
https://doi.org/10.1177/17534666251335800 
https://doi.org/10.1177/17534666251335800

journals.sagepub.com/home/tar	 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Ther Adv Respir Dis

2025, Vol. 19: 1–18

DOI: 10.1177/ 
17534666251335800

© The Author(s), 2025. 

Article reuse guidelines:  
sagepub.com/journals-
permissions

Therapeutic Advances in 
Respiratory Disease

Introduction
Chronic Obstructive Pulmonary Disease (COPD) 
is a heterogeneous lung disease characterised by 
chronic respiratory symptoms and persistent lung 
inflammation, which leads to fixed and progres-
sive airflow obstruction.1 COPD occurs in 
approximately 10% of the population over 40 and 
causes over 3 million deaths a year globally.2 In 
developed countries, cigarette smoking is the 
main cause of COPD. However, the pathogenesis 
of the disease involves complex host-environment 
interactions where multiple factors such as genetic 
predisposition, respiratory infections, air pollu-
tion and preterm births can interact from the ear-
liest years of life and contribute to disease 
development.3 From the inflammatory point of 
view, patients with COPD were historically con-
sidered characterised by neutrophilic airway 
inflammation driven by Th1/Th17 pathways, 
completely distinct from the T2 eosinophilic air-
way inflammation, which characterises most 

asthmatic patients.4 However, in recent years, 
increasing evidence shows that almost 20%–40% 
of COPD patients have increased sputum and/or 
blood eosinophils, which highlights a possible 
role of Type-2 inflammation in a subgroup of 
COPD patients.5,6 To date there are significant 
data regarding the physiopathological characteris-
tics of these patients. Indeed, some studies report 
that eosinophilic phenotype in COPD patients is 
associated with distinctive clinical characteristics, 
including a higher exacerbations frequency,7 
greater responsiveness to inhaled short β2-
agonist8 and a better response to inhaled corticos-
teroids (ICS).9 It is well known that eosinophilic 
inflammation in the blood and in sputum has sig-
nificant clinical implications, particularly in the 
context of corticosteroid treatment, precision 
medicine and targeted therapeutic interventions. 
To optimise therapeutic strategies, Global 
Initiative for Chronic Obstructive Lung Disease 
(GOLD) recommends using a blood eosinophil 

Eosinophils in chronic obstructive 
pulmonary disease
Marco Vanetti , Dina Visca , Francesco Ardesi , Martina Zappa ,  
Patrizia Pignatti and Antonio Spanevello

Abstract:  Chronic Obstructive Pulmonary Disease (COPD) is a heterogeneous lung condition 
characterised by chronic respiratory symptoms, fixed airway obstruction and persistent 
inflammation that leads to a progressive airflow limitation. Although COPD has traditionally 
been linked to neutrophilic inflammation, recent studies have identified a subset of patients 
– approximately 20%–40% – with elevated eosinophil levels in blood and sputum. Emerging 
evidence suggests that eosinophilic inflammation has a pivotal role in a subset of COPD 
patients and may influence disease progression, exacerbation frequency and therapeutic 
responses. This narrative review provides a comprehensive analysis of the role of eosinophils 
in COPD with particular attention to their role as biomarkers in blood and sputum. We 
evaluate the prevalence of eosinophilic inflammation in COPD exanimating different 
thresholds used in blood and in sputum to define it. In addition, we focus on eosinophilic COPD 
phenotype as a treatable trait, emphasising recent evidence that supports the effectiveness of 
biological target therapy.

Keywords:  biologics, biomarkers, COPD, eosinophil, type-2 inflammation

Received: 31 October 2024; revised manuscript accepted: 1 April 2025. Correspondence to: 
Marco Vanetti 
Department of Pulmonary 
Rehabilitation, Istituti 
Clinici Scientifici Maugeri 
IRCCS, Via Crotto 
Roncaccio 16, Tradate 
12049, Italy

Department of Medicine 
and Surgery, University 
of Insubria, via Ravasi 2, 
Varese 21100, Italy 
marco.vanetti@
icsmaugeri.it

Dina Visca 
Antonio Spanevello 
Department of Pulmonary 
Rehabilitation, Istituti 
Clinici Scientifici Maugeri 
IRCCS, Tradate, Italy

Department of Medicine 
and Surgery, University of 
Insubria, Varese, Italy

Francesco Ardesi 
Department of Medicine 
and Surgery, University of 
Insubria, Varese, Italy

Martina Zappa 
Department of Pulmonary 
Rehabilitation, Istituti 
Clinici Scientifici Maugeri 
IRCCS, Tradate, Italy

Patrizia Pignatti 
Allergy and Immunology 
Unit, Istituti Clinici 
Scientifici Maugeri IRCCS, 
Pavia, Italy

1335800 TAR0010.1177/17534666251335800Therapeutic Advances in Respiratory DiseaseM Vanetti, D Visca
review-article20252025

Review

https://journals.sagepub.com/home/tar
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:marco.vanetti@icsmaugeri.it
mailto:marco.vanetti@icsmaugeri.it


