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Introduction

The burgeoning literature on asthma phenotypes and endotypes
continues to deepen our understanding of asthma and our appre-
ciation of the complexity of this heterogeneous syndrome. Physi-
cians in practice have long encountered patients who have features
of asthma and chronic obstructive pulmonary disease (COPD). Thus,
we should not be surprised that there is a new category called
asthma-COPD overlap syndrome (ACOS).

Consider the following patients. A 45-year-old, nonsmoking
woman with a history of moderate persistent asthma and allergies
since childhood seeks treatment. She has numerous exacerbations,
and her spirometry reveals chronic airflow limitation despite
asthma therapy. Alternatively, you see a 58-year-old man with a 45-
pack-year tobacco history and previously diagnosed emphysema.
He is allergic to his cat, and his spirometry reveals chronic airflow
limitation with partial reversibility after receiving short-acting
bronchodilators.

Such patients bring to mind the possibility of an overlap syn-
drome. In clinical practice, separating asthma from COPD can be
difficult, particularly in the older patient who is a smoker. The term
ACOS has been proposed in guidelines to describe this understudied
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group of individuals. No definition for ACOS currently exists
because ACOS, like asthma and COPD, likely represents a spectrum
of disease and distinct clinical phenotypes; therefore, no single
definition will be precise and clinically meaningful. We explore
controversies regarding this term and limitations in the clinical
utility of our current classification schemes. Patients with ACOS
unfortunately have a more turbulent clinical course than those with
asthma or COPD alone. Despite this, firm treatment guidelines and
algorithms do not exist for this population (because they have
largely been excluded from asthma and COPD trials in the past).
Instead, clinical decision making is shaped by our overall impres-
sion of the patients (are their conditions more COPD-like or more
asthma-like?), an approach that has obvious limitations.

What has emerged with certainty is that overlap between
asthma and COPD is a clinical reality and that further investigation
is warranted regarding its pathophysiology, severity, prognosis,
environmental influences, and treatment. Our efforts to dissect,
identify, and study this syndrome and identify phenotypes are
crucial to the goal of providing precision medicine with targeted
therapeutics to optimize clinical outcomes. In this review, we
summarize the existing literature regarding ACOS and explore
emerging approaches, treatment options, and areas for future
study.

Definitions of Asthma, COPD, and ACOS

Asthma is a chronic inflammatory disease of the small and large
airways that typically presents in childhood or young adulthood
and is commonly seen in patients with concomitant allergic illness.
That said, asthma may present at any age. Asthma is characterized
by inflammation of the airways, reversible obstruction, and bron-
chial hyperresponsiveness to external stimuli. Asthma is a hetero-
geneous syndrome that manifests as different clinical phenotypes
(eg, exercise-induced asthma, aspirin-exacerbated respiratory
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disease).! Thus, it is not surprising that although lung function
typically returns to normal between episodes in most patients with
asthma, a subset loses reversibility over time.

COPD is also an inflammatory disease of the airway, mostly of
the small airways, that is generally diagnosed in older patients who
have a history of tobacco smoking. Two main phenotypes are
chronic obstructive bronchitis and emphysema, which involves
destruction of the lung architecture. COPD is typically progressive
despite treatment, and patients have persistent airflow limitation
with hyperinflation of the lungs and frequent extrapulmonary
comorbidities.

Some patients purely fit one diagnosis. However, distinguishing
between the 2 can often be difficult, particularly in older patients
who are smokers. This difficulty is attributable to overlapping fea-
tures and an unclear and variable picture of the underlying mech-
anism(s) of disease onset and progression and is further complicated
by the myriad ways in which these patients can present.

There is mounting evidence that some patients with COPD have
features that resemble asthma, with evidence of Ty2-mediated
inflammation, atopy, bronchial hyperresponsiveness, or signifi-
cant and sometimes marked reversibility seen with use of a bron-
chodilator. In addition, some patients with asthma and no risk
factors for COPD develop permanent structural changes in the lung
(airway remodeling) and an irreversible decline in forced expira-
tory volume in 1 second (FEV;). The remodeling process is often
accompanied by an increase in symptoms and a decrease in bron-
chodilator responsiveness. Such patients have persistent airflow
limitation (postbronchodilator ratio of FEV; to forced vital capacity
<0.7), raising the possibility of ACOS. The presence of fixed airflow
obstruction itself is not sufficient to meet criteria for ACOS because
it may be inconsistent over time and fixed airflow obstruction may
be a feature of asthma, particularly if it is suboptimally treated.?>
Therefore, discerning between these disease processes is impor-
tant based on a constellation of phenotypic characteristics.

