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Abstract
Background: Severe asthma is a heterogeneous condition in which biologic therapies targeting type 2 inflammation have substan-
tially improved disease control. However, a proportion of patients fail to achieve a sustained response, necessitating biologic switch-
ing in routine clinical practice.

Objective: Evaluate real-world patterns, clinical outcomes, and determinants of biologic switching in patients with severe asthma.

Methods: This 15-year ambispective cohort study evaluated patients with severe asthma treated with biologic therapies between 
2009 and 2025. Patients were classified as never-switchers or switchers. Clinical outcomes, exacerbation burden, oral corticosteroid 
use, lung function, and inflammatory biomarkers were assessed at baseline, 4/6 months, and 12 months. Comparative analyses were 
performed across cohorts.

Results: Among 345 included patients, 116 (33.6%) underwent biologic switching. Inadequate clinical efficacy was the predomi-
nant reason for switching, frequently accompanied by persistent upper-airway comorbidities. Clinical improvement was observed 
following both initial biologic initiation and subsequent switching; however, patients requiring switching exhibited a higher residual 
disease burden and rarely achieved the level of disease control observed in stable patients. Early response at 4/6 months was infor-
mative for longer-term outcomes, and switching was safe.

Conclusion: In real-world practice, biologic switching represents a common and clinically meaningful strategy in severe asthma. Ear-
ly treatment response may assist in identifying patients requiring timely reassessment and individualized therapeutic optimization.
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Introduction
Severe asthma (SA) is a complex, heterogeneous con-
dition affecting approximately 3.5–10% of the overall 
asthma population. Clinically, SA is defined by the re-
quirement for high-dose inhaled corticosteroids (ICS) 
combined with additional controller therapy or by dis-
ease that remains uncontrolled despite such treatment 
(Frix et al. 2022; Solidoro et al. 2022; Bourdin et al. 2024; 
Matsumoto et al. 2025).

The introduction of monoclonal antibodies targeting 
key pathways of type 2 (T2) inflammation has substantially 
transformed the management of SA, leading to meaning-
ful reductions in exacerbation frequency, improvements 
in lung function, and decreased reliance on systemic corti-
costeroids (Papaioannou et al. 2021; Okwuofu et al. 2025). 
Nevertheless, a significant clinical challenge persists, as 
approximately 10–25.5% of patients experience either pri-
mary or secondary non-response to their initial biologic 
therapy (Lafarge et al. 2024; Mobayed et al. 2025). Given 
the frequent overlap in eligibility criteria among available 
biologics, selection of the initial agent is often complex, 
and therapeutic switching has become a common strate-
gy to optimize disease control in routine clinical practice 
(Menzies-Gow et al. 2022b; Caminati et al. 2023).

Real-world evidence consistently indicates that inad-
equate clinical response represents the predominant rea-
son for biologic switching, whereas adverse events and 
persistent comorbidities contribute less frequently (Drag-
onieri et al. 2024; Al Awn et al. 2025; Tran et al. 2025). Pa-
tients who require switching often display a distinct clin-
ical phenotype characterized by greater disease severity, 
increased inflammatory burden, and a higher frequency 
of exacerbations at baseline (Menzies-Gow et al. 2022b; 
Matsumoto-Sasaki et al. 2022; Scioscia et al. 2023). Impor-
tantly, multiple observational studies have demonstrated 
that switching between biologic therapies is generally safe 
and may result in clinically meaningful improvements, 
particularly when transitioning from anti-immunoglobu-
lin E to anti–interleukin-5 or anti–interleukin-4 receptor 
therapies (Liu et al. 2021; Caruso et al. 2022; Naumova 
et al. 2023). These observations are consistent with ex-
isting real-world data indicating that biologic switching 
in severe asthma is more often motivated by insufficient 
disease control than by tolerability issues. Furthermore, 
earlier switching, especially within the initial years of bi-
ologic exposure, appears to be associated with a greater 
likelihood of favorable treatment response (Al-Ahmad et 
al. 2023; Okwuofu et al. 2025).

