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Chronic obstructive pulmonary disease (COPD) affects close to 400 million people
worldwide. COPD is characterized by significant airflow limitation on spirometry. Most
patients with COPD are diagnosed in their fifth or sixth decades of life. However, the
disease begins much earlier. By the time airflow limitation is detected on spirometry,
patients with COPD have lost close to 50% of their small airways. Thus, identification of
patients with early COPD, defined as persons with preserved spirometry, who demon-
strate pathologic or functional hallmarks of COPD, is essential for disease modification
and ultimately disease elimination. This paper provides an up-to-date overview of the
current case definition of early COPD, its importance, the novel technologies required
for its detection in young adults and future directions in therapeutics for treatment.
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Introduction

There are currently 392 million persons around the
world who are living with chronic obstructive pulmo-
nary disease (COPD); 81% of these patients reside in
low or middle income countries (LMICs)'. In Korea,
approximately 3.8 million residents between 30 and
79 years of age have COPD, representing 11.4% of the
adult population’. Although cigarette smoking is the
leading risk factor for COPD, according to the Global
Burden of Disease (GBD) 2019, approximately 50% of
the risk is at least in part related to air pollution and oc-
cupational exposures with the attributable risk amplify-
ing in those living in LMICSs?. In life-time non-smokers,
air pollution is the leading known risk factor for COPD®.

COPD is characterized by persistent airflow limitation
that is incompletely reversible with bronchodilators®.
Although the traditional paradigm is that rapid decline
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in lung function is the main driver of airflow limitation in
COPD, recent data suggest that there are multiple dif-
ferent trajectories of lung function that lead to COPD®.
Of these, the most pernicious (and most common) is
poor lung growth and development, which can occur
anytime from in utero to young adulthood®. Currently,
aside from smoking cessation for active smokers, there
are no disease modifying therapies for COPD". One
reason for this is that COPD is typically diagnosed in
persons with a smoking history in their fifth to sixth
decades of life (or older) and by this time, their disease
is “fixed” and cannot be modified”. Thus, for disease
modification, patients must be identified earlier in their
disease course, perhaps in their third or even second
decades of life, when they have only a modest amount
of symptoms®. However, 20- or 30-year olds rarely pres-
ent to health professionals and even when they do,
spirometry is relatively too crude and insensitive to de-
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tect the significant hallmarks of COPD in young adults.
Reliable and consistent diagnosis of “early” COPD is
essential for disease modification and to enable elim-
ination of COPD in future generations”. In this review,
we will review the current case definition of early
COPD, its importance, the novel technologies required
for its detection in young adults and future directions
in therapeutics for disease modification and ultimately
disease elimination.

Methods

Using search terms “COPD,” “early,” “young,” and
“chronic obstructive pulmonary disease,” PubMed was
interrogated to February 13, 2023 to identify relevant
papers on this topic. In addition, the reference lists
of review papers and published systematic reviews
were searched for relevant articles that may have been
missed during the electronic search.

Definitions

For this review, we will use the Global initiative for
chronic Obstructive Lung Disease (GOLD)’s definition
of COPD, which is based on forced expiratory volume in
1 second/forced vital capacity (FEV,/FVC) ratio of less
than 0.70 in the presence of chronic respiratory symp-
toms such as dyspnea, cough, or sputum production®.
“Early COPD" is defined as COPD (with or without sig-
nificant airflow limitation) in adults typically less than
50 years of age, who have pathological or functional

hallmarks of COPD’. Some have used the term “young
COPD” in reference to COPD in persons less than 50
years of age and reserved the term “early COPD" to in-
dicate the biologically early timepoints in COPD patho-
genesis®. As the pathogenesis of COPD can begin at
any age, early COPD can, in theory, be diagnosed in
persons over 50 years of age. Moreover, whereas spi-
rometry is sufficient in making the diagnosis of COPD
in patients less than 50 years of age, for diagnosis of
early COPD, additional testing is frequently required.
In this paper, we will focus on early rather than young
COPD (Table 1).