Volume 19

2	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

threshold of ⩾300 cells/μL to identify patients 
with a history of exacerbations (⩾1 severe or ⩾2 
moderate) who are most likely to benefit from 
ICS therapy.1 COPD patients with eosinophilic 
inflammation respond better to ICS therapy in 
terms of exacerbation reduction and in terms of 
quality of life and lung function improvement.1,9 
The development of Type-2-targeted monoclonal 
antibodies provides the opportunity for targeted 
treatments in this subgroup of COPD patients 
with eosinophilic inflammation. For this reason, 
identifying and validating new biomarkers to 
monitor and phenotype eosinophilic COPD 
patients would be an important area of study.10

Although eosinophilic COPD is considered a 
treatable trait of the disease, there is currently no 
uniform consensus on its definition in terms of 
blood and sputum eosinophil cut-off values.11,12 
Moreover, evidence regarding the role of blood 
and sputum eosinophils in disease outcomes is 
conflicting, highlighting the need for further 
research to clarify their role.13

This narrative review aims to provide a compre-
hensive analysis of the role of eosinophils in 
COPD. We have considered epidemiological data 
on the prevalence of eosinophilic inflammation in 
COPD, exploring the molecular mechanisms 
underlying eosinophil-mediated lung damage and 
discussing their clinical implications for diagno-
sis, prognosis and treatment.

To collect all significative data on the subject, a 
non-systematic search of the scientific literature 
in English was carried out without time restric-
tions. PubMed, EMBASE, Web of Science and 
Cochrane Library databases were consulted. A 
combination of MeSH and free-text terms was 
used for the search (COPD, eosinophils, eosino-
philia, sputum eosinophils and type-2 inflamma-
tion). Only articles published in English were 
considered for inclusion. No limitations on the 
research or type of publication were applied 
throughout the literature search. A second analy-
sis of the grey literature was also conducted to 
cover every spectrum of the disease entity and 
every possible reference to it.

Pathophysiological role of eosinophils
Eosinophils are granulocytic leukocytes constitut-
ing 1%–4% of circulating white blood cells. They 
are characterised by a large bilobed nucleus and 

acidophilic cytoplasmic granules containing spe-
cific basic proteins that include major basic pro-
tein, eosinophil cationic protein, eosinophil 
peroxidase (EPO) and eosinophil-derived neuro-
toxin.14 Eosinophils originate from the pluripo-
tent cells of the bone marrow CD 34+, their 
differentiation is initially driven by granulocyte-
monocyte colony-stimulating factor (GM-CSF) 
and interleukin-3 (IL-3) in the early stages and by 
interleukin-5 (IL-5) in the later stage.15 IL-5 is 
one of the most important cytokines involved in 
eosinophil activation and inflammation process, 
indeed it promotes the survival and migration of 
eosinophils from the bone marrow to the blood-
stream.16 Eosinophils spend only a short time in 
the peripheral blood (half-life between 3 and 
24 h) before migrating to the target organs (e.g. 
gastrointestinal tract, lungs, thymus and adipose 
tissue) where they reside as homeostatic cells.15,17 
Under physiological conditions, the bone marrow 
releases only a small number of eosinophils. 
However, during T2 cell-mediated responses 
associated with helminth infections or allergic 
diseases such as asthma, eosinophilopoiesis is 
markedly increased and eosinophils can be acti-
vated and recruited to tissues in response to 
eotaxin and chemokines.18 Eosinophils typically 
remain in tissues for 2–5 days before undergoing 
apoptosis. However, their lifespan can be 
extended by pro-eosinophilic cytokines, such as 
IL-5, which promote eosinophil survival. Most 
eosinophils undergo apoptosis within the tissue 
and do not re-enter the circulation.19

Migration of eosinophils to the lungs involves a 
complex regulated process of adhesion and trans-
migration across the vascular endothelium. This 
process is mediated by interactions between inte-
grins on eosinophils and adhesion molecules on 
endothelial cells, including P-selectin glycopro-
tein ligand-1 and vascular cell adhesion mole-
cule-1 (VCAM-1).20 Chemokines CCL5, 7, 11, 
13, 15, 24 and 26 interact with the CCR3 recep-
tor guiding eosinophil recruitment toward airway 
sites of inflammation. In addition, CRTH2, 
expressed on T-helper 2 (Th2) cells and its 
ligand, prostaglandin D2, also contribute to regu-
late this process.21,22 IL-4 and IL-13 can upregu-
late the expression of VCAM-1 and CCR3, 
facilitating eosinophil adhesion and promoting 
eosinophilic airway inflammation.23 The activa-
tion, proliferation and survival of eosinophils in 
the airway tissue are regulated by type-2 (T2) 
inflammation mediators, such as IL-4, IL-5 and 
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IL-13. During degranulation, eosinophils release 
their major basic proteins which contribute to 
viral and bacterial clearance but also lead to tissue 
damage, remodelling and mucus plugging.24,25 
Eosinophils also secrete other pro-inflammatory 
mediators, including IL-2, IL-4, IL-5, IL-10, 
IL-13, CCL5, CCL11 and CCL13 which amplify 
inflammatory responses by recruiting and activat-
ing other immune cell mediators.14,17 Growth fac-
tors such as tumour necrosis factor and 
transforming growth factor (TGF) α/β released 
by eosinophils are involved in airway remodelling 
and fibrosis. Thymic stromal lymphopoietin, an 
IL-7-like cytokine associated with chronic airway 
inflammation, can further modulate eosinophil 
activity by upregulating inflammatory cytokine 
expression.26,27 In Figure 1, we have summarised 
the complex role of eosinophils in COPD, 

highlighting their involvement in type-2 
inflammation.

