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Purpose: The objective of this work was to describe the disease characteristics and evolution over time among severe asthma patients 
in Spain, with and without biologic treatment, based on the interim analysis of the BREATHE study.
Methods: The BREATHE study is a multicentre, observational, longitudinal cohort study conducted in Spain, involving patients aged 
≥12 years with severe asthma, who were treated with high doses of ICS + LABA for at least 6 months prior to inclusion. This interim 
analysis was carried out with the information from the baseline and retrospective visits (at 6 and 12 months prior to index date) 
collected on June 29, 2023, including sociodemographic, clinical characteristics, lung function, symptoms, laboratory assessments, and 
treatment regimens.
Results: The interim analysis of the BREATHE study included 344 patients, with 325 meeting all criteria for analysis. The study 
found that 50.8% of patients had partially or poorly controlled asthma according to the ACT score, with a higher percentage of well- 
controlled asthma in patients undergoing biological therapy (52.5%) compared to those without (45.0%). Despite biological treatment, 
patients continued to experience exacerbations, and the most common treatments at the index date were ICS/LABA, biological 
therapy, and antileukotrienes.
Conclusion: The interim analysis of the BREATHE study reveals that severe asthma patients in Spain, predominantly female and 
around 50 years old, continue to experience exacerbations despite biological therapy, with nearly half having poorly controlled asthma. 
The study highlights the need to reassess treatment strategies for patients with high biomarker levels and frequent exacerbations.
Keywords: severe asthma, biomarkers, inflammation, treatment, biological

Introduction
Airway inflammation in asthma is currently considered to be either allergic-eosinophilic, nonallergic-eosinophilic (T2 
driven), or T2 independent.1 T2 inflammation is associated with increased levels of blood eosinophil count (BEC) and/or 
fractional exhaled nitric oxide (FeNO) concentrations or total immunoglobulin E (IgE) and specific IgE. The determina
tion of airway inflammatory phenotype aims to identify specific asthma patients who are candidates for specific 
biological treatments.2,3 Despite recent advances in asthma treatment and the existence of biological therapies that can 
improve disease control and reduce exacerbations and symptoms, real-life studies show that still many patients with 
severe asthma (SA) present partial responses even in the 69% of the cases.1,4,5

Asthma represents a significant burden for patients, healthcare systems, and society.2,6,7 It is estimated that up to 
40–50% of healthcare costs due to asthma are attributable to severe patients, owing to frequent hospital admissions, use 
of emergency services and drug consumption, as well as being associated with a large physical, mental, emotional, and 
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social burden on patients.2,3,8 Furthermore, uncontrolled asthma adversely impacts patients’ health-related quality of life 
(HRQoL) in relation to their physical, mental, emotional, and social functioning, while severe uncontrolled asthma 
(SUA) is associated with significant morbidity, mortality, and a substantial socioeconomic burden.6,7,9

Although SA patients contribute significantly to the overall burden and cost of asthma, information about real-life 
characterization of this subgroup of patients is still limited. BREATHE is an ambispective study aiming to describe 
disease characteristics and burden (clinical outcomes, (biomarkers, exacerbations, FEV₁, comorbidities); Patient-reported 
outcomes (ACT) and Healthcare utilization (hospitalizations, ER visits)), and their evolution over time among subjects 
with SA in Spain. The objective of this interim analysis is to describe the retrospective data period, overall and stratified 
by biological treatment status.

Material and Methods
Study Design and Participants
BREATHE study is a multicenter, observational, longitudinal cohort study with a first retrospective and then prospective 
data collection (ambispective) conducted in Spain. Patients received their standard routine medical care as determined by 
their treating physician (pneumologist and/or allergologist), without the study implying any change in the treatment that 
patients receive. Patients were included in 21 sites, aiming to reach geographical distribution and representativeness of 
the overall Spanish territory. This study was reviewed and approved by the ethics committee of the Hospital Universitari 
Vall d’Hebrón in Barcelona, Spain, and notified to the other participating centers. Permission to access and utilize the 
data for this study was obtained from the database owners of each participating center. Informed consent was obtained 
from all patients involved in the study. All data were handled confidentially and in accordance with current ethical and 
legal regulations, including Law 14/2007, of July 3, on Biomedical Research.

Patients aged ≥12 years old at the time of the inclusion period, with a confirmed diagnosis of SA, receiving high 
doses of inhaled corticosteroids (ICS) + long-acting adrenergic β2-agonists (LABA) for at least 6 months prior to 
inclusion (as per GEMA 5.1 guidelines)10 and with data in their medical records from at least 12 months before index 
date were included in the study. To be included, patients should have available T2 inflammation status (ie, blood 
eosinophil count, allergy status), being acceptable if it was available in the 2 months prior to inclusion or if this status 
was determined at the index. Patients with an asthma exacerbation at the time of study entry were excluded.

Participants were identified consecutively during their routine clinical visit by the physicians and were enrolled after 
eligibility confirmation and signing of informed consent form during the index visit. For minor patients, the assent of the 
minor as well as the informed consent of the parents/guardians was obtained. The overall observation period for each 
patient consists of 24 months (ie, 12 months of retrospective information and 12 months of prospective follow-up). 
Follow-up observational visits were not mandatory, but subjects were informed that they were required to attend follow- 
up visits as per their routine clinical practice. Patients are being currently followed-up during the prospective observa
tional period at every 6 months interval from the index date up to a maximum of 12 months or until early study 
discontinuation (consent withdrawal, loss-to-follow-up or death), whichever occurs first (Figure 1).