Despite the proliferation of biologics, no randomized 
head-to-head trials directly comparing biological agents 
within the same patient population have been reported 
in the scientific literature to date, and treatment decisions 
are often based on guidelines or meta-analyses. Conse-
quently, clinicians lack robust evidence to guide optimal 
treatment sequencing when initial therapy fails (Couil-
lard et al. 2025; Faria et al. 2025; Lipworth et al. 2025). In 
addition, key aspects of long-term biologic management 

remain insufficiently understood, including mechanisms 
underlying secondary non-response and the potential 
distortion of inflammatory biomarkers following pri-
or biologic exposure, which may complicate subsequent 
re-phenotyping and treatment selection (Menzies-Gow et 
al. 2022b; Mobayed et al. 2025).

The marked heterogeneity of SA and the variabili-
ty in individual therapeutic responses underscore the 
need for precision-based management strategies that 
extend beyond initial biologic selection (Bagnasco et 
al. 2020; Kuks et al. 2025). While randomized clinical 
trials provide essential evidence regarding efficacy and 
safety, they offer limited insight into real-world switch-
ing patterns, long-term outcomes, and predictors of 
sustained response. Consequently, high-quality obser-
vational data remain crucial to inform clinical deci-
sion-making in everyday practice.

Within this context, longitudinal data for Bulgaria, 
although available, have never been systematized and 
analyzed. The first biologic therapy, omalizumab, was 
approved for reimbursement in 2009 and was the only 
available biologic therapy for 10 years until benralizum-
ab was approved in 2019, with subsequent introductions 
of mepolizumab (2018) and dupilumab (2023), as well as 
tezepelumab (2024), providing clinicians with therapeu-
tic choice. The presence of multiple alternatives has en-
abled the collection of longitudinal data of a real-world 
cohort of 345 patients with severe asthma, treated with 
biologic therapies, including 116 individuals who under-
went therapeutic switching. By evaluating clinical out-
comes before and after switching, identifying predictors 
of treatment response, and exploring relevant phenotyp-
ic subgroups, this work aims to contribute meaningful 
real-world evidence to support personalized treatment 
strategies in severe asthma patients.

Objective

Our aim was to analyze clinical outcomes, phenotypic 
characteristics, and predictors of therapeutic response 
in patients with severe asthma treated with biologic 
therapy, with a special focus on the group switched to 
another biologic therapy.

Materials and methods
Study design and setting

This was an observational, non-interventional, real-world 
study of patient health data and clinical outcomes collect-
ed during routine follow-up at University Hospital “Al-
exandrovska,” Clinic of Allergology. The study evaluated 
biologic treatment outcomes in severe asthma and com-
pared never-switchers (treated with one biologic) with 
switchers (treated with ≥ 2 biologics), including pre- and 
post-switch effectiveness in routine care.
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Under Regulation (EU) 536/2014, this research con-
stitutes a non-interventional clinical study (i.e., a clini-
cal study other than a clinical trial). Treatment initiation 
and switching were determined by treating physicians as 
part of standard clinical practice and were not assigned 
by a study protocol. Participation did not influence pre-
scribing decisions, and the study did not mandate any 
additional diagnostic or monitoring procedures beyond 
routine care. The choice of therapy was based on clini-
cal judgment and GINA (Global Initiative for Asthma) 
Guidelines. The retrospective segment encompassed the 
years 2009 to 2025, while the prospective segment com-
menced upon ethical approval in June 2025.

Eligibility criteria

Patients were considered eligible if they:

1.	 Met the ATS (American Thoracic Society) or ERS 
(European Respiratory Society) diagnostic criteria 
for severe asthma;

2.	 Received at least one biologic therapy in routine 
practice during the period 2009–2025;

3.	 Provided informed written consent for the research 
use of their clinical data if participating in the pro-
spective component of the study;

4.	 Were ≥ 18 years of age.

For the retrospective component, inclusion was based 
on the availability of sufficient clinical data in the medical 
records (i.e., baseline data within the 12 months preceding 
biologic treatment initiation and follow-up data at 4 or 6 
months and, where available, at 12 months.).

Patients were excluded from the final dataset if they:

1.	 Refused to participate by not providing informed 
consent for involvement in the prospective segment 
of the study;

2.	 Did not meet the ATS/ERS diagnostic criteria for 
severe asthma;

3.	 Had clinical records that were incomplete or insuffi-
cient for analysis;

4.	 Participated in randomized interventional clinical 
trials during the observation period;

5.	 Had been diagnosed with other chronic respirato-
ry diseases that may confound outcome evaluation, 
such as COPD with a dominant phenotype.

