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Eosinophils in COPD—Current Concepts and

Clinical Implications

Katarzyna Mycroft, MD, Rafal Krenke, MD, PhD, and Katarzyna Goérska, MD, PhD

In recent years, heterogeneity in chronic obstructive pulmonary
disease (COPD) inflammatory patterns has been recognized as a
basis for more precise treatment interventions because current
therapies have limited effectiveness. Eosinophilic airway
inflammation in COPD has become a subject of research interest
as a potential treatment target for inhaled corticosteroid therapy.
However, the role of eosinophils in COPD is still unclear, and it
is unknown why only some patients with COPD develop
eosinophilic airway inflammation. Induced sputum analysis is
the most common method of assessing the type of airway
inflammation. Accessibility to sputum induction, however, is
limited in clinical practice, and blood eosinophils have been
proposed to serve as a surrogate marker and treatment guide.
Blood eosinophil count has been shown to poorly predict
sputum eosinophilia, and, moreover, it seems to be fairly
unstable and affected by various factors. Nevertheless, in several
trials, blood eosinophil count appeared to predict good response
to inhaled corticosteroids However, biologics targeting
eosinophils do not appear to be effective in COPD. In this
review, we briefly summarize the current knowledge on
eosinophils in COPD pathogenesis. Then, we discuss the use of
blood eosinophil count in COPD in relation to the recent Global
Initiative for Chronic Obstructive Pulmonary Disease
recommendations, their ability to predict sputum eosinophilia,
and their potential role in guiding treatment. © 2020
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INTRODUCTION

Heterogeneity in inflammatory patterns in chronic obstructive
pulmonary disease (COPD) has recently gained considerable
attention.’ The growing interest in identifying the inflammatory
patterns is closely related to the concept of treatable traits, that is,
the features of the disease that could be a target of a tailored
therapeutic intervention.” These targets can be similar in
different diseases and their identification would allow specific
treatment to those patients for whom it would be most beneficial
and to avoid it in cases where the benefits would be insignificant
and/or the risk of side effects high.

Eosinophilic airway inflammation, a typical feature of asthma, has
also been proposed as a treatable trait in some patients with COPD.
This inflammatory pattern can be found in patients with COPD
either as a result of a coexisting asthma (asthma-COPD overlap) or
poorly understood mechanisms that may lead to airway eosinophilia
in patients with COPD without any features of asthma. Depending
on the diagnostic criteria, asthma-COPD overlap is present in 3.8%
(Spanish criteria) to 18.4% (clinician’s diagnosis) of patients with
obstructive lung diseases (both COPD and asthma),” whereas
eosinogbilic COPD constitutes 32% to 40% of the COPD popu-
lation.™ Over the past decade, a number of studies have investigated
eosinophilic airway inflammation in COPD as a promising target for
inhaled corticosteroid (ICS) therapy. It has been documented that in
patients with COPD, ICS titration to normalize sputum eosinophil
count resulted in a reduction of a severe exacerbation rate.” How-
ever, sputum analysis is not widely available and requires specific
technical expertise. Therefore, blood eosinophil count has been
extensively evaluated as a surrogate marker of eosinophilic airway
inflammation because it is easily accessible. This review presents
current concepts on eosinophilic COPD and the potential of blood
eosinophils to serve as a biomarker and predictor of a favorable
response to therapeutic intervention.

EOSINOPHILIC AIRWAY INFLAMMATION IN COPD
Eosinophil correlations between different respiratory
samples

Airway inflammation can be defined on the basis of evaluation of
various airway samples, for example, induced sputum (IS), bronchial
mucosa biopsy, or bronchoalveolar lavage fluid (BALF).”'” The
eosinophil count and percentage vary among different respiratory
compartments,“ and therefore, different thresholds for elevated
sputum levels have been established for each type of sample. Sputum
eosinophilia is usually defined as 3% or more eosinophils of all
nonepithelial sputum cells,'” whereas the increased eosinophil per-
centage in the BALF is defined as more than 1%."”