Epidemiology and Pathophysiology of Early
COPD

As noted previously, COPD is defined on the basis of re-
duced lung function (i.e., airflow limitation that cannot
be fully reversed)®. Because alterations in lung function
can occur at any time from conception to death, COPD
must be viewed across the full spectrum of life. Lung
function trajectory broadly follows three phases over
time (Figure 1): (1) lung growth and development, (2)
lung maintenance, and (3) age-related lung function
loss®. The first phase, lung growth and development,
occurs from the womb to early adulthood (approxi-
mately 20 to 25 years of age). The second phase, lung
maintenance, is predominant between approximately
25 and 35 years of age and the third phase is generally
observed beyond 35 years of age®. Thus, the lung func-
tion in a given older person reflects an integrated sig-

Table 1. Definitions

Term

Definition

Airflow limitation

FEV,/FVC < LLN or 0.70 that does not fully reverse with bronchodilators
Patients with typical pulmonary symptoms of cough and/or dyspnea in the

context of significant airflow limitation that is incompletely reversed with

Persons of any age, who manifest pathological or functional hallmarks of COPD

in their lungs (e.g., emphysema) but do not yet demonstrate significant airflow

COPD

bronchodilators
Early COPD

limitation on spirometry
Pre-COPD

Persons of any age, who harbor hallmarks of COPD in their lungs (e.g.,

emphysema) but do not yet demonstrate significant airflow limitation

Smokers with preserved spirometry

Current or former smokers (>20 pack-years) without significant airflow

limitation on spirometry

Terminal bronchioles
Transitional bronchioles
Young COPD

The most distal (conducting) bronchioles that do not bear alveoli
Airways between terminal and respiratory bronchioles
COPD in persons less than 50 years of age

FEV,/FVC: forced expiratory volume in 1 second/forced vital capacity; LLN: lower limit of normal; COPD: chronic obstructive pulmo-

nary disease.
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Figure 1. Lung function trajectory of persons with and without chronic obstructive pulmonary disease (COPD). Lung
function trajectory is characterized by lung growth and development until approximately 20 to 25 years of age (phase 1);
after which lung function remains stable for approximately 10 years (phase 2) and then declines in an age-related way
(phase 3). COPD can develop from perturbations in any of these phases. A combination of lung underdevelopment (a
phase 1 abnormality) and accelerated decline in lung function (a phase 2 or 3 abnormality) results in the greatest risk for
severe COPD and young COPD. The figure is based on data from Lange et al.’
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nal from all three phases of life. A significant reduction
in lung function in adults may be the consequence of
perturbations in any of these phases of life. In high-in-
come countries, approximately two-thirds of the COPD
cases are accounted for by impaired lung growth and
development (phase 1 abnormality); and rapid decline
in lung function reflective of either phase 2 or phase 3
disturbances is responsible for the remaining one-third
of the cases (Figure 1)°.

The most important risk factors for poor lung growth
and development include prematurity, bronchopulmo-
nary dysplasia, childhood asthma, and pneumonias as
well as childhood environmental exposures to toxins
and pollutants such as second hand cigarette smoke
and air pollution particles®. This is true even in high-in-
come countries. For example, a study from the United
Kingdom showed that chronic exposure to small par-
ticulate matter (less than 10 um in mean aerodynamic
diameter) was inversely related to the lung function of
children 8 to 12 years of age; interestingly, this relation-
ship was largely explained by the presence of black
carbon particles in airway macrophages of these chil-
dren®. While the pathophysiology of pollution-related
COPD is unknown, there is growing evidence that small
particles drive a low-grade inflammatory process (me-
diated by macrophages) in the small airways leading to
bronchiolitis'°.

The most important risk factor for dysfunctional lung
maintenance (phase 2) is cigarette smoking (though
other forms of smoking such as cannabis and e-cig-
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arettes are emerging risk factors)'"'?. In LMICs, both
indoor and outdoor air pollution is the leading risk fac-
tor for COPD especially among women?®. Interestingly,
once these particles are inhaled into the airways, they
are taken up by lung macrophages and remain inside
these cells for decades'®. Particle-laden macrophages,
in turn, lose some of their phagocytic ability resulting in
impaired lung maintenance and predisposing the host
to recurrent respiratory tract infections'. For phase 3,
cigarette smoking is the leading risk factor in high-in-
come countries such as Korea, increasing the age-re-
lated decline by 100% compared with non-smokers'®.

