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Abstract: Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality worldwide; many recent
advances have been made in many aspects of the disease. The aim of this article is to illustrate and discuss some of these advances in
the management of different types of patients. Large-scale trials have confirmed that long-acting bronchodilator therapy, particularly
using the combination of LABA/LAMA, remains the mainstay of COPD treatment, with special attention being paid to careful
selection of inhaler devices. The initial choice of pharmacological therapy is based on the GOLD ABCD grouping of patients. It is
very important to stress that there is a need to implement a management cycle because COPD is a chronic disease with varying clinical
course and a high number of potential comorbidities that may affect morbidity and mortality. Therefore, regular reevaluation of the
patient is mandatory. This allows identification of characteristics aimed at maximizing the benefits for a specific patient or a subset of
patients. Within this context, the role of the blood eosinophil count as a marker of inhaled corticosteroids response to prevent future
exacerbations in patients who, despite appropriate bronchodilator therapy, still suffer from them has been proven to be a useful simple
biomarker in medication selection. These advances support the concept of precision medicine, with the goal that patients get the right
medicine at the right time for the right reason. Finally, recent studies have shown that early life events may be of critical relevance for
the development of COPD. With this as a background, concepts to identify individuals at risk and early identification of cases have
become an important objective of current research with the hope of maximizing the effects of therapy and the possibility of impacting
disease progression.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of illness and death worldwide."** It is characterized by
persistent respiratory symptoms and airflow limitation and is associated with parenchymal destruction (emphysema), the
relative contributions of which vary from person to person.’ The present article provides relevant new evidence on the
treatment of COPD and discusses new perspectives to ensure more effective management. The data reported are based on
the Industry Evening Symposium entitled “ABCD in COPD”, which was organized by the Menarini Group and held
during the European Respiratory Society (ERS) International Congress in Madrid on 29th September 2019.

COPD is a Complex and Heterogeneous Disease

COPD is a complex and heterogeneous disease.” In this setting, “complex” means that COPD has several elements with non-
linear relationships between them (eg, FEV;, exacerbations, symptom perception, comorbidities, ...); this means that one
component cannot be predicted from another one. Alternatively, “heterogeneous” indicates that not all these elements are present
in all patients or, even in a given patient, at all time-points.* For decades, however, the prevailing paradigm of the pathogenesis of
COPD has been that, in susceptible persons, exposure to particulate matter—especially tobacco smoke—Ieads to clinical disease
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through acceleration of the age-related decline in lung function, as assessed by the forced expiratory volume in 1 second (FEV,).”
This long-shared view has been the starting point of many clinical trials evaluating therapy for COPD, whose common aim was
to reduce the rapid decline in FEV,.°'? Contrary to expectations, the decline in FEV | observed in these trials and in observational
cohorts of patients with COPD has been inconsistent and smaller than anticipated, particularly in patients with the most severe
airflow limitation.®' In spite of this relatively slow rate of FEV1 decline noticed in the majority of the recent trial, a meta-
analysis of all randomized trials comparing the active arms with placebo, showed a beneficial effect on FEV1 decline compared
to active versus the placebo arms in those trials.'® In any case, it is now well accepted that factors other than decline in lung
function should be taken into account to better treat our patients where each person may benefit from different treatments. Various
updates to the Global Strategy for the Diagnosis, Management, and Prevention of COPD (GOLD) reports have advanced in the
direction of focusing not primarily on lung function decline but patient reported parameters. The 2007 edition introduced the
concept of a stepwise increase in the drugs taken as the disease worsens, while the 2017 edition introduced the ABCD grouping
based on clinical features.'”'® The 2019 update, which was based on new evidence, proposed a more personalized approach to
the patient with COPD; this proposal was further confirmed and developed in later reports.>'**° Currently, new concepts such as
pre-COPD and early COPD are being introduced based on emerging knowledge that may change the timeline for diagnosis and
treatment of COPD.?’

