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Summary

COPD is a heterogeneous condition, the onset and trajectory of which is influenced not only by
tobacco exposure but also an individual’s genetics and the exposures they accumulate over their
life course. In such a complex chronic disease, phenotyping individuals based on similar clinical
or molecular characteristics can aid in guiding appropriate therapeutic management. Treatable
traits, characteristics for which evidence exists for a specific favorable treatment response, are
increasingly incorporated into COPD clinical guidelines. But the COPD phenotyping literature is
evolving. Innovations in lung imaging and physiologic metrics, as well as omics technologies and
biomarker science, are contributing to a better understanding of COPD heterogeneity. This
review summarizes the evolution of COPD phenotyping, the current use of phenotyping to direct
clinical care, and how innovations in clinical and molecular approaches to unraveling disease heter-
ogeneity are refining our understanding of COPD phenotypes. Key words: COPD; phenotype;
asthma-COPD. [Respir Care 2023;68(7):871-880. © 2023 Daedalus Enterprises]

Introduction

Heterogeneity in COPD clinical characteristics and pathobi-
ology plays a major role in determining COPD therapeutic
responses and outcomes. Phenotyping individuals based on
their clinical or biological similarities can thus aid in identify-
ing those most likely to benefit from specific therapeutic strat-
egies. Indeed, COPD treatment guidelines by Global Initiative
for Chronic Obstructive Lung Disease (GOLD) and others are
progressively focused on using treatable traits, a phenotyping-
based approach, to guide COPD treatment.' An increasingly
nuanced understanding of COPD heterogeneity will allow for
further refinement of these treatment strategies and aid in
identifying novel therapeutic options for patient subgroups.
This review discusses how our understanding of COPD heter-
ogeneity and phenotyping has evolved, how phenotyping is
being considered to direct clinical care, and how recent inno-
vations are refining our understanding of COPD phenotypes.

Tobacco exposure is clearly a major risk factor for COPD
development. However, recent consideration has focused on
a more comprehensive assessment of exposures incurred
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over an individual’s life course in relation to COPD devel-
opment and disease manifestations. How these accumulated
exposures interact with an individual’s genetics is known as
their exposome.*> As COPD symptoms are not typically
seen until later in life, an individual has many years to accu-
mulate exposures, increasing the complexity of their expo-
some. Noxious exposures such as tobacco smoke and air
pollutants are obviously key exposures but so are early life and
maternal risk factors (eg, premature birth, childhood asthma,
and maternal and childhood exposures), individual and social
factors (eg, infections, socioeconomic disadvantage, health
care access, and racial disparities), as well as external envi-
ronmental exposures (eg, climate). Sex appears to be a major
factor influencing an individual’s manifestation of COPD.
Women may experience greater symptoms than men and are
more likely to develop COPD in the setting of exposures
other than tobacco smoke.®® This difference in COPD etiol-
ogy is in part due to the increased exposure of women to bio-
mass fuels and poor indoor ventilation while cooking in
low- and middle-income countries.® Whereas many expo-
sures and risk factors have been identified as critical to
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COPD development, there are likely others yet to be fully
appreciated.

Clinical Phenotyping and Treatable Traits

Given the complexity of an individual’s exposome, it is
not surprising that COPD is heterogeneous. Indeed, disease
heterogeneity in COPD is not a new concept. Classically,
COPD is described as comprised of subgroups in which em-
physema, chronic bronchitis, or asthma-like features predom-
inate. This description is oversimplified as there are many
clinical, radiographic, and physiologic phenotypic features
that heterogeneously manifest in COPD as delineated in
Table 1.>° An individual may display a diverse combination
of these disease manifestations that may categorize them into
one or multiple clinical phenotypes to varied extents.