This interim analysis was carried out with the information from index visit and retrospective visits (at 6 and 12 
months prior to index date) collected on June 29, 2023. Index visit was the date on which baseline data were collected 
from primary and secondary sources of the participating sites. Patients’ medical records were used to determine 
eligibility for enrolment and to collect retrospective data of the 12 months before the index date. Primary data collection 
included both baseline and retrospective information on subjects’ sociodemographic and clinical characteristics including 
exacerbations, lung function, symptom, laboratory assessment, Asthma Control Test (ACT) and treatment. All data were 
transferred to an electronic Case Report Form (eCRF) using pseudonymized patient identifiers. Missing data has not been 
imputed, therefore only observed data has been used in analysis.

The study was conducted according to the ethical principles that are consistent with the Declaration of Helsinki, 
International Council for Harmonization (ICH), Good Clinical Practices (GCPs), Good Pharmacoepidemiology Practices 
(GPP), and the applicable legislation on Non-Interventional Studies and/or Observational Studies. Protocol and informed 
consent form were approved by the Ethical and Clinical Research Committee of the Hospital Universitari Vall D’Hebron, 

https://doi.org/10.2147/JAA.S532384                                                                                                                                                                                                                                                                                                                                                                                                                                                               Journal of Asthma and Allergy 2025:18 1524

Ojanguren et al                                                                                                                                                                     

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



with the ethics approval number PR(AG)206/2022. Patients agreed to participate and signed the informed consent before 
being included in the study.

Study Variables
The present interim analysis included variables collected for each study visits (index, 6-months, and 12-months), 
including:

● Sociodemographic characteristics: Age, gender, smoking status, height, and weight at baseline.
● Clinical characteristics: Age at asthma diagnosis and at SA diagnosis, exacerbations (defined according to the 

European Respiratory Society/American Thoracic Society (ERS/ATS) consensus11) and respiratory infections in the 
previous 12 months to index date, family history of asthma, personal and family history of allergies and 
comorbidities.

● Symptoms and clinical assessments: Lung function measurements of spirometry (FEV1-forced expiratory volume in 
the first second; FVC-forced vital capacity; PEF-peak expiratory flow; FEF25-75%-forced expiratory flow 25%– 
75%; IC-inspiratory capacity; FEV1predicted and FEV1/FVC ratio), exhaled nitric oxide fraction (FeNO), immu
noglobulin E (IgE), eosinophil and neutrophil count, sputum eosinophils and/or neutrophils, and allergy status 
assessed with the Prick test.

● ACT score: A short, simple, patient-based tool for identifying subjects with poorly controlled asthma.12 The scores 
range from 5 (poor control of asthma) to 25 (complete control of asthma), with higher scores reflecting greater 
asthma control. An ACT score >19 indicates well controlled asthma. We used the Spanish validation.13

● Treatment: Regimen and changes.

Analysis
This study used a hypothesis-free approach focused on multiple exploratory and descriptive analyses to understand the 
characteristics of SA patients, and thus power calculation for any specific outcome was not strictly relevant. With a total 
sample size of 400 SA patients, the margin of error (ie, half of the width of the confidence interval) for the estimated 
exact binomial 95% confidence interval (95% CI) for any given proportion of a subject characteristic, was lower than 
±5% of the measured value.

All computations and generation of tables and figures were performed using SAS statistical software (SAS Institute 
Inc., Cary, NC, USA), SAS Enterprise Guide 7.15. Descriptive analyses were performed to gain an understanding of the 
qualitative and quantitative nature of the data collected and the characteristics of the sample studied after baseline. 
Continuous variables were summarized by providing the number of observations, mean, standard deviation, median, 

Figure 1 Study design schema. 
Notes: 1Index date: date of enrolment in the study after ICF signing. 2Date on which baseline data is collected after ICF signing. Of note, baseline and index visit can be same 
for subjects with no airway obstruction at the time of enrolment in the study. 3For patients with an airway disease exacerbation at the time of enrolment, baseline data will 
be collected six to eight weeks later from index date. 
Abbreviation: ICF, informed consent form.

Journal of Asthma and Allergy 2025:18                                                                                            https://doi.org/10.2147/JAA.S532384                                                                                                                                                                                                                                                                                                                                                                                                   1525

Ojanguren et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



minimum, and maximum, inter-quartile range (IQR), as appropriate. Categorical variables were summarised by 
frequency and percentages (n, %). All analyses were performed stratified by biological treatment:

● With biological: Those patients who, at the baseline visit, have received a biologic for a minimum of 4 months.
● Without biological: Those patients who have not received any biological treatment during the observation period, 

those who have received it but have completed it before 4 months prior to the baseline visit, those who have 
received it less than 4 months prior to the baseline visit, and those who start the first biological on the same day as 
the baseline visit.