Management of retrospective and pro-
spective data heterogeneity

Due to the ambispective form of the study, particular 
measures were instituted to guarantee comparability be-
tween retrospective and prospective data. All variables 
were delineated using standardized clinical criteria and 
extracted in accordance with a predetermined data collec-
tion technique. Only patients with adequately comprehen-
sive and consistent medical records were included in the 

retrospective data to reduce information bias. In the pro-
spective component, data collection adhered to identical 
variable definitions and time intervals as defined in the ret-
rospective dataset (baseline, 4/6 months, and 12 months), 
thus guaranteeing consistency across study periods.

Classification of study participants

Study participants were classified as the following:

•	 Never-switchers: patients who have received one bi-
ologic therapy;

•	 Switchers: individuals who were subsequently 
switched at least once to a different biologic therapy 
(i.e., have received ≥ 2 biologic therapies overall).

Details of participant selection and consent form are 
provided in Suppl. material 1.

Outcome definitions and response cri-
teria

Clinical outcomes and response/remission definitions 
were prespecified based on published consensus crite-
ria (Menzies-Gow et al. 2020; Upham et al. 2021; Men-
zies-Gow et al. 2022a; Canonica et al. 2023; Crimi et al. 
2024; Hansen et al. 2024; Scelo et al. 2024; Busse 2025; 
Pavord et al. 2025; Porsbjerg et al. 2025). Clinical response 
was characterized by an increase in ACT score of ≥ 3 
points and at least one of the following: a ≥ 50% reduction 
in annual exacerbation rate or a ≥ 50% reduction in oral 
corticosteroid use. Clinical remission required the simul-
taneous presence of an absence of exacerbations, complete 
withdrawal of maintenance oral corticosteroids, well-con-
trolled asthma indicated by an ACT score of ≥ 20 points, 
and preserved or improved lung function (FEV1 ≥ 80% 
predicted or clinically meaningful improvement from 
baseline). A super-responder was characterized as a pa-
tient achieving at least two major criteria (complete elim-
ination of exacerbations, oral corticosteroid withdrawal, 
or an increase in ACT score of ≥ 6 points) together with 
at least one minor criterion (≥75% improvement in exac-
erbation rate, an ACT score of > 19 points, or an increase 
in FEV1 of ≥ 500 mL), or all three major criteria, which 
reflected a robust and sustained response to the biologic 
therapy. These definitions were uniformly applied across 
cohorts to guarantee comparability.

Sample size calculation

The study uses a pragmatic real-world cohort consisting of 
all eligible consenting patients treated at the study center 
during the study period.

To contextualize sample adequacy, we used Cochran’s 
formula to estimate a proportion with a 95% confidence 
level and a conservative prevalence of p = 0.5 (maximum 
variance). Under this assumption, the required population 
size for a ± 5% margin of error is N = 384; the achieved 
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sample (n = 345) corresponds to an approximate margin 
of error of ± 5.3%. The achieved sample size provides ade-
quate power to detect clinically meaningful changes.

Ethics and data collection

Ethical approval for this non-interventional study was is-
sued by the Institutional Ethics Committee of University 
Hospital Alexandrovska (Decision No. 9/19.06.2025). The 
study employed a pragmatic cohort design. The retrospec-
tive component encompassed the study of anonymized 
and aggregated clinical data gathered during standard 
medical care from 2009 to 2024. The ethics committee 
permitted the utilization of these data without necessi-
tating individual informed consent, in compliance with 
national regulations and the explicit stipulations of the 
Bulgarian Health Law (Art. 86(1)(5)) concerning patient 
rights and health data protection.

The prospective component of the study began with 
the issuance of the aforementioned ethics approval in 
June 2025. Subsequently, all newly enrolled patients 
submitted written informed consent before participa-
tion. The research was conducted in compliance with 
the Declaration of Helsinki and relevant data protec-
tion laws. No treatments were implemented as a direct 
result of the study protocol, validating the non-inter-
ventional design during the prospective phase.

Datasets

The electronic medical record system serves as the princi-
pal repository of patient data, consistently utilized in clin-
ical practice at the institution. Clinical information was 
extracted from the hospital’s internal electronic patient 
record system and complemented by paper-based med-
ical records when required. Extracted data were entered 
into a structured electronic dataset developed by the re-
search team (Suppl. material 2).