As mentioned, no definition of ACOS currently exists. The recent
Global Initiative for Asthma (GINA) and Global Initiative for Chronic
Obstructive Lung Disease (GOLD) report on ACOS put forth the
following description: “Asthma-COPD overlap syndrome (ACOS) is
characterized by persistent airflow limitation with several features
usually associated with asthma and several features usually asso-
ciated with COPD.”* ACOS remains somewhat of a controversial
term, with some experts voicing concern that an umbrella term
such as this is an oversimplification and that ACOS comprises a
spectrum of diseases and phenotypes.®

The GINA/GOLD authors acknowledge that ACOS likely consists
of multiple phenotypes and that one of the main aims of this
diagnostic category is to raise awareness about the overlap syn-
drome and highlight the need for further study. They offer the
following practical approach in identifying such patients.

1. Establish the presence of chronic airways disease.

2. Determine if there are features clearly suggestive of either
asthma or COPD or whether there are an equal number of fea-
tures of both, suggesting ACOS.

3. Perform lung function testing with lung volumes and diffusion
capacity

In addition, the GINA/GOLD documents offers a table of typical
features of asthma and typical features of COPD that may be useful
to the reader; an equal number of features of each disease may
suggest an overlap syndrome.

Prevalence and Natural History of ACOS

Given that a clear definition does not exist, it is not surprising
that the prevalence of ACOS remains unknown. It has been cited to

range from as low as 15% to has high as 55% in those with
obstructive lung disease.” It is a highly age-dependent diagnosis,
with the diagnosis more likely to be made in a population of older
patients or in those who smoke.

Despite the uncertainty surrounding ACOS criteria, there is
recognition that patients with features of asthma and COPD tend to
have a worse clinical course. These patients have fixed airflow
obstruction, poor quality of life, a more rapid decline in lung
function, and higher mortality compared with those with asthma
or COPD.*®7 As such, they are frequent consumers of health care
resources, and costs associated with caring for such patients are
high.

A large retrospective study was recently performed in the
Balearic Islands, Spain, to better characterize ACOS in real life.®
Investigators compared patients with ACOS (n = 5,093) and those
with COPD (n = 22,778) and found that patients with ACOS were
more frequently female and younger, had less smoking exposure,
and had higher rates of certain comorbidities, such as anxiety,
gastroesophageal reflux disease, and osteoporosis. Hospitalization
risk was associated with the presence of cardiovascular diseases.
Further data regarding prognosis are provided by a recent large
study of 8,382 participants from the Copenhagen City Heart Study.
Investigators found that patients with ACOS and late-onset asthma
had higher rates of FEV; decline and exacerbations, with poorer
prognosis compared with other groups.®

Cosio et al'® examined a cohort of patients with COPD to look for
features of asthma and found 125 patients who fulfilled the criteria
for ACOS. These patients were predominantly male, and most were
receiving inhaled corticosteroids (ICSs). Interestingly, they found
that these patients had better 1-year prognosis than clinically
similar patients with COPD alone. These studies reveal a significant
disparity in findings concerning the spectrum of illnesses described
by the term ACOS and reinforce the need to better define and
stratify this/these illness(es).

Overlapping Mechanisms of Disease

The overlap that is seen clinically is likely related to the overlap
in the underlying inflammatory pathophysiologic mechanisms of
the disease. In addition, overlap is seen in clinical manifestations of
obstructive lung disease, such as bronchial hyperreactivity and
reversibility with bronchodilators (which has more commonly
been associated solely with asthma in the past).

Asthma phenotypes are largely believed to be an eosinophilic
Ty2-driven cytokine pattern of inflammation. However, some pa-
tients with asthma are refractory to Ty2-targeted therapeutics, and
these patients often have the most severe or recalcitrant disease,
indicating a neutrophilic or pauci-granulocytic pattern of
inflammation.