Results
On June 29, 2023, 358 patients were enrolled in BREATHE. In total, 344 met all the inclusion criteria and had the 
necessary data for evaluation. Nine patients were excluded due to unavailable T2 inflammation status, and five patients 
lacked eosinophil count information at the data closure for this interim analysis. Of the 344 patients, for this interim 
analysis 144 (41.9%) had not undergone biological treatment, 181 (52.6%) were on biological treatment and 19 patients 
(5.5%) were omitted due to unrecorded start dates for their biological treatment, leaving a final sample size of 325 
patients for the analysis.

Sociodemographic and Clinical Characteristics
Table 1 outlines the socio-demographic and clinical characteristics at index date, for the total sample size of patients 
under study and also according to whether they received biological treatment. The majority of patients were female 
(66.2%). Median age and body mass index were 54 years and 28.2 kg/m2, respectively.

Over the previous year to index date, 51.4% of patients had developed, at least, one exacerbation; most 
exacerbations (92.3%) were non-severe. In the group of patients treated with biological therapy (N=181) there 
were 86 (47.5%) without exacerbations in the previous 12 months at index date, and in the group without biological 
treatment (N=144), there were 72 (50.0%). Percentage of total sample who had 2 or more exacerbations in the last 
12 months to the index date was 29.5%, similar to patients with biological (29.3%) and to patients without 
biological (29.9%). Patients with no respiratory infections in the previous 12 months were 175 (54.0%) in the 
total sample, 102 (56.4%) in the group of patients on biological treatment and 73 (51.05%) in the group of patients 

Table 1 Sociodemographic and Clinical Characteristics of the Studied Sample at Index Date

Without Biological (N=144) With Biological (N=181) Total Sample (N=325)

Demographic variables

Age (years); mean (SD) 50.0 (14.8) 54.9 (14.0) 52.8 (14.5)

Age (years); Median (IQR) 51.0 (42.0; 60.5) 56.0 (45.0; 65.0) 54.0 (44.0; 63.0)

Gender, female; n (%) 98 (68.1%) 117 (64.6%) 215 (66.2%)

BMI (kg/m2) N = 137 N = 167 N = 304

Mean (SD) 28.19 (6.1) 28.15 (5.3) 28.17 (5.7)

Median (IQR) 27.3 (23.1; 32.2) 27.7 (23.9; 31.7) 27.6 (23.7; 31.9)

Smoking status

Current smoker; n(%) 13 (9.2%) 7 (3.9%) 20 (6.2%)

Never smoked; n(%) 69 (48.6%) 122 (67.4%) 191 (59.1%)

Former smoker; n(%) 57 (40.1%) 50 (27.6%) 107 (33.1%)

(Continued)
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Table 1 (Continued). 

Without Biological (N=144) With Biological (N=181) Total Sample (N=325)

Age at asthma diagnosis (years); N = 134 N = 172 N = 306

Mean (SD) 32.6 (17.8) 33.0 (17.4) 32.8 (17.6)
Median (IQR) 36.0 (16.0; 46.0) 34.0 (18.0; 46.0) 35.0 (18.0;46.0)

Age at severe asthma diagnosis (years); N = 138 N = 179 N = 317
Mean (SD) 44.7 (15.8) 47.0 (15.0) 46.0 (15.4)

Median (IQR) 46.0 (35.0; 56.0) 48.0 (38.0; 59.0) 48.0 (37.0; 58.0)

Personal history of allergies 96 (68.1%) 112 (62.9%) 208 (65.2%)

Exacerbations and respiratory infections

% patients with N exacerbations in the previous 12 months

0 72 (50.0%) 86 (47.5%) 158 (48.6%)

1 29 (20.1%) 42 (23.2%) 71 (21.8%)

2 26 (18.1%) 21 (11.6%) 47 (14.5%)

3 9 (6.3%) 14 (7.7%) 23 (7.1%)

4 or more 8 (5.6%) 18 (9.9%) 26 (8.0%)

% patients with N Respiratory infections in the previous 12 months.

0 73 (51.0%) 102 (56.4%) 175 (54.0%)

1 44 (30.8%) 47 (26.0%) 91 (28.1%)

2 15 (10.5%) 21 (11.6%) 36 (11.1%)

3 8 (5.6%) 8 (4.4%) 16 (4.9%)

4 or more 3 (2.1%) 3 (1.7%) 6 (1.9%)

Symptom control (ACT score)

ACT score (5–25) N = 140 N = 179 N = 319

Mean (SD) 17.8 (5.5) 18.6 (5.5) 18.3 (5.5)

Median (IQR) 19.0 (14.0; 22.0) 20.0 (15.0; 23.0) 19.0 (14.0; 23.0)

ACT group N = 140 N = 179 N = 319

Well controlled asthma 63 (45.0%) 94 (52.5%) 157 (49.2%)

Partially controlled asthma 29 (20.7%) 35 (19.6%) 64 (20.1%)

Poorly controlled asthma 48 (34.3%) 50 (27.9%) 98 (30.7%)

Lung Function N = 123 N = 156 N = 279

FEV1 (L)
Mean (SD) 2.456 (0.9) 2.3 (0.8) 2.4 (0.8)

Median (IQR) 2.4 (1.9; 3.1) 2.2 (1.6; 2.8) 2.3 (1.8; 2.9)

(Continued)
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without biological treatment. Figure 2 shows the most common respiratory comorbidities such as allergic rhinitis 
(44.2%), CRSwNP (41.5%), and CRSsNP (22.1%). The most prevalent general comorbidities were gastroesophageal 
reflux (29.3%), hypertension (28.4%), and obesity (26.0%). Interestingly, 18.1% of patients had anxiety and 14.9% 
suffered from depression.