While both asthma and a subset of COPD patients 
exhibit eosinophilic inflammation, different stud-
ies highlight key differences in their pathophysio-
logical mechanisms.28,29 Histopathological studies 
have shown a higher number of large airway eosin-
ophils in asthma than in COPD.30 Nevertheless, 
there are no studies directly comparing the small 
airway eosinophils in these two diseases. Gene 
expression studies have identified distinct inflam-
matory signatures in asthma and COPD. Although 
both diseases share an overlap in T2-related 
mechanisms,28,31 data from EvA (emphysema vs 
airway disease) and Unbiased BIOmarkers in 
PREDiction of respiratory disease outcomes 
(U-BIOPRED) studies identified 12 genes 

Figure 1.  Eosinophilic airway inflammation in COPD.
IL, interleukin; ILC2, type 2 innate lymphoid cells; TH0, naive T cell; TH2, T-helper 2 cell; TLSP, thymic stromal 
lymphopoietin.
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associated with blood eosinophil counts (BEC) in 
patients with COPD and 1197 genes that were 
associated with BEC in asthma patients, and only 
one of these genes (CST1) overlapped with 
COPD gene expression changes.32 Furthermore, 
in asthma mast cells play a key role in allergic 
inflammation response,33 nevertheless the role of 
mast cells in COPD is still unclear.34,35 Some 
recent studies showed that in COPD patients with 
type 2 inflammation mast cell activation appears 
to occur through an independent IgE mecha-
nism35 and may contribute to tissue damage by 
increased tryptase activity, which compromises 
epithelial barrier integrity.36 These findings sug-
gest a potential pathological role for mast cells in 
the progression of eosinophilic COPD.

Recent data from animal and human models sug-
gest the existence of eosinophil subsets with dis-
tinct functions. Tissue-resident eosinophils (rEos) 
have homeostatic roles, maintaining normal tissue 
function. In contrast, inflammatory eosinophils 
(iEos) are recruited into airways during the inflam-
matory process and are implicated in disease 
pathophysiology.37 These subsets of eosinophils 
differ in surface receptor expression and tissue dis-
tribution.38 In animal and human models, CD62L 
(L-selectin) has been used as a marker to distin-
guish iEos (bronchial eosinophils) and rEos 
(parenchymal eosinophils) and indeed is only pre-
sent in parenchymal eosinophils.39 Recently, 
Cabrera López et al. have used flow cytometry to 
investigate the presence of distinct eosinophil sub-
types (iEos or rEos) in patients with asthma, COPD 
and healthy controls. The authors have reported 
that the proportions of inflammatory eosinophils 
(Siglec-8+CD62LlowIL-3Rhigh) and resident eosin-
ophils (Siglec-8+CD62LhighIL-3R low) in total 
BECs were comparable in patients with COPD 
and control groups (smokers and non-smokers). 
However, patients with asthma have exhibited a 
significantly higher percentage of iEos, but no 
notable difference in rEos. These findings high-
light that there are different circulating eosinophils 
subtypes between patients with asthma and those 
with COPD.40 These differences may have clinical 
implications in eosinophilia interpretation and 
could play a role in the development of new tai-
lored therapies.

Biomarkers in eosinophilic COPD
Evidence indicates that elevated blood eosinophil 
counts in COPD patients are linked to increased 

Type-2 (T2) inflammation.41 Higher BECs are 
associated with greater expression of T2 inflam-
matory cytokines, such as interleukin-5 (IL-5), 
IL-4 and IL-13 in sputum.42,43 In addition, gene 
expression analysis using bronchial epithelial 
brush samples identified a signature of 100 
T2-related genes that correlate with elevated 
BECs.28 Identifying reliable and clinically appli-
cable biomarkers to detect T2 inflammation in 
COPD patients is necessary for optimising dis-
ease management and targeting therapeutic strat-
egies. In Figure 2 the principal techniques to 
detect the biomarkers of eosinophilic inflamma-
tion are summarised.

