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Asthma and chronic obstructive pulmonary disease (COPD) are
common heterogeneous diseases with significant impact on
morbidity, mortality, and health care costs. In most of the cases,
the main features and pathophysiology differ substantially
between both asthma and COPD, which allows differentiating
both entities and providing appropriate treatment. The
recognition of a subgroup of patients who present clinically with
features of both conditions, asthma chronic obstructive
pulmonary disease overlap syndrome, has reignited the question
of whether asthma and COPD are different manifestations of the
same disease or unique processes, the so-called Dutch hypothesis
versus British hypothesis controversy. There is enough
heterogeneity in the clinical and mechanistic profiles of these 3
diseases, and subsets of these 3 diseases, to suggest that a new
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approach relying on the concept of endotypes of obstructive
airways disease may be more useful. This characterization has
provided the basis for opening new areas of research that may
eventually lead to the development of new targeted drugs. This
review focuses on the current knowledge of asthma, COPD, and
asthma chronic obstructive pulmonary disease overlap syndrome
phenotypes with emphasis on mechanisms of disease and how
these may define endotypes, providing a more rational approach
© 2015 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2015;3:489-95)

to research and clinical care.
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Asthma and chronic obstructive pulmonary disease (COPD)
are among the most prevalent pulmonary disorders with signif-
icant economic and health burdens."” Historically, there has
been controversy between the so-called Dutch hypothesis pro-
posing that asthma and COPD are manifestations of the same
basic disease and the “British hypothesis” suggesting that both
diseases are distinct entities generated by different mechanisms.’
This discussion is further complicated by a proposed new sub-
group of patients termed the asthma chronic obstructive pul-
monary disease overlap syndrome or ACOS" that can present
clinically with features of both and is consistent with either hy-
pothesis.” These core diagnoses are based on clinical phenotypes.
We suggest that this discussion can be enhanced significantly by
the concept of endotypes. Endotype—a contraction of
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Abbreviations used
ACOS- asthma-chronic obstructive pulmonary disease overlap
syndrome
COPD- chronic obstructive pulmonary disease
GINA- Global Initiative for Asthma Treatment
ICS- inhaled corticosteroids
LABA- long-acting beta agonist

endophenotype—is defined as a subset of disease driven by
specific molecular mechanisms arising from an interaction be-
tween genetic and environmental factors, resulting in a particular
disease process with a characteristic course and response to
therapy.” Asthma and COPD may have different endotypes that
contribute to their different manifestations and, therefore,
because of different pathological and molecular origins, have
different treatment responses.

CLINICAL PHENOTYPES AND MECHANISTIC
ENDOTYPES IN OBSTRUCTIVE AIRWAYS DISEASE

The 3 core types of obstructive airways disease are recognized
through clinical manifestations (ie, phenotypes) and have been
characterized in terms of histological patterns and biological
mechanisms (viewed as being an interaction between genetic and
environmental factors). The genetics of airways obstructive dis-
ease is emerging as a key factor in our understanding of the
continuum of airways obstructive disease.

ASTHMA
Clinical phenotype

Current asthma definitions and guidelines from the National
Asthma Education and Prevention Program and the Global
Initiative for Asthma Treatment (GINA) guidelines are available
at htep://www.nhlbi.nih.gov/about/org/naepp/naep_pd.htm and
www.ginasthma.org, respectively.”® The GINA 2014 definition
of asthma states the following:

Asthma is a heterogeneous disease, usually characterized
by chronic airway inflammation. It is defined by the his-
tory of respiratory symptoms such as wheeze, shortness of
breath, chest tightness and cough that vary over time and
in intensity, together with variable expiratory airflow
limitation.

Asthma symptoms are intermittent in nature and may
completely resolve for prolonged periods.”

