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The diagnosis and treatment of chronic obstructive pulmonary
disease (COPD) has been based largely on a one-size-fits-all
approach. Diagnosis of COPD is based on meeting the
physiologic criteria of fixed obstruction in forced expiratory
flows and treatment focus on symptomatic relief, with limited
effect on overall prognosis. However, patients with COPD have
distinct features that determine very different evolutions of the
disease. In this review we highlight distinct subgroups of COPD
characterized by unique pathophysiologic derangements,
response to treatment, and disease progression. It is likely that
identification of subgroups of COPD will lead to discovery of
much needed disease-modifying therapeutic approaches. We
argue that a precision approach that integrates multiple
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dimensions (clinical, physiologic, imaging, and endotyping) is
needed to move the field forward in the treatment of this disease.
(J Allergy Clin Immunol 2018;141:1961-71.)
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Chronic obstructive pulmonary disease (COPD) is a heteroge-
neous disease. Although this statement is currently widely
accepted, the beginning of the debate about how to categorize
different subtypes of COPD goes back to more than 50 years ago
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Abbreviations used
CAT: COPD Assessment Test
COPD: Chronic obstructive pulmonary disease
CT: Computed tomography
FLAME: Effect of Indacaterol Glycopyronium Vs. Fluticasone
Salmeterol on COPD Exacerbations
FVC: Forced vital capacity
GOLD: Global Initiative for Chronic Obstructive Lung Disease
SPIROMICS: Subpopulations and Intermediate Outcome Measures in
COPD Study

when the so-called Dutch hypothesis was introduced. This
hypothesis argued that bronchodilator responsiveness was an
overlapping feature shared by various forms of obstructive lung
diseases, including asthma. In contrast, the British hypothesis
argued that bronchodilator responsiveness in patients with COPD
was due to concomitant asthma.'** In 1959, during the Ciba Guest
Symposium, the scientific community began to recognize the
problems of poor phenotyping and published an article in Thorax
under the title of “Terminology, definitions, and classification of
chronic pulmonary emphysema and related conditions.”” That
report stated the following: “At present, the diagnosis of ‘chronic
bronchitis,” ‘asthma,” and ‘emphysema’ are used without any
general agreement about the clinical conditions to which they
refer. Any one (or more) of these words may be used by different
clinicians to describe the condition of the same patient. It appears
that chronic bronchitis is often used in Great Britain to describe
cases that would be called asthma or emphysema in the Unites
States.”

Importantly, this remains an ongoing controversy in clinical
practice. This blurred vision of disease was represented as a
nonproportional Venn diagram of COPD, one of the most famous
diagrams in pulmonary medicine.” For many years, a unifying
view of COPD influenced physicians to take a one-size-fits-all
approach to patients with COPD. This was applied to
diagnostic approaches in which physicians rely on spirometry
with bronchodilator responsiveness, as well as therapeutic
management. In these approaches, first-line medications have
been applied consistently once COPD is diagnosed without
much consideration of possible distinct phenotypes of COPD.

However, several lines of investigation have demonstrated that
subgroups of COPD can have distinct pathophysiologic
derangements, response to treatment, and disease progression.”
Thus a precision approach to this disease is needed to overcome
the many years of stagnant therapeutic advances by identifying
novel treatable traits and treating them at a stage at which
disease-modifying approaches are more likely to succeed.® This
review will focus on the state of the art and knowledge gaps of
COPD subpopulations and phenotyping.

DIAGNOSIS OF COPD: JOINING THE CLUB

COPD is defined by airflow obstruction (postbronchodilator
FEV,/forced vital capacity [FVC] ratio <0.7) that is not fully
reversible after bronchodilator administration.” FEV, has been
used to quantify and grade obstruction severity. This criterion
does not consider the multiplicity of pathophysiologic
derangements and heterogeneous histopathologic conditions
that lead to airway obstruction. Both decrease in elastic recoil
and decrease in cross-sectional airway diameter (independent of
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[and frequently concomitant with] each other) will lead to an
increase in airway resistance during expiration, leading to airflow
limitation.” This ramification increases further if one considers
the multiple molecular derangements that lead to loss of elastic
recoil and airway damage. This definition also leaves a large
proportion of subjects with physiologic abnormalities, respiratory
symptoms, or both that do not reach COPD diagnostic criteria.
For example, use of 0.7 as a cut point for FEV/FVC ratio
excludes a significant portion of subjects (many of them with
ratios of less than the predictive lower limit of normal values)
that have significant symptoms.” In addition, the lower limit of
normal for FEV,/FVC ratio decreases with age. Thus the
accuracy of these diagnostic criteria also changes with age,
affecting the establishment of early diagnosis in this disease
among younger patients.'”

