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Abstract: Eosinophils play a crucial role in the pathogenesis of various chronic respiratory conditions. Recent advances in 

understanding eosinophilic inflammation have promoted the development of biologics aimed at specifically targeting inflammation driven 

by eosinophils. One such biologic, benralizumab, has shown considerable efficacy and favorable tolerability in individuals with refractory 

eosinophilic asthma. While the efficacy of these therapies in COPD is less consistent, promising results have been observed in specific 

eosinophilic subtypes. For CRSwNP, biologics have shown potential in reducing nasal polyp size, alleviating clinical symptoms, and 

decreasing the need for surgical intervention. In spite of these therapeutic advancements, challenges remain, including high treatment 

costs and a lack of long-term safety data. Future research should prioritize biomarker identification to optimize patient selection and 

further individualize these therapies.  
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1. Introduction 
 

Eosinophils, a subtype of granulocyte originated from 

myeloid progenitor cells, are involved in immune defense 

against parasitic infections and play various roles in both 

innate and adaptive immune responses under normal 

conditions [1,2]. Recent research has emphasized the role of 

eosinophil-derived granule proteins and chemical mediators 

in tissue damage, repair, remodeling, and disease progression 

in chronic respiratory diseases like asthma [3].Asthma, an 

inflammatory airway condition, is often featured by elevated 

eosinophil levels in the airways [4], where they contribute to 

epithelial injury, smooth muscle hypertrophy, neuronal 

plasticity, and impaired tissue repair processes that 

collectively promote chronic airway remodeling and airflow 

limitation [5, 6]. Moreover, elevated peripheral blood 

eosinophil levels are positively associated with greater disease 

severity, poor clinical control, and a higher likelihood of 

severe acute exacerbations [7, 8].Although chronic 

obstructive pulmonary disease (COPD) is typically 

characterized by an increase in alveolar neutrophils, 

macrophages, T lymphocytes, and circulating innate 

lymphoid cells [9], approximately 30–40% of COPD patients 

show increased eosinophil counts in peripheral blood and/or 

sputum [10-12]. Additionally, several studies have linked 

elevated eosinophil levels with poor prognosis in COPD [13, 

14]. With deeper insights into eosinophil function, 

eosinophil-targeted therapies have emerged as a major focus 

in research. These therapies aim to reduce inflammation and 

enhance clinical outcomes by specifically inhibiting 

eosinophil activity. Compared to traditional treatments, 

eosinophil-targeted therapies provide greater specificity and 

fewer side effects, presenting notable clinical advantages. 

This review explores the mechanisms and clinical evidence 

surrounding eosinophil-targeted therapies, aiming to offer 

insights into future treatment strategies and support the 

advancement of personalized medicine. 

 

2. Anti-IL-5/IL-5R Therapy 
 

2.1 Benralizumab  

IL-5 is a key cytokine that signals eosinophils through the 

IL-5 receptor (IL-5R), playing an essential role in their 

differentiation, proliferation, activation, and migration within 

the lung [2]. In humans, IL-5R is predominantly expressed on 

basophil and eosinophil precursors in the bone marrow, as 

well as on their mature forms. This receptor consists of two 

subunits: an α chain and a β chain. The monomeric IL-5Rα 

can bind to IL-5 with specificity, though its binding affinity is 

relatively low. However, when IL-5Rα forms a dimer with the 

β chain, the receptor’s affinity for IL-5 is markedly increased. 

 

Benralizumab is a humanized monoclonal antibody 

(IgG1κmAb) with afucosylation that specifically targets the 

allosteric structural epitope in domain 1 of IL-5Rα, effectively 

preventing IL-5 from binding to its receptor. The absence of 

fucose in the antibody’s core glycan enhances its affinity for 

FcγRIIIa on natural killer cells, stimulating the release of 

cytotoxic proteins, including granzyme and perforin. This 

mechanism strengthens antibody-dependent cell-mediated 

cytotoxicity (ADCC), resulting in the efficient and swift 

depletion of eosinophils [15]. Studies have demonstrated that 

both single intravenous infusions and repeated subcutaneous 

administrations of benralizumab significantly reduce 

eosinophil levels in airway tissues, sputum, bone marrow, and 

peripheral blood [16, 17]. 