It is now well established that a majority of small air-
ways (defined as airways less than 2 mm in diameter)
are lost by the time fixed airflow limitation is observed
on spirometry'®. In a landmark study, Koo et al.'® used
micro-computed tomography (micro-CT) to carefully
measure terminal and transitional bronchioles in lung
samples from patients with mild (GOLD 1; FEV, =80%
of predicted), moderate (GOLD 2; FEV, 50% to 79% of
predicted), and very severe COPD (GOLD 4; FEV, less
than 30% of predicted) as well as those from smokers
without COPD. They found that compared with control
smokers, GOLD 1 COPD samples contained 40% fewer
terminal bronchioles and 56% fewer transitional bron-
chioles; these numbers increased to 43% and 59%, re-
spectively, in GOLD 2 and 68% and 90%, respectively,
in GOLD 4 COPD samples. Importantly, among termi-
nal bronchioles that could be observed on micro-CTs,
41% of the airways were abnormal (either thickened or

https://e-trd.org/ 73



DD Sin

obstructed) in GOLD 1 samples, 37% were abnormal
in GOLD 2 samples, and 77% were abnormal in GOLD
4 samples. In contrast, only 12% of the terminal bron-
chioles in the smoking control samples were abnormal
by micro-CT. On parenchymal assessment, the authors
found there was a 33% loss of alveolar surface area in
GOLD 1 samples; 45% loss in GOLD 2 samples; and
79% loss in GOLD 4 samples’®. Together, these data
indicate that by the time patients are diagnosed with
even mild COPD (GOLD 1), they have lost approximate-
ly 50% of their small airways and a third of their gas-ex-
changing alveolar surface area in their lungs. As lung
regeneration is not possible at this point, it is crucial to
identify “COPD" patients before they develop airflow
limitation on spirometry and intervene at this early
stages of disease (more on this later)®. As the patho-
logic process of COPD begins in small airways (i.e.,
airways less than 2 mm in diameter)'’, the diagnostic
technologies must be able to accurately and precisely
detect abnormalities in these airways, even when large
airways are physiologically and anatomically normal.

Diagnostic Technologies and Challenges

Spirometry is the gold standard in the diagnosis of
COPD®. On spirometry, obstruction is characterized by
airflow limitation, which manifests as reduced FEV,, a
reduced FEV,/FVC ratio, a concave flow-volume loop
or all of the above (Table 2). However, as noted previ-
ously, by the time patients are diagnosed with even
mild (GOLD 1) COPD (normal FEV, but reduced FEV,/
FVC ratio), they have lost nearly half of their small
airways and a third of their gas-exchanging units in

lungs'®. This is because the most frequently used spi-
rometric values (e.g., FEV, and FVC) generally reflect
airflow in medium to large sized airways and not the
small airways, which are the sites of disease in COPD
(Table 2). In contrast, the forced mid-expiratory flow
(FEF25%-75%), also known as maximum mid-expira-
tory flow on spirometry, is thought to reflect airflow in
small to medium sized airways. One study found that
low FEF25%-75% in the presence of normal FEV, and
FVC values was associated with increased future oc-
currence of COPD, elevating incidence by 3- to 4-fold"®.
Because FEF25%-75% values are typically concordant
with FEV, and in particular FVC values, FEF25%-75%
often has to be corrected for patient's FVC. One major
diagnostic limitation of the FEF25%-75% value is its
high noise-to-signal ratio'®. Thus, FEF25%-75% is rare-
ly useful in clinical decision making or diagnosis'®. Sim-
ilar issues have also plagued FEF50%, which measures
forced expiratory flow at 50% of FVC, another parame-
ter that reflects small to medium sized airways.
Another popular method for detecting small airway
disease is impulse oscillometry, which is a variant of
forced oscillation technique that was first described
over 50 years ago”’. Unlike spirometry, which requires
patient cooperation for the FVC maneuver, impulse
oscillometry is performed while the patient is sponta-
neously breathing tidal volume. Thus, active patient
cooperation is not required. The reader is referred else-
where for a more detailed description of impulse os-
cillometry*®*'. In brief, sound waves are generated and
dispersed into the airways. Lower frequency waves are
able to penetrate deep into the lungs; whereas higher
frequency waves are filtered out in the larger airways.