Results regarding biomarkers at index date are presented in Table 1. The IgE determination was performed on 
242 patients, accounting for 74.5% of the total. The eosinophil count was performed for all 325 patients (100%). 
The neutrophil count was performed on 312 patients, which is 96.0% of the total, and the FeNO test was carried 
out on 217 patients, representing 66.8% of the total. No biomarker was performed in 104 patients (32.0%) 12 
months before index date, and in 141 (43.4%) 6 months before index date. At index date asthma was clinically 
allergen driven in 172 patients (52.9%), with the most common allergens being pollen in 108 patients (62.8%), 
dust mites in 106 (61.6%), pet dander in 89 (51.7%), mold in 32 (18.6%), foods in 13 (7.6%), and others in 
20 (11.6%).

Table 1 (Continued). 

Without Biological (N=144) With Biological (N=181) Total Sample (N=325)

FEV1predicted (%)

Mean (SD) 83.5 (21.2) 81.3 (20.2) 82.2 (20.6)
Median (IQR) 82.0 (69.0; 100.0) 82.0 (66.5; 96.0) 82.0 (67.3; 98.0)

FEV1/FVC (%)
Mean (SD) 72.5 (14.0) 69.4 (11.0) 70.8 (12.5)

Median (IQR) 73.1 (64.2; 80.1) 71.2 (62.1;77.2) 72.0 (63.5; 79.0)

Biomarkers

IgE (IU/mL or kU/L) N = 107 N = 135 N = 242

Mean (SD) 360.9 (616.4) 297.5 (443.5) 325.5 (526.7)

Median (IQR) 145.0 (55.0; 372.9) 151.0 (40.7; 349.0) 145.5 (49.0; 354.0)

Eosinophils count (c/ul) N = 144 N = 181 N = 325

Mean (SD) 400.8 (661.0) 205.9 (401.5) 292.2 (540.2)

Median (IQR) 220.0 (100.0; 410.0) 80.0 (0.0; 220.0) 160.0 (20.0; 370.0)

Neutrophils count (c/ul) N = 139 N = 173 N = 312

Mean (SD) 4042. 6 (1688.7) 4458.6 (1928.6) 4273.2 (1834.5)

Median (IQR) 3750 (2930; 5100) 4190 (3200; 5400) 4000 (3045; 5205)

FeNO (ppb) N = 87 N = 130 N = 217

Mean (SD) 34.2 (33.2) 36.9 (37.6) 35.8 (35.8)

Median (IQR) 23.0 (12.0; 44.0) 25.0 (13.0; 44.0) 25.0 (13.0; 44.0)

Patients without comorbidities; n (%) 11 (7.6%) 15 (8.4%) 26 (8.1%)

Patients with respiratory comorbidities; n (%) 97 (67.4%) 125 (69.8%) 222 (68.7%)

Patients with general comorbidities; n (%) 102 (70.8%) 115 (64.3%) 217 (67.2%)
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Lung Function and Asthma Control
Out of 324 patients with data, spirometry was conducted on 195 patients (60.2%) 12 months prior to the index date, and 
on 186 patients (57.4%) 6 months prior to the index date. On the index date itself, spirometry was performed on 279 out 
of 325 patients with data, accounting for 85.8%.

The outcomes of the spirometry tests conducted at these three different periods are displayed in Table 2 and Figures 3 
and 4. Mean FEV1, FVC, PEF, FEF25–75%, and IC variables seem to remain stable during the previous 12 months before 
index date. At index date patients showed a mean (SD) FEV1 of 2.3 (0.8) liters, 82.2 (20.6)% of predicted, a FEF25-75% of 
1.8 (1.2) liters per second, and a FEV1/FVC ratio of 70.8% (12.5).

Mean (SD) ACT score at index date was 18.3 (5.5) for the total sample, 18.6 (5.5) for patients on biological 
treatment and 17.8 (5.5) for patients not receiving biological treatment. According to ACT score, 50.8% of 
patients for the total sample, 47.5% of patients receiving a biological therapy, and 55.0% of patients not 
receiving biological treatment, had partially controlled or poorly controlled asthma as shown in Table 1 and 
Figure 5.

Figure 2 Percentage of patients with most common respiratory and general comorbidities in patients treated with biologics and without biologics. 
Notes: Bold text refers to the percentage of patients with comorbidities who are not receiving biologic treatment; blue text refers to the percentage of patients with 
comorbidities who are receiving biologic treatment.
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Treatment Regimens 12 Months Prior to Index Date and at Index Date
Treatments are described in Table 3 for both moments in time. The most common standard of care was ICS/ 
LABA, LAMA and antileukotrienes corresponding to 91.7%, 52.8%, and 56.5% of the total sample, respectively. 
The prevalence of biologic treatments corresponding to the 12-month period before the index visit were 
benralizumab (34.9%), dupilumab (23.6%), mepolizumab (29.3%), omalizumab (23.1%), and reslizumab (3.8%). 