Furthermore, the use of a fixed cut point might misclassify
some older patients as having COPD. Although using the lower
limit of normal would be a more desirable parameter, this value is
dependent on the reference population and is unlikely to
accurately reflect the normality of many different ethnic groups.
In addition, FEV; normally decreases with age, and the rate of
decrease is an important spirometric indicator of disease
progression in patients with COPD. However, the rate of lung
function decrease is not considered for diagnosing or staging
the disease.

BEYOND FEV,

The current approach to diagnosis and staging of COPD is
based on spirometric values, even though disease is believed
generally to begin in the small airways,® an area classically
labelled as the “quiet zone” because it cannot be easily assessed
by means of spirometry alone.'" A large proportion of patients at
risk for COPD have significant respiratory symptoms but without
the spirometric abnormalities required to meet COPD criteria.
Accordingly, there are several forms of smoke-related lung
diseases, even with an FEV,/FVC ratio of greater than 0.7,"
including chronic bronchitis (based on frequency of cough and
sputum production), emphysema (based on computed
tomography [CT]), small-airway disease (based on specialized
lung function or imaging), or asthma (based on symptom
characteristics, bronchodilator response, or both). In addition,
some patients present with overlap within these broad entities,
whereas others do not fit any of the available definitions.

The lack of clear agreement on how to define the above entities
has delayed pathophysiologic understanding of these disease
states. Several multicenter cohorts have been developed that
allow study of these smoke-related lung diseases. Examples
include the COPDGene,"” Subpopulations and Intermediate
Outcome Measures in COPD Study (SPIROMICS),'* Canadian
Cohort Obstructive Lung Diseases (canCOLD) study,'” and the
Copenhagen City Heart Study'® cohorts. Overall, these
smoke-related lung diseases are very common, with significant
morbidity and possible risk for progression to COPD, as defined
by using spirometric criteria. For example, in the COPDGene
cohort, smokers without spirometric criteria for COPD have
worse health status when assessed by using the St George
Respiratory Questionnaire.'” In the SPIROMICS cohort,
respiratory symptoms are present in half of smokers with
preserved pulmonary function; when compared with
asymptomatic smokers, these symptomatic subjects had greater
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limitation of physical activity, impaired pulmonary function
(although still within the limits considered as normal), and
evidence of airway wall thickening on CT imaging of the chest.”
Importantly, smokers with preserved lung function and
respiratory symptoms had higher rates of exacerbations than
asymptomatic smokers (COPD Assessment Test [CAT] score
<10).

In addition, the coexistence of asthma with other smoke-related
lung diseases in subjects that do not fit the spirometric criteria for
COPD has significant health implications. For example,
coexistence of asthma with chronic bronchitis is associated with
poor symptom control and a greater decrease in FEV,.'®'® The
inflammatory changes observed in the airways of smokers with
asthma are distinct from hose in never-smokers with asthma. In
smokers with asthma, there are fewer eosinophils, increased
numbers of cytotoxic T lymphocytes, and goblet cell
hyperplasia.'>*° Of note, there are no clear treatment guidelines
for this group of symptomatic smokers who have no spirometric
criteria for COPD. However, a large proportion (between 20%
and 42%) receive respiratory treatment with inhaled
medications,”'” despite data that smokers with asthma might be
poorly responsive to corticosteroid therapy.”?’ The above
considerations indicate that more research is needed to define
the phenotypic changes and pathophysiologic derangements of
smoke-related lung disease before meeting the spirometric
definition for COPD.