Table 2. Methods to detect small and large airways abnormalities in early COPD

Technologies

Parameters that detect small airway
function/anatomy

Parameters that detect large airway
function/anatomy

FEF25%-75%, FEF50%
RV/TLC, DLCO
R5, R5-20, X5, AX

Spirometry

Body plethysmography
Impulse oscillometry
Nitrogen washout test
CT data

Hyperpolarized gas MRI
and red blood cells

FEV,, FVC, FEV,/FVC

R20

LCI, phase lll slope, CV, CC, Sacin, Scond
Air trapping, PRM, emphysema
VDP, ADP, reduced dissolution of gas in tissue VDP

Airway wall thickness

COPD: chronic obstructive pulmonary disease; FEF25%-75%: mean forced expiratory flow during the middle half of the FVC; FEF50%:
mean forced expiratory flow at 50% FVC; FEV,: forced expiratory volume in 1 second; FVC: forced vital capacity; RV/TLC: residual
volume to total lung capacity; DLCO: diffusing capacity of lung for carbon monoxide; AX: reactance area; R5: resistance at 5 Hz; R20:
resistance at 20 Hz; Sacin: acinar ventilation heterogeneity; Scond: conductive airways ventilation heterogeneity; LCI: lung clearance
index; CV: closing volume; CC: closing capacity; CT: computed tomography; PRM: parametric response mapping; MRI: magnetic reso-
nance imaging; VDP: ventilation defect percent; ADP: apparent diffusion percent.
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In general, sound frequency from 4 to 30 Hz is used to
calculate respiratory impedance (which is the ratio of
pressure changes relative to flow changes) at these
frequencies. The respiratory impedance includes two
important measures: an in-phase component (or re-
sistance) and an out-of-phase component (reactance).
The resistance reflects loss in energy of the sound
waves as they traverse the airways; whereas reactance
reflects energy storage in the lungs. In the largest study
of its kind to date, Crim et al.”* showed that patients
with COPD (n=2,054) demonstrate significantly high-
er resistance at all lower frequencies (between 5 and
20 Hz) and reduced reactance at 5 Hz compared with
non-smoking or smoking controls. On the other hand,
respiratory impedance parameters are similar between
smoking and non-smoking controls. Jetmalani et al.”®
evaluated 80 smokers with preserved spirometry and
showed that those who were wheezy had significantly
higher resistance values at lower frequencies com-
pared with smokers who were asymptomatic. A major
limitation of this and other studies was their cross-sec-
tional methodology, which reduced the strength of
causal inferences that could be made from the study
results.

One of the largest longitudinal data of impulse oscil-
lometry are found in the Assessment of Small Airways
Involvement in Asthma (ATLANTIS) Study, which eval-
uated the performance of impulse oscillometry and
other technologies in detecting small airways disease
in adults with asthma (n=773). The investigators found
that airway resistance values at lower frequencies
were four times higher in patients with asthma than in
healthy controls without asthma. Similarly, reactance at
low frequencies was three times higher in patients with
asthma than in healthy control subjects®. Importantly,
the impulse oscillometry measurements were most
predictive of small airway dysfunction in these patients
and a composite ordinal score (consisting of airway re-
sistance and reactance values at low frequencies) was
significantly associated with patients’ health status
and their future risk of exacerbations®. Together these
data from patients with asthma and COPD suggest that
small airway dysfunction can be detected by impulse
oscillometry and is predictive of poor health status and
future occurrence of exacerbations in patients with
established airways disease. However, whether these
measurements can predict which persons will go onto
develop COPD in the future is not known.

Another novel method for detecting small airways
disease is single or multiple breath nitrogen washout
test, which have been described in detail previously®®.
In brief, the basic principle of this test is to determine

Tuberc Respir Dis 2023;86:71-81
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the homogeneity (or heterogeneity) of ventilation
across the lungs by measuring the lung’s ability to re-
lease a tracer gas during expiration. In general, the lon-
ger it takes to fully washout the tracer gas, the greater
the ventilation inhomogeneity there is across the lungs,
indicating small airways disease. By calculating dif-
ferent slopes on the multiple breath washout test, the
source of the ventilation inhomogeneity can also be de-
termined: ventilation heterogeneity arising from large
conducting airways versus that arising from the small-
er, distal airways. The lung clearance index (LCI) is cur-
rently the most frequently used washout technique in
clinical practice. LCl is calculated based on the cumu-
lative expired volume of air exhaled during the washout
portion of the test, adjusted for the person’s functional
residual capacity (FRC). Thus, the readout for LCl is the
number of FRCs required to fully clear the tracer gas.