Table 2 Spirometry Results at 12 and 6 Months Prior to Index Date and at Index Date

At 12 Months Prior to Index Date Without Biological (N=76) With biological (N=119) Total Sample (N=195)

FEV1 (L); mean (SD) 2.4 (0.8) 2.3 (0.8) 2.3 (0.8)

FEV1predicted (%); mean (SD) 78.9 (21.7) 80.7 (20.2) 80.0 (20.8)

FVC (L); mean (SD) 3.4 (1.0) 3.2 (1.0) 3.3 (1.0)

FEV1/FVC (%); mean (SD) 70.5 (13.5) 71.9 (16.3) 71.4 (15.2)

PEF (L/s); mean (SD) 5.9 (1.9) 5.7 (1.8) 5.8 (1.8)

FEF25-75% (L/s); mean (SD) 1.9 (1.128) 1.8 (1.1) 1.8 (1.1)

IC (L); mean (SD) 2.8 (0.9) 3.1 (1.0) 3.0 (1.0)

At 6 months prior to index date Without biological (N=77) With biological (N=109) Total (N=186)

FEV1 (L); mean (SD) 2.3 (0.8) 2.3 (0.9) 2.3 (0.9)

FEV1predicted (%); mean (SD) 79.3 (22.3) 79.4 (21.3) 79.4 (21.7)

FVC (L); mean (SD) 3.2 (1.0) 3.1 (1.1) 3.2 (1.0)

FEV1/FVC (%); mean (SD) 71.7 (15.7) 72.5 (19.4) 72.2 (17.9)

PEF (L/s); mean (SD) 5.9 (2.0) 5.5 (2.0) 5.6 (2.0)

FEF25-75% (L/s); mean (SD) 1.8 (1.1) 1.8 (1.2) 1.788 (1.2)

IC (L); mean (SD) 3.0 (0.8) 3.2 (1.0) 3.2 (0.9)

At index date Without biological (N=123) With biological (N=156) Total (N=279)

FEV1 (L); mean (SD) 2.456 (0.9) 2.239 (0.8) 2.4 (0.8)

FEV1predicted (%); mean (SD) 83.5 (21.2) 81.3 (20.2) 82.2 (20.6)

FVC (L); mean (SD) 3.4 (1.1) 3.3 (1.0) 3.3 (1.0)

FEV1/FVC (%); mean (SD) 72.5 (14.0) 69.4 (11.0) 70.8 (12.5)

PEF (L/s); mean (SD) 6.0 (1.8) 5.7 (1.8) 5.8 (1.8)

FEF25-75% (L/s); mean (SD) 1.9 (1.2) 1.8 (1.2) 1.8 (1.2)

IC (L); mean (SD) 2.5 (0.5) 3.2 (0.9) 3.0 (0.9)

Notes: FEV1-forced expiratory volume in the first second; FVC-forced vital capacity; PEF-peak expiratory flow; FEF25-75%-forced expiratory flow 15%-75%; 
IC-inspiratory capacity.
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Figure 4 FEV1/FVC (%) at 12 and 6 months prior to index date and at index date.

Figure 3 FEV1 predicted (%) at 12 and 6 months prior to index date and at index date.
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Ongoing biologic treatments at index date were benralizumab (32.0%), dupilumab (23.0%), mepolizumab 
(25.0%), omalizumab (18.5%), and reslizumab (2.5%). Tezepelumab was not commercially available at the time 
of this data collection.

Figure 5 Asthma control according to ACT score at index date.

Table 3 Severe Asthma Treatments: From 12 Months Prior to Index Date and Ongoing at Index Date

Without Biological (N=144) With Biological (N=181) Total Sample (N=325)

From 12 months prior to index date

Biologic treatment; n (%) 31 (21.7%) 181 (100.0%) 212 (65.4%)

Systemic corticosteroids; n (%) 24 (16.8%) 24 (13.3%) 48 (14.8%)

Inhaled corticosteroids; n (%) 12 (8.4%) 12 (6.6%) 24 (7.4%)

ICS/LABA; n (%) 129 (90.2%) 168 (92.8%) 297 (91.7%)

ICS/LABA/LAMA; n (%) 31 (21.7%) 38 (21.0%) 69 (21.3%)

SABA; n (%) 68 (47.6%) 81 (44.8%) 149 (46.0%)

ICS/SABA; n (%) 3 (2.1%) 3 (1.7%) 6 (1.9%)

SAMA; n (%) 11 (7.7%) 16 (8.8%) 27 (8.3%)

LABA; n (%) 0 (0.0%) 4 (2.2%) 4 (1.2%)

LAMA; n (%) 76 (53.1%) 95 (52.5%) 171 (52.8%)

SAMA/SABA; n (%) 5 (3.5%) 4 (2.2%) 9 (2.8%)

Mucolytics; n (%) 2 (1.4%) 0 2 (0.6%)

Antileukotrienes; n (%) 89 (62.2%) 104 (57.5%) 193 (59.6%)

Teofiline; n (%) 2 (1.4%) 2 (1.1%) 4 (1.2%)

(Continued)
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Discussion
The present interim analysis of the BREATHE cohort showed that the 47.5% of patients receiving a biological treatment 
for SA and the 55% of patients with SA not receiving any biological treatment had, respectively, partially or poorly 
controlled asthma according to ACT questionnaire at the study entry. Patients with SA that were receiving a biological 
treatment had lower counts of blood eosinophils compared to those not receiving any biological treatment. There were no 
relevant differences in terms of lung function, FeNO values, exacerbations in the previous year and general or respiratory 
comorbidities between both groups.

