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ABSTRACT
Background:  Some patients with severe asthma may benefit from treatment with biologics, but 
evidence has been mostly collected from randomized controlled trials (RCTs), in which patients’ 
characteristics are different from those encountered in asthma patients in the real-world setting. 
The aim of this study was to describe the clinical features of complete responders versus 
non-complete responders to long-term treatment with biologics in patients with severe asthma 
attended in routine daily practice.
Methods:  Data of a cohort of 90 patients with severe asthma who were treated with biologics 
(omalizumab, benralizumab, and mepolizumab) for at least 12 months and were followed up to 
March 2022. Data recorded included clinical characteristics and effectiveness of treatment 
(exacerbation, Asthma Control Test [ACT] score, lung function, use of maintenance oral 
corticosteroids [mOCS]), FeNO, and blood eosinophils at baseline, at 12 months, and at the end of 
follow-up. Complete response is considered if, in addition to not presenting exacerbations or the 
use of mOCS, the ACT score was >20 and, the FEV1 >80% predicted.
Results:  An improvement in all asthma control parameters was observed after 12 months of 
treatment and a mean follow-up of 55 months. After 12 months of treatment 27.2% of patients 
met the criteria of complete response and this percentage even increased to 35.3% at the end 
of follow-up. Long-term complete response was associated to better lung function with 
mepolizumab and omalizumab treatment and to less previous exacerbations in the benralizumab 
group. The main cause of not achieving a complete response was the persistence of an airflow 
obstructive pattern.
Conclusions:  This study shows that omalizumab, benralizumab, and mepolizumab improved the 
clinical outcomes of patients with severe asthma in a clinic environment with similar effect sizes 
to RCTs in the long term follow-up. Airflow obstruction, however, was a predictor of a non-complete 
response to biologics.

KEY MESSAGES
•	 Treatment with anti-IgE and anti-IL-5 biologics significantly improved clinical outcomes in 

severe asthma patients.
•	 The rate of complete responders of 27.2% at 12 months even increased to 35.3% at the end 

of a mean follow-up of 55 months.
•	 The persistence of an airflow obstructive pattern was the main cause of the failure to achieve 

complete response.
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Introduction

Severe uncontrolled asthma is defined as asthma that is 
poorly controlled despite adherence with optimized treat-
ment with high-dose inhaled corticosteroids combined 
with long-acting β2-agonists and/or other controller med-
ication in the previous year, or with oral glucocorticoids 
for at least 6 months over the same period. Uncontrolled 
asthma is defined as at least one of the following: poor 
symptom control, frequent severe exacerbations, serious 
exacerbations, and airflow limitation [1]. In a study carried 
out in pneumology and allergy units in Spain, the preva-
lence of uncontrolled severe persistent asthma according 
to clinical judgement was 3.9% [2], but the prevalence 
would be higher based on definitions of clinical guide-
lines [1].

Asthma is a common heterogeneous complex disease 
in both children and adults. Phenotypic heterogeneity is 
a feature of severe asthma and multiple clinical pheno-
types have been described, including subtyping asthma 
based on methods such as unsupervised clustering 
approaches [3–5]. Type 2-high eosinophilic airway inflam-
mation is present in around 50% of adults with asthma, 
but corticosteroid withdrawal studies often reveal eosin-
ophilic airway inflammation suggesting that its preva-
lence might be underestimated [6]. Atopy is present in 
50–60% of adults and children with asthma, although it 
is more common among children and adults with severe 
asthma and childhood-onset versus late-onset disease 
[7,8]. On the other hand, non-eosinophilic asthma has 
been described in adults and children but is poorly 
understood [9]. The allergic-dependent and allergic- 
independent mechanisms that drive eosinophilic inflam-
mation and non-eosinophilic asthma often co-exist, 
leading to mixed granulocytic inflammation or changes 
in the inflammatory profile over time.

The goal of asthma treatment is to achieve good 
asthma control and to minimize symptom burden and 
the risk of exacerbations. Anti-inflammatory and bron-
chodilator treatments are the mainstay of asthma 
management and are used in a stepwise approach. 
Pharmacological treatment is based on a cycle of 
assessment and re-evaluation of symptom control, risk 
factors, comorbidities, side-effects, and patient satisfac-
tion by means of shared decisions [10]. In severe 
asthma, the concept of phenotype-specific interven-
tions toward precision medicine is increasingly import-
ant, with a need to optimize the balance between 
safety, efficacy, and cost for each therapeutic option. 
Indeed, new biological therapies for the treatment of 
severe asthma, combined with advancements in bio-
markers, have opened up exciting opportunities for 
more targeted and personalized interventions. Five 

biologicals have been approved so far for the treat-
ment of severe eosinophilic asthma. In a systematic 
review of the efficacy and safety of treatment with 
biologicals (benralizumab, dupilumab, mepolizumab, 
omalizumab, and reslizumab) for severe eosinophilic 
asthma, there was high certainty that all approved 
biologicals reduce the rate of severe asthma exacerba-
tions and for benralizumab, dupilumab and mepoli-
zumab for reducing oral corticosteroids [11]. All 
evaluated biologicals probably improve asthma control,  
health-related quality of life, and forced expiratory vol-
ume in one second (FEV1) [11].