In the Study of Men Born in 1913 and 1923, Olofson
et al.”” evaluated 625 men aged 50 to 60 years in 1973
with spirometry, respiratory questionnaires and a single
breath nitrogen washout test. Ventilation inhomogene-
ity as measured by the nitrogen slope during the base-
line washout test was more strongly associated with
future occurrence of COPD (based on a physician di-
agnosis) or COPD hospitalization compared with tradi-
tional spirometric values such as baseline FEV,*’. This
also applied to the endpoints of all-cause mortality or
rate of FEV, decline over time in this cohort***, These
data have been generally replicated in other studies®>*'.
In a study of two large community cohorts, Buist et a
found that 80% to 90% of smokers with preserved spi-
rometry, who demonstrated an abnormal N2 washout
test at baseline, developed significant airflow limitation
over an approximate 10-year span, suggesting that the
washout test can be used as a “screening” method to
identify smokers at high risk of developing COPD in
the future. In aggregate, these data highlight nitrogen
washout tests as a promising technology in identifying
persons with small airway dysfunction, who are likely to
develop clinically significant COPD in the future.

Multistage cardiopulmonary exercise testing can also
reveal small airway dysfunction in persons who have
normal spirometry. In general, compared to non-smok-
ing control subjects, smokers at risk for COPD have re-
duced exercise capacity and increased total lung resis-
tance, and in particular increased inspiratory resistive
work of breathing, even when they demonstrate normal
airflows and lung volumes®.

Over the past decade, there has been a growing in-
terest in using imaging tools to identify persons with
small airways disease®. To date CT scanning has been
the best studied. Previous studies have shown that

|31
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some smokers with preserved spirometry demonstrate
emphysematous changes on CT images®**’. These
patients often also have reduced diffusion capacity of
lungs for carbon monoxide (DLCO) or transfer coeffi-
cient. In smokers with preserved spirometry, the pres-
ence of emphysema on CT scans is associated with
more rapid decline in FEV, over time and increased risk
of significant airflow limitation®’. Similarly, an elevated
residual volume to total lung capacity ratio based on
lung plethysmography or CT data and reduced total
airway count on CT are also associated with more rapid
decline in lung function and increased risk of COPD
over time*>*°. However, despite the statistical signif-
icance of these associations, their performance to
predict (or discriminate) smokers who will progress to
COPD from those who will not is relatively poor. Thus,
none of these methods are ready for clinical implemen-
tation. A more promising method is to apply machine
learning (e.g., deep learning) algorithms on clinical
CT scans (for those done for lung cancer screening)
to enhance prediction. Using deep learning methods
on CT scans, Tang et al.*’ showed that performance
of CT data (to discriminate COPD from healthy smok-
ers on these images) can be significantly improved.
In this study, the area under the curve (AUC) was ap-
proximately 0.85%". In contrast, the use of densitometry
measures to estimate the burden of emphysema on CT
scans had an AUC of approximately 0.7,

While the small airways are beyond the resolution of
most clinical CT scanners, co-registration of inspiratory
and expiratory scans on a voxel-by-voxel basis reveals
differential regions of gas emptying, which can be
quantified using novel computerized algorithms such
as parametric response mapping (PRM)*. Areas con-
taining diseased small airways, in general, demonstrate
lower and more variable gas emptying rates owing to
differential time-constants, while non-diseased areas
empty faster and in a more homogenous fashion. Thus,
in diseased lungs, PRM values are more heteroge-
neous compared with normal healthy lungs.

An emerging technology of interest is pulmonary
magnetic resonance imaging (MRI) with inhaled hy-
perpolarized xenon ('**Xe) or helium (*He). Pulmonary
MRI does not emit X-ray radiation and thus it is safe to
use repeatedly in all populations including children and
expectant mothers. With the restricted worldwide avail-
ability of helium, xenon is now the preferred inert gas
of choice for pulmonary MRI. Xenon has the added ad-
vantage that it is diffusible across tissue and soluble in
blood, enabling quantification of regional perfusion and
gas uptake. Recent studies suggest that this technol-
ogy can detect subtle but important differences in the

https://doi.org/10.4046/trd.2023.0005

small airways between healthy smokers and non-smok-
ers with the former demonstrating thicker alveolar
walls®’. Pulmonary MRI measurements may also have
predictive value in identifying smokers who are likely to
progress to COPD from those who will not*’. However,
large longitudinal studies of hyperpolarized gas MRI
are needed to better understand the role of pulmonary
MRI as a predictive tool in identifying smokers who are
at high risk of disease progression (Table 2).