Baseline demographic, clinical, functional, and bio-
marker characteristics were defined using data collect-
ed during the 12 months preceding biologic initiation 
(index biologic). Follow-up assessments were captured 
from routine visits at approximately month 4/6 and 
month 12, where available. For switchers, outcomes were 
analyzed according to the predefined “pre-switch” and 
“post-switch” cohorts, enabling evaluation of switching 
effectiveness in a real-world setting.

Data handling and data protection

Patient-level data were collected by their respective at-
tending physicians and processed in pseudonymized 
form. Direct identifiers were removed from the dataset 
in accordance with Regulation (EU) 2016/679 (GDPR). 
Each participant was assigned a unique study code (e.g., 
A001 and A002), where the letter indicates the clinical 
unit and the numeric suffix indicates the sequential entry 
number. The re-identification key linking study codes to 

patient identities was stored separately within the treating 
institution and was accessible only to authorized clinical 
personnel; statistical analysis was conducted exclusively 
with the pseudonymized dataset. Data were analyzed and 
reported only in aggregated form.

Statistical analysis

Due to the observational design of the study, the anal-
yses were predominantly descriptive and exploratory. 
Statistical analyses were conducted with the R statistical 
package. Baseline characteristics were summarized for 
never-switchers and switchers. Three pre-specified com-
parisons were performed: (1) never-switchers vs. switch-
ers pre-switch, (2) switchers pre- vs. post-switch (paired 
within individuals), and (3) never-switchers vs. switchers 
post-switch. Continuous variables were assessed for distri-
butional characteristics and reported as mean ± SD (stan-
dard deviation) when approximately normally distributed 
and median [IQR]. In approximately symmetric distribu-
tions, these measures converge; where distributions are 
skewed, the median [IQR] provides a robust summary. 
Between-group comparisons used Student t-test (normal) 
or Mann–Whitney U test (non-normal). Paired pre–post 
comparisons among switchers used paired t-test. Categor-
ical outcomes were compared using χ2 test or Fisher’s ex-
act test, and paired binary outcomes were evaluated using 
McNemar’s test when applicable. All tests were two-sided, 
and statistical significance was considered at p < 0.05.

Results
Study population

A total of 800 patients were screened, of whom 345 met 
the eligibility criteria and were included in the final anal-
ysis. The study cohort comprised 345 patients with severe 
asthma, including 229 (66.4%) never-switchers and 116 
(33.6%) switchers. Among switchers, 109 patients under-
went a single biologic switch, while 7 experienced more 
than one switch. Data were collected between 2009 and 
2025, with a median year of biologic initiation of 2023. 
Baseline demographic characteristics are summarized in 
Table 1, and extended patient characteristics are presented 
in the Suppl. material 3.

At baseline, upper-airway comorbidities were signifi-
cantly more prevalent among switchers, including nasal 
polyposis (62.9% vs. 42.8%, p < 0.001) and chronic rhi-
nosinusitis (72.4% vs. 41.0%, p < 0.001). Switchers also 
had a higher prevalence of AERD (35.3% vs. 24.0%, p = 
0.037) and allergic rhinitis (30.2% vs. 19.7%, p = 0.040), 
while baseline lung function was comparable between 
groups (FEV1% predicted: 50.0 [45.0–55.0] vs. 51.0 [43.0–
57.0], p = 0.427). Baseline blood eosinophil counts were 
lower in switchers pre-switch (median 500 [350–650] vs. 
580 [400–860] cells/µL, p = 0.011). Baseline clinical and 
inflammatory characteristics differed between groups.
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Patient flow and switching patterns

Patient transitions by count between biologic therapies 
are illustrated in Fig. 1A, and switching distribution by 
year is demonstrated in Fig. 1B. The most frequent switch 
was from omalizumab to benralizumab (n = 62). The me-
dian duration of prior biologic therapy before switching 
was 4 years (interquartile range [IQR] 2–6; range 1–14), 
with differences observed between biologic classes. The 
longest median treatment duration was recorded for 

omalizumab (Table 2). Switching occurred between 2018 
and 2025, peaking in 2023 (n = 35) and 2024 (n = 30); the 
median switching year was 2023.

