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Abstract 

Asthma and chronic obstructive airways disease (COPD) are prevalent chronic 

inflammatory airway diseases that are responsible for a large global disease burden. 

Both diseases are complex and heterogeneous, and are increasingly recognized as 

overlapping syndromes that may share similar pathophysiologic mechanisms and 

treatable traits. Eosinophilic airway inflammation is considered the most influential 

treatable trait of chronic airway disease, and over the last decade several monoclonal 

antibodies and small molecule therapies have been developed to target this trait. These 

include monoclonal antibodies against IL-5 or IL-5 receptor alpha (mepolizumab, 

reslizumab, benralizumab), IL-13 (lebrikizumab, tralokinumab), IL-4 receptor alpha 

(dupilumab), Immune globuline E (IgE) (omalizumab), anti-Thymic Stromal 

Lymphopoitin (TSLP) (tezepelumab) and small molecule therapies such as 

prostaglandin D2 blockers (fevipiprant, timapiprant). Although these novel biologics 

have shown promising results in many asthmatics and COPD patients with eosinophilic 

airway inflammation, it is evident that not all patients respond equally well, despite 

similar clinical, functional and inflammatory characteristics. This heterogeneity in 

treatment response is probably related to different molecular pathways or endotypes 

leading to eosinophilic airway inflammation including adaptive immune pathways 

mediated by T helper2 (Th2) cells, and innate immune pathways mediated by innate 

lymphoid cells (ILC2). The relative contribution of these pathways in asthma and COPD 

is not yet clarified, and there are currently no reliable biomarkers that represent the 

different pathways. Therefore there is an urgent need for easily measurable and 

reproducible biomarkers that are linked to underlying pathophysiological disease 

mechanisms and can predict and monitor responses to novel biologic agents. 
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Introduction 

Asthma and chronic obstructive airways disease (COPD) are prevalent chronic 

inflammatory airway diseases that are responsible for a large global disease burden(1). 

Both asthma and COPD are complex and heterogeneous, and are increasingly considered 

as overlapping syndromes that may present with similar symptoms and share similar 

pathobiological mechanisms(2). Due to this complex heterogeneity, the management of 

asthma and COPD still poses a significant health problem in a large proportion of 

patients, despite the existence of effective treatments. This is why clinical researchers 

have proposed to deconstruct chronic airway diseases into individual traits that can be 

measured and modified (“treatable traits”)(3). Instead of using the “one size fits all” 

approach that is advocated in current guidelines, targeting the key mechanism seems to 

be more appropriate, in particular in patients who do not respond to the initial 

treatment recommendation(4). 

 

Eosinophilic airway inflammation: a principal trait 

Eosinophilic airway inflammation has shown to be one of the most influential traits in 

chronic airways disease. Stratification of patients by using markers of eosinophilic 

airway inflammation has lead to the identification of patients at risk of adverse 

outcomes(5) and treatment guided by markers of eosinophilic airway inflammation has 

resulted in better health outcomes(6). However, many patients, in particular adults with 

severe disease, have persistent eosinophilic airway inflammation(7). These patients 

suffer from frequent exacerbations, and often depend on the chronic use of oral 

corticosteroids with associated serious adverse effects(8). Not surprisingly, targeting 

eosinophilic airway inflammation has been the basis of recent new drug development. 

Several anti-eosinophilic drugs are now approved for asthma, and there is increasing 
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evidence of beneficial effects in patients with COPD as well(9). In the following text we 

will discuss the pathobiologic role of eosinophils in asthma and COPD, and the effects of 

anti-eosinophil drugs in patients for whom no effective and safe treatment has been 

available before. 

 

Role of eosinophils in asthma and COPD 

Eosinophils are granulocytes derived from common myeloid progenitors in the bone 

marrow. The maturation of eosinophil progenitors depends largely on cytokines such as 

interleukin (IL)-3, IL-5, and granulocyte macrophage-colony stimulating factor (GM-

CSF). Of these cytokines IL-5 is the most critical for eosinophil proliferation, 

differentiation and activation(10). Under normal circumstances, eosinophils constitute 

only 1-2% of the total white blood cell pool. Their physiologic role is multifaceted and 

not fully understood.  Traditionally regarded as having a homeostatic role in the defense 

against helminth parasitic infections, these cells are now known to contribute to 

multiple phases of both innate and adaptive immune responses and tissue repair 

processes. In eosinophilic lung diseases, including asthma, eosinophils are increased in 

blood and tissue, with the degree of eosinophilia generally correlating with disease 

severity(11). Elevated percentages of eosinophils in sputum and blood from patients 

with asthma are associated with frequent exacerbations and fixed airflow limitation(7), 

and patients who die from asthma show an intense eosinophilic airway infiltrate(12). 