COPD, on the other hand, has traditionally been viewed pri-
marily as a neutrophilic inflammatory process of the airways.
However, increasing attention has been given to evidence that
suggests that some of these patients have Ty2 inflammation. This
finding is exemplified by the fact that eosinophils (in the sputum,
bronchoalveolar lavage, and lung tissue) have been reported in 15%
to 40% of patients with stable COPD.!"!? In fact, in the Evaluation of
COPD Longitudinally to Identify Predictive Surrogate Endpoints
(ECLIPSE) study, 37.4% of the 1,483 patients with COPD had
persistent blood eosinophilia during the 3-year follow-up period.'?
Furthermore, the presence of sputum or blood eosinophilia may
have important therapeutic implications regarding the decision to
add on therapy with ICSs.

According to the GINA/GOLD guidelines, patients with ACOS
may have eosinophils and/or neutrophils in the sputum.* Ghebre
et al'* used cluster analysis with sputum from patients with
obstructive lung disease and found 3 clusters: asthma predominant
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(eosinophilic), COPD predominant (mixed eosinophils and neu-
trophils), and ACOS (neutrophils). This finding highlights the need
for further studies of the inflammatory milieu present in ACOS. In
both asthma and COPD, clearly there is heterogeneity in mucosal
inflammation, and this manifests as various phenotypes and sub-
phenotypes of disease that have implications regarding predict-
ability of therapeutic intervention. Predetermining the phenotype
has the downstream effect of potentially improving therapeutic
outcomes.

Bronchial hyperresponsiveness, a hallmark of asthma, has been
documented in up to 60% of patients with COPD.! Studies suggest
that the presence of bronchial hyperresponsiveness is actually
associated with a more rapid decline in FEV; in patients with
COPD.'® Reversibility of airway obstruction as well has classically
been associated with asthma, yet patients with COPD with persis-
tent airflow limitation may indeed have some degree of revers-
ibility when given bronchodilators, with up to 50% demonstrating
reversibility.!” Likewise, atopy is seen in up to 30% of patients with
COPD.'® 1t is important to identify such classic asthma features in
patients with COPD because these represent components of their
disease that are treatable.

Airway reversibility is considered a hallmark of asthma. How-
ever, not all patients with asthma have full reversibility; in fact,
many lose reversibility over time as a consequence of airway
remodeling. In those with fixed obstructive patterns, the patho-
genesis involves epithelial damage, collagen deposition, smooth
muscle hyperplasia and hypertrophy, increased smooth muscle
mass, mucous gland hypertrophy, and angiogenesis. Currently,
there are no clear indicators that predict which asthma cases will
progress to a COPD-like phenotype with fixed airway obstruction,
and it would appear that no available therapy prevents this po-
tential decay.

Factors Influencing Overlap Phenotype

In addition to the underlying mechanisms of inflammatory
disease, there are numerous environmental factors that may
influence the overlap phenotype. These exposures, which may
modify genetic risk, include smoking, infections, exposure to
inhalable pollutants, and diet. Two of the best studied of these
triggers are discussed below.

Smoking

Smoking is a habit commonly seen in the asthmatic population.
This is clearly seen in The Epidemiology and Natural History of
Asthma: Outcomes and Treatment Regimens (TENOR) study, a
large, 3-year, multicenter observational cohort study of patients
with difficult-to-treat or severe asthma. Of the 3,489 adults in the
study, 4.3% were current smokers, but 32% reported a prior smoking
history.'? Although tobacco exposure is clearly a key etiologic driver
of COPD, it is not known whether smoking contributes to irre-
versible airway remodeling in patients with asthma. Even in COPD,
the decline in lung function that is seen in patients with similar
tobacco exposure is highly variable. Lange et al’° looked at 3 large
COPD cohorts and found that the trajectory of lung function decline
in patients with COPD varies, with approximately half of patients
following a trajectory of rapid FEVy decline.

Research reveals that individuals with asthma who smoke have
increased symptoms and impaired corticosteroid responsiveness
compared with nonsmokers with asthma.?"?? Likewise, active
smokers additionally have a more rapid annual rate of lung func-
tion decline, which may be mitigated by smoking cessation. A
British study by Chaudhuri et al*> found that 6 weeks after quitting
smoking, individuals with asthma had improved lung function and
decreased sputum neutrophilia compared with those who
continued to smoke. In the Smoking Modulates Outcomes of

Glucocorticoid Therapy (SMOG) study, Lazarus et al** found that
smokers with mild asthma had a blunted response to ICSs but not
to montelukast, providing further evidence that smoking may be
important when considering therapeutic effectiveness of various
treatment options. It is unclear at this time if smoking individuals
with asthma who progress to ACOS represent the same phenotype
as nonsmokers. Presumably, long-term exposure to noxious stimuli
may stimulate different pathophysiologic processes than allergenic
stimuli. Further study is needed regarding the effect of smoking on
asthma and optimal therapy in this subgroup, which is generally
excluded from participation in clinical trials in asthma.

