

,&6/$%$
,&6/$0$

/$0$
/$%$

0LOG

,&6/$%$/$0$

/$%$/$0$

$LUIORZREVWUXFWLRQ

6HYHUH

Figure 2 Approach to COPD on the basis of the degree of airflow obstruction and
peripheral blood eosinophil counts.
Notes: LAMA monotherapy, early in the course of COPD, among patients with FEV1
of 50% or greater of the predicted FEV1 will be the first choice rather than LABA
monotherapy. If the presence of eosinophilic inflammation in the airways is indicated
on the basis of sputum or blood eosinophilia, the initial choice could be an ICS/LABA
combination. For patients with frequent exacerbations, whether ICS/LABA should
be regularly administered depends on the presence of eosinophilic exacerbation as
described in the text. The escalation of bronchodilators and ICSs is recommended in
patients with stable COPD who remain breathless or have exacerbations. Ultimately,
patients with severe symptoms and/or frequent exacerbations may require “triple
therapy” with a LAMA, a LABA, and an ICS.
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced
expiratory volume in 1 second; ICSs, inhaled corticosteroids; LABA, long-acting β2agonist; LAMA, long-acting muscarinic antagonist.
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is indicated on the basis of sputum or blood eosinophilia, the
initial choice could be an ICS/LABA combination. Given that
noneosinophilic asthma is rather resistant to ICS therapy79
and that the perceived overlap between asthma and COPD
is exaggerated owing to the common misconception that a
significant bronchodilator response in patients with COPD
implies the coexistence of an asthma component, I would
emphasize the importance of ICS use based on the presence
of eosinophilic inflammation rather than that based just on a
previous diagnosis of asthma. Figure 2 proposes the escalation of bronchodilators and ICSs in COPD if exacerbations
or breathlessness persist. Ultimately, patients with severe
symptoms and/or frequent exacerbations may require “triple
therapy” with a LAMA, a LABA, and an ICS. The components of triple therapy have different molecular mechanisms
of action, so there is a good rationale for the combined use
of these drugs to maximize the clinical benefits. It has been
demonstrated that in some patients, triple therapy, in which an
anticholinergic is added to an ICS and LABA, was associated
with greater improvements in lung function and quality of
life and with reduced rates of hospitalization when compared
with anticholinergic therapy alone.80–82
I acknowledge that my proposal requires validation but,
given that the importance of eosinophilic inflammation in
the treatment of COPD is currently rather ignored in clinical
practice, I think that emphasizing the therapeutic approach
taking eosinophilic inflammation into account has the possibility of greatly improving the well-being of individuals with
COPD. I also acknowledge that several questions related to
the exact role of eosinophilic inflammation in COPD remain
unanswered.83 For example, whether, in COPD patients with
airway eosinophilia, ICSs will modify disease progression
by controlling eosinophilic inflammation and possibly alter
mortality is unknown, but warrants further investigation.

Conclusion
Bronchodilators are central to the management of COPD,
and current guidelines recommend the addition of a second
bronchodilator to initial monotherapy in moderate COPD to
maximize bronchodilation. The greater impacts of LAMA/
LABA combinations on FEV1, patient-centered outcomes
such as dyspnea, rescue-medication-use, and quality of life
have been established in comparison to the impacts of individual drugs used alone. The accumulating evidence clearly
indicates that we should approach each patient with COPD on
the basis of the respective phenotype of that patient. This will
involve identifying eosinophilic inflammation and also taking into account factors such as the presence of emphysema,
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chronic bronchitis, or frequent exacerbations. Furthermore,
blood eosinophil levels have a remarkable intrapatient daily
variation and relatively poor data are currently available in
literature on the possible roles of eosinophilic inflammation
in the pathobiology of COPD. Therefore, at present, the
eosinophil count should be considered carefully and may be
restricted to those with severe airflow obstruction with symptoms secondary to recurrent COPD exacerbations. Further
studies should be designed to provide substantial evidence
for future guideline recommendations. Here, I have put some
emphasis on the importance of evaluating eosinophilic airway
inflammation to ensure appropriate use of ICSs. In addition,
LAMA/LABA combinations should not be prescribed without
confirming the presence of severe airflow obstruction because
these agents are strong bronchodilators after all.
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