But the most convincing evidence that eosinophils play a critical role in the pathogenesis 

and severity of asthma comes from studies with anti-eosinophil drugs, showing marked 

reductions in asthma exacerbations, and sparing of chronic oral corticosteroid use in the 

subgroup of patients with severe disease(13). 
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In COPD, airway inflammation has been shown to be predominantly neutrophilic, but 

increased percentages of sputum eosinophils can be observed in 30-40% of patients 

with COPD, both during stable periods and acute exacerbations(14,15). The 

pathogenetic role of eosinophils in COPD is less clear than in asthma, but it has been 

shown that increased eosinophil counts in sputum or blood predict a clinical response to 

inhaled and oral corticosteroids(14,16). Eosinophilic airway inflammation in COPD is 

associated with an increased risk of exacerbations(17) and recent evidence has shown 

that elevated blood eosinophils in severe COPD exacerbations are associated with a 

more than 3-fold increase in readmission rate(15). In addition, a management strategy 

that aimed to minimize eosinophilic airway inflammation in patients with COPD has 

shown to reduce severe exacerbations by 62%(18). The definitive answer on the 

importance of eosinophils in the pathogenesis of COPD has to come from large 

intervention studies with anti-eosinophil drugs, which are now underway. 

 

Molecular pathways of eosinophilic airway inflammation 

Different molecular pathways may lead to eosinophilic airway inflammation in patients 

with chronic airways disease(19,20) Fig 1. Airway epithelial cells exposed to damaging 

insults such as allergens, viruses, fungi and pollutants release “alarmin” cytokines (IL-

33, IL-25 and thymic stromal lymphoprotein (TSLP)). These alarmins, on the one hand, 

can initiate an adaptive immune response through dendritic cells that stimulate naïve T-

cells to differentiate into Thelper-2 (Th2) cells. Th2 cells produce IL-5, IL-13 and IL-4, 

the latter driving Immune globulin E (IgE) synthesis by B-cells. On the other hand, 

alarmins can also activate the innate immune system by stimulating type 2 innate 

lymphoid cells (ILC2), that are also capable of producing large amounts of “type 2” 

cytokines such as IL-5 and IL-13, but not IL-4. The adaptive Th2-mediated pathway has 
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been proposed to be typical for allergic asthma, whilst the innate ILC2-mediated 

pathway may be the key mechanism of eosinophilic airway inflammation in non-atopic 

or “intrinsic” asthma, in which IgE does not seem to play a role. The concept that both 

adaptive and innate immune responses may lead to eosinophilic inflammation, may also 

explain why some patients with COPD have elevated levels of eosinophils in sputum and 

blood. Still, the relative contribution of these pathways in the different groups of 

patients with airways disease is not fully clarified. 

 

New anti-eosinophil drugs.  

Over the last decade, several monoclonal antibodies and small molecule therapies have 

been developed for the treatment of eosinophilic or “type 2” airway disease and are now 

gradually entering the clinic (Fig 2). In 2015 and 2016 two antibodies against IL-5, 

mepolizumab and reslizumab, were approved for the add-on treatment of patients with 

severe eosinophilic asthma(21,22) and in the next few years other targeted drugs will 

follow. Here, we will briefly discuss the different anti-eosinophilic drugs that have been 

developed and their effects on patients with “type 2” airways disease. 

 

ANTI-IL-5/ANTI-IL-5Rα 

Targeting the IL-5 or IL-5 receptor pathway is the most obvious approach to selectively 

inhibit eosinophilic airway inflammation, since IL-5 is considered to be the key cytokine 

responsible for the recruitment, maturation, activation and degranulation of 

eosinophils(10).  

 

Mepolizumab 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Mepolizumab is a humanized monoclonal antibody against circulating IL-5(23). The 

antibody neutralizes IL-5 by inhibiting binding of IL-5 to the alpha chain of the IL-5 

receptor (IL-5Rα) expressed on eosinophils. It markedly attenuates eosinophils in blood 

and to a lesser extent in tissues. Although the first trials with mepolizumab in “all 

comers” with asthma were disappointing(24), two subsequent studies in patients with 

severe eosinophilic asthma were successful. One study showed a significant 43% 

reduction in annualized exacerbation rate compared to placebo(25), whilst the other 

study showed safe glucocorticoid sparing effects in oral steroid-dependent 

asthmatics(26). These promising results were replicated in large phase III trials, in 

which 100 mg mepolizumab was given subcutaneously every  4 weeks(27-29). The 

beneficial effects of mepolizumab were related to the level of blood eosinophils and the 

previous exacerbation rate(27), and were lost within 6 months after discontinuation of 

the therapy(30). Mepolizumab is currently being studied in three Phase III clinical trials 

in patients with COPD with eosinophilic airway inflammation. 