Reasons for switching

A total of 192 reasons for switching were recorded 
(Table 3). Primary and secondary reasons were docu-
mented in 123 switching events, of which 70 (56.9%) in-
cluded both a primary and a secondary reason. The most 
common primary reason for switching was inadequate 
clinical efficacy or inappropriate initial biologic selec-
tion (112/123; 91.1%). The most frequently reported sec-
ondary reason was inadequate control of comorbidities, 
predominantly chronic rhinosinusitis with nasal polyps 
(CRSwNP) (67/123; 54.5%).

A minority of patients required switching due to ad-
verse events (AE). In one patient, the primary reason for 
switching was a severe local skin reaction at the injection 
site. In another patient, low back pain was reported as a 
secondary reason for switching.

Primary longitudinal outcomes

Clinical outcomes were evaluated in never-switchers, 
switchers prior to first biologic initiation (pre-switch co-
hort), and switchers following biologic switching (post-
switch cohort) at baseline, 4/6 months, and 12 months. 
Baseline and 12-month outcomes are presented in Table 4, 
while intermediate 4/6-month outcomes are summarized 
below to illustrate the early response pattern.

Baseline phenotype

At baseline, cohorts differed in clinical and inflam-
matory characteristics (Table 4). Asthma control was 
equally poor at baseline between groups (ACT median 
10.0 [9.0–12] in never-switchers vs. 11.0 [10.0–12.0] 
in switchers prior to the first switch). Baseline blood 
eosinophil counts were lower in switchers pre-switch 
compared with never-switchers (median 500 [350–650] 
vs. 580 [400–860] cells/µL; p = 0.011). Improvements in 

Table 1. Baseline demographic, clinical, and treatment char-
acteristics of never-switchers and switchers. Baseline values re-
fer to the time of biologic initiation. Variables with statistically 
significant between-group differences are shown in bold. FeNO 
data were available in a limited subset of patients and were there-
fore not included in comparative statistical testing.

Variable Never-switcher 
(n = 229) Switcher (n = 116) p-value

Demographics

Sex 0.294

Female 166 (72.5%) 77 (66.4%)

Male 63 (27.5%) 39 (33.6%)

Age at biologic initiation, years 58.0 [50.0–65.0] 52.0 [46.0–59.0] < 0.001

Age at asthma onset, years 40.0 [32.0–50.0] 38.5 [27.0–47.0] 0.027

Asthma duration, years 16.0 [9.0–24.0] 19.0 [12.0–28.2] 0.031

Body mass index, kg/m2 26.4 [23.5–30.5] 25.1 [22.7–29.0] 0.061

Smoking status 0.098

Never smoker 205 (89.5%) 109 (94.0%)

Former smoker 24 (10.5%) 6 (5.2%)

Baseline disease severity

Exacerbations per year 
(baseline)

3.0 [2.0–4.0] 2.0 [2.0–3.0] 0.019

Hospitalizations in prior 
year (baseline)

1.0 [1.0–2.0] 1.0 [1.0–1.0] 0.023

ACT score (baseline) 10.0 [9.0–12.0] 11.0 [10.0–11.0] 0.450

Biomarkers

Total IgE, IU/mL 197.0 [96.0–406.0] 173.5 [122.2–374.0] 0.890

Blood eosinophils, % 7.0 [5.0–10.2] 6.1 [4.3–9.0] 0.043

Blood eosinophils, cells/µL 580 [400–860] 500 [350–650] 0.010

FeNO, ppb 34.0 [34.0–34.0] 51.0 [44.2–55.2] -

Lung function (baseline)

FEV1, L, baseline 1.27 [1.08–1.60] 1.39 [1.19–1.68] 0.040

FEV1, % predicted 51.0 [43.0–57.0] 50.0 [45.0–55.0] 0.427

FVC, L, baseline 1.89 [1.50–2.35] 1.96 [1.62–2.33] 0.266

FVC, % predicted 58.0 [51.0–68.0] 60.0 [54.0–66.2] 0.368

FEV1/FVC, baseline 0.71 [0.63–0.80] 0.72 [0.65–0.79] 0.585

Clinical characteristics

Family history of asthma 45 (19.7%) 19 (16.4%) 0.554

Maintenance oral 
corticosteroids

12 (5.2%) 11 (9.5%) 0.206

Comorbidities

Nasal polyposis 98 (42.8%) 73 (62.9%) < 0.001

AERD 55 (24.0%) 41 (35.3%) 0.037

Chronic rhinosinusitis 94 (41.0%) 84 (72.4%) < 0.001

Allergic rhinitis 45 (19.7%) 35 (30.2%) 0.040

Atopy 102 (44.5%) 47 (40.5%) 0.550

Index biologic therapy < 0.001

Omalizumab 7 (3.1%) 97 (83.6%)