Airway and blood eosinophils
Eosinophilic airway inflammation can be detected 
using non-invasive and invasive methods such as 
induced sputum and bronchoalveolar lavage 
(BAL) respectively. Bronchoscopy is an invasive 
procedure that allows the study of inflammation 
through bronchial wall biopsy in the proximal air-
ways and enables the assessment of the distal air-
ways by BAL. The eosinophil count is expressed 
as a percentage of total leucocytes in BAL and in 
a number of cells of a specific area in bioptic sam-
ples.44,45 Bronchial biopsies and bronchoalveolar 
lavage allow accurate identification of Th1/Th2 
inflammatory cell effectors in the proximal and 
distal airways of COPD patients.28,46 While these 
invasive techniques provide an efficient analysis 
of inflammatory cellularity, they are expensive, 
time-consuming and can present risks of compli-
cations for the patients. For this reason, they are 
not routinely used in clinical practice.47 The eval-
uation of inflammatory cells in sputum has proven 
to be a promising method for studying endobron-
chial inflammation in patients with chronic 
inflammatory airway diseases.48 Induced sputum 
is the only non-invasive procedure that allows 
direct evaluation of airway inflammation by dif-
ferential cell counts.49 Sputum induction with 
hypertonic solution is a safe technique, well toler-
ated by the patient and with rare complications.50 
In healthy non-smokers, eosinophils in sputum 
range from 0.3% to 1.4%,51 whereas COPD 
patients have higher sputum eosinophil counts 
(1.0% and 10.4%).52 A threshold of 3% is typi-
cally used to define sputum eosinophilic inflam-
mation in COPD;53–56 however, some studies 
have used threshold values of 1% and 2%.5,57 
Using sputum eosinophil cut-off of 3% it is 
possible to identify the eosinophilic phenotype 
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in approximately 22% to 44% of COPD 
patients.54,55,58,59 Induced sputum is a reproduci-
ble technique that requires specialised personnel 
and is limited to specialised centres.60 For this 
reason, the use of blood eosinophils as surrogate 
markers of sputum eosinophils is now extensively 
used.61 Blood eosinophils are quantified as a per-
centage of all blood leukocytes or as absolute 
count/µl of blood. These data give us an idea of 
how intense the recruitment of eosinophils from 
the bone marrow is, often reflecting the engage-
ment in tissues.61 In healthy individuals, median 
BECs have been reported to be approximately 
100 cells/μL for women and 120 cells/μL for men, 
while the COPD population has a median BEC of 
200 cells/μL.62 This elevation in eosinophil count 
among COPD patients has been confirmed by 
another study, which has demonstrated higher 
BECs in patients with COPD compared to age-
matched participants without disease.63 Currently, 
there is no standard blood eosinophil threshold to 
define eosinophilic COPD. BEC ⩾ 300 cells/µL is 
frequently used as a cut-off, nevertheless, some 
studies have used different threshold values, such 
as blood eosinophils ⩾150 cells/µL or > 2%.64 

Since 2019, the GOLD report recommends 
< 100 and ⩾ 300 eosinophil/μL thresholds to 
identify patients with a history of exacerbations 
who are the least and the most likely, respectively, 
to benefit from ICS treatment.1 The stability of 
blood eosinophil levels over time is a key consid-
eration for the reliable use of this biomarker in 
patients with COPD.11 In a post-hoc analysis of 
the COPDMAP observational cohort study Long 
et al. demonstrated that blood eosinophils had 
good stability after 1 year of observation (rho: 
0.71, p < 0.001, ICC 0.84). Notably, 69.3% of 
patients remained in the same eosinophil GOLD 
category and 85.3% of patients with baseline 
eosinophils < 100 cells/μL maintained stable lev-
els at the end of the follow-up. While the greatest 
variability was observed in patients with higher 
eosinophil counts, transitions between the low 
and high eosinophil groups (BEC < 100 and 
BEC ⩾ 300 respectively) were rare and were 
reported in less than 1% of the cohort.65 A good 
stability of blood eosinophils was observed by 
Beech et al. (rho = 0.76, p < 0.001, ICC 0.89) and 
by Ellingsen et al. (ICC 0.69; 95% CI 0.64–0.73) 
after 6 and 24 months respectively.52,66

Figure 2.  Technique to detect biomarkers of eosinophilic inflammation: (a) fractional exhaled nitric oxide 
(FeNO), (b) tissue biopsy or bronchoalveolar lavage by bronchoscopy examinations, (c) induced sputum  
and (d) blood cells count.
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Different studies have reported that the correlation 
between BECs and sputum eosinophils varied from 
weak to moderate (rho = 0.04–0.54).5,43,61,67–70 
Schleich et al. found that in stable COPD patients 
the best cut-off, which reflects sputum eosino-
phils ⩾3%, was 215 eosinophils/μL (AUC 0.76, 
sensitivity 60% and specificity 93%) or 2.3% 
blood eosinophils (AUC of 0.7, sensitivity 62% 
and specificity 94%).53 On the other hand, data 
on the correlation between blood and sputum 
eosinophils are discordant: in COPD patients 
with concomitant cardiovascular disease (ischae-
mic heart disease, atrial fibrillation hypertension) 
no correlation between blood and sputum eosino-
phils has been found.61 In a biotical study, Turato 
et al. reported a weak or even absent correlation 
between airway and blood eosinophils – indeed 
tissue biopsies did not reflect the amount of blood 
eosinophils.71 The variable correlation strength 
between blood and sputum eosinophil counts has 
raised reservations about the reliability of using 
blood eosinophils as surrogate biomarkers for air-
way eosinophilic inflammation. However, the role 
of blood eosinophils in predicting the response to 
ICS is supported by high-quality evidence.72 A 
recent study has shown that the low correlation 
between blood and sputum eosinophils in COPD 
could be due to the accumulation of these cells in 
the small airways other than in the central air-
ways, which are sampled by the induced sputum 
technique.73 In addition, BEC exhibits circadian 
variations with higher levels observed in the 
morning.74 The low correlation between blood 
and sputum eosinophils in COPD could also be 
due to the heterogeneity of these cells and their 
different functions. Different eosinophil subtypes 
(rEos and iEos) have been recently described. In 
an animal model, Mesnil et al. demonstrated that 
both rEos and iEos are detectable in the blood, 
indicating that their differentiation occurs before 
the extravasation into tissues. Therefore, blood 
eosinophils constitute a heterogeneous popula-
tion with different roles, and probably only a part 
of them is recruited into the airways.61,75