Clinical Relevance of Early COPD

As noted previously, most current or former smokers
do not develop significant airflow limitation until they
are in their 50’s or 60’s of age. As such, COPD diag-
nosis in young adults based on spirometric criteria is
extremely challenging. However, despite having nor-
mal spirometric values, many smokers with preserved
spirometry are symptomatic and experience frequent
exacerbations (Figure 2). In the largest study of its kind,
Woodruff et al.*’ evaluated 849 current or former smok-
ers (with >20 pack-years of smoking history) who had
normal spirometry at baseline in the Subpopulations
and Intermediate Outcome Measures in COPD Study
(SPIROMICS). They found that approximately 50% of
the smokers in this study were symptomatic based on
the COPD Assessment Test (CAT) score of 10 or great-
er. Interestingly, the symptomatic smokers’ group (with
preserved spirometry) was more likely to be females,
current smokers, and non-whites, who had a history of
asthma or COPD compared to nonsymptomatic smok-
ers with preserved spirometry. Most importantly, over a
median follow-up of almost 3 years, the rate of exacer-
bation, defined as a respiratory event requiring the use
of antibiotics or prednisone, hospitalization or emer-
gency department visit, was 3.3 times higher in symp-
tomatic smokers than that of nonsymptomatic smokers
(0.27 events per year vs 0.08 events per year, p<0.00").
Moreover, the symptomatic smokers were able to walk,
on average, 50 m less on the 6-minute walk test than
nonsymptomatic smokers with preserved spirometry
(Figure 2).

Therapeutic Development

Patients typically present to health professionals
because of ongoing symptoms. In COPD, the most
common symptoms are exertional dyspnea, persistent
cough, and sputum production. Based on the assump-
tion that a majority of symptomatic smokers will even-
tually develop COPD**, many in clinical practice are
treating symptomatic smokers with preserved spirom-
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Figure 2. Rates of exacerbation and exercise capacity of smokers with preserved spirometry versus patients with mild to
moderate chronic obstructive pulmonary disease (COPD). Exacerbation is defined as worsening of respiratory symptoms
that leads to the prescription of antibiotics and/or prednisone; severe exacerbation is defined as worsening of respiratory
symptoms leading to emergency visit and/or hospitalization. Exacerbations and severe exacerbations are expressed as
the mean number of events per person per year. The 6-minute walk test is expressed as percent of predicted. Symptom-
atic smoker is defined by COPD Assessment Test (CAT) score of 10 or greater; Nonsymptomatic smoker is defined by

CAT score of less than 10. The data are from Woodruff et a
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etry with anti-COPD therapies such as inhaled cortico-
steroids (ICS) or long acting bronchodilators®'. A recent
randomized controlled trial of symptomatic smokers
with preserved spirometry, Redefining Therapy in Early
COPD (RETHINC), showed that a 12-week treatment
of a long acting beta-2 agonist/long acting muscarinic
antagonist (LABA/LAMA) combination did not improve
patients’ symptoms or quality of life**. The LABA/LAMA
combination improved FEV, in this population by ap-
proximately 40 mL, which is lower than approximately
200 mL improvement, which has been observed in
patients with GOLD 2 or 3 COPD*. Thus, smokers with
preserved spirometry should not be empirically treated
with long acting bronchodilators. Moreover, these data
suggest that symptoms alone are too insensitive for
use as diagnostic indicators of “early” COPD.

It should also be noted that the “placebo effect” is
very strong in symptomatic smokers with preserved
spirometry. In the RETHINC trial, for example, the av-
erage improvement in the St. George’s Respiratory
Questionnaire (SGRQ) score and the CAT score over 12
weeks was 8.9 and 4.5 points, respectively, in the pla-
cebo group®. As the minimal clinically important differ-
ence for SGRQ is 4 points and that for CAT is 2 points,
a majority of symptomatic smokers in the placebo
group felt significantly better at 3 months of follow-up
even without any treatment than they did at baseline.