It is impractical to consider all these disease features in
clinical practice. A more pragmatic way to think about clin-
ical phenotyping is based on treatable traits, those features
for which there is evidence of a particular treatment
response.’*!° This approach is now used in guidelines,'
with the greatest evidence for dyspnea and exacerbations as
treatable traits. However, other traits are considered in this
nuanced approach. Hyperinflation in patients with dyspnea
may be a reason to consider lung volume reduction proce-
dures. Exacerbations and elevated eosinophils guide a
greater consideration of inhaled corticosteroid (ICS) use. In
those with exacerbations not fully responsive to inhaled
therapies, former smoking is a reason to consider azithro-
mycin, whereas chronic bronchitis (also referred to as
chronic mucus hypersecretion [CMH]) with severe obstruc-
tion is a reason to consider roflumilast. Overlap conditions
in which diseases such as asthma, sleep apnea, depression,
lung cancer, or pulmonary fibrosis are identified will guide
alternate treatments or referrals. Overall, phenotyping is
increasingly used to guide better treatment in individuals
with COPD.

Exacerbation history characterizes a particularly impor-
tant treatable trait. The GOLD report defines the exacerba-
tion phenotype based on 2 or more exacerbations requiring
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Table 1.
in COPD

Features Contributing to Disease Heterogeneity and Phenotyping

Clinical
Frequent exacerbations
Emphysema
Dyspnea
Frailty
Chronic bronchitis (CMH)
Dyspnea
Low BMI
Non-smoking
Concomitant comorbidities
Asthma
Bronchiectasis
Lung cancer
Obstructive sleep apnea
Pulmonary hypertension
Pulmonary fibrosis
Cardiovascular disease
Depression
Responsiveness to therapies
ICSs
Bronchodilators
Physiologic
Air-flow limitation
Rapid loss of lung function
Responsiveness to bronchodilators
Hypercapnia
Hyperinflation
Poor exercise tolerance
Low diffusing capacity
Small airway disease, measured by forced oscillometry
Radiologic
Emphysema
Large airway abnormalities
Functional small airway disease
Mucus plugging
Vascular abnormalities
Molecular
Alpha-1 antitrypsin deficiency
TERT mutations
Pathologic mucus production
Dysregulated immune responses
Type 1 responses
Type 2 responses (including increased eosinophils)
Type 17 responses (including increased neutrophils)
Microbiome abnormalities
Vascular abnormalities
Airway remodeling
Extracellular matrix remodeling
Emphysema
Abnormal repair

Adapted and updated from Friedlander et al 2007.°
CMH = chronic mucus hypersecretion

BMI = body mass index

ICS = inhaled corticosteroid

TERT = telomerase reverse transcriptase
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treatment or one requiring an emergency department visit
or hospitalization.! However, the frequent exacerbation
phenotype, defined as = 2 exacerbations per year based on
the Evaluation of COPD Longitudinally to Identify
Predictive Surrogate End-points (ECLIPSE) study,'" is not
very stable. Most individuals experience variable numbers
of exacerbations year to year.'> Additional risk factors guid-
ing whether to increase preventive treatments for exacerba-
tions include elevated eosinophils, gastroesophageal reflux
disease, and poor baseline health status.'"'*'* Although the
exacerbation-prone phenotype is relatively unstable, it is
important to identify. Exacerbations greatly increase the
risk of many poor outcomes, including cardiovascular
events, subsequent hospitalizations, and death.'!'*1¢

Asthma-COPD overlap (ACO) is also a clinically impor-
tant phenotype. Defining this entity is difficult because
these individuals have been traditionally understudied. The
subgroup has largely been excluded from studies targeting
asthma or COPD exclusively. Therapy guidelines for these
individuals have thus primarily been extrapolated from
studies from which they were excluded. Whereas a standard
definition is lacking, a description endorsed by Global
Initiative for Asthma (GINA)/GOLD considers ACO when
several features of both are identified.'” They suggest using
a checklist of asthma and COPD features to determine if
the ACO categorization applies; however, this approach
has not been validated. Regardless of the definition used,
studies have found that ACO is a common condition.'®"
Importantly, individuals with ACO have worse outcomes
than asthma or COPD alone and higher health care
costs.'®!? Thus, recognizing ACO and ensuring proper
treatment is warranted. The GINA/GOLD guidelines from
2017 suggested that ICS be considered in this ACO popula-
tion.'"” The most recent GOLD guidelines from 2022,
however, recommend that ICS only be considered in
combination with a long-acting muscarinic antagonist
(LAMA) and long-acting 8 agonist (LABA) in individu-
als with COPD.' Taken together, the guidelines support triple
therapy (ICS/LABA/LAMA) over ICS alone, LABA/LAMA,
or ICS/LABA combination therapies in this population.