In patients with COPD, early pathologic derangements occur in
bronchioles less than 2 mm in diameter, followed by parenchymal
remodeling, ™™
resistance. The 2-mm cutoff used to define small airways is based
on experiments using retrograde catheters inserted into open
lungs of dogs performed by Macklem and Mead'' more than
50 years ago. As such, the physiologic abnormalities occur in a
large silent region, and spirometric abnormalities become
significant only later in disease development. Direct measurement
of the distribution of resistance in the lower respiratory tract has
confirmed that the small airways (ie, <2 mm in internal diameter)
are the major sites in which obstruction starts in patients with
emphysema.”**” Micro-CT of surgical specimens from patients
with Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stage I COPD further demonstrated airway narrowing
and loss of the small conducting airways.”” Therefore it is not
surprising that respiratory symptoms and structural changes in
the lung are frequently discordant with spirometric results.

There is an increasing need to consider novel approaches using
earlier indicators that would uncover underlying parenchymal
and airway injury before meeting spirometric COPD criteria.
Examples of such approaches include imaging methods, such as
specialized CT methods,”® and measurements of small-airway
physiology, such as the forced oscillation technique.®

STRUCTURAL ASSESSMENT OF THE SMALL
AIRWAYS

Newer CT techniques can evaluate changes in lung density
between inspiration and expiration to perform parametric
response mapping, which suggests differentiation between
small-airways disease and emphysema.”’ This methodology
demonstrated the widespread presence of functional small-
airway disease, even within smokers with GOLD 0 and those
with early GOLD 1 COPD, suggesting a role for assessment of
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small-airway disease in COPD phenotyping. Moreover,
additional data have strongly suggested that functional
small-airways abnormalities identified by using this technique
are associated with rate of FEV, decrease.”® In addition, CT
can provide a measure of airway count, a parameter shown
recently to be an earlier marker of COPD and associated
independently with rapid lung function decrease.”’ Expiratory
central airway collapse can be identified by bronchoscopic
visualization or expiratory CT and has been suggested to be
associated with significant respiratory morbidity.”"

FUNCTIONAL ASSESSMENT OF THE SMALL
AIRWAYS

The forced oscillation technique applies an oscillating signal at
the airway opening during tidal breathing and measures changes
in flow and pressure to compute the respiratory system impedance
that reflects the mechanical properties of the respiratory system.””
Using mathematic modeling, impedance can be partitioned into
resistance and reactance. Resistance reflects predominately the
frictional forces related to airflow within the airways. Reactance
reflects the elastic properties and inhomogeneities of ventilation
across the respiratory system. Higher oscillation frequencies
(approximately 20 Hz) reflect large airways, and lower oscillation
frequencies (<10 Hz) reflect properties of the entire respiratory
system, including the small airways. Thus in the presence of
normal forced airflows (as noted by normal FEV; and FEV,/
FVC ratio), abnormalities present in low oscillation frequencies
can be attributed to small-airway dysfunction.

Based on the above considerations, numerous studies have used
the forced oscillation technique to evaluate small-airway function
in patients with lower respiratory symptoms after toxic environ-
mental inhalation.”**> Of importance, respiratory symptoms in
many of these subjects were unexplained by using routine clinical
evaluation because chest radiographs and spirometric measures of
airflow and lung volume were within the normal range, despite the
presence of new-onset respiratory symptoms. Data demonstrated
the presence of small-airways dysfunction despite normal airflow
on spirometry.’®*’ The clinical relevance of the small-airway
dysfunction was demonstrated in multiple domains. Small-
airway dysfunction was correlated with magnitude of inhaled
toxin exposure, development/severity of respiratory symptoms,
response to therapy, presence of systemic inflammation, and his-
tologic abnormalities within the small airways.3 840

Additional studies have evaluated the clinical relevance of
small-airway assessment in cigarette smoke—induced lung dis-
ease. For smokers at risk for COPD (ie, at a time point when
airflow remains normal when assessed by means of spirometry),
the presence of peripheral airway dysfunction and its response to
bronchodilator was correlated with the severity of peripheral lung
inflammation.”' In addition, longitudinal data from patients with
established COPD suggest that expiratory flow limitation, as
assessed by using the forced oscillation technique, predicts
clinically relevant outcomes, including exercise performance,
exacerbations, and possibly mortality.*> Further longitudinal
investigations of large cohorts are needed to evaluate the use of
these early physiologic markers to both understand the
progression to clinically evident COPD and provide insight into
mechanisms for disease progression once COPD is established.