The relationship between eosinophil counts in different com-
partments is poor. A study by Hartjes et al demonstrated a weak
correlation between the eosinophil counts in the IS and bronchial
biopsy."* This correlation could be related to the fact that IS and
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Abbreviations used

BALF- Bronchoalveolar lavage fluid

COPD- Chronic obstructive pulmonary disease

GOLD- Global Initiative for Chronic Obstructive Pulmonary

Disease
ICS- Inhaled corticosteroid
IS- Induced sputum

LABA- Long-acting (3;-agonist

LAMA- long-acting muscarinic antagonist
MMP-12- Matrix-metalloproteinase-12

SGRQ- St George’s Respiratory Questionnaire

bronchial biopsy represent adjacent compartments. In turn, the
eosinophil counts in BALF and bronchial biopsies do not seem
to correlate.'®'"'* Because the acquisition of IS, BALF, and
bronchial biopsy requires expertise and is contraindicated in
patients with a severe or unstable disease, peripheral blood
sampling and assessment of blood eosinophil counts became a
subject of considerable interest.

Phenotypes of pulmonary eosinophils

Heterogeneity of eosinophils in humans has been described as
carly as in the 1980s.">'® Two types of eosinophils were re-
ported: normodense and hypodense. Hypodense eosinophils
were found in increased numbers in blood in hypereosinophilic
diseases. It was hypothesized that they derived from immature
cells released from the bone marrow, presented a greater cyto-
toxic activity, and were metabolically more active compared with
normodense eosinophils. However, the role of these 2 eosinophil
types in eosinophilic COPD has not yet been established.””'°
More recently, Mesnil et al'” in a murine model of allergic
inflammation characterized 2 distinct types of eosinophils in the
lungs. Eosinophils located in the lung parenchyma, referred to as
residual eosinophils, had a ring-shaped nucleus, were indepen-
dent from IL-5, and manifested L-selectin expression. It has been
suggested that residual eosinophils could be involved in main-
taining immune homeostasis in the lungs by hindering Ty2-
related responses. In contrast, eosinophils found in the peri-
bronchial area and in BALF (inflammatory eosinophils) had a
segmented nucleus, were IL-5—dependent and L-selectin nega-
tive, and had a high surface expression of CD101. It is possible
that inflammatory eosinophils observed by Mesnil et al and
activated hypodense ecosinophils could represent the same
eosinophil phenotype that is involved in inflammatory response.
Mesnil et al also described differences in the eosinophil charac-
teristics between residual eosinophils in lung parenchyma from
those without asthma and inflammatory eosinophils found in the
sputum of patients with asthma. The differences were similar to
those found in the murine model.!” However, it must be spec-
ified that the human material used to assess the eosinophils in the
lung parenchyma was taken from the healthy margins of lung
carcinoma of those without asthma'” and, therefore, does not
fully represent the molecular environment in healthy lungs.

Biological mechanisms involved

airway inflammation in COPD
Eosinophilic airway inflammation is less common and less

pronounced in patients with COPD than in patients with

in eosinophilic
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asthma,®”'® and its mechanism is still not well understood. It
was reported that impaired function of macrophages to clear
apoptotic eosinophils in COPD led to the release of intracel-
lular proinflammatory cytokines and was associated with an
increased severity and frequency of exacerbations.'” Thymic
stromal lymphopoietin and IL-33, secreted by epithelial cells,
are involved in recruitment and activation of T2 and type 2
innate lymphoid cells (Figure 1).>? It was demonstrated that
both patients with COPD and patients with asthma have an
increased expression of IL-33 in bronchial mucosa compared
with control subjects.18 Moreover, higher IL-33 concentrations
in sputum or blood were found in patients with COPD with
sputum eosinophilia.”” Tg2 cells, together with type 2 innate
lymphoid cells, produce numerous T2 cytokines, particularly
IL-4, IL-5, and IL-13. IL-5 stimulates recruitment and
activation of eosinophils and leads to tissue eosinophilia. In
a murine model, IL-33 was shown to induce IL-13
expression in airway cosinophils.”* In turn, eosinophil-derived
IL-13 was found to stimulate alveolar macrophages to pro-
duce matrix-metalloproteinase-12  (MMP-12).”””°  Matrix-
metalloproteinases are proteases that cause destruction of the
alveolar septa and in consequence lead to emphysema.”” A
higher level of sputum MMP-12 was found in patients with
eosinophilic COPD with coexisting emphysema compared with
patients with noneosinophilic COPD without emphysema.”’
Taking into account the fact that both patients with COPD
and patients with asthma have increased sputum MMP-12
levels and that the relationship between sputum MMP-12
level and the extent of emphysema was found only in patients
with COPD,” it is likely that MMP-12 could act differently in
both diseases.