Radiographic and Physiologic Features

The significance of structural and physiologic heteroge-
neity in COPD is increasingly recognized and better charac-
terized with advances in lung function testing and imaging.
Diffusing capacity of the lungs for carbon monoxide
(DLco), a measure of the ability of the lungs to transfer gas
from the air to the vascular space, has long been used to
characterize the degree of emphysema in ever smokers
with airway obstruction. Hypercapnia, as determined by
P.co,, is observed in many individuals with COPD, particu-
larly with increasing disease severity. Two of the most
common reasons for this hypercapnia are increased dead-
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space ventilation and decreased respiratory drive.”” Dead-
space ventilation increases in the setting of parenchymal tissue
destruction, along with airway and vascular abnormalities.
The respiratory drive decreases in the setting of hyperinflation,
with the inability of the respiratory muscles to increase respi-
ratory capacity when needed for exertion, compounded by a
depressed central respiratory drive, potentially a mechanism
to conserve energy in a system that is chronically stressed.

Whereas Dy o and P,co, have long provided additional
context on COPD heterogeneity and severity, the clinical
implications of other common abnormalities are being
newly reevaluated, particularly in smokers without spiro-
metrically confirmed post-bronchodilator airway obstruc-
tion. A substantial proportion of smokers with preserved
spirometry have respiratory symptoms, exacerbation-like
events, and evidence of airway disease by imaging.*!
Determining which patients may be at greatest risk for pro-
gression to COPD may be important for early COPD diag-
nosis. It appears that individuals with preserved ratio-
impaired spirometry (PRISm), defined by a proportionate
decrease in FVC and FEV1 with a normal FEV,/FVC, may
be one such at risk group.?*** Individuals with PRISm are
more likely to be symptomatic and to progress to COPD than
smokers with preserved lung function without PRISm.?%
Whereas there are no specific therapies recommended for
individuals with PRISm, they should be monitored for lung
function decline given their propensity to progress.

Newer methods may be used to identify abnormalities in
the small airways, a main site of COPD pathology, that are
difficult to detect using traditional physiologic measure-
ments. This may be particularly useful early in disease
when abnormalities accumulating in the small airways may
not yet translate into changes in FEV. A physiologic met-
ric that can more accurately assess small airway disease,
forced oscillometry, is growing in research.?”*® This tech-
nique applies an oscillating signal during tidal breathing to
measure changes in pressure and flow and compute imped-
ance. Higher oscillation frequencies reflect large airways,
and lower oscillation frequencies reflect properties of the
entire respiratory system, including the small airways. A
contemporary imaging technique, parametric response
mapping (PRM), also characterizes small airway disease
better than conventional imaging techniques. PRM employs
a voxel-based computed tomography (CT) imaging tech-
nique that co-registers inspiratory and expiratory scans to
distinguishes normal lung from emphysema and functional
small airways disease (fSAD).”” These newer techniques
are thus useful in discerning structural abnormalities that
may contribute heterogeneously to COPD phenotypes.

In addition to small airway disease, imaging techniques
can detect other structural abnormalities including emphy-
sema and abnormalities in the larger airways. Imaging-
based phenotyping incorporating these various abnormal-
ities is now being executed using clustering analyses. In a
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study of the SubPopulations and InteRmediate Outcome
Measures In COPD Study (SPIROMICS) cohort, investiga-
tors identified 4 imaging clusters.®® Cluster 1 included
younger individuals with greater body mass index and milder
disease, who had the greatest progression in small airway
disease. Cluster 2 had less emphysema and fSAD but greater
large airway narrowing. Cluster 3 had changes in emphy-
sema but not fSAD metrics over time, and Cluster 4 had the
most severe emphysema and fSAD alterations at baseline
and increases in fSAD over time. In another analysis using
data from Genetic Epidemiology of COPD (COPDGene)
and Detection of Early lung Cancer Among Military
Personnel (DECAMP), 3 imaging-based clusters were identi-
fied.*! The preserved cluster had the lowest scores for inter-
stitial and airway abnormalities. The interstitial predominant
cluster had more airway and interstitial abnormalities; the
emphysema cluster had greater emphysema but fewer airway
and interstitial abnormalities. Only the emphysema group
showed decline in lung function over time; however, both
the interstitial and emphysema groups had greater declines
in exercise capacity and more exacerbations than the pre-
served group in COPDGene. In DECAMP, genes involved
in pro-inflammatory pathways distinguished these 3 groups,
with the greatest differences between the preserved and em-
physema-predominant groups. Whereas further studies are
needed, contemporary imaging-based phenotyping studies
suggest that these techniques may eventually assist in deter-
mining individuals at risk for progressive disease.