One of the main current questions in the treatment 
of severe uncontrolled type 2-high eosinophilic asthma 
is to assess whether the efficacy of these biological 
agents demonstrated in the controlled settings of piv-
otal trials persists in routine clinical practice, where 
patients may have more diverse characteristics, and to 
determine the baseline characteristics associated with 
response to treatment with biologics. In the last two 
years, numerous studies in real-world settings included 
in a systematic review and meta-analysis reported by 
Charles et  al. [12] and in a comprehensive narrative 
review of Nagase et  al. [13] have provided robust evi-
dence of the effectiveness and safety of omalizumab, 
benralizumab, mepolizumab, and reslizumab in daily 
practice, confirming the results obtained in pivotal 
clinical trials. These data showed real-life effectiveness 
across racial and social backgrounds in different coun-
tries [12,13]. In the case of omalizumab, available since 
2008, there is evidence that its effectiveness is main-
tained in the long-term (approximately 5 years) result-
ing in continued benefit in terms of improved 
symptoms control and reduced risk of exacerbations 
[14]. Recently, in the International Congress 2023 of 
the European Respiratory Society, Riccardi et  al. [15] 
presented a head-to-head comparison between bio-
logics in a real-world study of 104 patients over a 
maximum of 4 years of biologic therapy. This study 
showed nocturnal awakenings reduction in benrali-
zumab vs. omalizumab/mepolizumab, increase in Delta 
FVC % post-bronchodilation in dupilumab vs. other 
biologics, and reduction of neutrophils in benrali-
zumab/dupilumab vs. omalizumab, with all differences 
being statistically significant. However, more data from 
head-to-head comparisons of biologics in patients 
with severe asthma are needed. On the other hand, 
different questions regarding the characteristics of 
responders and non-responders, predictors of response, 
implications for efficacy such as whether a complete 
response may be expected in all patients and when it 
appears whether it is maintained in the long-term, and 
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residual disease after blocking the T2 pathway are still 
matters of debate.

The aim of this study was to describe the clinical 
features of complete responders versus non-complete 
responders to long-term treatment with omalizumab, 
benralizumab, and mepolizumab in patients with 
severe asthma attended in a real-world setting.

Methods

Design and participants

This was a single-center retrospective study of adult 
patients with severe asthma attended at the Severe 
Asthma Unit of an acute tertiary care hospital in 
Badalona (Barcelona, Spain) who started treatment 
with biologics, having maintained it for at least 
6 months and with a follow-up of at least 12 months 
after the initiation of treatment. In March 2022, a 
review of the electronic medical records database of 
the Severe Asthma Unit was performed in order to 
select the study population. Eligible criteria were 
18 years of age or older, diagnosis of severe asthma 
according to guidelines of the Global Initiative for 
Asthma (GINA) [16] established at least 1 year before 
inclusion in the study, and having being followed reg-
ularly at the Severe Asthma Unit at minimum intervals 
of every 6 months, and for 12 months before indication 
of treatment with biologics. Treatment with biological 
agents had been indicated by the specialist in charge 
in patients with severe asthma requiring treatment 
with high dose inhaled corticosteroids (ICS) plus a sec-
ond controller and/or systemic corticosteroids to pre-
vent it from becoming uncontrolled or which remains 
uncontrolled despite this therapy.

The study was approved by the Clinical Research 
Ethics Committee of Hospital Universitari Germans 
Trias i Pujol (Badalona, Spain) (code As-Biol-2022-01 
[PI-22-293], approval January 13, 2023). Written 
informed consent had been obtained from all partici-
pants when they had been initially attended at the 
Severe Asthma Unit.

Study procedures

Data were retrospectively collected from the patients’ 
medical records. We assessed outcomes in all patients 
with severe asthma under ongoing treatment with 
biologics at our specialized Severe Asthma Unit in 
March 2022. Data at three time points were recorded: 
baseline (visit 0) before starting treatment with biolog-
ics, at 12 months after initiation of biological therapy 
(visit 1), and at the last follow-up assessment in March 

2022 (visit 3). Study variables included age, gender, 
bio-naïve or switch to another biological agent, atopy 
(defined by a positive prick test), comorbidities, smok-
ing status, duration of biological treatment, serum 
total IgE level, peripheral blood eosinophil count, exac-
erbations, the Asthma Control Test (ACT) score [17] (an 
ACT score ≥20 indicates well-controlled asthma), lung 
function, fractional exhaled nitric oxide (FeNO), and 
use of systemic corticosteroids. Clinical response to 
treatment was defined as ≥50% reduction in the annu-
alized exacerbation rate or in maintenance oral corti-
costeroids (mOCS) and super response as zero 
exacerbations and no mOCS for asthma [18]. A com-
plete response was considered if, in addition to not 
presenting exacerbations or the use of corticosteroids, 
the patient had an ACT score >20 and an FEV1 > 80% 
predicted according to the consensus document of the 
Spanish Society of Pneumology and Thoracic Surgery 
(SEPAR) [19]. Complete response was also defined 
according to these criteria considering an increase in 
FEV1 ><200 mL instead of an FEV1 >80% predicted. 
Exacerbation was defined according to ATS/ERS criteria 
[1] as acute or subacute episodes of progressively 
worsening shortness of breath, cough, wheezing, and 
chest tightness, or some combination of these symp-
toms that require the use of systemic corticosteroids 
(tablets, suspension, or injection), or an increase from 
a stable maintenance dose, for at least 3 days or a hos-
pitalization or emergency department visit because of 
asthma, requiring systemic corticosteroids.