Multiple-breath nitrogen washout is another technique used to
evaluate small-airway physiology. By using a mathematic model
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FIG 1. Schematic representation of COPD assessment dimensions. Circles represent dimensions enclosing
variables with defined or possible relevance to diagnosis, prognosis, or potential therapy in patients with
COPD. Colors used to fill circles illustrate the degree of knowledge, validation, and acceptance for the
variables in these dimensions. Stratification and prognostication have been based largely on variables
contained within the clinical and physiologic dimension in which more needs to be explored in the imaging
and endotyping dimension. ADO, Age, dyspnea, and airflow obstruction; BMI, body mass index;
BODE, body mass index, airflow obstruction, dyspnea, and exercise capacity; DLCO, diffusing capacity
of the lungs for carbon monoxide; DOSE, dyspnea, airflow obstruction, smoking, and exacerbation;
Fot, forced oscillation technique; Hx, history; /0S, impulse oscillometry; MRI, magnetic resonance imaging;
RV, rhinovirus; SGRQ, St George Respiratory Questionnaire; TLC, total lung capacity.

of gas mixing in the lung, one can obtain parameters that
described inhomogeneity of gas mixing within the convection-
dependent and diffusion-dependent airways.**** In patients with
COPD, physiologic dysfunction of the small airways can be de-
tected by diffusion-dependent airways at early stages, whereas
the convection airway physiology (convection-dependent air-
ways) seems to be less affected.”®

In patients with COPD, abnormalities in diffusion capacity can
occur as a consequence of either loss of alveolar capillary
membrane surface area caused by emphysema and/or heteroge-
neity of regional ventilation caused by airway obstruction.”’ In
patients with established COPD, the diffusing capacity of the
lungs for carbon monoxide is frequently reduced by one or both
of these mechanisms. Although distinguishing these phenotypes
might be of interest, the relative contribution of airway heteroge-
neity versus parenchymal destruction is not readily quantifiable,
and both mechanisms coexist frequently in an individual patient.
Of interest, either of these factors could also produce a reduction
in diffusing capacity of the lungs for carbon monoxide in the

presence of normal spirometry, raising the possibility that mea-
surement of diffusion could have a role in early diagnosis.4x‘49

MULTIDIMENSIONAL APPROACHES TO
SMOKE-RELATED LUNG DISEASES

Multivariable approaches to address disease might provide
relevant information that can characterize different subtypes of
COPD. These multiple dimensions can include clinical, physio-
logic, imaging, and endotyping dimensions (Fig 1). Within each
of them, data support the relevance of specific variables to
COPD diagnosis and prognosis. Very few and limited combina-
tions of these variables and dimensions have been studied and
validated. Examples include questionnaires directed toward un-
derstanding symptoms and quality of life, such as CAT scores
and St George Respiratory Questionnaire scores.”’' Other ap-
proaches combine variables to create indices that correlate with
patient outcomes, including body mass index, airflow obstruction,
dyspnea, and exercise capacity (BODE); age, dyspnea, and
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FIG 2. Taxonomy of COPD. On the basis of a model of the tree of life used to
annotate living organisms, we represented our conceptualization of how
subpopulations of COPD might be related but differentiated. In this review
we proposed the need to define subpopulations of COPD that can share
common variables (eg, physiologic and clinical variables) but that also had
distinct features (eg, defined airway/parenchymal abnormalities, specific
inflammatory pathways, and/or dysbiotic microbiota) that lead to a
different natural history of disease and potential therapeutic targets.

airflow obstruction (ADO); and dyspnea, airflow obstruction,
smoking, and exacerbation (DOSE) indices.”* As depicted in
Fig 1, much less is known about the value of multiple other vari-
ables combined from different dimensions for what future inves-
tigations are needed to achieve a more holistic view of subjects
with COPD to understand relevant subtypes amenable for
different therapeutic approaches. Below is the status of the current
knowledge showing that identification of COPD subtypes is rele-
vant in this disease.