Another imaging biomarker that has recently been used
in phenotyping detects mucus plugging. Chronic mucus
hypersecretion is an important pathologic finding in COPD,
and symptoms of CMH are an associated outcome. Another
is mucus plugging of the small airways that could lead to
air-flow limitations and if completely occluded poorly ven-
tilated and thus oxygenated lung units distal to the plug-
ging. A study in SPIROMICS found that over half of
smokers had mucus plugs on their CT scans.** Despite only
a third of individuals with high mucus plugging scores hav-
ing symptoms of CMH, plugging was associated with
worse lung function and oxygen saturation, particularly in
individuals with minimal emphysema. High mucus plug
scores were also associated with greater number of exacer-
bations and worse functional status. Thus imaging-based
mucus characterization adds to our understanding of the
contributions of mucus to COPD pathology and phenotyp-
ing, linking mucus to outcomes beyond symptoms.

Molecular Phenotyping in COPD

Molecular phenotyping or endotyping, where biologic
rather than clinical similarities is used to subgroup disease,
may best allow for a precision medicine approach to treat-
ment. A therapy with a specific biologic target can be
administered to an individual in which that biology is
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dysregulated and is thus most likely to impact clinical care.
This becomes important when the biology underlying a
specific clinical phenotype is not apparent. For example,
the pathobiology underlying the physiologic or imaging-
based characterization of small airway disease could
include extracellular matrix remodeling, mucus plugging,
and epithelial reprogramming. Thus, we cannot always
determine the pathobiology that needs to be treated based
on an individual’s clinical or imaging-based characteristics.

Disordered mucus pathology, with the downstream fea-
tures of mucus plugging or CMH, appears to be enhanced in
a subgroup of individuals with COPD. Whereas clinical and
radiographic features could be suggestive of mucus pathol-
ogy, mucus abnormalities can be studied directly by meas-
uring airway mucus concentrations as well. For instance,
Kesimer et al** found that total mucins measured in the spu-
tum were associated with worse outcomes including greater
chronic bronchitis, phlegm production, airway obstruction,
and exacerbations in COPD. They also found that Mucin
5AC (MUCSAC), generally considered a pathologic respira-
tory mucin, more reliably associated with COPD manifesta-
tions than MUCS5B, the typical secreted respiratory mucin.****
They found associations not only between MUCSAC and
chronic bronchitis symptoms, as might be expected, but also
with exacerbations, lung function, and measurements of small
airway disease. Measuring mucin concentrations may thus
provide additional information on mucin pathology beyond
identifying mucus-associated clinical or radiographic features.

Molecular phenotyping has best been studied in terms of
immune responses. These include the Type 2 (T2) response,
classically associated with an allergic response, elevated eo-
sinophils, and steroid responsiveness; the T1 response, classi-
cally considered antiviral and associated with elevated
interferons, Interleukin 2 (IL-2), and lymphotaxin alpha; and
the T17 response, classically considered a response to extrac-
ellular bacteria and associated with elevation in neutrophils
and the IL-17 family of cytokines, as well as steroid unrespon-
siveness. However, immune-based molecular phenotypes are
more complex than this, involving intricate communication
between immune and structural cells both systemically and at
the airway mucosal surface.