Standards indications for each biologic according to 
the 2023 Spanish Guideline on the Management of 
Asthma [20] are as follows: (1) Omalizumab: severe 
persistent allergic asthma who have a positive skin 
test or in vitro reactivity to perennial aeroallergens and 
with reduced lung function (FEV1 < 80%) as well as 
frequent symptoms during the day or awakenings at 
night and who have had multiple documented severe 
asthma exacerbations, despite using daily high-dose 
inhaled corticosteroids, plus a long-acting inhaled 
beta2-agonist and a total IgE between 70 and 1500 
KU/L; and (2) Benralizumab and mepolizumab: uncon-
trolled severe asthma with an eosinophilic phenotype. 
The predictive biomarker which has showed a higher 
efficacy has been an eosinophilia >150 eosinophils/µL 
in peripheral blood and a determination of >300 
eosinophils/µL in any moment of the last 12 months.

Statistical analysis

Categorical variables are expressed as frequencies and 
percentages, and continuous variables as mean and stan-
dard deviation (SD). The chi-square test of the Fisher’s 
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exact test were used for the comparison of categorical 
variables, and the Student’s t test, the Wilcoxon signed-rank 
test, the Mann-Whitney U test, the Kruskal-Wallis test or 
the analysis of variance (ANOVA) were used for the com-
parison of continuous variables according to conditions of 
application. A logistic regression analysis was performed 
to assess independent variables significantly associated 
with complete response to each individual biological 
agent at the end of follow-up. Odds ratio, 95% confidence 
intervals (CI) and the area under the receiver operating 
characteristics (ROC) curves (AUC) were calculated. 
Statistical significance was set at p < .05. The Statistical 
Package for the Social Sciences (SPSS) version 22.0 (IBM 
Corporate, Armonk, NY, USA) was used for the analysis 
of data.

Results

Study patients and baseline data

A total of 97 adult patients diagnosed with severe 
asthma met the inclusion criteria and were treated 
with biologics. However, 7 patients were excluded, 4 of 
them treated with dupilumab because the treatment 
duration was less than 6 months, and 3 treated with 
reslizumab due to being a very small number of 
patients and not comparable with the other groups. 
Therefore, the study population included 90 patients, 
44 of which received omalizumab, 24 benralizumab, 
and 22 mepolizumab. The mean follow-up was 
55 months (omalizumab 86 months, benralizumab 
22 months, mepolizumab 27 months).

The baseline characteristics of all patients and 
grouped according to the administered biological 
agent are shown in Table 1. A total of 73.3% of patients 
were women, with a mean age of 55.3 years. Also, 
17.8% of patients were on mOCS, with a mean daily 
dose of 2.39 mg (and wide SD of 8.5 mg/day), the 
mean ACT score was 14.4, FEV1 67.1% predicted, and 
had suffered from an average of 3.43 asthma exacer-
bation episodes in the previous year. The mean blood 
eosinophil count was 607 cells/µL, total serum IgE 495 
kU/L, and FeNO 48.5 ppb. FeNO was measured in 63 
patients (70%), 29 (65.9%) in the omalizumab group, 
19 (79.2%) in the benralizumab group, and 15 (68.2%) 
in the mepolizumab group. Eighty patients were 
bio-naïve and 10 (11.1%) switched therapy.

In the comparison of baseline data between the 
three biological agents, there were statistically signifi-
cant differences between patients treated with omali-
zumab and those treated with either benralizumab or 
mepolizumab (Table 1). Omalizumab-treated patients 
were significantly younger, with longer duration of dis-
ease, higher percentages of food allergy and family 

history of atopy, higher total IgE values, lower ACT 
score, higher mean FEV1, and less treatment switching.

Clinical and complete response at 12 months

Clinical response after 12 months of treatment with 
biologics was evaluated in 87 patients as 3 patients 
(benralizumab, n = 2; mepolizumab, n = 1) were excluded 
because a duration of treatment of at least 12 months 
was not achieved. In the overall study population, 
there were statistically significant improvements in all 
parameters as compared with baseline (Table 2). The 
anti-IL-5 compounds benralizumab and mepolizumab 
produced a significant decrease of blood eosinophils, 
which was not observed in the omalizumab group. 
The significant decrease in FeNO values observed in 
the overall study population was not maintained in 
any of the biologics groups, but all remaining improve-
ments found in the remaining variables in the overall 
study patients were also found in each group of bio-
logics except for the use of mOCS (Table 2).

Complete response based on the SEPAR criteria [15] 
at 12 months was analyzed in 81 patients (omalizumab, 
n = 41; benralizumab, n = 19; mepolizumab, n = 19). In 
the remaining 9 patients, the duration of treatment 
was less than 12 months in 3, and data of some vari-
ables recorded at baseline could not be retrieved at 
12 months in 6. Complete response was achieved in 22 
patients, with a rate of 27,2%. The rates of complete 
response in the groups of biologics were 34.1% in the 
omalizumab group (14 patients), 10.5% in the benrali-
zumab group (2 patients), and 31.6% in the mepoli-
zumab group (6 patients). In the evaluation of complete 
vs. non-complete responders at 12 months of follow-up 
(Table 3), complete responders showed a lower blood 
eosinophil count (293 [262] vs. 664 [1147] cells/µL; 
p = .001) and higher FEV1 (2.35 [0.97] vs. 1.81 [0.66] L; 
p = .028). Statistically significant differences between 
complete responders and non-responders were also 
found in FEV1 L values in the omalizumab group, 
blood eosinophil count in the benralizumab group, 
and FEV1% in the mepolizumab group.