Changing the Traditional Pathogenic Paradigm of COPD

According to the classic paradigm proposed by Fletcher and Peto in 1977, COPD has been traditionally understood as a self-
inflicted disease caused by tobacco smoking characterized by an accelerated decline in lung function.” This view of COPD has
changed recently thanks to new knowledge obtained in epidemiological, clinical, and imaging studies. In 2015, a study of
subjects followed over time in three different cohorts, found that close to 50% of patients diagnosed with COPD at 62 years of
age had not experienced a rapid decline in FEV,.>? The study stratified subjects at inception according to lung function (FEV,
>80% or <80% of predicted). Among 675 persons with an FEV; <80% of predicted value before 40 years of age, 26% had
COPD after 22 years of observation, whereas among 2207 persons who had a baseline FEV; >80% of predicted before 40
years of age, only 7% had COPD after 22 years of observation (P < 0.001). In addition, only 5% of patients with COPD after
the observation period were observed to have experienced a rapid decline in FEV during this period. On the contrary, 6% of
those who had COPD after 22 years, had an initially low FEV, followed by a normal decline in respiratory function during the
observation period. Both groups were diagnosed with COPD at the end of the observation period (Figure 1). These data
suggest that spirometry may be useful not only for following up Iung function but also for assessing lung function early in life
for purposes of prognosis. An initially low FEV is a marker of risk for COPD and may identify a patient subset with specific
treatment needs. Likewise, the identification of different types of lung function trajectory suggested different disease types and
different responses to treatment in subgroups of patients. Finally, patients with FEV1<80% of predicted in early adulthood (25
years of age), have a higher prevalence and earlier incidence of cardiovascular and metabolic diseases, as well as die
prematurely, indicating that spirometry in early life may not only identify individuals at risk of COPD but also at risk of
other non-communicable diseases of the elderly, with whom COPD may share genetic and environmental risk factors.**

What Has Changed in COPD in Light of Recent Evidence?

Starting in 2017 the GOLD report suggested that the initial treatment of COPD should be based on the ABCD grouping. In
2019, GOLD went one step further and created different treatment pathways that enabled treatment to be adjusted during
follow-up based on the patient’s main treatable traits (dyspnea and exacerbations). The 2020 GOLD report stressed that ABCD
grouping should just be used for initial pharmacological managements.?® After initial therapy, the treatment should be adjusted
based on the presence of symptoms or exacerbations in each individual patient.”* Moreover, a management cycle was
introduced where treatment is adjusted over time, with regular reappraisal of the patient’s traits (Figure 2). The GOLD reports
state that inhaled therapy is fundamental in all COPD patients and recognize the importance of careful inhaler selection to
improve response to treatment and outcomes.* Clinicians are advised to tailor selection of the device to the patient’s abilities
and needs, to provide exhaustive training in device technique, and to regularly reassess correct use of the inhaler. The
importance of administering more than 1 drug by the same device has also been recognized, as the use of multiple devices
requiring different skills reduces the effectiveness of therapy.*’
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Figure | Distribution of annual declines in FEVI in four lung-function trajectories, in 2864. Participants in the Framingham Offspring Cohort (FOC) and the Copenhagen
City Heart Study (CCHS). A normal FEV| was 280% of the predicted value; low FEVI <80% of the predicted value. COPD was diagnosed according to the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) grading system. The mean decline in FEVI was 24 ml per year in trajectory | (FEVI 280% at baseline and no COPD at final
examination) (A), 2 ml per year in trajectory 2 (FEV| <80% at baseline and no COPD at final examination) (B), 53 ml per year in trajectory 3 (FEVI 280% at baseline and
COPD at final examination) (C), and 27 ml per year in trajectory 4 (FEV| <80% at baseline and COPD at final examination) (D). The decline in FEV| in trajectory 3 was
considered to be rapid. From Lange P, Celli B, Agust i A, et al. Lung-Function Trajectories Leading to Chronic Obstructive Pulmonary Disease. N Engl ] Med.2015;373:111-
122. Copyright® 2015 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.??