Blood eosinophils, as a marker of T2 inflammation, are
the best studied molecular phenotyping biomarker in
COPD. Several post hoc analyses of clinical trials found
that blood eosinophils identify individuals in whom ICS
will best aid in exacerbation prevention.>>** These data
resulted in blood eosinophils being added to the GOLD
guidelines to guide ICS use in exacerbation-prone COPD.
However, eosinophils do not correlate well with airway eo-
sinophil levels in COPD as measured by sputum eosino-
phils.*® Furthermore, trials of the anti-IL5 biologics that
target eosinophilic inflammation and reduce exacerbations
in eosinophilic asthma have not reached their primary end
points when targeting subjects with high blood eosinophils
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in COPD.*"*** Recent data also show that triple therapies
(ICS/LABA/LAMA) reduce exacerbations to a greater
extent than LABA/LAMA regardless of eosinophil count.**
Although, as a caveat, triple therapy exacerbation reduction
increases with increasing blood eosinophil levels.*
Overall, blood eosinophils may be useful in guiding ICS
use in COPD but has limitations as a biomarker.

Eosinophils are also not the only downstream effector
cells of the T2 response. There are now several places along
the T2 pathway that can be targeted therapeutically, and sub-
grouping COPD in ways to best utilize these treatments is
warranted. Thymic stromal lymphopoietin and IL-33, the
upstream alarmins that initiate the T2 inflammatory cascade
in response to a stimulus, can be targeted by biologics.
Airway remodeling, goblet cell metaplasia, and elevated im-
munoglobulin E are all downstream effects of the T2
response and may be other areas to target. Our group has
developed a gene expression marker of the T2 response in
the bronchial airways.*> This T2 signature is associated with
other markers of a T2 response, such as increased sputum eo-
sinophils and spirometric bronchodilator reversibility. In a
secondary analysis of a randomized controlled trial of ICS
versus placebo, the T2 signature was also associated with a
better response to ICS for measures of hyperinflation (re-
sidual volume/total lung capacity and inspiratory capacity)
even after adjustments for eosinophil count. Thus, meas-
ures of T2 inflammation beyond blood eosinophils may
have utility in COPD; however, further studies are needed.

IL-17-driven and neutrophilic inflammation are consid-
ered more classical COPD pathologic responses, associated
with corticosteroid unresponsiveness and emphysema,*®*
but not studied as well in relation to molecular phenotyping
as the T2 response. Our group, however, generated a T17
gene expression signature based on airway epithelial cell
culture stimulation with IL-17.%° The signature was tested in
psoriatic lesions treated with anti—IL-17 biologics in which
the signature was associated with an improved response to
these biologics. In COPD, we found that, as expected, the
T17 signature was associated with airway neutrophil and
macrophage accumulation. The signature was also associ-
ated with a lack of improvement in lung function, as meas-
ured by change in FEV,, to ICS over 30 months. This
association was evident even after adjusting for eosinophils
or the T2 gene signature, suggesting that the T17 signature
marked steroid unresponsiveness. Thus, markers of immune
responses unrelated to T2 inflammation may be relevant in
COPD.

Finally, molecular phenotypes can be considered in the
context of exacerbations and the associated altered biology.
Understanding exacerbation molecular phenotypes is even
more complex than those identified at disease stability.
Heterogeneous precipitants, including viruses, bacteria, and
allergens, should be considered as driving exacerbations in
concert with heterogeneous underlying chronic biology.
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Bacteria are cultured out in ~50% of exacerbations.’">

However, these bacteria can be present even during disease
stability, so it is difficult to know whether they are associ-
ated with true infections or colonization. Viruses may be
more important precipitants of exacerbations in COPD than
once thought, as COPD exacerbation burden decreased sub-
stantially during the COVID-19 pandemic when greater
social isolation and masking were utilized.”*>” The host
response to both microbial and non-microbial precipitants,
however, plays a critical role in exacerbation biology, driv-
ing a clinical response that does not occur in individuals
without airway disease. The host inflammatory response at
exacerbation seems to be similar to what is seen during dis-
ease stability with T1, T2, and T17/pro-inflammatory
responses predominating in subgroups.’®> These molecu-
lar phenotypes are associated with increased viruses, eosin-
ophils, and bacteria, respectively. If molecular phenotyping
during exacerbations is implemented in the future, it could
provide critical information to direct therapies and predict
outcomes. For instance, molecular phenotyping could guide
more judicious use of antibiotics and oral steroids.
Although they are the mainstays of COPD exacerbation
therapy, both antibiotics and steroids are associated with
major adverse consequences. Thus, a more discriminating
approach to their use could be beneficial.