 

2.1.1 Asthma 

 

A phase 2b clinical trial demonstrated that benralizumab 

significantly lowers the frequency of exacerbations in 

individuals with poorly controlled eosinophilic asthma, 

particularly in those with peripheral blood eosinophil counts 

≥300 cells/µL [18]. Supporting these results, the SIROCCO 

trial showed that benralizumab not only reduced exacerbation 

rates but also improved pulmonary function and quality of life 

in individuals with severe eosinophilic asthma who remained 

inadequately controlled despite high-dose ICS and LABA 

therapy [19]. FitzGerald et al. specifically evaluated this 

population in the CALIMA trial, which confirmed that 

benralizumab substantially reduced the risk of exacerbations, 

enhanced pulmonary function, and relieved asthma symptoms 
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in individuals with severe, refractory asthma [20]. A 

subsequent pooled analysis of the SIROCCO and CALIMA 

trials identified several clinical characteristics, beyond 

baseline peripheral blood eosinophil levels, that may predict a 

patient’s response to benralizumab. These characteristics 

included prior oral corticosteroid use, nasal polyps, impaired 

lung function, frequent exacerbations, and adult-onset asthma 

[21]. Further, the extended phase 3 trials, BORA and 

MELTEMI, affirmed that long-term benralizumab therapy 

does not increase infection risk or introduce new adverse 

effects, while sustaining its therapeutic efficacy [22-24]. 

 

Given that some individuals with severe asthma necessitate 

ongoing treatment with oral or inhaled corticosteroids, which 

often result in adverse effects that severely diminish quality of 

life, several studies have examined the effectiveness of 

benralizumab in decreasing corticosteroid reliance among 

these individuals. Findings indicate that benralizumab 

significantly lowers the dose of required corticosteroids, 

reduces exacerbation risk [25, 26], and may present a safe and 

effective alternative treatment option. 

 

2.1.2 COPD 

 

Although several clinical trials have demonstrated that 

benralizumab did not significantly impact frequency of 

exacerbations, clinical symptoms, or health-related quality of 

life in COPD patients compared to placebo [27, 28], a 

subgroup of potential responders with specific clinical 

characteristics was identified. This subgroup consists of 

individuals who have experienced three or more 

exacerbations despite being treated with triple therapy 

(ICS/LAMA/LABA) and who have baseline peripheral blood 

eosinophil counts of ≥300 cells/µL. Consequently, Singh et al. 

conducted a post hoc analysis of the GALATHEA and 

TERRANOVA trials, categorizing individuals with high 

eosinophil levels and recurrent exacerbations despite 

guideline-based triple therapy as high-risk. Findings indicated 

that benralizumab effectively lowered the likelihood of 

re-exacerbation within 30-90 days following an acute 

exacerbation in this high-risk cohort [29], highlighting its 

potential clinical utility. Based on these results, two clinical 

trials are currently underway: the RESOLUTE trial 

(NCT04053634), a phase III study assessing benralizumab’s 

efficacy in specific patient subgroups, and the ABRA trial 

(NCT04098718), which evaluates the effect of benralizumab 

on patients experiencing eosinophilic acute exacerbations of 

COPD, stratified by baseline peripheral blood eosinophil 

counts. 

 

2.1.3 CRSwNP 

 

Chronic rhinosinusitis is categorized into two primary 

phenotypes: with nasal polyps (CRSwNP) and without nasal 

polyps (CRSsNP). CRSwNP often manifests as nasal 

obstruction and diminished or complete loss of the sense of 

smell [30]. Approximately 85% of individuals with CRSwNP 

exhibit a T2-type inflammatory response, which is linked to 

more severe symptoms and commonly associated with 

conditions like asthma and aspirin-exacerbated respiratory 

disease [31, 32]. Benralizumab has been shown to rapidly and 

almost entirely deplete eosinophils in both the blood and nasal 

polyp tissue of individuals with CRSwNP [33]. An early 

subgroup analysis of the ANDHI trial indicated that, among 

indivoduals with severe eosinophilic asthma and concomitant 

nasal polyps, benralizumab led to a significant reduction in 

sinusitis symptoms, as measured by the SNOT-22 score [34]. 