Benralizumab 179 (78.2%) 12 (10.3%)

Mepolizumab 27 (11.8%) 5 (4.3%)

Dupilumab 16 (7.0%) 2 (1.7%)

Table 2. Duration of previous biologic therapy prior to switching.

Previous biologic n Median duration, years [IQR]

Omalizumab 97 5 [2–7]

Benralizumab 15 3 [1–4]

Mepolizumab 8 3 [1.5–4]

Dupilumab 3 1 [1–1]

Table 3. Primary and secondary reasons for biologic switching.

Reason for switching Primary 
Reason – n (%)

Secondary 
Reason – n (%)

Low efficacy/inappropriate selection 112 (91.1%) 0 (0%)

Adverse Events (AE) 1 (0.8%) 1 (0.8%)

Inadequate control of comorbidities (CRSwNP) 9 (7.3%) 67 (54.5%)

Missing 1 (0.8%) 53 (43.1%)
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asthma control, lung function, exacerbation frequen-
cy, and oral corticosteroid use were observed across all 
groups during follow-up.

Early (4/6-month) trajectory

By 4/6 months, early improvements in symptom con-
trol and lung function were evident following biologic 
initiation and switching. These changes were generally 
maintained or further improved at 12 months, support-
ing the clinical utility of early assessment as a predictor 
of long-term response.

One-year outcomes and comparative 
trajectories

Never-switchers demonstrated consistent improvement 
across clinical outcomes, including asthma control, ex-
acerbation rate, hospitalizations, and reduction in oral 

corticosteroid use, with some variables showing a marked 
decrease, such as eosinophil absolute count in a large 
percentage of patients receiving anti-eosinophil therapy 
(Table 4: Never-switcher cohort). Notably, by month 12, 
never-switchers had achieved high levels of asthma con-
trol (ACT median = 23.0 [22.0–24.0]) and lung function 
(FEV1 median = 2.05 [1.50–2.59]). Exacerbation burden 
declined markedly, with a large proportion of patients 
reaching zero exacerbations at follow-up. Switchers in 
the pre-switch cohort improved after the initial index 
biologic but remained less adequately controlled com-
pared to never-switchers (ACT median = 20.0 [18.0–
20.0] vs. 23.0 [22.0–24.0]; p < 0.0001). Following the 
initial switch, significant improvements were observed 
from pre- to post-switch in both asthma control (ACT 
median = 20.0 [18.0–20.0] vs. 22.0 [21.0–23.0]; paired 
p < 0.0001) and lung function (FEV1 = 1.86 [1.49–2.30] 
pre-switch vs. 2.00 [1.66–2.45] post-switch; paired p = 
0.016). Despite this improvement, control in switchers 

Figure 1. Patient transitions by count (A) and by year (B). A. The horizontal axis shows the initial biologic therapies, while the columns 
represent the therapy after switching; B. The orange columns show the absolute number of transitions within the specified year (vertical 
axis); the blue columns depict the relative percentage.
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remained significantly inferior to never-switchers at 12 
months (ACT p < 0.0001).

Eosinophil absolute counts decreased substantially by 
12 months, particularly in cohorts receiving anti-eosin-
ophil therapies. Within switchers, eosinophils declined 
significantly after switching (median 390 [270–529] to 0 
[0–100] cells/µL; paired p < 0.001), consistent with bio-
marker response under targeted treatment.

Upper-airway comorbidities and bio-
markers

Nasal polyposis, chronic rhinosinusitis, and the com-
bined CRSwNP phenotype were treated as baseline 
phenotyping variables and were used primarily for be-
tween-cohort comparisons. As noted, switchers had a 
markedly higher upper-airway respiratory comorbidity 
burden than never-switchers. These comorbidities were 
not expected to change over follow-up. Accordingly, 
paired pre–post comparisons within switchers were not 
interpreted for these variables.