RECOGNIZING SUBPOPULATIONS WITHIN COPD:
“TAXONOMY” OF AIRWAY DISEASE PHENOTYPE

The recent recognition of the need to characterize COPD
phenotypes led to the creation of several large multicenter cohort
studies. Although each of these have unique focuses and aims,
they all share the premise that a multidimensional approach to
evaluating this disease using large multicenter cohorts will help
identify distinct phenotypes. Classification into groups of distinct
phenotypes can provide pathophysiologic insights that would
guide a more precise therapeutic approach and prognostic
relevance for clinically meaningful outcomes. Here we propose
that although some commonalities can be relevant to understand
COPD, identification of distinct subpopulations might lead to a
defined taxonomic annotation, with implications for prognosis
and treatment (Fig 2). Below are some of the most commonly
cited and known COPD phenotypes and endotypes.
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Small airway-predominant disease

As noted earlier, micro-CT studies have shown that in early
stages there is a reduction in total bronchiolar area and a reduction
in the number of small conducting airways.”” The small-airway re-
modeling observed in patients with COPD is characterized by
goblet cell hyperplasia, mucous gland enlargement, peribronchio-
lar wall infiltration with inflammatory cells, and bronchiolar
smooth muscle hypertrophy.”>*® Small-airways disease, although
characteristic of early stages of COPD, becomes more widespread
over time as the disease progresses to more severe COPD. The ther-
apeutic relevance of this phenotype can include use of therapies
that allow the small airways to be targeted pharmacologically.’’

aq1-Antitrypsin deficiency

This condition affects less than 5% of patients with COPD and
presents in younger subjects compared with the rest of the COPD
population.”® Mutation of the a;-antitrypsin gene leads to a much
higher risk of COPD in smokers and workers exposed to particu-
late matter.”” Homozygous «-antitrypsin deficiency occurs in
1% to 4.5% of patients with COPD, and the heterozygous form,
with less severe protein deficiency, occurs in 17.8% of patients
with COPD.®” «;-Antitrypsin is a proteinase inhibitor that
protects lung tissue from damage by neutrophil elastase. Thus
subjects with this condition experience an imbalance between
proteinases and antiproteinases, leading to destruction of elastin
fibers, which affects the elastic recoil of the lung and results in
parenchymal destruction. This imbalance between proteinases
and antiproteinases seems to be less evident in patients with other
forms of emphysema. The therapeutic relevance of recognizing
this phenotype is the benefit observed especially in subjects
with severe deficiency through intravenous augmentation with
pooled human o;-antitrypsin.®!

Emphysema

Emphysema occurs in a significant proportion of smokers that
might not fit the COPD spirometric criteria.”® Multiple biological
pathways have been implicated in this phenotype. Both
macrophage and neutrophil numbers are increased with release
of matrix metalloproteinases, elastases, and collagenases that
degrade the parenchymal matrix.®” In addition, parenchymal
destruction has been associated with increased apoptosis,
probably through downregulation of the vascular endothelial
growth factor pathway.**%*

Multiple different phenotypes of emphysema have been
described, including centrilobular, panlobular, and paraseptal
phenotypes. Some differences can be noted among these
phenotypes. For example, the centrilobular phenotype is
associated with greater smoking history, whereas the panlobular
phenotype is associated with reduced body mass index
independently from FEV,.%° Paraseptal emphysema seems to be
associated with fewer symptoms and less physiologic
impairment. However, it is still not clear what determines the dis-
tribution of the emphysema. Careful phenotyping of the anatomic
distribution also has important therapeutic implications. This is
shown by the survival benefit for lung volume reduction surgery
among patients with upper lobe emphysema and low exercise
capacity.®® Similarly, a significant clinical effect can be achieved
by means of regional reduction by endobronchial valves based on
identification of affected lobes without collateral ventilation.®’
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Chronic bronchitis

This phenotype is characterized by chronic cough with sputum
production. Prior data suggested this phenotype was associated
with a more rapid decrease in lung function and exacerba-
tions.®®* However, analysis of the Evaluation of COPD Longitu-
dinally to Identify Predictive Surrogate End-points (ECLIPSE)
data showed that this phenotype was not independently associated
with exacerbations in multivariate analysis.’’ The airway inflam-
mation present in patients with this phenotype is characterized by
increased neutrophil, macrophage, and cytotoxic CD8 " lympho-
cyte counts.”' Colonization with potential pathogenic microor-
ganisms leads to further neutrophilic response.”” In addition,
patients with COPD frequently have microaspiration associated
with gastroesophageal reflux caused by lack of coordination be-
tween breathing and swallowing.”” > Smoking impairs mucocili-
ary clearance and reduces the ability to clear oral microbes from
the lower airways, exacerbating inflammation.”® This leads to
chronic cough with progressive incoordination of breathing
with swallowing. Therefore it is not surprising that newer
culture-independent techniques used to characterize the lower
airway microbiota demonstrate the presence of upper airway
commensals such as Streprococcus, Prevotella, and Veillonella
species.”’