Summary

There is a growing importance placed on differentiating
individuals based on their clinical and molecular character-
istics. Treatable traits are now emphasized in guideline-
based approaches to COPD treatment. Clinical phenotyping
is becoming increasingly refined, informed by technologi-
cal advances such as innovations in physiologic and imag-
ing-based metrics. Molecular phenotyping of stable disease
and exacerbations may allow for more accurate approaches
to target therapeutics to an individual’s underlying biology.
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lodged over time. I know Ben Smith
had a JAMA article where dysanapsis
seemed to be linked with worse out-

smokes a lot of cigarettes and has a lot
of tobacco material being delivered
into the lungs. Why is one person
going to get a particular inflammatory
response and develop a more bron-
chitic phenotype, and why does some-
body else smoking the same cigarettes
end up with emphysema? I know
there’s not a simple answer to that, but
I’'m interested in your thoughts. To
date myself a bit, I remember a joke
from back when Clinton was presi-
dent; because he didn’t inhale, he
was going to get bronchitis; and if

Christenson: I think it’s the million-
dollar question, why do people get
what they get? There are probably
many answers, and I have a fellow
studying resilience. Why do some peo-
ple never get COPD despite smoking
like chimneys, right? And they’re
totally fine. It’s a very interesting phe-
nomenon. Some of the ideas that have
come forth, that I didn’t really address
in the talk, is dysanapsis or how the
airways are formed might mean that
certain people have smaller airways
where more particulate matter can get
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comes.! That may be one of the rea-
sons, but certain people’s airways are
formed in certain ways, and it means
that some particles can be trapped
more easily. And potentially that could
even determine if you have a more
chronic bronchitis phenotype versus a
more emphysema phenotype. Perhaps
it is that you’re getting particles
trapped in different places? However,
I think that when I was talking about
that exposome model that we’re begin-
ning to really understand a lot more
that, “Hey COPD is a lot more than just
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smoking.” Granted, smoking is awful
and we want to ensure that we help our
patients stop smoking, but there are so
many exposures that are potentially
contributing to what happens to a
patient later in life. We know that
patients with asthma are more likely to
get COPD later. Do they have a differ-
ent type of inflammation than others?
You can tell that I've been thinking
about this a lot, and I don’t have a great
answer, but I can certainly wax philo-
sophical about it.

Maclntyre: It’s a fascinating ques-
tion, and I appreciate you sharing your
thoughts on it.

Haynes: I have a question about Fgyo.
Does exhaled NO help you phenotype
or decide who might respond to
corticosteroids?

Christenson: Yes, I think that’s being
asked now. I think there’s always
been the thought that smoking can
change your Fgno, and so was it ever
really as good as asthma? There are
some data coming out. Certainly the
pharma companies as they’re thinking
about biologics or inhaled steroids for
certain patients are very interested in
figuring out who’s a responder and
knowing that eosinophils are not the
end all, be all, in COPD. So people
are certainly starting to look at Fgno
as a potential biomarker of type 2
high disease. I think there’s a lot
more that people are trying to study
and understand about that biomarker,
but it’s certainly attractive, and it
might be useful.

Criner: Very good talk. I have two
questions for you. The first is, how
much of a drawback do you think it is
that we’re describing phenotypic char-
acteristics of patients with COPD
because these are mainly large observa-
tional studies that are conducted in sub-
jects that have characteristics that
predispose them to COPD with control
subjects that are very small in number.
So my question to you is how much of
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this is population variability as opposed
to characteristics of a disease?

Christenson: I will say that this is one
of the reasons I don’t use the word
endotype when talking about molecular
phenotypes, and certainly maybe we
must have that for clinical phenotypes
as well. Molecular phenotype means
there’s a subgroup with a certain type
of underlying biology, and when you
use the word endotype, it means some-
one that has underlying biology that we
know responds to a particular treat-
ment. That’s at least how it was origi-
nally formulated. We know there’s
eosinophil-high COPD, well, do we
actually? A lot of these are post hoc
analyses of randomized controlled tri-
als. But we could say that so far it does
look like eosinophil-high COPD seems
to respond better to inhaled corticoste-
roids, and it is probably an endotype.
But responding better to therapy is not
super useful, at least practically.