A phase II clinical trial found that, although nasal polyp 

scores at 12 weeks did not show a significant difference 

between the benralizumab and placebo groups, further 

analysis revealed that Among patients with eosinophilic 

CRSwNP (ECRS), 42.2% demonstrated a reduction of at least 

2 points in their nasal polyp score. Remarkably, a more 

pronounced response was noted in those with elevated 

eosinophil levels [35]. In a randomized controlled phase II 

trial involving severe ECRS patients, 20-week benralizumab 

treatment led to significant reductions in polyp size, 

improvement in nasal obstruction scores, and recovery of 

smell from baseline, with a favorable safety profile [36]. 

These findings were subsequently validated by the OSTRO 

trial, which reinforced the effectiveness and tolerability of 

benralizumab in managing severe CRSwNP patients [37]. 

 

2.2 Mepolizumab 

 

Mepolizumab, a humanized monoclonal antibody, mitigates 

type 2 inflammation by binding to and neutralizing IL-5, 

thereby decreasing eosinophils in peripheral blood and tissues 

[38, 39]. A clinical study also demonstrated that mepolizumab 

decreased eosinophil counts in both bone marrow and 

bronchial mucosa [40], potentially through a mechanism that 

induces partial maturation arrest of the eosinophil lineage 

within the bone marrow [41]. 

 

2.2.1 Asthma 

 

Initially, a randomized controlled trial evaluated the 

tolerability and effectiveness of mepolizumab in individuals 

with persistent moderate asthma, showing that it significantly 

lowered eosinophil levels in blood and sputum, though its 

effect on pulmonary function and overall quality of life was 

limited [42]. However, subsequent studies found that at higher 

doses, mepolizumab could reduce the frequency of asthma 

exacerbations, particularly in individuals with 

steroid-dependent and uncontrolled eosinophilic asthma, 

significantly lowering eosinophil counts and improving 

clinical outcomes during treatment [43-45]. The large Phase II 

DREAM trial further validated its efficacy, showing a notable 

decrease in acute exacerbation rates in individuals with severe 

eosinophilic asthma [46]. Later MENSA and MUSCA, 

confirmed that mepolizumab lowers the risk of acute 

exacerbations and enhances health-related quality of life 

(HRQOL) [47, 48]. Furthermore, the SIRIUS trial 

demonstrated that mepolizumab reduces the need for oral 

corticosteroids in patients with severe eosinophilic asthma, 

thus mitigating the long-term side effects associated with 

steroid use [49]. Several long-term clinical trials have further 

validated the safety profile and clinical effectiveness of 

mepolizumab [50-52]. Additionally, multiple real-world 

studies have corroborated these findings, demonstrating the 

drug's effectiveness and tolerability in patients with severe 

eosinophilic asthma. These studies show significant 

reductions in the risk of acute exacerbations, improvements in 

lung function, and a decreased reliance on oral steroids 

[53-56]. In summary, mepolizumab has proven to be both safe 

and effective in managing severe eosinophilic asthma, 
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particularly in patients with elevated peripheral blood 

eosinophil levels [57-59]. Furthermore, its efficacy has also 

been consistently observed in children and adolescents 

[60-62]. 

 

2.2.2 COPD 

 

The METREX (mepolizumab 100mg vs placebo) and 

METREO (mepolizumab 100mg, 300mg vs placebo) trials 

were Phase III studies designed to assess the clinical 

effectiveness of mepolizumab in patients with COPD. These 

patients were on a stable ICS-based triple therapy regimen but 

continued to experience acute exacerbations. Both trials 

specifically enrolled COPD patients with an eosinophilic 

phenotype, defined as either an eosinophil count of ≥150 

cells/µl in peripheral blood at screening or an eosinophil count 

of ≥300 cells/µl in the previous year. Results showed that in 

individuals with an eosinophilic phenotype, subcutaneous 

administration of mepolizumab led to an 18% and 20% 

reduction in the annual rate of moderate to severe acute 

exacerbations, respectively, compared to the placebo group 

[63]. Therefore, guiding mepolizumab use based on 

peripheral blood eosinophil counts can help more precisely 

and scientifically manage COPD patients who persistently 

experience frequent acute exacerbations despite ongoing 

maintenance therapy. 