Importantly, this phenotype is associated with greater extent of
dyspnea, greater frequency of exacerbations, greater airway
obstruction, and increased airway wall thickening.7x It is also
associated with cardiovascular comorbidities and sleep apnea.”’
The clear therapeutic relevance is reflected in the phosphodies-
terase 4 inhibitor roflumilast, which appears to have the greatest
clinical benefit in patients with such a clinical phenotype.*"*!

Frequent exacerbators

Frequent exacerbators are a group of subjects with 2 or more
exacerbations per year.m82 Although recent data suggest that the
frequent exacerbator phenotype is quite infrequent in a large
cohort study, this phenotype seems to be quite stable over time
because the best predictor for exacerbations is past history of ex-
acerbations.®” Other circulating biomarkers have been examined
as part of the SPIROMICS and COPDGene cohorts to charac-
terize this phenotype, and except for high levels of decorin and
a-macroglobulin, none have proved to be robust enough to be
replicated across cohorts.®* Interestingly, gastroesophageal reflux
has been suggested by one group to be associated independently
with exacerbations, suggesting that chemical and/or microbial
challenge, as a result of microaspiration, can contribute to devel-
opment of this phenotype.’”

During the course of a COPD exacerbation, two thirds of
patients have bacteria, viruses, or both cultured from lower airway
secretions, in which aerobic bacteria are isolated in half of
patients, respiratory viruses are isolated in one third, and bacte-
rial/viral coinfection is present in one fourth.***® Haemophilus
influenzae, Streptococcus pneumoniae, and Moraxella catarrha-
lis are the bacterial pathogens most commonly isolated during
COPD exacerbations. Acquisition of a new bacterial strain
commonly precede exacerbations.*’”' Among viruses, rhino-
virus is the virus most frequently associated with exacerba-
tions,*>*>? whereas coronavirus, parainfluenza, adenovirus,
influenza virus, and human metapneumovirus are less preva-
lent.”*”* Coinfections with viruses and bacteria produce higher
bacterial burden, more sputum eosinophils, greater lung function
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TABLE I. Differences and similarities between asthma and
COPD

Eosinophilic COPD Asthma

Differences

Smoking history + -

Frequent exacerbator phenotype i =

Reversible airway obstruction - ++
Similarities

Ty2-high phenotype + ++

Eosinophilic inflammation 4 4P =r

Steroid responsiveness + ++

Anti-IL-5/anti-IGE 7 Sy

responsiveness
Neutrophilic
COPD asthma

Differences

Smoking history + —/+

Frequent exacerbator phenotype = 4

Irreversible airway obstruction +++ -
Similarities

Ty2-low phenotype +++ ++

Neutrophilic inflammation TFarar +

Steroid resistance + +

impairment, and longer hospitalization.®>** This vicious cycle
could explain the association of poor oral health, increased airway
bacterial load, COPD exacerbations, and reduced lung
function.””%”

Overall, frequent exacerbators generally experience more
severe airway obstruction, as well as other multisystem param-
eters for evaluation of disease severity (eg, the Medical Research
Council dyspnea scale and the body mass index, airflow
obstruction, dyspnea, and exercise index).'”” In addition, exacer-
bations are particularly important because they are associated
with accelerated lung function decrease and have a negative effect
on quality of life and mortality.'’" Each exacerbation has negative
short- and long-term effects on patients with COPD, including
psychological effects.'"”

The therapeutic relevance of the recognition of this phenotype
is highlighted by multiple trials showing that inhaled steroids and
phosphodiesterase 4 inhibitors provide therapeutic benefit in
patients with this phenotype.*”'"*'** In addition, macrolides,
such as erythromycin, clarithromycin, and azithromycin, are
effective at reducing exacerbations and hospitalizations.'*>'%®
Macrolides have direct anti-inflammatory effects, with data
showing that they decrease proinflammatory cytokine production,
adhesion molecule levels, and reactive oxygen species
levels. %1% However, the mechanisms for the beneficial effects
of macrolides can go beyond their direct anti-inflammatory effect
because newer data showed that they also induce changes in the
lower airway microbiota with increased production of bacterial
metabolites with anti-inflammatory properties.'""