It is also stated that the focus should not only lie on the lung but that comorbid conditions must be considered and
addressed that may induce the same symptoms (ie dyspnea, cough).’ A relationship has been found between symptoms of
COPD and disease burden in terms of quality of life, health status, daily activities, physical activity, sleep, comorbid anxiety,
and depression, as well as the risk of exacerbations and prognosis, so improvement in symptoms should be an integral part of
the overall approach to the patient.”® In addition, physical activity was found to be an excellent predictor of mortality in
persons with COPD, so an active lifestyle is recommended. All these observations stress the importance of nonpharmacolo-
gical treatment, which plays a key role in the optimal management of COPD.**’

Role of Eosinophils in COPD

Precision medicine aims to use clinical and biological information to maximize treatment benefits for a specific patient or
a subset of patients. Blood eosinophil count was introduced in the 2019 GOLD update as a predictive biomarker to
identify COPD patients in whom inhaled corticosteroids (ICSs) better prevent exacerbations (on top of long-acting
bronchodilator treatment). In several large clinical trials, a continuous relationship was found between blood eosinophil
count and the effect of ICSs; the higher the eosinophil count, the higher the probability of benefiting from ICSs regarding
exacerbation prevention. Available evidence shows that a threshold eosinophil blood count <100/uL can be used to
identify those patients who are least likely to benefit from ICS and a blood eosinophil count >300/uL can be used to
identify those who are most likely to benefit.*®
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The role of eosinophils in COPD physiopathology is not a new line of research. As early as in 2000, it was
found that nonatopic COPD patients had a higher percentage of eosinophils in induced sputum than controls.*
More recently, a study recruiting nonatopic COPD patients demonstrated that a high blood ecosinophil count
(>250/uL) was associated with the absolute sputum eosinophil count, bronchoalveolar lavage eosinophil percen-
tage, and submucosal eosinophil counts per mm?.*® The effect of steroids was related to sputum eosinophil count
by a randomized, double-blind, crossover trial including patients who had COPD treated with bronchodilators
only; the mean sputum eosinophil count fell significantly, and FEV| was significantly improved, after addition of
prednisolone (from 2.4% to 0.4%; mean difference, 6-fold [95% CI, 3.1-11.4]), but not after addition of
placebo.>! Data from controlled trials also show that blood eosinophil count can be used to predict the clinical
response to ICSs. The pooled analysis of 3 such trials of budesonide-formoterol in patients with COPD and
a history of exacerbations and available blood eosinophil counts demonstrated interactions between eosinophil
count and the effects of budesonide-formoterol over formoterol. Eosinophil count was an independent predictor of
response to budesonide-formoterol in reducing exacerbations (eosinophil count, Pineraction= 0.013).% Interestingly,
cohort studies have failed to define a single threshold for the blood eosinophil count with regard to exacerbation
prediction.**** The difference seen between therapeutic trials and observational cohorts may relate to the fact that
the exacerbation signal may be diluted in observational cohorts, where many patients do not exacerbate, an
identification characteristic that is used as an inclusion criterion in most trials of therapies aiming to decrease the
incidence of that outcome. The main use of blood eosinophil counts in clinical practice is as a biomarker to
predict ICS effects in patients with a history of exacerbations. In clinical practice, it is important to remember that
blood eosinophil counts tend to remain stable over time in many patients, with variations that are insufficient to

impact the probability of responding to ICSs.>”
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Contribution of Large-Scale Randomized Clinical Trials to Treatment of
COPD

Data from recent large-scale randomized clinical trials (RCTs) on triple combination therapy (long-acting B-adrenergic
agonist/long-acting muscarinic antagonist/inhaled corticosteroid [LABA-LAMA-ICS]) for COPD have improved our
understanding of the correct use of available drugs, added value of ICSs, and eosinophil count as a potential
biomarker.