 

Reslizumab 

Reslizumab is another humanized monoclonal antibody that neutralizes IL-5, thereby 

preventing binding to eosinophils. Similar to mepolizumab reslizumab failed to show 

efficacy in early studies in unselected asthmatics(31), but proved successful in a 

subsequent study in patients with uncontrolled asthma with elevated levels of blood 

eosinophils(32).  In two identical large phase III trials  reslizumab 3 mg/kg administered 

intravenously demonstrated improvements compared to placebo in asthma 

exacerbations,  lung function measures and quality of life scores(33). There are no 

ongoining studies with reslizumab in COPD. 
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Benralizumab 

Benralizuamb is a humanized monoclonal antibody that binds to IL-5Rα and rapidly 

depletes eosinophils and basophils through antibody-dependent cell-mediated 

cytotoxicity(34). In a phase IIb study of patients with severe asthma and high eosinophil 

counts 100 mg benralizumab given subcutaneously every 8 weeks reduced exacerbation 

rates by 41%, and improved lung function and asthma control(35). Two recent pivotal 

phase III studies confirmed these beneficial effects and also showed that benralizumab 

was well tolerated(36,37)  

A small phase II study was performed with benralizuamb in COPD patients with sputum 

eosinophilia and a history of frequent exacerbations(38). The study showed an 

improvement in lung function but failed to show a reduction in exacerbation rate, which 

was the primary endpoint. In patients with elevated blood eosinophils there was a non-

significant reduction in exacerbation rate and improvement in health status (38). 

Based on these findings two Phase III trials in patients with COPD are currently in 

progress. 

 

ANTI-IGE, OMALIZUMAB 

Eosinophilic inflammation can also be targeted indirectly by blocking the effects of IgE. 

Omalizumab, a monoclonal antibody against IgE was already approved for allergy-

related asthma in 2003. It has been shown to reduce blood eosinophils in patients with 

severe allergic asthma(39), and in a meta-analysis reduction in blood eosinophil counts 

was associated with improved clinical outcomes(40). A Cochrane review of clinical trials 

with omalizumab demonstrated reduced unscheduled emergency visits and hospital 

admissions(41), and current guidelines advocate the use of omalizumab as add-on 

therapy in severe asthma. Recent evidence suggests that omalizumab also improves 
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asthma control and quality of life in patients with severe allergic asthma and 

overlapping COPD.(42) 

 

ANTI-IL-13 AND ANTI-IL-4Rα 

IL-4 and IL-13 were among the first cytokines that were identified as important drivers 

of type 2 inflammation. Both cytokines are produced by Th2 cells whereas only IL-13 is 

produced by ILC2. There is a close link between IL-4 and IL-13 activity, since both 

activate the alpha subunit of the IL-4 receptor (IL-4Rα). However, IL-4 preferentially 

regulates Th2 cell function and IgE synthesis, whereas IL-13 mediates the main 

physiological features of asthma including mucus hypersecretion, subepithelial fibrosis 

and airway hyperresponsiveness. IL-13 induces a number of chemokines, leading to the 

recruitment and retention of eosinophils in inflamed airway tissue.  

 

Lebrikizumab and Tralokinumab 

Lebrikizumab is a monoclonal antibody against IL-13, which showed a small 

improvement in lung function and reduction in the rate of exacerbations in moderately 

severe uncontrolled asthmatics in a phase III trial(43). Patients with elevated type 2 

biomarkers (serum periostin and the fraction of exhaled nitric oxide (FeNO)) had 

greater increases in FEV1 than those without. Another identical phase III trial, however, 

failed to meet significance in reduction of exacerbations, which lead to discontinuation 

of the lebrikizumab program in asthma.  

 

Tralokinumab, another antibody against IL-13 decreased rescue beta-agonist use and 

improved FEV1(44). A large phase IIb trial in severe asthmatics with frequent 

exacerbations failed to reduce exacerbation rate versus placebo(45). However, also in 
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this study patients with high periostin levels treated with tralokinumab showed 

modestly reduced asthma exacerbations and lung function measures. Phase III trials 

with tralokinumab are now ongoing. 

 

Dupilumab is a human monoclonal antibody directed against the alpha-subunit of IL-4 

receptor, which blocks signaling from both IL-4 and IL-13. In a phase IIb study 

dupilumab given subcutaneously every 2 weeks increased lung function and reduced 

severe exacerbations in patients with uncontrolled persistent asthma even in patients 

with relatively low blood eosinophil levels(46). Dupilumab is now in phase III as add-on 

treatment in adults and adolescents with persistent asthma on medium-high doses 

inhaled corticosteroids plus a second controller medication, including those with severe 

uncontrolled and steroid-dependent asthma. Interestingly, anti-IL-13 and anti-IL-4Rα 

transiently increase blood eosinophil counts, for which there is no conclusive 

explanation.  