When the criterion of an increase of FEV1 > 200 mL 
was also considered, the rates of complete responders 
were 46.8% in the overall study population, 51.2% in 
the omalizumab group, and 42.1% in both the benral-
izumab and mepolizumab groups.

Clinical and complete response at the end of 
follow-up

Clinical response at the end of follow-up was evaluated 
in the entire study population of 90 patients (omali-
zumab 44, benralizumab 24, and mepolizumab 22). All 
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patients in the study had remained on the same origi-
nal biologics throughout the follow-up period. As 
shown in Table 3, there was a statistically significant 
improvement in blood eosinophils, FeNO, pulmonary 
function, reduction of exacerbations and mOCS, as well 
as better control of asthma. In the analysis of clinical 
response in the different groups of biologics, signifi-
cant decreases in blood eosinophilia were found in the 

groups of the anti-IL-5 drugs, improvement in pulmo-
nary function in all groups except in mepolizumab- 
treated patients, decreases in FeNO in the omalizumab 
group only, and reductions in the rate of exacerbations 
and improvement in the control of asthma in all three 
groups of biologics (Table 4).

Complete response based on the SEPAR criteria [15] 
at the end of follow-up was analyzed in 85 patients 

Table 1.  Baseline data of the overall study population and according to biological agent.

Variables
All patients 

(n = 90)

Biological agent

p value
Omalizumab 

(n = 44)
Benralizumab 

(n = 24)
Mepolizumab 

(n = 22)

Women, n (%) 66 (73.3) 31 (70.5) 16 (66.7) 19 (86.4 .267
Age, years, mean (SD) 55.3 (15.0) 49.5 (20.0) 63.8 (11.0) 58.1 (12.5) .001
Age at diagnosis, years, mean (SD) 50.7 (16.5) 42.4 (16.4) 61.3 (11.2) 55.9 (11.8) <.001
Duration of treatment, months, mean (SD) 55 (49.3) 86.6 (53.2) 22.1 (11.4) 27.7 (16.1) <.001
Obesity, BMI ≥ 30 kg/m2, n (%) 6 (6.7) 2 (4.5) 4 (16.7) 0 .057
Never smokers, n (%) 68 (75.6) 11 (25.0) 6 (25.0) 5 (22.7) .856
Rhinosinusitis, n (%) 25 (27.8) 15 (34.1) 3 (12.5) 7 (31.8) .146
Nasal polyposis, n (%) 23 (25.6) 10 (22.7) 6 (25.0) 7 (31.8) .725
Bronchiectasis, n (%) 19 (21.1) 9 (20.5) 4 (16.7) 6 (27.3) .671
Anxiety, n (%) 21 (23.3) 10 (22.7) 6 (25.0) 5 (22.7) .970
Food allergy, n (%) 10 (11.1) 8 (18.2) 1 (4.2) 0 .036
Atopic dermatitis, n (%) 3 (3.3) 2 (4.5) 1 (4.2) 0 .603
Family history of atopy, n (%) 59 (65.6) 42 (95.5) 11 (45.8) 6 (27.3) <.001
Gastroesophageal reflux disease, n (%) 13 (14.4) 4 (9.1) 3 (12.5) 6 (27.3) .134
Obstructive sleep apnea, n (%) 12 (13.3) 5 (11.4) 5 (20.8) 2 (9.1) .436
Aspirin-exacerbated respiratory disease, n (%) 10 (11.1) 4 (9.1) 3 (12.5) 3 (13.6) .831
Eosinophilic granulomatosis with polyangiitis, n (%) 5 (5.5) 0 2 (8.3) 3 (13.6) .058
Allergic bronchopulmonary aspergillosis, n (%) 5 (5.5) 4 (9.1) 1 (4.2) 0 .351
Blood eosinophil count, cells/µL, mean (SD) 607 (1058) 669 (1507) 596 (404) 506 (404) .845
FeNO, ppb, mean (SD) 48.5 (46.2) 44.6 (45.0) 48.1 (58.0) 56.6 (31.0) .721
Total serum IgE, kU/L, mean (SD) 495 (724) 713 (899) 329 (419) 239 (401) .026
Systemic oral corticosteroids, mg, mean (SD) 2.39 (8.5) 1.30 (6.1) 4.59 (13.0) 2.27 (5.0) .329
Systemic oral corticosteroids, n (%) 16 (17.8) 4 (9.1) 6 (25.0) 6 (27.3) .106
Exacerbations in the previous year, mean (SD) 3.43 (2.63) 3.75 (3.1) 3.25 (1.98) 3 (2.2) .513
ACT score, mean (SD) 14.4 (5.4) 12.4 (4.9) 17 (5.2) 14.4 (5.3) .001
FVC, %, mean (SD) 77.6 (17) 75.7 (17) 74.7 (15.5) 84.1 (31) .129
FEV1, L, mean (SD) 1.96 (0.76) 2.17 (0.91) 1.68 (0.54) 1.90 (0.51) .039
FEV1, %, mean (SD) 67.1 (25.6) 66.6 (23.5) 63.1 (20.7) 72.4 (18.3) .346
Biologic switch, n (%) 10 (11.1) 1 (2.3) 5 (20.8) 4 (18.2) .013

SD: standard deviation; BMI: body mass index; FeNO: fractional exhaled nitric oxide; ACT: Asthma Control Test; FVC: forced vital capacity; FVE1: forced 
expiratory volume in one second.