Air Pollution

Exposure to air pollution has been linked to the development of
asthma and COPD, but its effect on ACOS is unknown. One recent
Canadian study that addressed the question of whether air pollu-
tion is a risk factor for the progression of asthma to COPD found
that patients with ACOS (n = 630), derived from a large group of
adults with asthma (n = 6,040), had later onset of asthma and
greater morbidity and mortality.”> Moreover, study participants
with higher cumulative exposure to fine particulate matter and
ozone had nearly a 3-fold greater odds of developing ACOS. This
finding reinforces that noxious exposures beyond cigarette smoke
may contribute to the development of ACOS.

Need for Identification of ACOS Phenotypes

As noted earlier, there is no clear definition for ACOS because it
probably represents a syndrome of multiple phenotypes that needs
further study and better stratification. In all likelihood, the patient
with allergies and lifelong asthma who develops fixed airflow
obstruction is different from the smoker with emphysema who has
some features of atopy and asthma. Studies to characterize the
natural history and prognosis will likely need to prestratify in-
dividuals based on asthma or COPD being the predominant and
preceding illness. A similar approach to that used to identify
asthma phenotypes, such as study of inflammatory markers and
application of nonbiased clustering models, will likely be helpful in
studying ACOS phenotypes in the future.?6~28

Therapeutic Approaches

Currently, no firm treatment recommendations exist for
patients with ACOS. Instead, our overall impression of the patient
having more asthma-like or COPD-like disease guides our clinical
decision making. These patients historically have been excluded
from clinical trials (eg, cigarette smoking being an exclusion in an
asthma study and a history of asthma being exclusionary for a COPD
study); as such, physicians are left to choose a treatment approach
without substantiated evidence of efficacy in this group. That said,
there are reasonable default approaches that may be considered.
Good practice, alongside therapeutic options, includes the treat-
ment of modifiable risk factors, such as smoking cessation, pul-
monary rehabilitation when indicated, and vaccinations to prevent
infection (such as influenza and pneumococcal pneumonia).

ICSs and Bronchodilators

As noted in a review article by Postma et al,'’ the recommended
default position in these patients with overlap disease is to start
therapy for asthma, usually with an ICS. Step-up therapy often in-
cludes the addition of a long-acting $-agonist (LABA) or long-acting
muscarinic antagonist (LAMA) alone or in combination, perhaps
earlier in the treatment algorithm than would be considered for
asthma alone. Leukotriene modifiers may be of value in those with
atopy. Given the debate of LABA safety in patients with asthma, the
presence of an asthmatic component warrants concomitant use of
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ICS with LABA therapy. One of the concerns raised about this
approach is the potential to overuse ICSs in patients with COPD,
who may experience adverse effects, such as pneumonia.’®

Because there have been no studies directly examining thera-
peutic intervention in ACOS, we are left with exploring the COPD
and asthma literature with inference into potential efficacy in
ACOS. Pascoe et al*? performed a post-hoc analysis of data from 2
replicate, randomized, double-blind trials of 12 months’ duration in
which once-a-day vilanterol, 25 ug, was compared with 25 ug of
vilanterol plus 50 ug, 100 ug, or 200 ug of fluticasone furoate in
patients with moderate-to-severe COPD and a history of 1 or more
exacerbations in the previous year. They compared exacerbation
rates between 2 baseline eosinophil cell count strata (<2% and
>2%) and found that the short-term benefits of ICSs for patients
with COPD are greater in those with evidence of a Ty2 high
phenotype as indicated by elevated blood eosinophil counts
compared with those without.>® Likewise, a study by Siddiqui
et al’' found that peripheral blood eosinophilia in patients with
COPD was associated with a favorable response to inhaled ICS and
LABA therapy. However, others have reported benefits of ICS ther-
apy in patients with COPD only when higher peripheral eosinophil
cut points (eg, >4% or >300/uL) were present.>? Although further
study is needed, one can surmise similar possible efficacy in pa-
tients with ACOS.

