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Cluster Analysis Identifies Patients With Severe 
Eosinophilic Asthma Who Achieve Super-Response and 
Remission With Mepolizumab
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To the Editor,
Biological therapies have significantly improved outcomes for 
patients with severe eosinophilic asthma (SEA), but responses 
vary. Many patients who meet the criteria for monoclonal anti-
body treatment experience suboptimal responses, while others 
show exceptional improvement, referred to as ‘super respond-
ers’ (no exacerbations and no systemic corticosteroid use during 
12 months of treatment) [1]. Recently, achieving ‘clinical re-
mission’—defined by no exacerbations, no systemic corticoste-
roid use, symptom control and optimised lung function—has 
emerged as a treatment goal [2].

Randomised and nonrandomised studies have demonstrated 
that mepolizumab, the first monoclonal antibody-targeting 

interleukin-5 (IL-5), leads to significant reductions in severe ex-
acerbations and corticosteroid use while improving lung func-
tion and quality of life [1, 3, 4]. However, these studies report 
average outcomes and lack insights into the subgroups that ben-
efit most.

Cluster analysis is a valuable tool for identifying patterns within 
data sets and grouping patients with similar characteristics into 
distinct, mutually exclusive subgroups. In this retrospective 
study, unsupervised cluster analysis was applied to a real-world 
SEA cohort to uncover sub-phenotypes within the T2-high 
phenotype that are particularly responsive to mepolizumab. 
Patients were recruited between May 2020 and June 2022 across 
12 Italian asthma centres. Informed consent was obtained, 

Abbreviations: ACT, asthma control test; BEC, blood eosinophil count; BMI, body mass index; CRwNP, chronic rhinosinusitis with nasal polyps; FEV1, forced expiratory volume in 1 s; GINA, 
Global Initiative for Asthma; OCS, oral corticosteroid; SEA, severe eosinophilic asthma; SPT, skin prick test.
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and data were collected using a shared, anonymised database. 
Ethical approval was secured from each centre's ethics com-
mittee (co-ordinator centre: Catania, Italy; document number: 
33/2020/PO–14/April/2020).

Eligible patients met ATS/ERS and GINA criteria for severe 
asthma, had eosinophil counts ≥ 300 cells/μL or ≥ 150 cells/
μL if on maintenance oral corticosteroids (mOCS) and expe-
rienced at least two exacerbations in the previous year [5, 6]. 
Outcomes were assessed at 6 and 12 months (T6 and T12), 
focusing on (1) elimination of exacerbations and OCS use 
(super-response) and (2) elimination of exacerbations and OCS 
use, asthma control (ACT ≥ 20) and FEV1%-predicted ≥ 80% 
(remission).

Cluster analysis was performed using the Partitioning Around 
Medoids (PAM) algorithm, incorporating baseline variables and 
clinical response data. Statistical analysis included chi-square 
tests, Student's t-tests and logistic regression. Clusters were val-
idated using bootstrap resampling, and all analyses were con-
ducted in R 4.2.1.

The analysis included 131 patients at T6 and 144 patients at T12. 
The mean age at asthma onset was 57 ± 13 years, with an aver-
age disease duration of approximately 20 years. Female patients 

comprised 69% of the cohort. The population was slightly over-
weight (mean BMI = 27 ± 6), and 67% of patients were on oral 
corticosteroids (OCS). A family history of asthma was reported 
in 50%, while 66% had a positive skin prick test (SPT) for respira-
tory allergens. The mean pre-bronchodilator FEV1% predicted 
was 72% ± 20%, 12% of patients had bronchiectasis, and 44% had 
chronic rhinosinusitis with nasal polyps (CRwNP). The mean 
blood eosinophil count (BEC) was 659 ± 476 cells/μL, and the 
total serum IgE was 719 ± 3321 IU/mL.

The optimal number of clusters for both time points was two. 
Cluster 1 (C1) had a higher proportion of patients with a family 
history of asthma (C1 = 67% vs. C2 = 27%), positive SPT (C1 = 86% 
vs. C2 = 40%), higher BMI (C1 = 29 ± 6 vs. C2 = 26 ± 5), more ex-
acerbations per year (C1 = 6 ± 4 vs. C2 = 4 ± 3), lower prevalence 
of CRwNP (C1 = 30% vs. C2 = 62%), worse disease control (ACT 
C1 = 13 ± 4 vs. C2 = 15 ± 4) and more compromised lung function 
(FEV1% predicted C1 = 68 ± 21% vs. C2 = 76 ± 19%) (Figure 1A).