Table 2. C linical response at 12 months of follow-up.

Variables

All study patients (n = 87) Omalizumab (n = 44) Benralizumab (n = 22) Mepolizumab (n = 21)

Baseline 12 months p value Baseline
12 

months p value Baseline 12 months p value Baseline
12 

months p value

Blood eosinophils, 
cells/µL, mean (SD)

648 (1126) 132 (179) <.001 735 (1625) 236 (214) .078 628 (416) 48 (22) <.001 506 (248) 83 (69) <.001

FeNO, ppb, mean (SD) 49 (47) 36 (36) .040 44 (45) 36 (44) .387 53 (61) 29 (32) .176 57 (33) 43 (24) .122
FVC, %, mean (SD) 77 (18) 88 (14) <.001 75.7 (7.3) 85.7 (17) <.001 74 (16.5) 89.2 (12) <.001 81.8 (19) 91.7 (14) <.001
FEV1, %, mean (SD) 66.6 (22) 77.5 (19) <.001 66.7 (23.5) 76 (19) <.001 61 (20) 76-7 (19) <.001 69.5 (18) 79.6 (18) <.001
FEV1, L, mean (SD) 1.97 (0.78) 2.23 (0.78) <.001 2.17 (0.9) 2.39 (0.86) .001 1.67 (0.6) 2.08 (0.7) .004 1.81 (0.49) 2.04 (0.5) .012
FEV1 < 80% predicted, 

% patients
74.4 53.8 <.001 70 57.5 .180 89.5 68.4 .125 68.4 31.6 .016

Exacerbations over 
1 year, mean (SD)

3.4 (2.6) 0.29 (0.87) <.001 3.75 (3.1) 0.23 (0.57) <.001 3.09 (1.9) 0.36 (0.85) <.001 3.05 (2.27) 0.33 (0.73) <.001

No exacerbations, % 
patients

16.1 82.8 <.001 15.9 84.1 <.001 13.6 81.8 < .001 19 81 <.001

OCS, mg/day, mean 
(SD)

2.47 (8.6) 0.26 (0.96) <.001 1.3 (6.2) 0.14 (0.67) .219 5.02 (14) 0.12 (0.55) .131 2.38 (5) 0.67 (1.6) .059

OCS, % patients 18.4 6.9 .006 9.1 4.5 .625 27.3 4.5 .063 28.6 14.3 .250
ACT score, mean (SD) 13.9 (5.3) 21.7 (4.7) <.001 12.3 (5.0) 21.3 (5) <.001 16.7 (5) 22.1 (4.3) .006 13.9 (5) 21.9 (4.6) <.001
ACT score >20, % 

patients
17.2 73.4 <.001 7.1 75 <.001 33.3 72.2 .016 16.7 72.2 .002

SD: standard deviation; FeNO: fractional exhaled nitric oxide; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; OCS: oral cortico-
steroids; ACT: Asthma Control Test.
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(omalizumab 43, benralizumab 23, and mepolizumab 
19). In 5 patients excluded from the analysis, data of 
some variables recorded at baseline could not be 
retrieved at the end of follow-up. Complete response 
was achieved in 30 patients, with a rate of 35.3%.

The rates of complete response in the groups of 
biologics were 30.2% in the omalizumab group (13 
patients), 30.4% in the benralizumab group (7 patients), 
and 52.6% in the mepolizumab group (10 patients).

As shown in Table 5, in the overall study population, 
complete responders vs. non-complete responders had a 
significantly better pulmonary function in the three param-
eters of FVC %, FEV1L and FEV1%. Also, the percentage of 
patients with nasal polyposis and gastroesophageal reflux 
disease was higher among complete responders. In the 
omalizumab group, significant differences between com-
plete responders and non-responders were found in FEV1 
L and FEV1%, and lower percentages of women and 
patients with bronchiectasis. In the benralizumab group, 
significant differences in exacerbations over 1 year and the 
percentage of women were observed. In the mepolizumab 
group, significant differences in FEV1%, duration of treat-
ment, and percentage of patients with eosinophilic granu-
lomatosis with polyangiitis were found.

When the criterion of an increase of FEV1 > 200 mL 
was also considered, the rates of complete responders 
were 43.5% in the overall study population, 34.9% in 
the omalizumab group, and 52.2% in the benrali-
zumab, and 52.6% in the mepolizumab groups.

The complete response rates in the different groups 
are shown in Figure 1.