Clinical characteristics of patients with COPD with
eosinophilic airway inflammation

There are limited data on the potential differences in
clinical characteristics of patients with COPD with eosino-
philic and neutrophilic airway inflammation. Studies that
characterized patients with high and low sputum eosinophil
counts yielded conflicting results. Some authors reported
higher postbronchodilator FEV; in noneosinophilic patients
compared with patients with higher sputum eosinophils.”**
In contrast, in other studies there were no differences in the
severity of airway obstruction between eosinophilic and non-
cosinophilic patients.””” However, Chou et al”’ found
significantly higher sputum eosinophil percentages in patients
with very positive bronchodilator reversibility (defined as
FEV, increase >15% and >400 mL) (median, 6.11%) than
in patients without very positive bronchodilator reversibility
(median, 1.02%).”° In contrast, differences in sputum
eosinophil levels in relation to the presence of positive bron-
chodilator reversibility (FEV; increase >12% and >200 mL)
were not found.?””" In a different study, in both patients with
COPD and patients with asthma, the postbronchodilator
change was lower with the increasing sputum eosinophil
count.”’ In contrast to asthma,’” the relationship between
bronchial hyperresponsiveness and eosinophils in COPD is
still equivocal.”’”> However, a comprehensive discussion of
this topic is beyond the scope of this review.
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FIGURE 1. Eosinophil life cycle in the bone marrow, blood, airways, and lungs. Eosinophil maturation in the bone marrow is mediated by
IL-3, IL-5, and GM-CSF. Then, mature eosinophils enter the blood circulation on the way to tissues. There is a significant difference
between the duration of eosinophil stay in the circulation, which lasts between 8 and 18 hours, and their survival time in tissues, which
may be up to several days.?° Survival of eosinophils in the tissues can be enhanced by various cytokines (eg, IL-3 and IL-5), and this effect
is mediated by NF-kB—induced upregulation of Bel-xL.?" It is worth noting that the number of eosinophils in the tissues is about 100-fold
greater than in the blood, and blood circulation serves merely as a track from the bone marrow to the tissues.’® Therefore, it is rather
questionable whether blood eosinophil counts have the power to predict airway eosinophil levels. /LC2, Type 2 innate lymphoid cell;
MMPs, matrix-metalloproteinases; 7SLF, thymic stromal lymphopoietin.

PERIPHERAL BLOOD EOSINOPHILS IN COPD
Current Global Initiative for Chronic Obstructive
Pulmonary Disease recommendations on the role
of blood eosinophils in the treatment of COPD

The latest Global Inidative for Chronic Obstructive Pulmo-
nary Disease (GOLD) 2020 report recommends using blood
eosinophil counts to guide treatment in patients with COPD, for
both new diagnoses classified as GOLD D and for those who
exacerbate despite bronchodilatation (Figure 2).>% It has been
proposed that in patients with COPD GOLD D starting ther-
apy, a cutoff of greater than or equal to 300 cells/pUL should
identify those who may benefit from ICS/long-acting B,-agonist
(LABA) combination. In patients in whom treatment with
bronchodilators is not adequate to prevent exacerbations, an add-
on of ICSs should be considered depending on the number of
exacerbations and the eosinophil count. Among patients with
only 1 exacerbation per year, those with eosinophils greater than
or equal to 300 cells/IL have the greatest likelihood to benefit
from a treatment regimen that includes ICSs. In turn, when
there are at least 2 moderate or 1 severe exacerbations per year
observed, a cutoff of greater than or equal to 100 cells/LL may
indicate a benefit from ICS treatment. A cutoff of less than 100
cells/LL however could select patients who are less likely to
benefit from ICSs and therefore should have their treatment
modified, for example, by considering roflumilast or azi-
thromycin as an add-on therapy. Importantly, the cutoff of 100
cells/pL lies within the normal range for both general COPD
population”?>*® and frequent exacerbators.”” That means that
according to GOLD 2020 recommendations, ICS treatment
should be considered for most patients with exacerbations. In
turn, this could lead to prescription of ICSs for patients who

might not profit from this treatment. The prevalence of frequent
exacerbations in patients with blood eosinophil count greater
than or equal to 100 cells/{AL is unknown, but it is estimated that
approximately 10% of patients with COPD with eosinophilia
greater than or equal to 300 cells/pL have at least 2

.3
exacerbations.””