Severe asthma is a heterogeneous and complex disease that encompasses a wide spectrum of inflammatory pathways 
and structural airway changes. Despite the therapeutic arsenal currently available in SA and the arrival of biological 
drugs, there is still a significant percentage of patients who have not well controlled asthma. Thus, an unmet need for 
asthma control is observed even in patients treated with currently available biological treatments. The present study 
showed that nearly the half of the patients on biologic treatment and 55% of patients meeting the criteria for SA but not 
receiving biological treatment were not well controlled presenting an ACT value < 20. Pavord et al reported that 26% of 
patients presented an ACT value <20 in the retrospective REDES study of patients with SA following 1 year of treatment 
with mepolizumab.14 In this same line, Padilla-Galo et al reported 26.2% of patients presenting an ACT score < 20 at 
1-year after benralizumab initiation in the ORBE II study aiming to describe the characteristics and clinical outcomes of 
adult patients with severe eosinophilic asthma treated with benralizumab in a real-world setting in Spain.15 Recently, data 
from the International Severe Asthma Registry which includes 3.717 SA patients showed not well controlled asthma in 
nearly 75% of the patients prior to initiatingbiologic therapies, with some variability in terms of mean control levels 
regarding each particular monoclonal antibody.16 The BREATHE study confirmed that partially or poorly controlled 
asthma is present in SA patients treated with biologics in real life. Interestingly, in our cohort of patients, many of these 

Table 3 (Continued). 

Without Biological (N=144) With Biological (N=181) Total Sample (N=325)

Ongoing at index date

Biologic treatment; n (%) 26 (18.2%) 174 (96.1%) 200 (61.7%)

Systemic corticosteroids; n (%) 8 (5.6%) 11 (6.1%) 19 (5.9%)

Inhaled corticosteroids; n (%) 9 (6.3%) 10 (5.5%) 19 (5.9%)

ICS/LABA; n (%) 107 (74.8%) 143 (79.0%) 250 (77.2%)

ICS/LABA/LAMA; n (%) 27 (18.9%) 35 (19.3%) 62 (19.1%)

SABA; n (%) 66 (46.2%) 80 (44.2%) 146 (45.1%)

ICS/SABA; n (%) 1 (0.7%) 3 (1.7%) 4 (1.2%)

SAMA; n (%) 11 (7.7%) 13 (7.2%) 24 (7.4%)

LABA; n (%) 0 3 (1.7%) 3 (0.9%)

LAMA; n (%) 56 (39.2%) 68 (37.6%) 124 (38.3%)

SAMA/SABA; n (%) 4 (2.8%) 3 (1.7%) 7 (2.2%)

Mucolytics; n (%) 1 (0.7%) 0 1 (0.3%)

Antileukotrienes; n (%) 84 (58.7%) 99 (54.7%) 183 (56.5%)

Teofiline; n (%) 0 2 (1.1%) 2 (0.6%)

Notes: Patients without biological were those who have not received any biological treatment during the observation period, those who have received it but have 
completed it before 4 months prior to the baseline visit, those who have received it less than 4 months prior to the baseline visit, and those who start the first 
biological on the same day as the baseline visit.
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not well controlled patients presented normal lung function values and no exacerbations in the previous year. Despite this 
discrepancy, poor asthma control according to the patient’s own assessment can significantly limit their quality of life and 
forces us to consider whether these patients would be eligible for a biological treatment switch. Regarding SA patients 
that were not receiving biological treatment in our cohort, the prevalence of poorly or partially controlled asthma was 
above 50%, despite the mean FEV1 value being higher than 80% and around 70% of patients having no exacerbations in 
the previous year. According to the results of randomized clinical trials aiming to demonstrate the efficacy and safety of 
monoclonal antibodies in SA, biological drugs are limited to patients with SA presenting moderate or severe exacerba
tions often accompanied by low FEV1 values and oral corticosteroid use. However, this study highlights a subgroup of 
patients with severe asthma, since they are treated with high doses of ICS and at least one LABA, who would not meet 
the criteria for a biological drug in terms of exacerbations, but who do present poor asthma control. In this context the 
therapeutic trial with biological drugs might be a valid therapeutic approach in selected cases.

Overall, the clinical characteristics of these patients are consistent with those found in prior research.17–22 Severe 
asthma patients included in the study were predominantly female, overweight, and with a mean age of around 50 years. 
Around one-third of the subjects were former smokers, percentage similar to previous studies.20,23 Mean age at which 
asthma was diagnosed aligns with other studies19–21 suggesting that at baseline patients had been living with asthma for 
approximately 20 years, as previously reported.18,19 Early onset asthma (EOA) and late onset asthma(LOA) patients 
exhibit distinct patterns of comorbidities and inflammatory markers, suggesting that treatment plans should be tailored 
based on the age of onset.24 Early onset asthma patients had a clear association between type 2 inflammatory parameters 
(like IgE and blood eosinophils) and impaired lung function. This indicates that monitoring these markers could help in 
assessing disease severity and guiding treatment decisions for EOA patients.