Asthma-COPD overlap

According to both GOLD and the Global Initiative for Asthma,
asthma-COPD overlap is “characterized by persistent airflow
limitation with several features usually associated with asthma
and several features usually associated with COPD.””''? This
concept remains quite controversial.''*"''* In asthmatic patients
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TABLE Il. What still needs to be known in the study of COPD

Diagnostic
® What biomarkers identify subjects at higher risk for progression to
COPD before meeting criteria?
® What diagnostic approaches are most cost-beneficial at identifying
early COPD?
Prognosis
® What biomarkers identify patients with COPD with greater lung func-
tion decrease?
® What biomarkers identify patients with COPD with greater comorbid-
ities and mortality risk associated with nonpulmonary comorbidities?
Therapeutic
® What variables are needed to define distinct subgroups of COPD with
pathophysiologic relevance that will allow precision therapeutic
approaches?
® What subgroup of patients with COPD will have higher rates of exac-
erbations and would benefit from preventive therapy?
® What subgroup of patients with COPD would benefit the most
from therapy with PDE, inhibitors?
® What subgroup of patients with COPD would benefit the most
from antimicrobial/anti-inflammatory maintenance therapy?
® What subgroup of patients with COPD would benefit the most from
therapy with LAMAs vs ICSs?
® What subgroup of patients with COPD would benefit the most from
therapy targeting Ty2-high derangements?
® What treatable trait identifies novel therapeutic targets in patients with
COPD?

ICS, Inhaled corticosteroid; LAMA, long-acting muscarinic antagonist; PDE,,
phosphodiesterase 4.

the classical pathophysiologic derangements described are
inflammation of the large airways with a Ty2 phenotype and
eosinophilic inflammation.''® In contrast, airway inflammation
in patients with COPD occurs initially in the small airways and
is characterized by neutrophilic inflammation and inflammation
with CD8 lymphocytes.''® However, although these 2 phenotypes
seem quite distinct, there is increasing awareness of the
involvement of the small airways and non-Ty2 type of
inflammation in asthma, as well as involvement of the large
airways and eosinophils in patients with COPD. In asthmatic
patients irreversible airway obstruction with airway remodeling
occurs as disease progresses, whereas in patients with COPD,
bronchodilator response to [3,-agonist occurs in approximately
45% of patients with COPD''” and might be less common with
an emphysema-dominant phenotype.''® Genetic variation of the
B,-adrenergic receptor might explain why some patients with
COPD have better response to this type of drug.'"”

Although the relevance of identification of this phenotype is still
unclear, airway hyperresponsiveness has been associated with lung
function decrease.” Furthermore, patients with asthma-COPD
overlap have more severe disease burden when compared with
other patients with COPD.'?" The implications of this phenotype
in the current therapeutic approach likely involve better
understanding of the endotype,'”' and this is an area of active
investigation for the use of biologics (eg, anti-IgE and anti—IL-
5).122 For now, both GOLD and the Global Initiative for Asthma
recommend treatment of asthma-COPD overlap according to the
most dominant phenotype.7‘112 Table I describes some of the
differences and similarities between these subtypes of COPD and
asthma.
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Eosinophilic versus noneosinophilic phenotype

Eosinophilic airway inflammation has been described in
approximately 15% to 40% of patients with COPD.'*” In patients
with low blood eosinophil counts (<340 cells/pL), inflammation
tend to remain stable, whereas in those with high eosinophil
counts, levels tend to fluctuate over time.'** Importantly, during
exacerbations, there is an increase in eosinophil numbers in
sputum.'? The highly eosinophilic phenotype has been proposed
to be associated with the patient’s responsiveness to corticoste-
roids during both acute exacerbations and stable disease.'”*'*
In addition, a meta-analysis that included 10 large trials suggested
that use of corticosteroids in patients with low eosinophil counts
(<2%) was associated with an increased risk of pneumonia.'*
The value of blood eosinophil counts has been questioned in the
presence of significant emphysema (defined as >15% of pulmo-
nary parenchyma affected in a high-resolution CT scan).'”’
Data suggest that this phenotype is characterized by low eosino-
phil counts, with no significant association with exacerbation
phenotype. It is possible that the presence of high eosinophil
counts represents a biomarker of a distinct host endotype with
predominance of a Ty2 phenotype and thus more responsive to
corticosteroids.'*> However, eosinophil counts vary across com-
partments. For example, blood eosinophil counts do not correlate
with levels present in the airways or lung parenchyma in smokers
with and without COPD.'*