Prevalence and stability of elevated blood eosinophil
count in COPD

The prevalence of high peripheral eosinophil levels in patients
with COPD varies across the studies because of, for example,
different thresholds (Table I) or different inclusion criteria.
Importantly, peripheral eosinophilia could be present in other
nonpulmonary disorders, for instance, in helminth infections and
in various allergic diseases.”” It seems however that peripheral
eosinophilia in COPD has a similar prevalence to that in the
general population. For comparison, 24% and 65.5% of subjects
older than 40 years with normal lung function had eosinophil
levels greater than or equal to 300 cells/pL and greater than 2%,
respectively.” These data may suggest that there is no increased
eosinophil recruitment to the blood circulation in COPD.

If blood eosinophil counts are to be used as a guide for ICS
therapy in COPD, the stability of blood eosinophil counts seems
to be an important issue. It has been shown that blood eosinophil
counts in asthma are variable over time.*” In COPD, unstable
eosinophilia was reported in as many as 40.5% (threshold >300
cells/ LLL)/|8 to 49% (threshold >2%)" of patients. Conse-
quently, a smaller proportion of patients remains with persis-
tently elevated or lower eosinophil counts. Over a 4-year
observation, 19% of patients with COPD with eosinophils less
than or equal to 2% and only 4% of patients with eosinophils
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FIGURE 2. Current COPD GOLD recommendations on the blood eosinophil count assessment to guide treatment with ICSs.

TABLE I. Prevalence of high blood eosinophil counts for different
thresholds in patients with COPD

Threshold for high blood eosinophil count

150 cells/pL 300 cells/pL 2% 3%
Prevalence 50%°% 22%" 329+ 37%"

57%° 249%* 57%* 45%"
61%4() 61%4(),44
67%"! 66%"!

68%"

74%"

75%*

*Persistent eosinophilia after prednisone.

greater than 2% stayed in their respective groups.”’ The stability
of blood eosinophil levels in subsequent measurements appears
to be better in patients with COPD with lower than with higher
cosinophil counts*®”'? and it was shown to be affected by
systemic corticosteroids and antibiotics, older age, and male sex

but the impact of ICS use or smoking status was negli-
p g g

.11 40,41,52-54

gible.

Can blood eosinophils predict sputum eosinophilia?

Blood eosinophil counts have been extensively investigated as
a surrogate marker for eosinophilic airway inflammation. A
positive correlation between sputum and peripheral eosinophils
in asthma has been documented in several studies.”>**>>> In
COPD, however, the existing data on that correlation are
equivocal. This might be partly explained by technical issues, for
example, differences in sputum acquisition and analysis in
multicenter studies or different inclusion criteria. Positive find-
ings have been shown in several studies.®*® However, it must be
noted that they included patients with coexisting asthma®*® or
patients classified as GOLD 0, that is, patients having respiratory

symptoms but normal spirometry.”® In studies that included
patients with pure COPD, the presence and strength of corre-
lation seem additionally dependent on the severity of the disease.
In stable mild to moderate COPD, no such correlation was
observed.””” Moreover, although in moderate to severe disease a
weak correlation was found, peripheral eosinophils could not
predict sputum eosinophilia.' > In contrast, during COPD
exacerbations stronger correlations between sputum and blood
eosinophil counts were reported and blood eosinophils were able
to reliably predict sputum eosinophilia.”””® Despite these rather
poor correlations in stable COPD, blood eosinophil counts have
been proposed as a marker to guide ICS treatment.

WHAT IS THE EVIDENCE THAT BLOOD
EOSINOPHILIA IN COPD CAN PREDICT GOOD
RESPONSE TO ICS TREATMENT?

The first data on the relationship between blood eosinophil
counts and the efficacy of ICS theragy in COPD came from post
hoc and retrospective analyses.”"*****’ Those studies compared
the effectiveness of ICS therapy combined with LABA to ICS,
LABA, or long-acting muscarinic antagonists (LAMAs) alone or
placebo. The end points were exacerbation rate and improve-
ment in FEV; and quality of life measured by the St George’s
Respiratory Questionnaire (SGRQ) or Clinical COPD Ques-
tionnaire scores. Recently, the so-called triple therapy (ICS/
LAMA/LABA combination) came into the spotlight as a po-
tential treatment in patients with severe symptomatic COPD
who are at increased risk of exacerbation despite the LAMA/
LABA or LABA/ICS therapies. However, in most of the studies
on the relationship between the effectiveness of triple therapy
and blood eosinophil count published to date, the observation
period does not exceed 1 year.”**** Differences in study de-
signs, thresholds defining blood eosinophilia, and drugs used in
the interventions, and the fact that most analyses were supported