As previously reported, in COPD patients with 
cardiovascular comorbidities the correlation 
between blood and sputum eosinophils is weaker 
or absent compared to patients without these dis-
eases. Blood eosinophils could increase because 
of systemic inflammation due to chronic ischae-
mic heart disease, heart failure and hyperten-
sion.61 Increased BEC is a risk factor for coronary 

heart disease and it is positively correlated with 
coronary artery calcification.76,77 In addition, 
eosinophil proteins could activate platelets and 
promote thrombus formation.78 COPD is not 
considered an organ-specific disease limited to 
the lung; it is a multisystemic and multimorbid 
condition where the pulmonary disease is associ-
ated with numerous extrapulmonary comorbidi-
ties. Among these factors, cardiovascular disease 
has the greatest prognostic impact, as a matter of 
fact, more patients with a diagnosis of COPD will 
die from cardiovascular causes or from lung can-
cer rather than from respiratory failure.79 Few 
preliminary data of a prospective cohort of 63 
patients suggest that patients with a history of 
ischaemic heart disease show increased blood 
eosinophils.80 If we consider the role that eosino-
phils can play in cardiovascular disease,81 it could 
be an intriguing prospect for future research to 
investigate the role these cells have in COPD 
patients with cardiovascular disease.

Fraction-exhalated nitric oxide
Nitric oxide (NO) is a gas produced by inducible 
nitric oxide synthase (iNOS) in airway epithelial 
cells. During type-2 inflammation processes, the 
production of NO is upregulated by stimulation 
of interleukins IL-4 and IL-13. The increased 
level of NO in airways could be detected as frac-
tional exhaled nitric oxide (FeNO).82 American 
Thoracic Society /European Respiratory Society 
guidelines have summarised data on FeNO meas-
urement showing that FeNO levels >50 ppb are 
representative for T2 inflammation in adults, 
while FeNO < 25 ppb for lack or suppression of 
it. Intermediate levels should be cautiously evalu-
ated considering possible factors lowering (smok-
ing habit) or increasing (atopy; viral infections) 
FeNO levels.83 FeNO is a well-established and 
widely used biomarker for detecting T2 airway 
inflammation in asthma and it can be used to 
assess the patient's response and adherence to 
ICS therapy.84 Different studies have evaluated 
the correlation between FeNO and sputum eosin-
ophils to use this biomarker as a surrogate for 
sputum eosinophils in asthmatic patients. The 
correlation between these two biomarkers is sig-
nificant but weak or moderate since sputum 
eosinophils and FeNO only partially share T2 
mechanisms of inflammation.85,86 FeNO levels 
appear to correlate more strongly with interleu-
kins IL-4 and IL-13 than with eosinophil counts 

https://journals.sagepub.com/home/tar


M Vanetti, D Visca et al.

journals.sagepub.com/home/tar	 7

and IL-5. Notably, IL-13 is either one of the main 
drivers of iNOS activation87 or one of the inter-
leukins involved in the process of eosinophil 
extravasation.88 The role of FeNO in COPD is 
less well established, but it appears to be related 
to T2 eosinophilic inflammation of the airway. A 
systematic review and meta-analysis have reported 
significant variability in FeNO levels on the basis 
of several studies (I² = 96%). Despite this varia-
tion, the analysis has demonstrated that patients 
with stable COPD had mildly elevated FeNO lev-
els compared with healthy controls (SMD 1.28, 
95% CI 0.60–1.96).89 Although an association 
between FeNO levels and the airway eosinophils 
in COPD patients has been observed, the strength 
of this correlation is often weak.90,91 Balazs et al. 
have found that FeNO measurement had a sensi-
tivity of 63% and a specificity of 91% in identify-
ing airway eosinophilia (defined as sputum 
eosinophils >3%) in stable COPD patients with a 
high negative predictive value (>90%).91 Active 
smoking is one of the main factors that lowers 
FeNO levels. Recently, Higham et al. have high-
lighted that in current smokers with COPD, there 
is no correlation between FeNO and sputum 
eosinophils (rho = 0.3, p = 0.2). 92

Several studies have investigated the relationship 
between COPD exacerbations and FeNO levels 
and have shown that FeNO levels increase signifi-
cantly during exacerbations.93,94 However, it is 
important to emphasise that COPD exacerba-
tions are often due to underlying viral infections,95 
which are themselves one of the primary factors 
leading to increased FeNO levels.82 For this rea-
son, the detection of FeNO during a COPD exac-
erbation may directly reflect the effects of the viral 
infection. Alcázar et al. have investigated the pre-
dictive role of FeNO in COPD exacerbations in a 
prospective study involving 226 patients. The 
study has shown that persistently elevated FeNO 
levels (⩾20 ppb) in stable COPD patients signifi-
cantly increased the risk of exacerbation.96 
Recently the BOREAS study has highlighted that 
treatment with dupilumab 300 mg reduced the 
exacerbation rates by 30% in COPD patients 
with BECs ⩾300 cells/µL. In addition, the study 
has highlighted that the subgroups of patients 
with FeNO levels >20 ppb had greater lung func-
tion improvement, suggesting that FeNO could 
be a potential biomarker to predict the response 
to the biological therapy in these patients.97