All pairwise comparisons at baseline and 12 months 
are summarized in Table 5, which reports only p-val-
ues for clinical variables across time points and cohorts 
(never vs. pre, never vs. post, and pre vs. post). Detailed 
statistical outputs for all pairwise comparisons are pro-
vided in the Suppl. material 4.

Discussion

The increasing availability of biologic therapies has intro-
duced new challenges in the management of severe asthma, 
as clinicians must often select among multiple treatment 
options without direct comparative evidence and reconsid-
er treatment strategies when adequate disease control is not 

achieved. This single-center study, conducted in a tertiary 
referral hospital, may reflect patients with more severe or 
complex disease characteristics than the overall asthma 
community. Consequently, the results must be regarded 
cautiously when extrapolating to wider clinical contexts.

Evidence on biologic switching in severe asthma is de-
rived predominantly from real-world observational stud-
ies and a limited number of retrospective or ambispective 
cohorts, registry analyses, and single-arm switch studies, 
with substantial heterogeneity in study design, popula-
tions, and outcome definitions. Similarly, randomized 
controlled trials comparing different molecules are not 
available to date, while network meta-analyses have yet 
to be published (Crossingham et al. 2022). To our knowl-
edge, this study represents the first national real-world 
analysis evaluating biologic prescribing patterns, switch-
ing frequency, and associated clinical characteristics in 
patients with severe asthma. We described the underly-
ing reasons for switching and examined the distribution 
of baseline clinical factors—including nasal polyps, age 
of asthma onset, and long-term oral corticosteroid use—
across different biologic treatment trajectories.

The proportion of patients requiring biologic switching 
in the present cohort (33.6%) is consistent with real-world 
European data, although somewhat higher than that re-
ported in large registries. In the Italian ANANKE study 
(Caruso et al. 2022), approximately 20–25% of patients re-
ceiving benralizumab were biologic-experienced, reflect-
ing prior exposure to other monoclonal antibodies, which 
was consistent with our findings (21.8%). While direct 
comparison is limited by differences in study design and 
follow-up duration, the presence of a substantial biolog-
ic-experienced population across registries supports the 
notion that switching represents a frequent and clinically 
relevant phenomenon in severe asthma management.

Beyond switch frequency, longitudinal comparisons 
revealed consistent differences between patients who re-
mained on their initial biologic and those who required 
switching, with switchers exhibiting a persistently higher 
residual disease burden throughout follow-up. Clinically, 
the post-switch cohort represents a population with partial 
or waning treatment response. Accordingly, despite mea-
surable improvement during post-switch follow-up, these 
patients did not consistently converge to the levels of disease 
control observed in never-switchers at 4–6 or 12 months. 
Complete convergence following either initial biologic ini-
tiation or subsequent switching was uncommon, under-
scoring the heterogeneous and multifactorial nature of se-
vere asthma. Importantly, early treatment response at 4–6 
months appeared informative for longer-term outcomes, 
suggesting that early follow-up assessments may help iden-
tify patients unlikely to achieve deep disease control with a 
given biologic and support timely therapeutic reassessment.

Switching biologic therapy was associated with mean-
ingful clinical benefits, including improved asthma con-
trol and reductions in exacerbation burden. The largest 
prospective switch study to date, the OSMO trial, demon-
strated significant improvement in asthma outcomes fol-

Table 5. Summary of pairwise statistical significance for base-
line and 12-month outcomes across switching groups.