The asthma clinical phenotype is predominantly an airway
disease, generally without involvement of lung parenchyma. It is
characterized primarily by airway hyperactivity, demonstrated by
improvement in airflow in response to bronchodilator adminis-
tration on spirometric testing or through worsening of airflow in
response to various challenge tests. Gas exchange may be
compromised during an asthma exacerbation but classically
returns to normal in the interim.””'" Some patients with asthma
may develop persistent airflow obstruction.'” There are several
clinically distinct but often clinically overlapping asthma syn-
dromes based on clinical characteristics including allergic diath-
esis, exercise susceptibility, and susceptibility to bronchospasm
with viral infections and cigarette smoking or other environmental
factors.” There is increasing evidence that these asthma syndromes
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represent different endotypes, each driven by specific biological

. 4,13-17
mechanisms. !

Histologic/mechanistic factors

Prototypically, asthma is considered an allergic disease mediated
by mast cells, eosinophils, T helper cells (CD4 ") with predominant
Tu2 proinflammatory proteins, and natural killer cells and eosin-
ophilic airway inflammation.'*'*'® Over time, some patients with
asthma develop airway thickening because of collagen deposition
in the basement membrane underpinning the bronchial
epithelium.m‘]()‘zo Recent studies, however, have highlighted the
potential for multiple biological mechanisms associated with clinical
asthma phenotypes. Neutrophilic or paucigranulocytic findings in
sputum rather than eosinophilia have been reported to be common
in a range of asthma severities, ©1>21:2 suggesting that asthma is
not a single disease mechanism with a variable presentation but
rather several diseases with a common clinical phenotype.

Alternative endotypes to extrinsic/allergic asthma include
exercise-induced bronchospasm, smokers with asthma, elderly
patients with asthma, aspirin-sensitive patients with asthma, and
patients with severe asthma, all of whom have a relative resistance
to steroid treatment.”> Many of these putative endotypes are
associated with this neutrophilic or paucigranulocytic sputum
profiles, suggesting different unde’rlyil’lf?7 mechanisms, and may be
unresponsive to steroid therapy.'”'*** The endotype paradigm,
therefore, may be particularly useful for directing treatment (eg,
relative steroid resistance in smokers with asthma).'*>*%

Genetics

A number of genes have been associated with asthma
(Figure 1)*° or response to therapy, for example, beta-2 adrenal
receptor variants.”” These relationships are complex and have not

reached the point of clinical utility.”

COPD
Clinical phenotype

COPD is defined as a chronic, progressive, irreversible,
obstructive airways disorder secondary to substantial tobacco use
or exposure to pollutants. To diagnose COPD, a post-
bronchodilator spirometry should demonstrate an FEV;/forced
vital capacity ratio of less than 0.7. COPD is inevitably associated
with loss of lung function (and therefore, obstructive pulmonary
disease).! The classical archetypes of COPD include chronic
bronchitis, characterized by cough and sputum production, and
emphysema, characterized by progressive dyspnea and paren-
chymal destruction, but a significant overlap is recognized.11

Histologic/mechanistic factors

Histologic changes characteristic in chronic bronchitis occur
primarily in the airway (especially small airways) with relatively
limited parenchymal destruction. Typically, goblet cell meta-
plasia and impaired mucociliary function contribute to excess
mucus accumulation and worsening obstruction. Emphysema
demonstrates mostly preserved airways structure but significant
parenchymal damage leading to air trapping and dynamic airway
obstruction. With the advent of modern chest imaging,
computed tomography scanning has supplanted the histologic
definition of emphysema. The density mask for severe emphy-
sema in 5-mm-thin or thinner slices falls at approximately —950
HU, moderate emphysema at approximately —910 HU, and
mild emphysema at approximately —850 HU.”
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FIGURE 1. Representation of the most robust asthma candidate genes identified through association studies or positional cloning in a

cell-based framework. From Vercelli.?® Reproduced with permission.