Mean IgE levels were clearly high at index date, above 360 IU/mL in patients without biological therapy, and close to 
300 IU/mL in patients with biological. Mean IgE figures previously reported in observational studies were even higher 
492 IU/mL in the Spanish MEGA cohort.20 According to a study carried out in Spain25 over two-thirds of adult patients 
suffering from chronic allergic asthma (defined as being positive to at least 1 allergen, either in the skin prick test or by 
specific IgE measurement) showed IgE levels exceeding 150 IU/mL. Nonetheless, this study did not identify a substantial 
link between the severity of asthma and the total IgE levels in the serum, with the exception of a larger proportion of 
patients in the severe category having IgE levels over 400 IU/mL. In a high proportion of SA patients, the levels of blood 
eosinophil counts can fluctuate significantly, but they are usually high. Indeed, high eosinophil variability of blood 
eosinophils is a better predictor for risk of exacerbations than an absolute count.26 One study found that the prevalence of 
patients with a blood eosinophil count above 300 cells/µL was 53.3%, and above 400 cells/µL was 38.8%.20 In the 
present study mean (SD) blood eosinophil count at index date was 400.8 (661.0) cells/µL for patients without biological, 
close to the figure of 390 (444) for patients with severe asthma in the previously mentioned study,20 and 205.9 (401.5) 
cells/µL for patients receiving biological therapy, lower than that of patients with mild or intermittent asthma in the same 
study.20 Neutrophils may play a role in the pathogenesis of the airway inflammation of severe asthma, leading to 
eosinophils accumulating in the airways.27 The current study found a slight variation in the mean neutrophil count 
between patients not undergoing biological therapy (4,042 cells/µL) and those receiving biological therapy (4,458 cells/ 
µL). These numbers are lower than the previously reported count of 5300 cells/µL for severe adult-onset asthma.28 

Patients with SA often exhibit elevated levels of FeNO, which is a marker of airway epithelial inflammation. The exact 
levels can vary among individuals and depend on various factors such as the severity of the condition, treatment regimen, 
and individual response to treatment. In the present study, mean FeNO values were around 36 ppb, slightly higher in 
patients with biological than in patients without biological, an in both cases higher than accepted in guidelines for T2 
driven inflammation2,3 but lower than the figures reported in the MEGA cohort for patients with different asthma 
severity.20 Approximately half the patients included in the study had clinically allergen driven asthma. Allergic reactions 
seems to be more related with early-onset severe asthma than with late-onset SA.29 Severe asthma exacerbations, which 
can be triggered by allergens, are more frequent in refractory eosinophilic asthma and early-onset allergic asthma.30,31 It 
is important to begin describing allergic asthma driven by symptomatology rather than IgE to differentiate from atopy. 
This would help to better assess which patients are allergic-eosinophilic (early-onset) or non allergic-eosinophilic (late- 
onset).
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Asthma exacerbations collected in the previous 12 months to inclusion of subjects in the study were present in both 
groups of patients, with most of them being moderate. In the total sample, a mean number of 1.17 exacerbations was 
observed. In the group without biological treatment, 50% of patients developed at least one exacerbation, with 6.9% of 
patients experiencing severe exacerbations. On the other hand, in the group of patients treated with biological, the data 
were slightly higher, with 52.5% and 8.3% of patients having more than one exacerbation and severe exacerbation, 
respectively. In a previous study carried out in a sample of patients receiving biological therapy,17 63% of patients 
experienced at least one asthma exacerbation annually, with an average of 1.3 per patient. Additionally, in the same 
study,17 35% of patients had their asthma under control, while 28% had suboptimal control, and 29% had uncontrolled 
asthma. In our study, a slightly higher number of patients had poorly controlled asthma in the group of patients without 
biological treatment compared to the group of biological therapy (34.3% vs 27.9%, respectively). Lower amount of 
patients had well controlled asthma in the group of patients untreated with biologic compared to the group of patients 
with biological treatment (45.0% vs 52.5%, respectively). Close to 50% of patients in the present study had had at least 1 
respiratory infection in the previous 12 months to the index date, with 49.0% of patients without biologic treatment and 
43.7% of patients treated with biologics. In a recent publication from EVEREST study, biologic-eligible patients but who 
were not receiving biological therapy had a very high burden of disease, with half experiencing at least two exacerbations 
and more than two-thirds having uncontrolled asthma, highlighting the impact of not prescribing biological therapies to 
eligible patients.32