Tuberc Respir Dis 2023;86:71-81

Severe exacerbation

6-minute walk

Thus, future trials evaluating new approaches or novel
therapies for symptomatic smokers with preserved spi-
rometry should carefully consider the strong “placebo”
effect in their design*. Moreover, in the RETHINC trial,
the predominant symptoms in smokers with preserved
spirometry were cough and sputum production (i.e.,
“smokers’ cough”) rather than exertional dyspnea with
70% reporting a history of chronic bronchitis (based on
the CAT)*’. This may have important implications in the
choice of therapeutics for future evaluation.

Another approach is to first identify symptomatic (cur-
rent or formers) smokers, who in addition to symptoms,
have physiological or anatomical hallmarks of COPD
such as rapid decline in FEV, (>40 mL/year), abnormal
LCI or impulse oscillometry results, pulmonary func-
tion test (PFT) evidence of gas trapping or decreased
DLCO, or CT evidence of emphysema® and then treat
these individuals with current anti-COPD therapies.
The GOLD committee has labelled these persons as
having “pre-COPD”"*. In contrast, the Lancet Commis-
sion has indicated that these individuals have “COPD"
despite the normal spirometric values”. In this paper,
we have used the term “early COPD” to denote these
individuals. Whatever the label, there is no evidence
that the current inhaled therapeutics have any value
in ameliorating symptoms in these patients. Although
there is no universal consensus on the diagnostic cri-
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teria for early COPD, one proposal based on the Lancet
Commission is shown in Figure 3.

A major challenge in developing novel therapies for
early COPD is the lack of clear understanding of its
pathogenesis. While airway inflammation is thought to
play an important role in this process®®, the exact path-
ways relevant to this condition have not been elucidat-
ed. The prototypical anti-inflammatory drug, ICS, has
been evaluated in smokers with or without COPD and
shown to improve FEV, slightly (by 50 to 100 mL) over
6 months and reduce patient symptoms such as exer-
tional dyspnea or cough*’. However, ICS does not mod-
ify the long term decline in FEV,*%. Thus, it is unknown
whether ICS will be helpful in the management of early
COPD.

While there are no specific therapies in development
for early COPD, drugs targeting specific treatable traits
of early COPD such as chronic cough are in therapeutic
trials. For example, P2X purinoceptor 3 receptor antag-
onists are in phase 3 trials for treatment of idiopathic
chronic cough®. Since cough is a very common symp-
tom in smokers with preserved spirometry, these drugs
may be effective in patients with early COPD. Other tar-

get drugs are being identified through the use of large
scale genetics studies powered on various treatable
traits. This genetics-based approach to target discov-
ery holds great promise in identifying novel therapeutic
targets for COPD and other chronic conditions™.

Conclusion

Early COPD is likely very common among current and
former smokers and is likely associated with significant
symptom burden and health care service utilization.
However, because by definition, these patients do not
demonstrate significant airflow limitation on spirom-
etry, other more sensitive technologies are required
to make this diagnosis. This includes the use of imag-
ing studies such as CT and hyperpolarized gas MRI,
and PFTs such as impulse oscillometry, LCI, and body
plethysmography and cardiopulmonary exercise tests
(Table 2). Accurate diagnosis of early COPD is essen-
tial for disease modification as by the time patients
demonstrate significant airflow limitation on spirom-
etry, approximately 50% of small airways are lost and
the remaining airways have become diseased. There is

Figure 3. Diagnostic approach to early chronic obstructive pulmonary disease (COPD). Persons with a significant risk
factor for COPD (e.g., smokers, childhood asthma, air pollution exposed, etc.) should first be tested with spirometry. If spi-
rometry is preserved, then they should be classified into “symptomatic” or “non-symptomatic” group based on a COPD
Assessment Test (CAT) score threshold of 10. For symptomatic persons, additional testing should be considered includ-
ing body plethysmography, computed tomography (CT) or magnetic resonance imaging, impulse oscillometry (I0S), and/
or lung clearance index (LCI). A significant abnormality in any of these tests likely denotes “Early” COPD. The approach
was adopted from Stolz et al.” PFT: pulmonary function test; CPET: cardiopulmonary exercise testing.
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also a pressing need to develop therapeutics that can
modify COPD at its earliest stages in order to eliminate
this disease in the future.
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