Predictors of complete response

In the logistic regression analysis, variables inde-
pendently associated with complete response at the 
end of follow-up were FEV1 (in L) for treatment with 
omalizumab (OR = 5.47, 95% CI 1.67–17.87, p = .005; 
AUC of the model = 0.840, 95% CI 0.70–0.98, p = .002), 
less previous exacerbations for treatment with benrali-
zumab (OR = 0.45, 95% CI 0.21–0.96, p = .038; AUC of 
the model = 0.826, 95% CI 0.65–1, p = .015), and FEV1 
(in %) for treatment with mepolizumab (OR = 1.09, 
95% CI 1.01–1.18, p = .024; AUC of the model = 0.867, 
95% CI 0.69–1, p = .007).

Causes of non-response

As shown in Table 6, the main cause of non-control or 
failure to achieve a complete response in the overall 
population treated with biologics was the presence of 
an obstructive airway pattern at 12 months (32.5% of 
cases) and at the end of follow-up (34.5%), followed 
by poor symptom control (ACT score >20) (26.6% and 
26.9%). In contrast, exacerbations (≥1 episode) and 
treatment with mOCS were less frequent causes of 
non-response. Similar findings were found in the 

Table 4. C linical response at the end of follow-up.

Variables

All study patients (n = 90) Omalizumab (n = 44) Benralizumab (n = 24) Mepolizumab (n = 22)

Baseline
End of 

follow-up
p 

value Baseline
End of 

follow-up
p 

value Baseline
End of 

follow-up
p 

value Baseline
End of 

follow-up
p 

value

Blood eosinophils, 
cells/µL, mean 
(SD)

647 (1168) 127 (139) <.001 733 (1642) 214 (128) .072 626 (444) 53 (23) <.001 502 (253) 91.2 (120) <.001

FeNO, ppb, mean 
(SD)

49 (47) 33 (33) .012 44.4 (46) 25.8 (29) .005 50.6 (58) 36.5 (43) .448 58 (33) 42 (19) .091

FVC, %, mean 
(SD)

77.5 (17) 89.6 (15) <.001 75.7 (17) 89.3 (13) <.001 74.3 (16) 91.8 (18) <.001 84.5 (18.5) 87.5 (16) .300

FEV1, %, mean 
(SD)

66.7 (22) 77.2 (20) <.001 66.6 (23) 78.8 (18.9) <.001 62.3 (21) 78.1 (22) <.001 71.8 (18.5) 73.2 (21) .627

FEV1, L, mean (SD) 1.95 (0.77) 2.18 (0.85) <.001 2.17 (0.91) 2.41 (0.96) <.001 1.68 (0.54) 2.1 (0.7) .001 1.78 (0.47) 1.80 (0.80) .903
FEV1 < 80% 

predicted, % 
patients

72.8 50.6 <.001 70 50 .021 86.4 59.1 .031 63.2 42.1 .125

Exacerbations over 
1 year, mean 
(SD)

3.43 (2.6) 0.33 (0.79) <.001 3.75 (3.1) 0.39 (0.89) <.001 3.25 (1.98) 0.25 (0.73) <.001 3 (2.2) 0.32 (0.6) <.001

No exacerbations, 
% patients

15.6 81.1 <.001 15.9 79.5 .008 12.5 87.5 <.001 18.2 77.3 .001

OCS, mg/day, 
mean (SD)

2.39 (8.5) 0.12 (0.6) .014 1.3 (6) 0.14 (0.67) .219 4.59 (14) 0.11 (0.5) .131 2.27 (4.9) 0.09 (0.4) .054

OCS, % patients 17.8 4.4 .002 9.1 4.5 .625 25 4.2 .063 27.3 4.5 .063
ACT score, mean 

(SD)
14.4 (5.4) 21.8 (4.8) <.001 12.4 (5) 21.4 (5) <.001 17.1 (5) 21.9 (5) .002 14.4 (5) 22.3 (4) <.001

ACT score > 20, 
% patients

19.4 73.1 <.001 7.1 71.4 <.001 35 75 .008 21.1 73.7 .006

SD: standard deviation; FeNO: fractional exhaled nitric oxide; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; OCS: oral cortico-
steroids; ACT: Asthma Control Test.
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individual groups of biologics. The obstructive pattern 
as a major cause of non- asthma control at 12 months 
and at the end of follow-up remained even when 
expanding the SEPAR criteria [19] and taking into 
account improvements in FEV1 > 200 mL despite FEV1 
not reaching >80% of the predicted value.

Discussion

In this real-life retrospective study based on data of 90 
patients with severe asthma treated with biologics, 
omalizumab, benralizumab and mepolizumab, we eval-
uated the complete response rate after 12 months of 
therapy and in the long-term at the end of the 
follow-up in March 2022, as well as the clinical charac-
teristics of the patients associated with response. The 

present results add evidence of the efficacy of biolog-
ics in the management of difficult-to-treat asthma with 
a persistent improvement at 12 months and in the 
long term.

The baseline characteristics of patients treated with 
the anti-IL-5 drugs were similar in terms of asthma 
severity, comorbidities, demographic characteristics, 
asthma control, and biomarker levels. However, 
patients in the omalizumab group were younger, had 
a higher prevalence of atopy, and a longer duration of 
treatment. This may have been expected since omali-
zumab is targeted towards a specific immunopheno-
type, particularly for severe allergic asthma, and it was 
the first available biological therapy for the treatment 
of severe eosinophilic asthma (SEA). Moreover, patients 
treated with omalizumab had significantly worse 

Figure 1.  Percentages of severe asthma patients with complete response to treatment with biologics. SEPAR criteria: no exacer-
bations, no use of corticosteroids, ACT score >20, and an FEV1 >80% predicted (SEPAR: Spanish Society of Pneumology and 
Thoracic Surgery [15]).