Mean number of respiratory infections was 1.6 for both, patients with and without biological therapy. Classically, it has 
been highlighted that patients who are at risk of developing asthma or those who already have the condition can experience 
significant impact on their disease progression or control due to viral respiratory tract infections.33 Asthma exacerbations 
are commonly linked to viral respiratory tract infections, particularly those caused by human rhinoviruses.33 Almost all the 
patients included in the present study had at least 1 comorbidity, with respiratory comorbidities, such as rhinitis, chronic 
rhinosinusitis with nasal polyposis (CRSwNP), and rhinosinusitis, being equally frequent as general comorbidities such as 
gastroesophageal reflux, hypertension, and obesity. In a French cohort study,18 85% of patients had at least one medical 
comorbidity. Data from the International Severe Asthma Registry,19 indicates that the most commonly reported comorbid
ities were allergic rhinitis, chronic rhinosinusitis, eczema, and CRSwNP, which aligns with the findings of the current study. 
Literature highlights the importance of systematic evaluation for comorbidities in patients with SA, especially patients with 
CRS with or without NPs because they might benefit from biologic therapy to a greater extent than patients without these 
comorbidities.34 We observed higher proportion of patients with CRSwNPs or rhinosinusitis treated with biologics than 
patients with allergic rhinitis, many of them were without biologic treatment (Figure 2). However, one concern is the large 
number of missing data for comorbidities, with 33.2% of patients lacking data related to comorbidities. Other studies have 
shown a relationship between the number of comorbidities and lack of clinical improvement, where CRSwNP was 
associated with more exacerbations and OCS use.35

In patients with SA, the FEV1, FEV1/FVC ratio, and FEF25-75% are typically lower than normal. As indicated in 
Table 2 and Figures 3 and 4, the mean FEV1 and FEV1/FVC ratio for the study sample fall within the parameters of 
controlled SA, exceeding 80% and 70%, respectively.36 Mean value of FEF25-75% in this study is slightly above what has 
been previously reported in SA patients.37 However, the study sample comprised SA patients without distinguishing 
between those with controlled or uncontrolled conditions, hence the average spirometry test results fall within the range 
of controlled SA. It should be noted that 12 and 6 months before the index date, 40% of patients had not undergone 
routine spirometry, although this percentage was only 14% at the index date.

Mean ACT scores of study patients were close to well controlled asthma (>19 points),38 and the percentage of patients 
with well controlled asthma according to ACT score was greater in patients undergoing biological therapy (52.5%) than 
in patients with no biological treatment (45.0%). Conversely, the percentage of patients with poorly controlled asthma 
was higher in patients without biological therapy (34.3%) than in patients with biologic treatment (27.9%).

Slightly more than half of the patients had received biological treatment before inclusion in the study for at least 4 
months and almost two-thirds were receiving biological treatment at index date. Despite undergoing biological therapy, 
patients with SA in the present study still experienced exacerbations as previously reported.17,39,40 From 12 months prior 
to index date, the majority of patients were on treatment with ICS/LABA, with two-thirds on biological therapy and over 
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half on antileukotrienes and LAMA. Just around 20% of patients were on triple therapy. At index date, ICS/LABA 
remained the most commonly prescribed treatment, used by three-quarters of patients. This was followed by biological 
therapy, used by nearly two-thirds of patients, and antileukotrienes, used by over half. The proportion of patients on 
LAMA dropped to 38%, while those on SABA rose to nearly half. In the present study, focused on patients with SA, the 
percentage of patients receiving biological therapy and the distribution among the different biological therapies was 
different from those reported in a study conducted with aggregated data surveys in 90 Spanish centres41 which found 
6.2% of patients treated with omalizumab, 2.9% with mepolizumab, 0.4% with reslizumab and 1.0% with benralizumab. 
Finally, from 12 months prior to index date approximately 15% of patients were receiving systemic corticosteroids which 
decreased to 6% at index date.

The study has several limitations, such as the lack of a control arm, which restricts our ability to ascribe the observed 
to treatment effect. Other limitations of this study include missing data, especially prior to index date, and the selection of 
patients with full information available to be included in the study population. Finally, it was found that about 20% of the 
patients in the group without biological treatment were treated for a short period with biological treatments that can alter 
some of the observed outcomes. A major strength of the current study is that it used a cohort of 325 patients that will be 
followed-up in a prospective manner for one additional year and will provide insights into the treatments that can 
influence the progression of severe asthma.

Conclusions
This is an interim analysis of the BREATHE study. Sociodemographic and clinical characteristics of patients with SA 
included in the study are similar to those previously reported. In general patients receiving biologic therapy had similar 
characteristics to those without it. Comorbidities were frequent, with respiratory and general comorbidities being equally 
common, but one-third of the patients lacked data related to comorbidities in the medical records. At index date, 
spirometry tests were within the boundaries of controlled SA in patients with and without biological therapy, but many 
patients did not have a previous spirometry at 6 and 12 months. It is not possible that in the 21st century to have 
asthmatic patients without routine spirometry every 3–6 months, which highlights an important unmet need in our 
clinical practice, closely associated with the risk of exacerbations and asthma control. A significant percentage of 
asthmatic patients had more than 2 exacerbations and/or at least 1 respiratory infection in the previous year. 
According to ACT score almost half the patients had not well controlled asthma. Just over 50% of the study participants 
had undergone biological treatment for a minimum of four months prior to their inclusion in the study, and nearly two- 
thirds were undergoing biological treatment at the time of the study’s commencement. However, even with the biological 
therapy, patients with SA in the current study continued to experience exacerbations, as noted in earlier reports. We 
should investigate the reasons why patients with at least one exacerbation in the previous year, high levels of biomarkers, 
use of OCS and poorly controlled asthma have not been switched to other biological treatments or had a biological 
treatment added if they did not have it yet.
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