TABLE Il. Efficacy of ICSs in reducing exacerbations in patients with COPD with higher and lower eosinophil levels

Threshold for high
blood eosinophil count

Efficacy of ICSs in reducing exacerbation rates

Elevated blood eosinophil count*

Lower blood eosinophil count

150 cells/pL

300 cells/pL

2%

3%

e Reduction of moderate to severe exacerbation rate with
ICS/LABA vs LABA™

e No difference in exacerbation rate with LAMA/LABA
vs ICS/LABA™

o LAMA/LABA more effective in prolonging the time
to the first moderate to severe exacerbation compared
with
ICS/LABA (in the 150-300 cells/uL group)*’

e Reduction of total moderate to severe exacerbation
rates with ICS/LAMA/LABA vs LAMA/LABA or
ICS/LABA®

e No difference in exacerbation rate with LAMA/LABA
vs ICS/LABA groups™’

e No difference in exacerbation rate with LAMA/LABA
vs ICS/LABA™

e Increased moderate to severe exacerbation rate after
ICS withdrawal®'-*®

e Reduction in moderate to severe exacerbation rate with
ICS/LABA vs LAMA*

o LAMA/LABA therapy was more effective in reducing
and prolonging the time to the first moderate to severe
exacerbation compared with ICS/LABA™

e Reduction of moderate to severe exacerbation rate in
ICS/LAMA/LABA vs LAMA/LABA groups®’

e No difference in exacerbation rate and time to first
exacerbation with LAMA/LABA vs ICS/LABA*’

e No reduction in moderate to severe exacerbation rate
with ICS/LABA vs LABA"'

o Greater reduction and effectiveness in prolonging the
time to the first moderate to severe exacerbation with
LAMA/LABA vs ICS/LABA™

e Reduction of total moderate to severe exacerbation
rates with ICS/LAMA/LABA vs LAMA/LABA or
ICS/LABA®”

e ICS withdrawal has no impact on moderate to severe
exacerbation rate’”’

e No reduction in moderate to severe exacerbation rate
with ICS/LABA vs LAMA™

o LAMA/LABA therapy was more effective in reducing
and prolonging the time to the first moderate to severe
exacerbation compared with ICS/LABA™

e No reduction in moderate to severe exacerbation rate
in ICS/LAMA/LABA vs LAMA/LABA groups®

o Greater reduction in moderate to severe exacerbation
rate in groups with LAMA/LABA vs ICS/LABA™’

o LAMA/LABA more effective in prolonging the time
to the first moderate to severe exacerbation compared
with ICS/LABA™

*At the level or above the threshold indicated in the first column.
TVBelow the threshold indicated in the first column.
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by pharmaceutical companies make the interpretation of data
challenging.

The relationship between blood eosinophil count
and effect of ICSs on moderate to severe COPD
exacerbations

Three prospective studies have shown that patients with
COPD with increased baseline blood eosinophil levels (>300
cells/lL) were at a greater risk of discase exacerbations.**”"
However, the baseline eosinophil count does not seem to
impact exacerbation severity in hospitalized patients.”” Surpris-
ingly, patients with persistent peripheral eosinophilia seem to
have a better survival rate in comparison to persistently non-
eosinophilic patients.”*®> The plausible explanation for a better
prognosis in eosinophilic patients is that those patients benefit
from ICSs that reduce the exacerbation rate.”®*”*">? Table II
presents thresholds for elevated peripheral eosinophil counts
that were used in several clinical trials and their ability to identify
patients who could benefit from ICSs.

Recognition of eosinophilic inflammatory pattern in patients
with COPD has led to the hypothesis that ICSs could be
effective in supressing airway inflammation in patients with
COPD with peripheral eosinophilia. Consequently, several post
hoc analyses of earlier studies on ICS efficacy in patients with
COPD were performed. Pascoe et al*' showed that only patients
with baseline eosinophil count greater than or equal to 2% had a
significant reduction in their annual moderate to severe exacer-
bation rate when treated with ICS/LABA versus LABA mono-
therapy. The effect was even more pronounced in the groups
with blood eosinophils greater than or equal to 4% and greater
than or equal to 6%. In a post hoc analysis of the FORWARD
study by Siddiqui et al,” an increasingly greater reduction in the
exacerbation rate was found in patients with higher blood
eosinophil count classified into quartiles. The reduction was
significant (P < .05) in patients in the third and fourth quartiles
(eosinophil count, 181.6-279.8 and >279.8/1L, respectively).””
The more recent analyses have confirmed that the beneficial ef-
fect of ICS/LABA compared with LABA increases with higher
eosinophil counts.”””