 

Other targets 

Anti-CRTH2 

Chemoattractant receptor-homologous molecules expressed on Th2 cells (CRTH2) are 

also expressed on eosinophils and mediate the chemotactic response to prostaglandin 

D2. A variety of small molecule antagonists of CRTH2 have been studied in Phase II 

studies. The PGD2 inhibitor timapiprant  showed significant improvements in patients 

with mild to moderate allergic asthma with an eosinophil dominant form of the disease, 

and a trial with fevipiprant showed a reduction in sputum eosinophil counts and 

improved symptoms in patients with persistent eosinophilic asthma(47). Phase III  

clinical trials with these compounds are now ongoing. 
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In patients with moderate-to severe COPD, a CRTH2 antagonist provided no clinical 

benefit, but unfortunately, patients with eosinophilic airway inflammation were not 

selected for this study (48) 

 

Anti-IL-33, anti-IL-25 and anti-TSLP 

IL-33, IL-25 and TSLP are a triad of alarmins that are released by airway epithelial cells 

in response to various damaging environmental stimuli that drive polarization towards 

eosinophilic inflammation both via the ILC2 and Th2 pathway. Tezepelumab, a 

monoclonal antibody blocking TSLP has been shown to protect against allergen 

challenge and to reduce airway eosinophilia in asthmatic patients(49) and other phase II 

trials targeting alarmin cytokines are underway. Whether COPD patients with 

eosinophilic inflammation will also respond to these compounds is still an open 

question. 

 

How to target the right component of type 2/eosinophilic airway inflammation? 

Although trials with the above mentioned biologics show promising results in selected 

patients with eosinophilic asthma and COPD, they also show that not all patients with 

seemingly similar selection criteria respond equally well to these drugs.  

For the clinician, however, it is important to know which patient will benefit most from 

which biologic in order to make the right treatment decisions. That is why researchers 

have tried to identify type 2 biomarkers that could predict treatment responses and help 

guide therapy in asthma and COPD patients. Of the many potential biomarkers in airway, 

exhaled breath and blood, only a few have so far proved to be practical enough for use in 

clinical practice. These include exhaled nitric oxide (FeNO), blood eosinophil counts, and 

serum periostin, which probably identify different aspects of type-2-mediated 
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inflammation. For treatment response to anti-IgE therapy, all three biomarkers, but in 

particular FeNO show potential prognostic effects(50). For anti-IL-5 treatment, blood 

eosinophil counts seem to be best predictors of response(27), in particular in patients 

with adult-onset asthma, but also in patients with COPD(38). 

For anti-IL-13 and anti-IL-4Ra therapy high levels of periostin or FeNO may help to 

identify patients who respond to these therapies, although the results of recent trials 

have been inconsistent in this respect(43) Overall, there is still much uncertainty and 

the definitive answer has to come from large prospective real life studies in 

heterogeneous groups of patients with chronic airways disease. 

 

Implications for other eosinophilic disorders  

In addition to eosinophilic asthma, anti-eosinophil drugs have been investigated for the 

treatment of many other eosinophil-associated conditions from hypereosinophilic 

syndromes to atopic dermatitis, chronic urticarial and nasal polyposis. For the treatment 

of chronic urticaria, omalizumab received FDA approval in 2014, and for atopic 

dermatitis the IL-4Ra blocker dupilumab was recently submitted for review by the FDA. 

None of the novel anti-eosinophil drugs has yet been approved for the treatment of 

other eosinophilic disorders.  

 

Conclusions and implications 

Eosinophilic airway inflammation is a key “treatable trait” in patients with chronic 

airway diseases including asthma and COPD. For patients exhibiting this trait who have 

an incomplete response to high doses of inhaled corticosteroids, novel monoclonal 

antibodies or small molecule therapies have been developed, some of which are 

available in the clinic. These drugs have shown to reduce disease exacerbations and to 
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have an oral corticosteroid-spearing effect in many but not all of these patients. 

Unfortunately, for the practicing clinician, it is not yet clear which patients will respond 

to which biologics. So far, it seems that anti-IL-5 is most efficacious in patients with high 

blood eosinophil counts, and that drugs targeting IL-4Ra or IL-13 show good clinical 

response in patients with high FeNO or periostin.  

In the coming years, all our research efforts should be directed at identifying new, easily 

measurable biomarkers that can reliably predict and monitor treatment responses and 

guide the development of novel targeted therapies.  
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Two pathways leading to eosinophilic inflammation
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