The histological changes in both chronic bronchitis and
emphysema are the result of repeated exposure to noxious stimuli
(overwhelmingly cigarette smoke) that trigger an inflammatory
response that continues after removal of the inciting stimulus.””
Inflammatory mechanisms in COPD are characterized by mac-
rophages, neutrophils, cytotoxic T lymphocytes (CD8"), and
mast cells.”® There may be associated “spillover” of the inflam-
matory response from the lungs into the systemic circulation,
leading to potential downstream effects such as arterial stiffness
and its consequences.' 7"

The endotypes concept can also be usefully applied in
COPD. A cross-sectional analysis of the Evaluation of COPD
Longitudinally to Identify Predictive Surrogate Endpoints
(ECLIPSE) study cohort recognized 5 clusters of patients with
COPD that were clinically and biologically different.” These
clusters differed with regard to outcomes, from milder patients
with fewer deaths and hospitalizations (cluster A) to patients
with lower FEV; and more frequent emphysema who experi-
enced the highest exacerbation and hospitalization rates (cluster
D). Interestingly, a cluster E was defined as intermediate for
most variables that may represent a mixed group. Similarly,
analysis of the COPDGene cohort identified 4 clusters: (1)
relatively resistant smokers (ie, no/mild obstruction and mini-
mal emphysema despite heavy smoking), (2) mild upper zone

emphysema-predominant, (3) airway disease-predominant, and
(4) severe emphysema. All clusters were strongly associated with
COPD-related clinical characteristics, including exacerbations
and dyspnea.”

Genetics

As in asthma, there is evidence that genetic variants may
contribute to the phenotypic heterogeneity of COPD.” The
mechanistic and genetic cause and effect consequences of alpha-1
antitrypsin deficiency are relatively well understood in emphy-
sema; other genetic relationships in COPD are beginning to
emerge but appear to be more complex.”® Studies from pooled
COPD genetic cohorts indicate that genetic imprints are asso-
ciated with manifestations of COPD.”” For example, analysis of
the COPDGene cohort noted strong genetic associations
between the mild upper zone emphysema group and rs1980057
near hedgehog interacting protein and between the severe
emphysema group and rs8034191 in the chromosome 15q re-
gion.”” Similar results from the ECLIPSE cohort support the
robustness of the groupings, especially considering the differences
in patient selection, cohort sizes, clinical features, and strategy
used for clustering both ECLIPSE and COPDGene studies
(Table ).*?
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TABLE I. Top results for the genomewide association analysis of those with severe COPD versus smoking controls in COPDGene non-
Hispanic white (NHW) and African-American (AA), ECLIPSE, National Emphysema Treatment Trial/Normative Aging Study (NETT/

NAS) and Genetics of Chronic Obstructive Lung Disease (GenKOLS) (Norway) studies

Frequency Meta-analysis

Locus Nearest gene(s) SNP Risk allele NHW AA OR (CI) P value

15925 CHRNA3 rs12914385 T 0.42 0.19 1.39 (1.29-1.51) 270 x 1071¢
4q31 HHIP rs13141641 T 0.59 0.89 1.39 (1.28-1.51) 3.66 x 10713
4q22 FAMI3A 154416442 C 0.42 0.54 1.36 (1.26-1.47) 9.44 x 1071
11q22 MMP3/12 18626750 G 0.83 0.74 1.36 (1.23-1.51) 5.35 x 107°
14g32 RIN3 1754388 C 0.83 0.85 1.33 (1.2-1.48) 6.69 x 1078
1q41 TGFB2 rs4846480 A 0.75 0.65 1.26 (1.16-1.37) 1.25 x 1077

ECLIPSE, Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints; OR, odds ratio; SNP, single nucleotide polymorphism.
The TGFB2 locus became genomewide significant (P < 5 x 10~%) when results from the International COPD Genetics Network were included. RIN3 reached genomewide

significance for moderate-to-severe COPD. Significance P value > 5 x 1075,
Modified from Cho et al.*” With permission.