Interestingly, the beneficial effect of ICSs on the exacerbation
rate does not seem to be present in patients who remained
eosinophilic after the course of oral prednisone.” During a 3-
year observation, ICSs were shown to be ineffective in
reducing moderate to severe exacerbations in patients with severe
COPD and a relatively high eosinophil count (>2%) after a 2-
week oral prednisone treatment. In contrast, a significant
reduction compared with placebo was observed when ICSs were
applied to patients with lower eosinophil percentage (<2%).
That could suggest that ICSs might be mainly effective in sus-
ceptible patients, in whom the eosinophil count decreased after
the oral corticosteroids.

Only a few trials assessed the effect of ICSs added to LAMA/
LABA on exacerbation rate in patients with COPD: Informing
the Pathway of COPD Treatment (IMPACT, which did not
exclude patients with a history of asthma),(’2 TRIBUTE,®® and
KRONOS? (the latter 2 excluded patients with asthma). In the
IMPACT study, the reduction in the exacerbation rate compared
with that found in patients treated with LAMA/LABA was
greater in the triple therapy group regardless of the eosinophil
level.®> The TRIBUTE trial, however, which enrolled patients
with more severe COPD compared with the IMPACT study,
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showed the reduction in moderate to severe exacerbation rate
only in patients with blood eosinophils greater than or equal to
2%, whereas in patients with eosinophils greater than or equal to
200 cells/pL or those with lower eosinophil count (<2% or
<200 cells/pL) the difference was insignificant.”” The moderate
to severe exacerbation rate was a secondary outcome of another
wiple therapy triall—KRONOS.” Although the study included
symptomatic patients with a low exacerbation rate in the pre-
ceding year (88% had <1 exacerbation), it showed that patients
with blood eosinophils greater than 75 cells/pL treated with ICS/
LAMA/LABA had lower exacerbation rates compared with those
treated with LAMA/LABA.”® Two different meta-analyses
assessed the efficacy of triple therapy versus ICS/LABA®® and
single (LAMA or LABA) or dual (LAMA/LABA) bronchodila-
tation.”” Calzetta et al®® found that the efficacy of ICS/LAMA/
LABA therapy versus ICS/LABA was not affected by baseline
eosinophil counts. In contrast, the meta-analysis by Cazzola
et al®” showed that the addition of ICSs to bronchodilators
provided benefits in eosinophilic patients. ICSs as anti-
inflammatory agents have a potential to suppress airway
inflammation’ and, therefore, might have an additional effect in
patients with airway eosinophilia, contrary to LAMAs.

Importantly, it has been demonstrated that ICS withdrawal in
patients with COPD with blood eosinophils greater than or
equal to 300 cells/PIL was associated with a higher exacerbation
risk.’%® This was particularly pronounced in patients with a
history of at least 2 exacerbations per year.”’ However, more data
are needed to fully ascertain the safety of ICS cessation in selected
patients with COPD.

Impact on FEV,

There were several studies that compared lung function in
patients with COPD with higher and lower number of blood
eosinophils. In general, none of these studies showed significant
differences between these 2 groups in terms of FEV,,**7!
bronchial revers1b1hty, 0 or hyperlnﬂatlon Similar findings
with regard to airway eosinophilia further support the hypothesis
that there might be some dissociation between the lung function
and eosinophils in COPD.

The impact of ICS therapy on FEV; is unclear. Post hoc
analysis by Pavord et al** showed that ICSs did not improve
FEV; in patients with blood eosinophil percentage greater than
or equal to 2%. However, Barnes et a® reported that ICSs
reduced the rate of FEV; decline in persistently eosinophilic
patients (>2%). A recent study by Bafadhel et al®” showed that
the treatment with higher doses of ICS/LABA was associated
with a significant FEV, improvement in patients with COPD
with blood eosinophil count greater than or equal to 270 cells/IL
and no history of asthma and that the effect was more pro-
nounced with increasing eosinophil levels. Similar results were
found by other authors, who demonstrated that in patients with
higher eosinophil blood levels ICS/LABA therapy was associated
with a more significant FEV; improvement than that found in
patients treated with LABA alone.”””” Of note, triple therapy
significantly improved prebronchodilator FEV; in patients with
COPD with peripheral eosinophils greater than or equal to 150
cells/pL and without a history of asthma.®

In the recent SUNSET trial, the effect of the treatment
deescalation from the triple therapy to dual bronchodilation was
assessed in terms of the lung function decline.”’ An important
finding in this study was that nonfrequent exacerbators without a
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history of asthma but with eosinophil count greater than or equal
to 300 cells/UL or greater than or equal to 2% had a greater
reduction in postbronchodilator FEV; after ICS cessation in
comparison to patients who continued ICS therapy. In contrast,
the study showed that patients with lower eosinophil counts had
no decline in FEV] after ICS withdrawal.