The TRIBUTE study on 1532 patients with symptomatic COPD, severe or very severe airflow limitation, and
a history of exacerbation despite maintenance therapy found that moderate-to-severe exacerbation rates were lower in
the group receiving triple therapy with ICS (combination of beclomethasone dipropionate, formoterol fumarate, and
glycopyrronium) and higher for the group receiving a dual bronchodilator (combination of indacaterol plus glycopyrro-
nium) for 52 weeks. The rate ratio in favor of triple therapy was 0.848 (95% CI, 0.723-0.995, P = 0.043).%¢ It is
noteworthy that patients recruited in TRIBUTE were not at a high risk of exacerbations, as about 80% of them had
experienced only 1 episode before recruitment and previous triple therapy was not allowed.

The IMPACT study enrolled COPD patients with a higher risk of exacerbations.’” Patients receiving triple therapy
with ICS, LAMA, and LABA (fluticasone furoate, umeclidinium, and vilanterol, respectively) had less frequently
experienced moderate-to-severe exacerbations than those treated with LAMA and LABA (umeclidinium-vilanterol),
with a 25% increased benefit (rate ratio with triple therapy, 0.75 [95% CI, 0.70-0.81]; 25% difference; P < 0.001).*®
Similar findings were recently reported in the ETHOS trial using triple therapy combining formoterol, glycopyrrolate and
budesonide used twice daily versus LABA/ICS and LABA/LAMA.*® The results of both studies provide support to the
concept that in patients with frequent or severe exacerbations, triple therapy is effective.?

In contrast to the results of triple-therapy studies, the FLAME study showed that dual therapy with LABA/LAMA
combination indacaterol-glycopyrronium was superior to a LABA/ICS combination (salmeterol-fluticasone) in reducing
the annual rate of all COPD exacerbations; the rate was 11% lower in the indacaterol-glycopyrronium group than in the
salmeterol-fluticasone group (3.59 vs 4.03; rate ratio, 0.89 [95% CI, 0.83 to 0.96]; P = 0.003).*’ It is noteworthy that this
population had a lower risk of exacerbation compared to participants in the IMPACT study.>’

Taken together, data from these different studies suggest that dual-bronchodilator therapy (LABA-LAMA) is a good
option for patients with a low risk of exacerbations, while patients with severe COPD and a history of moderate and/or
severe exacerbations benefit from the addition of an ICS. In conclusion, both the risk of exacerbation and the blood
eosinophil count should be taken into consideration when deciding whether ICSs are to be used. A high potential for
increased benefit from ICSs is linked to a history of exacerbations, while a higher eosinophil count suggests a higher
probability of response to ICSs.

Among the 3 classes of drugs generally used to treat COPD, LABAs are still the mainstay, although the results of the
DYNAGITO study, which compared the LABA/LAMA combination tiotropium/olodaterol with the LAMA tiotropium only,
showed that the combination studied did not reduce the exacerbation rate as much as expected compared with the LAMA in
monotherapy.*!

The results of the AMPLIFY study showed the LAMA/LABA combination to be highly effective in the management of
COPD.* This trial, which randomized over 1500 patients with moderate to very severe symptomatic COPD, assessed the
efficacy and safety of therapy with the fixed combination of 2 bronchodilators, aclidinium bromide/formoterol fumarate
(a LABA/LAMA combination), twice a day compared with single components or tiotropium alone. After 24 weeks of treatment,
the aclidinium bromide/formoterol fumarate combination improved lung function compared with the other treatments assessed.
The area under the curve (AUC, 3/ 1,) for the FEV, after dosing was significantly improved with respect to all comparators
(p < 0.0001). Trough FEV; was significantly better than with formoterol (p < 0.001). Remarkably, a significant decrease was
observed in the overall early morning symptoms compared with the LAMA tiotropium alone (p < 0.05, Figure 3). At week 24,
aclidinium bromide/formoterol fumarate significantly decreased the use of rescue medication vs tiotropium (- 0.39 puffs/day, p <
0.05). The benefits of the combination were observed in the first few hours after administration, in the post-dose period, at
nighttime, and early in the morning. Finally, the data suggested that some patients may benefit from twice-daily administration of
bronchodilators.**
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Figure 3 Change from baseline in early-morning symptoms after 24 weeks of treatment with the fixed combination of aclidinium bromide/fumarate formoterol, its individual
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Notes: Reproduced with permission from Sethi S, Kerwin E, Watz H, et al. AMPLIFY: a randomized, Phase Il study evaluating the efficacy and safety of aclidinium/formoterol
vs monocomponents and tiotropium in patients with moderate-to-very severe symptomatic COPD. Int | Chron Obstruct Pulmon Dis. 2019;14:667-682. Copyright 2019, Dove
Medical Press.*?