ASTHMA-COPD OVERLAP SYNDROME
Clinical phenotype

ACOS was defined as the presence of persistent airflow limi-
tation with features typically of asthma and COPD. #1038 1
2014, GINA and the Global Obstructive Lung Disease pub-
lished a joint document on ACOS (available for free download at
heep://www.ginasthma.org/documents/ 14).>° The ACOS preva-
lence is unclear because of different definition criteria, with re-
ported rates of COPD between 13% and 55%."**** Compared
with patients with either asthma or COPD, patients with ACOS
experience frequent exacerbations, poor quality of life, increased
use of health care resources, a more rapid decline in lung func-
tion, and high mortality./”//"?’ Although there is currently no
general agreement on criteria for ACOS, the Spanish Respiratory
Society suggested a combination of major or minor characteris-
tics that could be used clinically (Table I0).1°

Histologic/mechanistic factors

Patients with ACOS present 3 main mechanistic characteristics
that are interrelated: (1) enhanced bronchial and systemic eosino-
philic inflammation, (2) increased reversibility of airflow (compared
with COPD), and (3) increased response to inhaled corticosteroids
(ICS) (compared with patients with COPD alone).**> As with
COPD, smoking is a critical factor in all types of ACOS. Cigarette
smoke typically increases neutrophils and (modestly) eosinophils%
and is associated with a pulmonary inflammatory response driven
by Ty1/Tw17 cytokines such as IL-8 and TNF, and leukotriene
B4."7*% Although this appears to suggest an underlying mechanism
distinct from typical eosinophilic inflammation seen in allergic
asthma, this relationship is not straightforward.”> For example,
hallmarks of asthma such as eosinophil cationic protein-1 and
eotaxin-1 are associated with bronchodilator responsiveness in pa-
tients with COPD.?” Furthermore, smokers with asthma often
demonstrate sputum eosinophilia as opposed to smokers without
asthma in whom neutrophils predominate with only modestly
increased eosinophils./'s’so‘ﬂ Taken together, this may indicate
heterogeneity of host inflammatory reaction to cigarette smoke
among nonobstructive (“normal”) smokers, nonsmokers with
asthma, smokers with asthma, patients with COPD who lack
bronchial reactivity, and patients with COPD who demonstrate
bronchial reactivity. Finally, smoking causes a disruption in the
balance between acetylated deacetylated histones, the glucocorti-
coids pathway,” resulting in increased (or persistent) inflammation

TABLE II. Criteria proposed by the the Spanish Respiratory
Society * to diagnose ACOS

Major Minor

4. Positive bronchodilator test
(>12% and >200 cc)t

5. Elevated IgE level

6. History of atopy

1. Highly positive bronchodilator test
result (>15% and >400 cc)

2. Sputum eosinophilia
3. History of asthmai

Two major criteria, or 1 major and 2 minor criteria are necessary for diagnosis.
*Modified from Soler-Cataluna et al."

TOn 2 occasions.

{Before the age of 40 y.

in both COPD and asthma.®*””” This can lead to impaired re-
sponses to steroids in both asthma and COPD.”*””

Finally, aging may also be a risk factor for ACOS. Normal
aging of the lung is associated with increased airway hyper-
responsiveness, greater asthma severity, and reduced response to
steroids among others, which may also contribute to the
increased prevalence of ACOS with age."'

Are there ACOS endotypes? This is not as straightforward as with
asthma or COPD. Clinically, the ACOS phenotype appears to be
patients with COPD with increased bronchial reversibility and/or
patients with asthma with a history of smoking who developed
non—fully reversible airway obstruction at an older age.** Such pa-
tients have been reported to manifest increased sputum eosinophilia.”
Based on these observations, 3 biological clusters have recently been
reported in ACOS: (1) asthma predominant with eosinophilic
inflammation and elevated T2 mediators; (2) COPD predominant
with elevated proinflammatory cytokines; and (3) asthma-COPD
overlap group with chronic bronchitis, increased bacterial coloniza-
tion, elevated sputum IL-1b and TNE-a. levels, and sputum neu-
trophilia.” There are suggestions of mechanistic differences among
patients with ACOS. Fractional exhaled nitric oxide levels correlate
with airway inflammation in COPD, similar to asthma,®® and
normal fractional exhaled nitric oxide levels may predict lack of ste-
roid response.(’l Furthermore, higher fractional exhaled nitric oxide
levels may be a common finding in patients with ACOS compared
with other COPD phenotypes.®” It remains to be seen whether these
represent endotypes that will be clinically useful.”!