Quality of life

Although the quality of life has been measured in several trials
evaluating the efficacy of ICSs in patients with COPD, only a
few of them aimed to relate the results to the blood eosinophil
level.'*?”%4%” Blood eosinophil percentages were not found to
be associated with symptom level in the Clinical COPD
Questionnaire score and neither higher nor lower eosinophil
percentages (<2% and >2%) were related to the change in the
Clinical COPD Questionnaire or SGRQ scores during ICS
treatment. »** However, when absolute eosinophil counts were
considered, the clinically important differences in the health
status between patients treated with ICS/LABA versus LABA
were found at higher eosinophil levels in favor of ICS/
LABA.””®” In the analysis by Siddiqui et al’” of the FOR-
WARD study, the SGRQ score was modeled over a continuous
range of eosinophils (0-1000 cells/UL). The authors demon-
strated that a threshold for improvement in the SGRQ score in
ICS/LABA versus LABA arms was 67 cosinophils/uL and pa-
tients using ICS/LABA had greater improvements with higher
eosinophil counts.

ICS and the risk of pneumonia

Despite the apparent efficacy of ICSs in reduction of the
exacerbation rate in patients with eosinophilic COPD, it has
been shown that ICSs have a major drawback—an increased risk
of pneumonia””’*’’—which seems to be present irrespective of
the blood eosinophil level.”* Thus, even in patients with COPD
with blood eosinophilia, the positive effects of ICS therapy
should be carefully weighed against the risk of pneumonia. In
this context, the exacerbation rate and their severity play a major
role. In an editorial by Suissa and Ernst,”* the authors suggest
that the exacerbation risk associated with not applying ICSs
outweighs the ICS-related risk of pneumonia only in patients
with blood eosinophils greater than 4%. Bearing that in mind, it
is reasonable to consider other therapies not containing ICSs in
the treatment of eosinophilic COPD. For example, LAMAs were
shown to be equally effective as ICS/LABA, the latter being
superior only in patients with high blood eosinophil count (>4%
or >300 cells/uL).”> Moreover, the FLAME study demonstrated
that dual bronchodilation (LAMA/LABA) was superior to ICS/
LABA in terms of reducing the annual exacerbation rate and
prolongation of the interval to the first moderate to severe
exacerbation in both patients with higher (>2%) and lower
(<2%) blood eosinophil count. 7°

However, it is unclear whether elevated blood eosinophil levels
in patients with COPD are associated with pneumonia suscep-
tibility independently of ICSs. In a study by Vedel-Krogh et al,”’
blood eosinophilia (>340 cells/pL) in patients with COPD with
predicted FEV] less than 50% was associated with a higher risk
of pneumonia. The risk ceased to be significant after exclusion of
patients using ICSs. Moreover, in patients with predicted FEV,
greater than or equal to 50% and blood eosinophilia, there was a
trend toward significance in diminishing the risk of pneumonia,
suggesting that eosinophils might have, in fact, a protective
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role.”” Of note, ICS-related pneumonia in patients with COPD
is not associated with increased mortality.””

COULD ASTHMA BIOLOGICS BE EFFECTIVE IN
EOSINOPHILIC COPD?

Because eosinophils might play a role in COPD pathogenesis,
it has been investigated whether asthma biologics targeting eo-
sinophils could be effective in COPD. Clinical trials to date have
studied the efficacy of several mAbs in COPD: ant—IL-5
(mepolizumab), anti—IL-5 receptor (benralizumab) and anti-
—IL-13 (lebrikizumab).