Clinical characteristics, outcomes and ICS 
responsiveness in eosinophilic COPD
Clinical outcomes and characteristics are key 
aspects in the management of COPD patients 
and eosinophilia seems to have an impact on both 
features. Indeed, eosinophilic patients showed 
different clinical characteristics compared with 
non-eosinophilic in previous studies.5,98–100 Data 
from the ECLIPSE study highlighted that COPD 
patients with BECs ⩾2% were more frequently 
male, older, former smokers with fewer symptoms 
(lower St George’s Respiratory Questionnaire and 
mMRC) and with a lower BODE (body mass 
index, airflow obstruction, dyspnoea and exercise 
capacity) index.5 Moreover, eosinophilic COPD 
patients showed increased bronco-responsiveness.8 
Growing evidence in mucus plugs is providing new 
insights into the clinical outcomes of respiratory 
diseases. In COPD, mucus plugs have previously 
been associated with sputum neutrophils.101 
However, recent preliminary data, including find-
ings from both the COPDGene and ECLIPSE 
cohorts, suggest that BEC is associated with a 
higher risk of mucus plug formation, highlighting a 
potential role of eosinophilic inflammation in air-
way obstruction.102

Acute exacerbations of COPD (AECOPD) are 
the most important events in the natural history 
of the disease.1 COPD exacerbations are associ-
ated with rapid lung function decline,103 deterio-
rating quality of life and increased mortality.104 
History of exacerbations is the strongest predic-
tor of subsequent exacerbation risk.105 There is 
growing evidence that COPD exacerbations sig-
nificantly increase the risk of cardiovascular 
events. The cardiovascular risk in patients with 
COPD remains elevated not only during the 
exacerbation but can remain elevated up to a 
year later.106,107 Several studies have evaluated 
the link between blood eosinophils and the risk 
of exacerbations in COPD patients. Nevertheless, 
published data have reported contradictory find-
ings. Observational studies have not shown a 
clear relationship between BECs in stable patients 
and exacerbation risk.108,109 Data from the 
CHAIN and BODE cohorts have indicated that 
persistently elevated blood eosinophils do not sig-
nificantly correlate with an increased risk of exac-
erbations.109 On the other hand, analysis from 
ECLIPSE and COPDGene studies have high-
lighted a significant correlation between blood 

https://journals.sagepub.com/home/tar


Volume 19

8	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

eosinophils and exacerbation risks, particularly in 
patients with a BEC >300 cell/μL.64 In the 
SPIROMICS cohort only the sputum eosino-
phils, but not those in blood, have been associ-
ated with an increased rate of exacerbations 
requiring corticosteroids. Furthermore, only 
sputum eosinophils could identify a specific sub-
set of COPD patients with more severe airflow 
obstruction.70 A metanalysis of 11 RCT, involv-
ing 11,215 patients, has found no significant 
relationship between the BEC in stable patients 
and the risk of exacerbation in COPD patients.11 
Eosinophils in blood and in sputum could be 
elevated only during the exacerbations. An inter-
esting prospective study deeply investigated the 
COPD exacerbations phenotype recognising four 
clusters by unbiased clustering and factor analy-
ses: bacterial-predominant, virus-predominant, 
eosinophil-predominant and pauci-inflammatory. 
The T2-driven exacerbations occurred approxi-
mately in 30% of COPD exacerbations and may 
respond favourably to a target treatment.55 Data 
from a CORTICO-COP trial suggests that eosin-
ophils might be used as a biomarker during exac-
erbations to identify patients who are less likely to 
benefit from a systemic corticosteroid treatment 
(eosinophils < 300). Nevertheless, eosinophil-
guided therapy is non-inferior to standard care.110 
However, eosinophilic inflammation has been 
evaluated only through blood samples and spu-
tum cytology has not been performed. History of 
exacerbations remains the main predictor of 
future exacerbation risk and the BECs need to be 
integrated with this information to increase the 
prediction of ICS responsiveness.64 Recent data 
showed that eosinophilic exacerbations in both 
asthma and COPD could benefit from IL5 R 
therapy. Indeed, in the ABRA study benrali-
zumab was used in single dose (100 mg) to treat 
acute eosinophilic exacerbations achieving better 
outcomes than the current standard of care with 
prednisolone alone.111 Despite this evidence, 
there is an increasing need for biomarkers to bet-
ter phenotype acute COPD exacerbations and 
improve target treatment.112

Lung function decline in COPD is a key marker 
of disease progression and severity. Identifying 
reliable biomarkers that can predict lung function 
decline is essential for optimising patient manage-
ment and tailoring treatment strategies.1 One 
potential biomarker is the BEC, whose role in 
lung function decline merits attention. In the 