More recent data have questioned the value of using eosinophils
as a biomarker.'**'** In the Effect of Indacaterol Glycopyronium
Vs. Fluticasone Salmeterol on COPD Exacerbations (FLAME)
trial, the therapeutic response to a combination of a second-
generation long-acting (3-agonist (indacaterol) and long-acting
muscarinic agonist (glycopyrronium) was similar to that to a com-
bination of inhaled corticosteroids and long-acting 3-agonist (flu-
ticasone/salmeterol), even in the predefined group of subjects
with high blood eosinophil counts. Mepolizumab, an anti-IL-5
agent that affects proliferation, differentiation, and migration of eo-
sinophils, was evaluated recently in patients with COPD, showing
no significant differences in the annual rate of moderate or severe
exacerbations.'*° However, in a subgroup of patients with defined
blood eosinophil counts (=150 cells/mm? at screening or >300/
mm? during the previous year), a dose of 100 mg of mepolizumab
(but not 300 mg) was associated with a small but statistically sig-
nificant lower annual rate of moderate or severe exacerbations.
Whether eosinophil levels alone are sufficient as biomarkers to
identify a treatable distinct trait of COPD requires further longitu-
dinal investigation.'*’

Phenotyping beyond the lungs: Role of the
comorbidome

Patients with COPD experience a high prevalence of other
nonpulmonary conditions.'*® This is important because approxi-
mately two thirds of patients with COPD die from these other dis-
eases, and comorbidities have a significant effect on COPD. 139-141
Recent investigations using network analysis of comorbidities in
patients with COPD reveals the presence of hubs of comorbid
conditions highly associated with this disease beyond lung cancer
and cardiovascular disease, in which common pathophysiologic
pathways have been more clearly established.'*? For example,
COPD was found to be associated with behavioral risk factors
(eg, substance abuse), hepatitis, and pancreatitis. The relevance
of identifying these subpopulations of patients with COPD is
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that it might lead to therapeutic interventions targeting the non-
pulmonary comorbidity, with a significant effect on patients’
health.

WHY DO WE CARE? FUTURE IMPLICATIONS

Although here we outlined some more or less well-defined
subtypes, much is unknown about how to stratify and taxonom-
ically annotate subtypes of COPD. Table II depicts some of the
still unanswered questions that we foresee as a focus for future in-
vestigations. It is possible that COPD represents more of a syn-
drome rather than a defined disease entity, and we are at a point
of redefining what this means. By enclosing different entities un-
der the umbrella of COPD, we are committing our pathophysio-
logic investigations and therapeutic discoveries to fail because
of multiple confounders. This is now increasingly accepted in
asthmatic patients, in whom relabeling asthma and identification
of treatable traits is at the forefront of current investiga-
tions.'*'** In patients with COPD, it is clear that novel endotyp-
ing approaches combined with small-airways physiologic
evaluation and imaging are needed to define these different sub-
populations of COPD. In addition, multidimensional system-
based approaches that integrate symptoms, pulmonary function
(beyond FEV,), imaging, microbiology, and immunology
profiling should provide a holistic view of this heterogeneous
disease.

As our ability to understand how these multiple variables help
define subgroups of COPD, we will need a tailored precision
medicine approach.'*“'** These distinct clusters of COPD
phenotype will likely lead to identification of new drug targets,
as well as new end points for clinical trials.

What do we know?

e COPD is a heterogeneous disease in which we are starting
to recognize distinct phenotypes associated with different
prognosis and potential therapeutic targets.

e Different pathophysiologic derangements lead to the

physiologic abnormalities that define COPD.

What is still unknown?
e A biomarker approach that would identify subjects at
higher risk for progression

o Well-defined treatable traits for each subgroup of COPD
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