The prolonged use of aclidinium in patients with COPD has been shown not only to reduce the incidence of
exacerbation but has also proven to be well tolerated in relation to cardiovascular events.*> The ASCENT-COPD trial
added data to the long-standing controversy over the safety of LAMAs in COPD.*® Indeed, 3630 patients with moderate
to very severe COPD and either a history of cardiovascular disease or at least 2 atherothrombotic risk factors were
randomized to receive aclidinium or placebo via a dry-powder inhaler twice daily for up to 3 years. A major adverse
cardiovascular event occurred in 69 patients taking aclidinium (3.9%) and in 76 patients taking placebo (4.2%) (hazard
ratio [HR], 0.89 [1-sided 97.5% CI, 0-1.23]). The annual moderate-to-severe exacerbation rates were reduced in the
aclidinium group compared with the placebo group (aclidinium, 0.44; placebo, 0.57; rate ratio, 0.78 [2-sided 95% CI,
0.68-0.89]; P < 0.001).*

Future Perspectives
More than three quarters of COPD patients in the community remain undiagnosed, hence untreated. Thus, identification
of COPD patients is an important public health objective. Current research is studying “early COPD”, this is COPD in
young individuals because studies have shown that younger patients with COPD may be as severely affected as the older
ones including an increased risk of death.*** These findings point to a need to detect patients in the early phase of the
disease so their outcomes can be improved. In contrast, it is currently not recommended to screen for airflow limitation in
asymptomatic individuals.*> Some subjects with COPD can be asymptomatic even though significant airflow limitation
might already be present.*® Individuals with undiagnosed COPD were found to have fewer symptoms and less
impairment than those with diagnosed COPD, but they still represent a considerable burden to the health care system
and had an increased risk of early death.*’*®

A population-based prospective cohort study of 95,288 participants in Denmark investigated the prognosis of sympto-
matic and asymptomatic individuals with undiagnosed COPD in the general population.*> Compared with those who did not
have COPD, individuals with undiagnosed, symptomatic COPD had a greater risk of exacerbations (HR, 15.5 [11.0-21.8]),
pneumonia (2.8 [2.4-3.3], and death (HR 4.3 [2.8-6.7]). Individuals with undiagnosed, asymptomatic COPD had an
increased risk of exacerbations (HR 5.0 [95% CI 2.8-8.9]) and pneumonia (HR 1.7 [1.3-2.2]). These observations suggest
that early diagnosis of COPD, even in the absence of symptoms, can detect individuals at high risk.**
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As mentioned above, mortality is increased in people with reduced lung function early in life. Consequently,
spirometry may not only prove to be diagnostic but also to be a marker of risk.”> An analysis from the Framingham
Offspring Cohort found that the characteristics of persons with FEV; <80% of predicted at the age of 2540 years were
as follows: higher prevalence of respiratory, cardiovascular, and metabolic abnormalities in early adulthood; higher and
earlier (about a decade) incidence of comorbidities during follow-up (39 years vs 47 years, P < 0.0001); and higher all-
cause mortality than individuals with normal lung function in early adulthood (HR 2.3 [95% CI 1.4-3.7], P = 0.001),
which was independent of, but additive with, cumulative smoking exposure.?