Super-response rates in Cluster 2 (C2) were significantly higher 
at both T6 (96.4%) and T12 (92.1%) compared to Cluster 1 (C1: 
42.1% at T6, 44.4% at T12) (p < 0.01) (Figure 1B). Remission rates 
were also higher in C2 (72.7% at T6, 68.3% at T12) vs. C1 (10.5% 
at T6, 9.9% at T12) (p < 0.01) (Figure 1C).

At T12, super-response was primarily predicted by a family his-
tory of asthma in both clusters OR_C1 = 3.15; OR_C2 = 1.35; 
ratio C_1/C_2 = 2.34, indicating that patients with a family his-
tory of asthma in C1 had a 134% higher chance of responding to 
mepolizumab compared to those in C2. Remission at T12 was 
similarly predicted by family history of asthma (OR_C1 = 3.89; 
OR_C2 = 2.96), SPT (OR_C2 = 3.09; OR_C1 = 1.19) and FEV1% 
predicted (OR_C2 = 2.88; OR_C1 = 1.89).

At T6, super-response was strongly predicted by positive SPT 
in both clusters (OR_C1 = 14.55; OR_C2 = 2.01) and ACT 

Summary

•	 Traditional clinical phenotyping in severe eosino-
philic asthma does not predict biologic treatment 
response.

•	 Cluster analysis identifies patient groups with differ-
ing mepolizumab responsiveness, guiding personal-
ised therapy.

FIGURE 1    |    Differences in selected variables between the clusters (A). Super-response (B) and remission (C) at T6 and T12, according to different 
clusters.
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BBMMII  (C1=29±6; C2=25±5; P<0.01); Family history of asthma (C1=54 [67%]; C2=17 [27%]; 
P<0.01); SPT (C1=70 [86%]; C2=25 [40%]; P<0.01); Exacerbations (C1=6±4; C2=4±3; P<0.05); 
chronic OCS users (C1=60 [74%]; C2=37 [59%]; P<0.1); ACT (C1=13±4; C2=15±4; P<0.01); 
FEV1% predicted (C1=69±21; C2=76±19; P<0.05); Bronchiectasis (C1=7 [9%]; C2=10 [16%]; 
P<0.1); CRwNP (C1=24 [30%]; C2=39 [62%]; P<0.01); 
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(OR_C2 = 1.62; OR_C1 = 0.57). Remission was associated not 
only with SPT (OR_C2 = 2.70; OR_C1 = 1.51) but also with 
CRwNP (OR_C2 = 2.76; OR_C1 = 1.21), FEV1% predicted 
(OR_C2 = 1.91; OR_C1 = 1.61), OCS use (OR_C2 = 2.43; OR_
C1 = 1.32) and smoking (OR_C2 = 5.12; OR_C1 = 0.81).

This study's findings align with previous research in some areas 
but diverge in others [7–9]. Higher FEV1 remains a strong pre-
dictor of remission with mepolizumab, consistent with earlier 
studies. However, traditional biomarkers like BEC and total 
serum IgE, often linked to treatment outcomes, showed limited 
predictive value in this analysis.

Notably, clinical phenotypes like chronic rhinosinusitis with 
nasal polyps (CRwNP) and allergy sensitisation (SPT) did not 
fully explain the different responses to mepolizumab. While SPT 
and family history of asthma were more prevalent in Cluster 1, 
they were linked to better outcomes within each group, indicat-
ing complex interactions between these factors and treatment 
responses, depending on the broader patient profile.

The strength of this study lies in its novel clustering approach, 
using bootstrapping to identify two distinct and clinically 
meaningful subgroups of SEA patients. This method, unlike 
traditional geometric clustering, better reflects the biological 
variability of SEA and simplifies treatment decision-making. By 
focusing on only two clusters, the study avoids the complexity 
of multiple subgroup comparisons and offers more actionable 
insights for personalised treatment strategies. The multicentre 
nature of the research enhances its generalisability, with several 
predictors validated by previous studies.

These findings underscore the importance of subgroup identi-
fication in personalised treatment strategies. Prospective val-
idation studies are needed to confirm whether this clustering 
approach can guide biologic selection.
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