Genetics
The genetic determinants of ACOS are emerging. A
genomewide analysis of non-Hispanic white subjects in the


http://www.ginasthma.org/documents/14

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 3, NUMBER 4

COPDGene cohort identified single nucleotide polymorphisms
in the genes CSMDI (rs11779254; P=1.57 x 107°) and SOX5
(rs59569785; P= 1.61 x 107°) and the meta-analysis identified
single nucleotide polymorphisms in the gene GPRGS
(rs6574978; P = 1.18 x 1077) associated with COPD and
asthma overlap.®” Tt has been suggested that signatures of airway
epithelial gene expression alterations in asthma are upregulated in
some subjects with COPD and can identify an ACOS-like
subgroup with T2 mechanistic signatures and characterized
by increased severity and “asthma-like” features (including a
favorable corticosteroid response).®*

MANAGEMENT RECOMMENDATIONS

Management recommendations such as GINA, the National
Asthma Education and Prevention Program, and the Global
Obstructive Lung Disease for asthma and COPD are widely
available. Short-acting beta agonist for symptomatic relief is the
common first step for all patients with obstructive airways dis-
ease. ICS are the usual first-line choice for persistent asthma,
with a long-acting beta agonist (LABA) as the preferred add-on
treatment,” whereas a LABA or long-acting muscarinic antago-
nists may be preferred in COPD, with ICS as a later add-on help
to reduce exacerbations. This approach is based on extensive
clinical experience combined with numerous well-designed
clinical trials. However, the approach to patients with ACOS
or smokers with asthma is more problematic. Subjects with
asthma are generally excluded from trials of COPD, and
guidelines applicable to asthma have been developed almost
exclusively from studies that exclude smokers such that neither of
these guidelines can be extrapolated to patients with ACOS.®’
The rationale for this exclusion is based on the understandable
desire to avoid confounding asthma studies with other smoking-
induced lung diseases. The net result, however, is a paucity of
scientific information on treatment options for those patients
with ACOS or other endotypes of obstructive airways disease
who fall outside of the classic clinical archetypes.®®

Given the importance of ICS in the treatment of asthma and
COPD, and the effects of cigarette smoke on steroid respon-
siveness, clinicians are left with a uniquely difficult choice in the
management of patients with ACOS. In addition to symptomatic
treatment with short-acting beta agonists in addition to ICS for
persistent symptoms, the Gaining Optimal Asthma ControL
study endorses the current National Asthma Education and
Prevention Program recommendation of the addition of a
LABA.% Beyond that (and without much scientific evidence),
current consensus recommendations suggest that patients with
ACOS may benefit from a treatment plan similar to that used in
asthma.”*??°%% However, a retrospective study of patients with
ACOS found no benefit of ICS use on FEV; decline, incidence
of severe exacerbations, or overall mortality in 125 patients with
ACOS.” Despite several limitations of the study, it emphasizes
the need to properly identify those patients who may, or may
not, benefit from this treatment. Uncertainties regarding the
safety of the use of LABA alone in ACOS have led to the
recommendation that ICS should always be used with a LABA.®°
In cases of worsening symptoms in the face of maintenance ICS
plus LABA, the consensus recommends moving up to triple
therapy with ICS, LABAs, and a long-acting muscarinic antag-
onist, leukotriene receptor antagonists, or theophylline. Anti-
muscarinic agents such as ipratropium have long been known to
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be bronchodilators in both asthma and COPD.”” There is reason
to believe that antimuscarinic agents may be useful add-on
therapy for asthma in general and for smokers with asthma in
particular.”" The long-acting antimuscarinic agent tiotropium is
effective add-on therapy in patients with asthma inadequately
controlled by ICS alone, and has been demonstrated to be an
effective add-on therapy for patients with a combined diagnosis
of COPD."**”? Leukotriene receptor antagonists effectively
antagonize the binding of the sulfido-peptide leukotriene D4 to
its CysLT1 and have been shown to be effective in smokers with
asthma.”” Cigarette smoking increases urinary leukotriene E4
concentration, suggesting a mechanism for this beneficial effect.
The response to the leukotriene receptor antagonist montelukast
in smokers was associated with pretreatment sputum levels of
eosinophils. Although patients with concomitant asthma and
COPD have an increased number and severity of exacerba-
tions,”” the role of phosphodiesterase 4 inhibitors such roflu-
milast or macrolides has not been investigated, and further
clinical studies are warranted. Finally, theophylline increases
intracellular histone activity, which modulates corticosteroid
activity and the efficacy of ICS."*”*”"” Interestingly, low-dose
theophylline is able to restore histone deacetylase 2 function,
impaired iz vitro in relative corticoid-resistant subjects (eg,
smokers with asthma),”® so may eventually be used in patients
with ACOS. The preferred add-on treatment or even initial
treatment for patients with ACOS and smokers with asthma is
still a matter of research.