Table 6. C auses of non-response to treatment with biologics in patients with severe asthma.

Variables

All patients (n = 90) Omalizumab (n = 44) Benralizumab (n = 24) Mepolizumab (n = 22)

Baseline
12 

months
End of 

follow-up Baseline
12 

months
End of 

follow-up Baseline
12 

months
End of 

follow-up Baseline
12 

months
End of 

follow-up

FEV1 < 80% 
predicted, 
%

72.1 32.5 34.5 70 32.6 32.6 87.5 38.9 31.8 59.1 26.3 42

Exacerbations 
≥ 1, %

83.9 17.2 18.9 84.1 15.9 20.5 86.4 18.2 12.5 81 19 18.2

ACT score < 
20, %

73.4 26.6 26.9 92.9 25 28.6 66.7 27.8 25 83.3 28.6 26.3

mOCS, % 18.4 6.9 4.4 9.1 4.5 4.5 27.3 4.5 4.2 28.6 14.3 4.5

FEV1: forced expiratory volume in one second; ACT: Asthma Control Test; mOCS: maintenance with oral corticosteroids. Data as percentage of patients.
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asthma control as measured by the ACT, were on 
fewer mOCS, and had higher FEV1 values (in L). These 
differences in baseline characteristics and asthma con-
trol suggest that the populations being treated with 
omalizumab and anti-IL-5 drugs might have distinct 
clinical profiles and potentially different underlying 
mechanisms of asthma non-control.

Biologics have been shown to be effective in ran-
domized controlled trials (RCTs). However, it has been 
recognized that only a minority of patients with severe 
asthma would also be eligible for inclusion within an 
RCT for its baseline characteristics [21]. In a recent sys-
tematic review that evaluated the real-world efficacy 
of biological therapies for severe asthma [12], the 
baseline characteristics of patients included in the 
review were similar of those observed in our popula-
tion, with a mean age of 55.3 years, 73.3% were 
women, and 75.6% were never smokers.

This present results show an improvement in all 
asthma control parameters (ACT; exacerbations, FEV1%, 
mOCS) after 12 months of treatment in the overall 
study population. These data are similar to those 
reported for key clinical parameters in real-world clin-
ical studies and systematic reviews, in which mepoli-
zumab, benralizumab, and omalizumab were effective 
therapies for asthma. The effects observed in 
real-world studies are similar to those seen in the 
active group of equivalent RCTs [12,22–24]. When ana-
lyzing the response after 12 months in each group of 
biologics, these differences were maintained except 
for mOCS. In all groups, there was a decrease in mOCS 
especially in patients treated with mepolizumab, but 
differences did not reach statistical significance prob-
ably due to dispersion of the variables and the limited 
sample size.

There was a statistically significant reduction in the 
rate of asthma exacerbation episodes in all study 
groups, as well as a significant increase in the percent-
age of patients who did not experience any exacerba-
tion. On the other hand, taking into account the 
decrease in the percentage of patients on mOCS, we 
found that almost two out of three patients who com-
pleted 12 months of biological therapy regardless of 
which of the three therapies analyzed could be consid-
ered as super responders as they did not present exac-
erbations or used systemic corticosteroids [18].

Interestingly, the reduction of asthma exacerbations, 
improvement in ACT score, and the reduction of mOCS 
were observed in all groups of biological drugs at the 
end of follow-up. It should be noted that in our study 
the follow-up is long term, superior to other studies 
using mepolizumab [22] or benralizumab [23] in the 
real-world setting, except in the case of omalizumab 

for which long-term data at 9 years have been 
reported [25].

Of note, improvement in pulmonary function 
observed at 12 months in the mepolizumab group was 
not sustained at the end of follow-up. In a systematic 
review and meta-analysis of licensed biological thera-
pies for severe asthma, FEV1 change was assessed fol-
lowing the treatment with mepolizumab and 
benralizumab and there was low certainty of the evi-
dence of an increase in FEV1 after treatment with 
these two agents [12]. Real-world trials appear to 
demonstrate that benralizumab has an effect on FEV1 
which is above the minimal clinically important differ-
ence (MCID), while mepolizumab causes a statistically 
significant change which is below the MCID [11]. It is 
possible that this effect on FEV1 below the MCID and 
a better FEV1 (both in % and L) at baseline for mepo-
lizumab as compared with benralizumab may account 
for the loss of improvement of pulmonary function in 
the long term.

In patients treated with omalizumab, there was a 
significant reduction of FeNO at the end of follow-up. 
The ability of omalizumab to improve clinical parame-
ters in real life such as the reduction of exacerbations 
and T2 inflammatory biomarkers in severe allergic 
asthma (e.g. FeNO) is well documented [26]. Also, 
FeNO is a useful biomarker to identify patients who 
may benefit with omalizumab treatment [27]. The 
present findings confirm the decrease of FeNO associ-
ated with omalizumab therapy, which was maintained 
at the end of follow-up with even reduced values as 
compared with data at 12 months.