Criner: Right. The second question
stems from that. How much of this
phenotypic variation do you see asso-
ciated with biological pathways out-
side of the lungs that are related to
systemic differences in cardiac or
other forms of non-pulmonary disease
that we can really believe that this is a
systemic permutation that predisposes
the lungs to a systemic factor that’s
distinct from a different type of phe-
notype in COPD?

Christenson: I think that’s a very
good question. People are starting to
think about that more closely, and
maybe people have been trying to
think about it to some extent for a long
time in that people are measuring bio-
markers in the blood, and a lot of those
studies aren’t well done to look at an
actual phenotype. But I will say there
are certain characteristics that seem to
be more associated with a systemic
biomarker response. Certainly when I
look at gene expression, which is what
I do, biologically we see people who
have exacerbations seem to have more

systemic markers, whereas some of
these other clinical phenotypes aren’t
really associated with as much change.
It does seem that there are certain
phenotypes that have more systemic
inflammation, and I think the more
biomarker data we have in larger
groups of subjects the better we will
be at teasing some of those things out.
So stay tuned as we gather more data
on these patients.

Maclntyre: I would like to ask you
about one of the phenotypes that I'm
going to talk about with respiratory
failure: hypercapnia. I noticed that
didn’t make your list of characteristics.
Why are some people prone to hyper-
capnia? In these individuals, the brain
tells the respiratory muscles to cool it
in an effort to preserve muscle func-
tion. In contrast, others appear to pre-
serve P,co, with a dyspnea-driven
whip to breathe. Any thoughts as to
how the lungs and the brain are talking
to each other in this disease?

Christenson: That’s a good question
that I think is very understudied. As
far as how is that phenotype working
and who are those people and how are
they different? I’m not sure that I have
a wonderful answer for you, maybe
somebody else does, as far as why are
there certain people who do this. But
getting back to Jerry’s question as well,
we know that cardiovascular comorbid-
ities are very much linked to certain
COPD phenotypes, and it seems to be
more than just the fact that they share
certain risk factors, although that’s cer-
tainly an issue. It seems to be the same
thing here. It’s not just that they share
these risk factors and they’ll be more
likely to get sleep apnea because they
share these risk factors, it seems to be a
particular phenotype. 1 do think there
are certain people who seem to have
more systemic disease, whereas some
people are keeping it in the lungs, so to
speak, or the rest of their body seems to
be able to deal with the particulate mat-
ter better than others. To me, it’s a very
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interesting question that I’'m not sure I
have a good answer for.

Maclntyre: Let’s go back in time. You
showed the image of Frank Netter’s
original blue bloater and pink puffer. Is
it still reasonable to think that the blue
bloater has more heart disease and bron-
chitic symptoms, and the pink puffer is
more of the emphysematous type? Or is
that image way too simplified?

Christenson: 1 feel that those are
extremes of the phenotypes. Maybe
it’s not oversimplified, but those are
the extremes of the examples. But
what we can see is that there are a lot
of people who fall in between. Some
of that data that I brushed over a little
bit but is very interesting, the data on
mucus plugging and CT scans where
they’re seeing that some of the people
who have all this mucus in there are
not chronic bronchitics. It’s associated
with symptoms, but having the symp-
toms does not mean you’re going to
have the mucus plugs. They’re not
completely 1:1, but they may share
similar underlying biology, and it’s
just how they’re manifesting. Maybe
it’s because their airways are more
inflamed lower down in those small
airways, but it’s interesting again that
we’re seeing these different manifesta-
tions. The imaging, new physiology,
and molecular phenotypes add all this
complexity. So does it help us more or
does it make it more complex? Two
sides of the same coin.

Garvey: That was a great talk. I have a
question about your thoughts on modi-
fiable risk factors. You mentioned a lot
of important comorbidities, and I'm
thinking of depression specifically. As
you know, in rehab we’re required to
measure mood, typically with the
PHQ-9, and it’s stunning how many
people have findings consistent with
depression, which is often undiag-
nosed and untreated. I think we’re
missing an opportunity of managing
modifiable risk factors and smoking.