FUTURE RESEARCH

The endotype paradigm for obstructive airways disease pro-
vides a roadmap for future research. Investigations into the
consequences of biological mechanisms and genetic variability on
clinical phenotypes will lead to a more rational identification and
characterization of the 3 core archetypes of obstructive airways
disease and suggest more rational and rtargeted therapy. To that
end, basic mechanistic studies and proposed endotypes need to
strive to link with clinical phenotypes and proposed endotypes in
the theoretical rationale. Likewise, clinical trials should be
designed to scrupulously phenotype all participants and embed
mechanistic studies from biological samples collected during the
course of the clinical trials. Recognizing unique mechanistic (eg,
steroid resistance with smoking) and genetic (eg, alpha-1 anti-
trypsin deficiency, beta receptor heterogeneity) factors represent
the ultimate approach to targeted, effective treatment. In this
context, the endotypes paradigm offers a solid theoretical basis
for designing future research.

DUTCH OR BRITISH?

Based on mechanistic data reviewed herein, it would appear
that a rationale for extrinsic/allergic asthma and COPD as
different diseases is scientifically sound. In clinical practice, most
cases present with a typical phenotype and are diagnosed without
much difficulty, but the subgroup of subjects with overlapping
symptoms or other atypical presentations can be challenging to
characterize and treat. Historically, the treatment of asthma has
focused on symptom relief and on underlying mechanisms (eg,
ICS to reduce inflammation). The treatment of COPD, how-
ever, has generally focused primarily on symptom relief. In this
context and as a practical matter, cautions regarding the use of
LABAs as solo treatment in asthma suggest that safety issues may
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ultimately drive a more careful consideration of the unique fea-
tures of obstructive airways diseases. In this context, the expan-
sion of our understanding of the underlying mechanism and
genetics of obstructive airways disease would seem to render both
the Dutch and the British views of obstructive lung disease moot.
Furthermore, if specifically targeted new treatments are to be
developed with the hope of modulating underlying disease,
mechanistic and genetic differences in the various forms of air-
ways disease must be pursued.

SUMMARY

Asthma, COPD, and (perhaps) ACOS are prevalent, hetero-
geneous, and challenging obstructive lung disorders. Careful
characterization of patient subpopulations is required to better
understand heterogeneous diseases and to properly manage
therapy. The paradigm of endotypes is useful for identifying
potentially distinct molecular mechanisms to inform research and
clinical care. To this end, it would be useful to abandon both the
Dutch and the British hypotheses in favor of the paradigm that
diseases of airways obstruction are a collection of endotypes,
driven by unique biological/genetic mechanisms.
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