Currently, diagnosis of COPD is based on demonstration of a not fully reversible airflow limitation by spirometry. In
order to increase the pre-test probability of airflow limitation, simple diagnostic tools may be helpful. The recently
developed 5-item questionnaire CAPTURE (COPD Assessment in Primary Care to Identify Undiagnosed Respiratory
Disease and Exacerbation Risk) was validated to assess exposure, breathing problems, tiring easily, and acute respiratory
illnesses. This method has a sensitivity of 95.7% and specificity of 44.4% for differentiating cases from controls and
a sensitivity of 95.7% and a specificity of 67.8% for differentiating cases from non-COPD controls. Sensitivity and
specificity can be increased by adding an assessment of peak expiratory flow.*’

If COPD is to be diagnosed early in life, a uniformly accepted definition of early COPD is mandatory. In addition, risk
factors should be established in order to identify specific subgroups. Current research on lung function trajectories seems
likely to provide information about future diseases.’®>' CADSET is a Clinical Research Collaboration launched by the
European Respiratory Society with the objective of creating a consortium of investigators with access to population cohorts,
birth cohorts, and cohorts of patients with chronic airway disease in order to work together to better understand how lung
function trajectories influence the clinical presentation of chronic disease in general and COPD in particular.”’

The Concept of Pre COPD

The idea that COPD may have a pre-obstructive phase is suggested by several studies of subjects who do not have airflow
limitation on spirometry at baseline but are followed over time. A population study in the USA showed that an emphysema-
like image on chest computerized scan was associated with an increased incidence of COPD in 5 years, both in smokers and
in nonsmokers (for post-bronchodilator airflow limitation, HR, 4.38 [95% CI, 1.63—11.74; P=0.003]).>* The same is true of
the presence of chronic mucous secretion, which is associated with the development and progression of COPD in a large
cohort followed in the United Kingdom.>* Findings from the Lovelace Smokers Cohort showed that current and ex-smokers
with normal baseline spirometry but who over 18 months of follow-up demonstrated >40 ml/year drop in FEV1 were 36
times more likely to develop GOLD spirometric stage II obstruction than those subjects with no lung function decline.>*
Thus, rapid lung function decline in normal subjects can be a marker of risk of COPD development.

The identification of markers for future development of COPD could herald a new concept, namely, Pre-COPD,
which is similar to the concepts of prediabetes and prehypertension and may help clinicians to understand and interpret
current evidence.>*'> Identification of at-risk persons, screening for early diagnosis, and early correction of risk are key
areas in clinical research on COPD. Parenthetically, the concept of Pre-COPD (which can occur at any age) differs from
“Early” COPD, which refers to the biological initiation of the process and is extremely difficult to identify in any
particular patient. In turn, “Early” COPD is frequently confused with the concept of “Mild” COPD, which refers to the
severity of the disease, usually graded by the degree of airflow limitation.

Conclusions

The 2019 update of the GOLD report introduced a series of novelties that were subsequently expanded in the 2020 and
2021 updates (eg, differentiation between initial and maintenance treatment). While the previous report is based on the
ABCD grouping of patients, further treatment should be based on the prevailing treatable traits of the specific patient; in
addition, regular reappraisal of the patient will maximize the effectiveness of therapy and limit the impact of adverse
events.”° Based on recent large-scale trials, LABA/LAMA bronchodilator therapy is a mainstay of COPD treatment,
and special attention should be paid to careful selection of inhaler devices. Patients with severe COPD and a history of
multiple exacerbations despite appropriate long-acting bronchodilator treatment will benefit from the addition of an ICS,
and blood eosinophil counts can be used to guide ICS treatment.’
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Early diagnosis and treatment of COPD seems to be of paramount importance, and efforts are being devoted to the
diagnosis of pre-COPD and COPD in young individuals. Consequently, we can no longer rely on the traditional
paradigm of COPD as a disease diagnosed based on a decline in lung function and always after 60 years of age.
Identification of risk factors would provide targets for preventive treatments, which may eventually pave the way for
the eradication of COPD.”’
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