COPD PHENOTYPING

You have a lot of experience in this
area of understanding and addressing
this. Any thoughts on how we could
possibly look at doing a better job?

Christenson: Yes, I only touched on it
briefly here; but when I give more gen-
eral COPD talks, I really try to hammer
home that there are comorbidities that
are very prevalent in COPD, and I think
we need to do a better job of screening
for them. A lot of people see asthma/
COPD overlap because people com-
plain about it; it bothers them. Whereas
I think particularly in this population
they’re living with depression. If you’re
not screening for it, you’re not going to
find it, like sleep apnea, fibrosis, cardio-
vascular comorbidities. We really need
to be educating people that COPD is
more than just inhalers, and we need to
work on identifying depression and car-
diovascular disease. Also identifying
exacerbations because patients don’t
always know what they are and so
really talking to them about what does
this look like. And one of the reasons,
as we talked about with exacerbation
phenotype, they’re so strikingly horri-
ble for outcomes including quality of
life. So really trying to control their
symptoms and prevent exacerbations
may help improve their quality of life
and potentially their mental health.
Maybe that would go a long way of try-
ing to get some of that better controlled.
But treating depression and screening
for depression is important in these
patients.

Orr: Thanks, I really enjoyed that.
I’'m still trying to formulate this in
my mind, but I’m thinking about the
variability in some of these pheno-
types over time. For example, if you
look at eosinophils over time, it can
fluctuate wildly. Is that really a phe-
notype? Should we be focused on
things that are variable or that are
more stable over time when you’re
approaching these patients? It’s hard
to call it a phenotype if it’s sort of
fleeting.
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Christenson: It turns out that type 2
inflammation we basically say you
look for eosinophils in asthma patients
too, if you’ve ever had high eosino-
phils ever because they are so fleeting
that you can still treat with biologics,
and it does seem to help. How much of
that holds true for COPD? We’ll see.
But it does look like, despite the fluc-
tuations, that some of the biomarkers
in longitudinal studies the data show
that they seem to be this group of
type 2 high and neutrophil high seem
to be somewhat stable over time,
whereas the patients who get these vi-
ral exacerbations are type 1 inter-
feron-high inflammation. That seems
to be spontaneous, and it seems to fluctu-
ate a lot. I agree with you that we need
to do more as phenotyping grows in
COPD, and I think it is, hopefully, we
can really understand longitudinally
what’s important in some of these
groups. And a lot of that is influenced by
are they smoking or not, are they taking
medications like steroids or not, have
they had exacerbations recently or not. I
think some of it is that we’re still trying
to separate it out. In asthma, it’s much
better separated out; type 2 high
responds to these therapies very well,
whereas in COPD there’s a lot more
complexity. Some of that might be that
patients are aging, their immune systems
are aging, some people are smoking, and
so we don’t see the same responses in
different people, but some of that needs
to be sorted out because it is complex.

Mike Hess: Do you see a big role in
studying the microbiome of the lung
and how it interacts with other micro-
biomes in the body in determining phe-
notypes or watching them progress?

Christenson: Absolutely. It’s some-
what understudied in COPD as well,
but I think it’s so important. One of the
big issues that’s happening is getting
dysbiosis in the airways, again not
with everybody but in certain people
where potentially they get more mucus
built up and that causes the microbes
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to have a lovely new environment to
hang out in those airways and that
brings more inflammation and then the
spiral downward. So figuring out who
are those patients, are there some of
these patients who need to be treated
with antimicrobials because they get
this colonization, which isn’t really
colonization that’s causing the prob-
lem just not necessarily an acute infec-
tion? Or do we need to be treating
some of those patients with muco-
Iytics or a better mucolytic than
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what we have now, which don’t do
a great job? Or do we treat the
underlying inflammation? There are
certain folks who are doing some
great work to look at that, but as
we start to build these big data sets
like SPIROMICS, we start to have
microbial data, we have inflamma-
tory data, where we can start teasing
apart some of the overlap between
the biological entities we’re seeing.
And clinical features will also help,
so absolutely I think there’s a role

for looking at the microbiome. And
in the gut as well, there are cer-
tainly gut-lung inflammatory axes
there that are potentially disruptive.
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