Dunedin Multidisciplinary Health and 
Development Study involving healthy young 
adults (n = 971), elevated BECs have been signifi-
cantly associated with a more rapid decline in 
FEV1, even after adjusting for smoking status. 
Similar findings have been recently reported in a 
retrospective cohort analysis from the Kangbuk 
Samsung Health Study (KSCS), evaluating 
629,784 healthy subjects. In this study, both 
never-smokers and ever-smokers with higher 
BECs have had faster FEV1 decline than those 
with lower eosinophil counts.113 Higher blood 
eosinophils may also represent an independent 
risk factor for developing obstructive lung disease 
in healthy subjects without a history of asthma 
and COPD as reported in a large cohort study 
(n = 359.456).114 Data from the Canadian Cohort 
Obstructive Lung Disease (CANCOLD; n =  
1.120) study highlight that BEC ⩾ 300 cells/µL is 
an independent risk factor for accelerated lung 
function decline in COPD patients. Particularly 
those patients with BEC ⩾ 300 cells/µL have had a 
greater FEV1 decline (−67.30 mL/year) than 
those with eosinophil counts of <150 cells/µL 
(−38.78 mL/year).115 In addition, the use of ICS 
has reduced lung function decline in COPD 
patients with frequent exacerbations and elevated 
BECs.116 These data suggest that higher BEC 
could correlate with FEV1 decline in different 
populations, highlighting a possible key role of T2 
inflammation in airway remodelling in this sub-
group of patients. Nevertheless, in COPD 
patients, both peripheral eosinophilia and exacer-
bation frequency significantly contribute to lung 
function decline. These two factors should be 
considered together to determine the most appro-
priate therapeutic strategy.

ICS is anti-inflammatory therapy used in combi-
nation with the long-acting beta-agonist (LABA) 
and long-acting muscarinic antagonist (LAMA) 
to reduce exacerbation frequency in COPD 
patients with increased exacerbation risk.1 The 
mechanism of action of ICS therapy is not fully 
understood, it appears that ICS diffuses into 
eosinophils, where they bind to cytoplasmic glu-
cocorticoid receptors. This complex is subse-
quently transported into the nucleus, where it 
inhibits the transcription of pro-inflammatory 
genes and promotes eosinophil apoptosis.117 It 
has been shown that patients with sputum eosino-
phils ⩾3% have a better response to treatment 
with systemic or inhaled corticosteroids in terms 
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of symptoms and lung function improvement 
than the patients without sputum eosino-
philia.7,54,56 Post-hoc analyses of RCTs compar-
ing the safety and effectiveness of ICS/LABA 
versus LAMA in COPD patients with increased 
exacerbation risk alone have investigated the 
potential role of BEC as a predictor of ICS 
response. These studies have found that patients 
with higher baseline BECs and a history of exac-
erbations in the previous year (⩾1 severe or ⩾2 
moderate) have a significant exacerbation reduc-
tion with ICS treatment.9,118 Post-hoc analyses of 
the WISDOM trial highlight that COPD patients 
with baseline BEC ⩾300 cells/µL had a signifi-
cantly higher rate of exacerbations following ICS 
withdrawal compared with those who continued 
ICS therapy, particularly in patients with a his-
tory of ⩾2 exacerbations/year.119 Similarly, data 
from the SUNSET trial showed that patients on 
long-term triple therapy with ⩽1 exacerbation in 
the previous year and BEC ⩾300 cells/µL had an 
increased risk of disease deterioration, including a 
higher exacerbation frequency, after ICS discon-
tinuation.120 RCTs of inhaled triple therapy (ICS/
LABA/LAMA) have consistently demonstrated 
greater reductions in exacerbation rates in patients 
with elevated eosinophil counts and a history of 
exacerbations in the previous year. The 
IMPACT121 trial has reported more significant 
exacerbation reductions in patients with BEC 
⩾150 cells/μL. On the other hand, TRIBUTE122 
has shown more significant exacerbation reduc-
tions in those with BEC ⩾2% while ETHOS123 
has reported more significant exacerbation reduc-
tions in patients with BEC ⩾100 cells/μL. Most 
of the data focus on the benefit of ICS/LABA/
LAMA in reducing exacerbations in patients with 
higher BECs, but in addition to this benefit, there 
is also supporting evidence that triple therapy 
improves lung function and reduces mortal-
ity.124,125 Based on this evidence GOLD docu-
ment recommends BEC thresholds <100 and 
>300 cells/µL to guide ICS use in clinical prac-
tice, suggesting that there is an increased proba-
bility of benefit in BEC thresholds of 100–300 cells/
µL.1 No benefit from ICS treatment is reported in 
COPD patients with BECs <100 cells/µL. Indeed 
these patients present a higher risk of developing 
pneumonia and chronic bacterial infection.126 
Once ICS therapy is initiated, changes in BEC 
have demonstrated predictive value as a bio-
marker of treatment response in COPD. Post-hoc 
analyses of both the ISOLDE and/or the FLAME 
studies revealed that a decrease in BEC following 

ICS treatment was associated with a reduced 
exacerbation rate127,128 and slower lung function 
decline.128 On the other hand, an increase in BEC 
was linked to worsened outcomes. However, 
changes in BEC did not predict improvements in 
health status assessed by SGRQ.127,128 These 
emerging findings suggest that BEC could play a 
role as a therapeutic response biomarker, offering 
new perspectives for the management of 
COPD.129 Prospective studies are warranted to 
validate these observations further.