Relevant data of the study is the rate of complete 
response achieved at 12 months, which was maintained 
and even increased at the end of follow-up. In addition, 
when improvement in FEV1 >200 mL rather than FEV1 
normalization (FEV1 > 80% predicted) was added to SEPAR 
criteria [19], an additional increase in the rate of complete 
responders was found both at 12 months (19.6% for the 
overall study patients, 18.7% for omalizumab, 31.6% for 
benralizumab, and 10.5% for mepolizumab) and at the 
end of follow-up (8.2% for the overall study patients, 4.7% 
for omalizumab, and 21.8% for benralizumab). Increases in 
FEV1 are also included in multidimensional scales, such as 
EXACTO [28] or FEOS [29] that have been proposed to 
assess the response to biologics and to assist 
clinical-decision making.

In the present population of severe asthma patients 
under treatment with biologics, robust predictors of clini-
cal response were better lung function and fewer previ-
ous exacerbations. Clinical asthma remission is 
characterized by a high level of disease control, including 
the absence of symptoms and exacerbations, no need of 
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mOCS, and normalization or optimization of lung function 
with or without ongoing treatment [30]. Recently, it has 
been agreed that to consider asthma remission, clinical 
improvement should be sustained (present for 12 months) 
and should include three of more criteria, such as absence 
of significant symptoms by validated instrument, lung 
function optimization/stabilization, patient/provider agree-
ment regarding remission, and no use of systemic cortico-
steroids [31,32]. Complete asthma remission requires 
normalization or stabilization of any underlying pathology 
in addition to symptomatic remission, therefore, confirma-
tion of complete asthma remission involves evaluation of 
inflammatory and more complex pathophysiological bio-
markers besides asthma control variables.

Persistence of an obstructive pulmonary pattern 
despite improvement in FEV1 as compared with base-
line was the main cause of failure to achieve a 
long-term complete response. In a previous study of 
our group in adults with severe eosinophilic asthma, 
airway obstruction (FEV1 < 80% predicted) was the 
main reason of uncontrolled asthma [33]. These find-
ings are consistent with data reported in other cohort 
studies in the real-world setting, in which exacerba-
tions (the main variable in RCTs with biological drugs 
in asthma patients) was not the main cause of 
non-response [34–36]. In our previous study in severe 
eosinophilic asthma, persistent airflow obstruction was 
the main factor associated with poor asthma control, 
although none of the patients were treated with bio-
logics [33]. In light of the present results, which have 
to be interpreted considering the limitations of a ret-
rospective analysis and the small sample size, improve-
ment of pulmonary function and probably lung 
remodeling seems to remain an unmet need to achieve 
clinical remission in severe asthma patients under 
therapy with biologics. Although previous studies have 
not targeted treatment-induced remission, in our opin-
ion long-term clinical remission could be included as a 
therapeutic goal in studies of asthma treatments. 
Information on patients with complete response and 
its maintenance in the long-term is important to 
improve personalized care. Also, it would have been 
interesting to assess differences in clinical background 
data between late and early responders for each drug. 
However, the reduced number of patients due to the 
small sample size related to the single-center nature of 
the study would be an important limitation for the 
analysis of differences between early and late respond-
ers stratified by treatment group.

The overall results of the present study regarding ben-
ralizumab and mepolizumab, with reduction of exacerba-
tions, better asthma control, decrease in mOCS, and 
reduction of eosinophils are comparable to those 

analyzed in a systematic review and meta-analysis exam-
ining biologicals in real-world settings [12]. Omalizumab 
included in our study was not assessed in the systematic 
review [12], whereas treatment with dupilumab and resli-
zumab was not evaluated in our study. In our opinion, 
the strength of this study is to demonstrate that efficacy 
in terms of asthma control is maintained and even 
increases in the long term (in the case of anti-IL-5, longer 
term than studies or systematic reviews published to 
date) [12]. This may have an impact on the speed at 
which a change in biological therapy is considered. It is 
necessary to balance very well not to sustain biological 
therapies with partial or no response for a long time, but 
also not to rush and change the therapy before having 
achieved the maximum expected response. Another 
strong point of the study is to demonstrate that the main 
cause of non-complete response is pulmonary obstruction.

In this study, we have not investigated the clinical ben-
efits of switching biologics, although improvements in 
non-responder asthmatics switching from mepolizumab 
to benralizumab [23,37,38] and from mepolizumab to 
dupilumab [39,40] have been reported. Also, a further 
important issue refers to the discontinuation of biologics, 
although there are no criteria for remission in biologics-free 
patients. Recently, Nagase et  al. [13] have proposed an 
algorithm for withdrawal of biologics comprising an 
absence of asthma symptoms, no asthma exacerbations, 
no use of oral corticosteroids, normalized spirometry, sup-
pressed T2 inflammation, and control of comorbidities, 
although more research is needed to validate these sug-
gested criteria.

Conclusion

Treatment with omalizumab, benralizumab, and mepoli-
zumab improved clinical outcomes in patients with severe 
asthma in a real-world clinical setting. After 12 months of 
treatment 27.2% of patients met the criteria of complete 
response and this percentage even increased to 35.3% at 
the end of a mean follow-up of 55 months. The main 
cause of failure to achieve response to biologics was the 
persistence of an airflow obstructive pattern.
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