In addition, LAMAs, mostly used for patients with COPD in the
past, have established a therapeutic role in step-up therapy for
patients with asthma. In a 3-way, double-blind, triple-dummy
crossover trial of 210 patients with asthma, the addition of tio-
tropium to a LABA and ICS combination improved symptoms and
lung function in patients with uncontrolled asthma.**

As we await formal study of pharmacologic agents in patients
with ACOS, it is reasonable to consider the early addition of a LABA
and/or a LAMA to an ICS in the ACOS population. However, potential
adverse effects of each of these agents should be considered when
choosing therapy.

Potential Future Therapies

Biologic therapies are emerging as an important therapeutic
consideration for patients with poorly controlled moderate to
severe asthma. The current biologics available and in the pipeline
mainly target Ty2-mediated disease. Such medications include
anti-Ig, anti—interleukin 5, anti—interleukin 5 receptor, and
others. The use of biologics in patients with overlap of asthma and
COPD has not been studied.

Studies have also examined the potential role of biologics in
COPD, but this literature is nowhere near as robust as that for Ty2
asthma. In a randomized, placebo-controlled trial of patients with
moderate to severe COPD and eosinophilia (n = 50 placebo, n = 51
benralizumab), using a cut point of 200 to 300/uL, numeric (but
nonsignificant) improvements in exacerbations and FEV;{ were
found in the benralizumab group compared with placebo, sug-
gesting this may warrant further research.>* No such studies have
been performed in the ACOS group.

Given cost and other considerations with biologic therapies, it
will be important to tailor treatment and preselect patients most
likely to have a good therapeutic response. Ideally, an easily
measured biomarker, such as blood eosinophils, would help stratify
patients most likely to benefit from a particular anticytokine
therapy.

Studies of other drugs, such as roflumilast (a phosphodiesterase
type 4 antagonist), reveal some potential efficacy in patients with
asthma and COPD. In a randomized, double-blind, placebo-
controlled study of 64 patients with moderate-to-severe asthma
inadequately controlled with ICS and LABA therapy, the addition of
roflumilast plus montelukast resulted in a statistically significant

improvement in FEV; at 4 weeks vs montelukast alone.>” Similarly,
studies of roflumilast in COPD have found significant reductions in
exacerbations when added to other therapy, but further study is
needed to evaluate its efficacy in patients with asthma alone and
those with AC0S.>637

Prevention

Ultimately, it would be helpful to be able to identify those pa-
tients with asthma who are at particular risk of experiencing
airway remodeling and progression to fixed airway obstruction.
Currently, it is difficult to identify which patients will experience
the consequences of airway remodeling because no strong clinical
predictors exist. Although early studies indicated that early inter-
vention with ICSs could potentially halt this process, currently
there is no convincing evidence that asthma therapies can prevent
the remodeling process.>® In the Childhood Asthma Management
Program (CAMP) study, treatment with budesonide or nedocromil
for 4 to 6 years did not improve lung function.>® A subsequent
analysis of this cohort of patients found that 25.7% of children,
despite treatment with ICSs, had a significant decline in post-
bronchdilator FEV1.%° In the full 5-year follow-up study of the
Steroid Treatment as Regular Therapy (START) trial, post-
bronchodilator FEV; declined by a mean of 2.22%, regardless of
treatment with low-dose ICSs or placebo.*'*> More recently,
McGeachie et al*> examined predictors of abnormal lung function
growth and decline and found that childhood impairment of lung
function and male sex were significant predictors. Identifying pa-
tients with asthma who will progress to fixed obstruction and ACOS
may be a group who would benefit from trials of novel targeted
therapeutics in an attempt to prevent this loss.

Current Limitations and Unmet Needs

The recent attention received by ACOS in the medical literature
is a good starting point in the further investigation of this syn-
drome. Patients with overlap syndrome rightfully deserve dedi-
cated study in clinical trials, especially so given their relatively high
morbidity and health care use. As noted earlier, ACOS is likely a
spectrum of diseases. As we explore this illness, we will likely
stratify this group into multiple subsets and find that some patients
with asthma and a COPD phenotype may benefit from early addi-
tion of LABAs or LAMAs to ICS therapy, and some patients with
COPD and the Ty2 high phenotype may benefit from the early
addition of ICSs to LABAs or LAMAs. Continued efforts to identify
clinical phenotypes that predict therapeutic responsiveness will
pave the way for personalized, tailored therapy for patients with
overlap syndromes.
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