 

2.2.3 CRSwNP 

 

Conventional treatment approaches for CRSwNP typically 

involve saline nasal irrigation, intranasal corticosteroids, and 

the short-term use of systemic corticosteroids. However, 

systemic corticosteroids can lead to a range of time- and 

dose-dependent side effects [64, 65]. For patients with severe 

refractory CRSwNP, surgical intervention may be necessary 

to remove nasal polyps and diseased nasal mucosa, while 

surgery carries risks such as bleeding, cerebrospinal fluid 

leaks, and recurrence requiring repeat surgeries [66]. The 

SYNAPSE trial demonstrated that mepolizumab can reduce 

polyp size, improve nasal obstruction symptoms [67-69], 

enhance olfactory function [70], decrease the dosage of 

systemic corticosteroids [71], and lower the risk of future 

surgeries in individuals with severe refractory CRSwNP [72]. 

Notably, the efficacy of mepolizumab remains significantly 

sustained for 24 weeks post-treatment [73], making it a 

promising alternative to surgery and systemic corticosteroid 

therapy for these patients. 

 

3. Anti-IL-4 and IL-13 Therapy 
 

IL-4, a crucial cytokine, significantly contributes to 

inflammation and tissue remodeling, facilitating processes 

such as goblet cell hypersecretion in the mucosa, fibrosis, 

alterations in smooth muscle cells, and heightened airway 

hyperreactivity. Furthermore, both IL-4 and IL-13 are capable 

of stimulating the production of factors that promote 

eosinophil activation, including IL-5 and eosinophil 

chemotactic agents, by Th2 cells and epithelial cells. This, in 

turn, triggers the migration of eosinophils from peripheral 

blood to inflamed tissues. Dupilumab, an effective fully 

human IgG4 monoclonal antibody, targets IL-4Rα 

specifically. By inhibiting the shared IL-4Rα receptor subunit, 

dupilumab disrupts the signaling of both IL-4 and IL-13, 

demonstrating significant clinical effectiveness in treating 

diseases associated with type 2 inflammation [74].  

 

3.1 Asthma 

 

To evaluate the effectiveness and tolerability of dupilumab in 

individuals with persistent moderate-to-severe asthma with 

elevated eosinophil levels, Wenzel et al. conducted a phase 2a 

clinical trial. The findings indicated a markedly lower rate of 

asthma exacerbations in the dupilumab group compared to the 

placebo group, along with significant enhancements in 

pulmonary function and asthma control metrics. Furthermore, 

the study observed a notable reduction in 

eosinophil-associated inflammatory biomarkers [75]. 

Subsequent larger-scale trials confirmed these results, 

demonstrating that dupilumab effectively lowered the risk of 

severe exacerbations in individuals with uncontrolled 

persistent asthma. These trials also reported improvements in 

lung function, symptoms, health outcomes, quality of life, and 

productivity [76]. Similar benefits were observed in pediatric 

populations [77, 78]. Long-term extension studies reinforced 

the sustained safety and efficacy of dupilumab [79], showing 

that its effectiveness was independent of baseline peripheral 

eosinophil levels [80-82], allergic asthma status [83], prior 

exacerbation history, or baseline ICS dosage [84]. However, 

patients with higher eosinophil counts exhibited more 

pronounced benefits [82]. For steroid-dependent individuals 

with severe asthma, dupilumab significantly reduced oral 

corticosteroid (OCS) usage, while concurrently lowering 

severe exacerbation rates and enhancing lung function [85], 

irrespective of baseline OCS dosage [86]. These effects were 

maintained over time [87], suggesting that dupilumab may 

serve as a viable alternative to oral corticosteroids. In addition 

to evidence from clinical trials, real-world studies 

corroborated these findings. Patients with severe asthma who 

received dupilumab treatment experienced notable 

improvements in asthma management and pulmonary 

function, along with reductions in OCS dependency and 

annual exacerbation rates [88].  