The analysis by Pavord et al®’ of 2 trials, METREX and
METREO, aimed to evaluate the efficacy of mepolizumab as an
add-on to triple therapy in patients with eosinophilic COPD
with exacerbation history. Eosinophilic COPD was defined as
having greater than or equal to 150 blood eosinophils/{IL at
baseline or greater than or equal to 300 blood eosinophils/{IL in
the previous year. Study participants were randomised to receive
100 mg mepolizumab or placebo in the METREX study and
100 mg mepolizumab, 300 mg mepolizumab, or placebo in the
METREO study. The primary end point, that is, the reduction
in the exacerbation rate, was met only in the METREX study
(annual exacerbation rate was 1.40 in the mepolizumab group
and 1.71 in the placebo group; rate ratio, 0.82; 95% CI, 0.68-
0.98; adjusted P = .04). In the METREO study, the reduction
in exacerbation rate was not found to be significant (annual
exacerbation rate was 1.19 in the 100 mg mepolizumab group,
1.27 in the 300 mg mepolizumab group, and 1.49 per year in the
placebo group).

In a prospective study by Brightling et al,®" benralizumab was
shown to reduce eosinophil numbers in blood and sputum in
patients with moderate to severe COPD with no history of
asthma. The study population included patients who had
sputum eosinophilia (>3%) and had at least 1 moderate to severe
exacerbation in the year preceding the study onset, regardless of
the underlying inhaled therapy. Although the reduction in
eosinophil levels did not lead to a reduction in the exacerbation
rate, an improvement in both prebronchodilator and post-
bronchodilator FEV; was observed in the group treated with 100
mg benralizumab versus placebo. In more recent GALATHEA
and TERRANOVA studies, benralizumab or placebo was
administered to patients with COPD with moderate to severe
airflow limitation and exacerbation history who were on dual or
triple inhaled therapy.®” In a pooled post hoc analysis of those
studies, 30 mg and 100 mg benralizumab was shown to be
ineffective in reducing the annual exacerbation rate in patients
with elevated eosinophil count (>220/uL). However, further
exploration of possible cocharacteristics has identified subgroups
that could benefit from treatment with benralizumab. It was
observed that in patients with elevated eosinophil count who had
1 of the following: (1) at least 3 exacerbations in the previous
year, (2) post-FEV; less than 40% predicted values, or (3)
postbronchodilator response greater than or equal to 15%, 100
mg benralizumab significantly reduced the exacerbation rate
versus placebo. In contrast, a lower dose of benralizumab (30
mg) showed no such treatment effect. However, the findings
from GALATHEA and TERRANOVA studies need to be tested

prospectively.
Lebrikizumab has been assessed in patients with COPD with
exacerbations  despite  ICS  treatment (NCT02546700).
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However, preliminary data suggest that it does not have an effect
on exacerbation rate versus placebo.”” Studies that investigated
other mAbs, that is, anti—IL-4 and anti—IL-13 (dupilumab) and
anti—IL-33, are still at recruitment stage.

The results of the trials with biological therapies give us
further insight into the potential role of eosinophils and show the
complexity of the association between eosinophilic airway
inflammation and a clinical course of COPD. The benefit of
anti—IL-5(R) therapy in exacerbation reduction was not
consistent between the studies and generally, blood eosinophil
counts per se had poor predictability of good outcomes with
biological therapies. It seems that some additional factors might
impact the efficacy of those therapies in patients with eosino-
philic COPD, for example, frequent (>3 per year) exacerbations
or poor lung function. Moreover, it is possible that response to
biologics could depend on eosinophil activation status.

PERSPECTIVES AND SUMMARY

In recent years, eosinophils have gained a considerable interest
as one of the important factors involved in COPD pathogenesis
and as a potential biomarker. It is still largely unknown why only
a certain proportion of patients with COPD have eosinophilic
airway inflammation and how eosinophils impact the course of
the disease. The subpopulations identified as potentially
benefiting need to be prospectively studied.

It seems that the role of eosinophils in COPD pathogenesis is
different from that in asthma. Further studies should not only
consider eosinophil levels in different compartments when
assessing airway inflammation but also address the activation
status or phenotypes of pulmonary eosinophils, which might be
the key to better understanding of the role of these cells in
COPD. It seems important to compare the levels of different
eosinophil phenotypes in the airways, as well as in the peripheral
blood, in eosinophilic COPD and asthma. Moreover, it is un-
known how ICSs impact eosinophils in patients with COPD. It
was shown that ICSs have a small impact or none on the pe-
ripheral eosinophil counts. Blood eosinophils are variable over
time and are affected by various factors, yet it appears that
elevated eosinophils could reliably predict the profile of frequent
COPD exacerbators who benefit from ICSs.
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