Road to biologics
The accurate phenotyping of COPD has made it 
possible to identify a subgroup of patients charac-
terised by eosinophilic inflammation who may 
benefit from targeted biological therapies. Several 
studies have evaluated the safety and efficacy of 
these therapies – various already used in severe 
asthma – in terms of reducing exacerbations and 
improving clinical and functional outcomes in 
COPD patients (Table 1).41

Mepolizumab is a humanised monoclonal anti-
body that reduces eosinophil counts in blood and 
tissues by blocking IL-5. The safety and the effi-
cacy of mepolizumab versus placebo in COPD 
patients with a history of ⩾2 exacerbations have 
been evaluated in METREX and in METREO. 
Mepolizumab significantly reduces annual exacer-
bation rates in patients with BEC ⩾150 cells/µL in 
METREX, but not in METREO.130 A post-hoc 
analysis of the studies indicates that the efficacy of 
mepolizumab is higher when BECs are ⩾ 300 cells/
µL.131 A large phase III clinical trial MATINEE 
(NCT04133909) is currently underway to evalu-
ate the efficacy of the drug in patients with 
BEC ⩾ 300 cells/µL. In GALATHEA and 
TERRANOVA trials, no significant reduction of 
exacerbation has been observed in COPD patients 
with BEC ⩾220 cells/µL treated with benrali-
zumab (Anti-IL5R alpha receptor antibody) over 
56 weeks.132 However, a subsequent analysis sug-
gests that patients with a history of more than 
three exacerbations in the previous year may ben-
efit from treatment with benralizumab 100 mg.133 
The RESOLUTE (NCT04053634) trial is cur-
rently underway to further investigate this out-
come. The positive results from the phase III 
BOREAS study indicate that a 52-week treatment 
with dupilumab (anti-IL-4R alpha receptor anti-
body) significantly reduces exacerbations com-
pared with placebo in COPD patients with BEC 
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⩾300 cells/µL.97 Furthermore, patients treated 
with dupilumab have shown significant lung func-
tion improvement (FEV1 + 83 mL). As previ-
ously reported, the subgroups of patients with 
FeNO levels >20 ppb had a greater lung function 
improvement.97 These findings have been further 
confirmed by the NOTUS study, which demon-
strates a 34% reduction in exacerbation rate in 
COPD patients treated with dupilumab.134,135 
The effectiveness of dupilumab may be attributed 
to its dual inhibition of IL-4 and IL-13 pathways, 
both central to type 2 inflammation. By targeting 
these cytokines, dupilumab addresses multiple 
inflammatory processes and demonstrates its effi-
cacy on mucus hypersecretion and airway remod-
elling,136 which play a key role in the pathogenesis 
of eosinophilic COPD. Biological agents targeting 
TLSP and IL-33 have been studied as novel ther-
apeutic approaches in COPD. Indeed, targeting 
TLSP and IL-33 with biologic therapies aims to 
modulate key inflammatory pathways, potentially 
reducing disease progression and exacerbations 
and improving clinical outcomes in COPD 
patients.137,138 TLSP plays a pivotal role in the 
regulation of immune responses and inflamma-
tory pathways, and its inhibition has been shown 
to attenuate airway inflammation in COPD mod-
els.139,140 Recent evidence from the phase IIA 
COURSE study did not show a significant reduc-
tion in moderate-to-severe exacerbation in COPD 
patients, but additional analysis suggested a 
potential role of TSLP in patients with BEC over 
150 cells.137 IL-33, a pro-inflammatory cytokine, 
is involved in the activation of innate and adaptive 
immune cells and contributes to the pathogenesis 
of COPD.141 Data from a phase IIA study showed 
a reduction in exacerbation rate in ex-smoker 
patients treated with anti-IL-33 itepekimab.138 
Another study investigated targeting ST2, the 
IL-33 receptor, to reduce COPD exacerbations 
but did not find a significant difference compared 
to placebo.142 Given the promising evidence pro-
vided by these biologic therapies,143 ongoing clini-
cal trials are further investigating their efficacy and 
safety to optimise treatment strategies and imple-
ment precision medicine for COPD patients.

Conclusion
Eosinophils play a significant role in a substantial 
subset of COPD patients, challenging the tradi-
tional view of COPD as a neutrophilic disease. 
BECs are an emerging biomarker to identify 
patients who are more likely to benefit from ICS 

therapy and potentially from biological treat-
ments. However, the utility of blood eosinophils 
as a surrogate marker for airway inflammation 
remains complex due to a variable correlation 
with sputum eosinophils, particularly in patients 
with comorbid cardiovascular conditions. Despite 
various therapeutic strategies, including both 
pharmacological treatments and non-pharmaco-
logical interventions such as pulmonary rehabili-
tation, COPD management remains challenging. 
This complexity could be due to the complex 
inflammatory mechanisms underlying the disease 
and its associated syndemic comorbidities. 
Eosinophilic inflammation may play a pivotal role 
in optimising clinical management in these 
patients. Increasing data regarding eosinophils 
and T2 inflammation encourage a treatable trait 
approach and could have a pivotal role in the con-
text of precision medicine. A combined assess-
ment of both systemic and airway inflammation 
may be essential to identify stable biomarkers that 
can reliably identify patients at high risk for dis-
ease progression and predict therapeutic response. 
Further research on the relationship between sys-
temic and airway inflammation is needed to 
explore the relationship between COPD patho-
physiology and clinical outcomes.
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