 

3.2 COPD 

 

To evaluate the effectiveness and tolerability of dupilumab in 

individuals with COPD and type 2 inflammation who remain 

symptomatic despite standard triple therapy, S.P. Bhatt et al. 

conducted a 52-week Phase III clinical trial. The study 

targeted high-risk COPD patients with type 2 inflammatory 

characteristics, such as elevated peripheral blood eosinophil 

levels (≥300/μL) and recurrent exacerbations, explicitly 

excluding those with asthma. The findings revealed that 

participants with type 2 inflammation, marked by high 

eosinophil counts, who were treated with dupilumab had 

fewer moderate-to-severe exacerbations, better respiratory 

function, improved quality of life, and reduced pulmonary 

symptoms compared to those receiving placebo [89, 90]. 

These outcomes were further supported by another large-scale 

Phase III trial, which confirmed both the clinical effectiveness 

and risk profile of dupilumab in COPD patients with elevated 

peripheral eosinophil counts [91]. 

 

3.3 CRSwNP 

 

In individuals with CRSwNP unresponsive topical steroids, a 
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small-scale clinical trial demonstrated that subcutaneous 

dupilumab injections markedly reduced endoscopic nasal 

polyp scores after 16 weeks, while also enhancing olfactory 

function and improving quality of life [92]. Subsequent 

large-scale clinical trials have provided further evidence 

supporting the clinical effectiveness and tolerability of 

dupilumab in this population. These studies revealed that 

dupilumab significantly reduced the size of nasal polyps, 

alleviated symptoms such as nasal obstruction [93, 94], 

enhanced olfactory function [95, 96], improved quality of life 

[97, 98], and decreased the need for systemic corticosteroids 

and nasal polyp surgery [99, 100], regardless of baseline 

peripheral blood eosinophil counts [101]. Collectively, these 

findings position dupilumab as a well-tolerated and effective 

therapeutic alternative for individuals with severe, 

uncontrolled CRSwNP.  

 

4. Anti-IL-33 Therapy  
 

IL-33 is predominantly produced by barrier epithelial and 

endothelial cells [102] and functions as an "alarmin," 

passively released during tissue damage or necrosis triggered 

by factors such as cigarette smoke, environmental pollutants, 

or viral and bacterial infections [103]. Studies have shown 

that IL-33 plays a dual role in driving inflammatory responses 

of both type 1 and type 2 in vivo. For instance, in mouse 

models exposed to acute house dust mite allergens, an 

increase in pulmonary eosinophils, IL-5, IL-4, IL-13, goblet 

cell metaplasia, and IgE production has been observed [104]. 

Additionally, IL-33 has been found to enhance eosinophil 

maturation by stimulating IL-5 production and promoting the 

proliferation of IL-5Rα-expressing precursor cells in the bone 

marrow, thereby contributing to eosinophilic inflammation 

[105]. Itepekimab, a novel human IgG4P monoclonal 

antibody, is designed to specifically target IL-33. 

 

4.1 Asthma  

 

A study has demonstrated that Itepekimab shows both 

effective results and a favorable safety profile in individuals 

with moderate to severe asthma. Used alone or in combination 

with Dupilumab, it significantly reduces asthma exacerbation 

frequency while also improving pulmonary function and 

quality of life [106]. However, its capacity to reduce 

eosinophil levels and clinical efficacy appears comparatively 

weaker than that of Dupilumab, possibly due to the complex 

pathophysiology of asthma. Further research is required to 

elucidate this in greater depth. 

 

4.2 COPD  

 

Genetic analyses suggest that variations within the IL-33 

signaling pathway are correlated with an increased risk of 

COPD. Subsequent clinical trials and subgroup analyses 

revealed that Itepekimab largely reduced acute exacerbation 

frequency and enhanced respiratory function in COPD 

patients with a smoking history, though primary outcomes did 

not achieve statistical significance in the overall population 

and current smokers [107]. 

 

5. Conclusions 
 

In brief, anti-eosinophil biologics have substantially improved 

treatment options for severe asthma, eosinophilic COPD, and 

CRSwNP by offering targeted inflammatory control with 

fewer side effects than traditional therapies. These therapies 

have showed benefits in improving clinical outcomes. 

Although their impact is strongest in asthma, specific COPD 

and CRSwNP cases also demonstrate potential for these 

therapies. Despite the high costs and need for long-term safety 

data, anti-eosinophil biologics represent a valuable 

advancement toward personalized respiratory disease 

management. 
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