Variable Significance 
Never vs. Pre

Significance 
Never vs. Post

Significance 
Pre vs. Post

ACT baseline P = 0.49 P < 0.001 P < 0.001

ACT 12 M P < 0.001 P < 0.001 P < 0.001

FEV (L) baseline P = 0.189 P = 0.011 P = 0.025

FEV (L) 12 M P = 0.09 P = 0.647 P = 0.016

FEV (% predicted) baseline P = 0.442 P = 0.087 P = 0.002

FEV (% predicted 12M) P < 0.001 P = 0.09 P < 0.001

Exacerbation baseline P = 0.133 P < 0.001 P = 0.065

Exacerbations at 12 M P = 0.012 P = 0.749 P = 0.048

Hospitalization baseline P = 0.051 P = 0.187 P = 0.721

Hospitalization at 12 M P < 0.001 P = 0.084 P = 0.077

OCS use at baseline P = 0.167 P = 0.084 -

OCS use at 12 M P = 0.006 P = 0.019 P = 0.499

Eosinophils baseline P = 0.011 P = 0.037 P = 0.648

Eosinophils 12 M P < 0.001 P = 0.659 P < 0.001

Total IgE baseline P = 0.157 P = 0.135 P < 0.01

BDT (mL) baseline P = 0.001 P = 0.585 P < 0.001

Nasal polyps baseline P < 0.001 P < 0.001 -

Chronic rhinosinusitis baseline P < 0.001 P < 0.001 -

CRSwNP baseline P < 0.001 P < 0.001
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lowing transition from omalizumab to mepolizumab in 
patients with uncontrolled severe eosinophilic asthma 
(Liu et al. 2021). Similar benefits have also been reported 
in real-world observational studies evaluating switching 
from anti-IgE to anti–IL-5 or anti–IL-5Rα therapies, in-
cluding reductions in exacerbations and partial cortico-
steroid sparing (Carpagnano et al. 2020; Pelaia et al. 2021). 
However, both published evidence and our real-world 
data indicate that treatment response following switch-
ing is frequently incomplete, with persistent symptoms or 
continued oral corticosteroid exposure observed in a rel-
evant proportion of patients. This variability likely reflects 
the biological complexity of severe asthma in routine clin-
ical practice, where overlapping inflammatory pathways 
and comorbidities may limit the depth of response achiev-
able with single-target therapies.

Switching due to adverse events was uncommon in our 
cohort, suggesting that safety concerns were not a primary 
driver of treatment change. Only a small number of patients 
discontinued therapy because of adverse events, including a 
severe injection-site reaction in one case and low back pain 
reported as a secondary reason for switching in another.

Importantly, patients requiring biologic switching 
were not clinically more severe at baseline but exhibited 
distinct biological and comorbidity-related characteris-
tics, including enhanced type 2 inflammation and a high 
burden of upper airway disease. The distinction between 
biologic-naïve switchers and post-switch patients further 
emphasizes that switching does not represent a return to 
baseline disease activity but rather a transitional clinical 
state shaped by prior biologic exposure. In this context, 
post-switch patients occupy an intermediate phenotype 
characterized by partial response or loss of response, 
which may explain why subsequent improvement does 
not uniformly translate into full disease normalization. 
This observation supports the presence of a biologically 
complex “switcher phenotype,” previously described in 
real-world cohorts, in which overlapping inflammatory 
mechanisms limit responsiveness to single-target thera-
pies (Numata et al. 2021).

Our results further suggest that switching between bio-
logics with different mechanisms of action, as well as with-
in the same inflammatory pathway, can provide additional 
therapeutic benefit. In particular, transitions to anti–IL-
5Rα therapy have been associated with improved asth-
ma outcomes following inadequate response to anti-IgE 
or anti–IL-5 agents, although complete normalization 
remains uncommon (Drick et al. 2020; Kavanagh et al. 
2021). These findings indicate that biologic non-response 
often reflects underlying disease heterogeneity rather than 
insufficient drug efficacy alone.

More recently, upstream therapies targeting epithelial 
cytokines have expanded treatment options for biolog-
ic-experienced patients. Real-world studies evaluating 
tezepelumab have demonstrated significant improvement 
in asthma control and exacerbation frequency after failure 
of prior biologics, although residual disease activity per-
sists in a subset of patients (Khateeb et al. 2025; Sumi et 

al. 2025). Our findings are concordant with this emerging 
evidence and further support the concept of graded bio-
logic responsiveness in severe asthma.

Several limitations should be acknowledged. The com-
bined retrospective data inclusion alongside prospective 
data collection in a real-world design introduces essential 
variability in follow-up timing, biomarker availability, and 
treatment selection, which were determined by routine 
clinical practice rather than standardized protocols. The 
timeframe of 2009–2025 was chosen to include therapies 
based on their approval date. However, this introduces 
substantial differences in the historical capture of biomark-
ers due to variability in diagnosis and treatment initiation 
dates. To diminish heterogeneity, outcomes were assessed 
by relative changes within individuals (pre–post compari-
sons) and among distinctly defined cohorts. Nonetheless, 
residual variability stemming from disparities in historical 
data availability and clinical practice patterns cannot be en-
tirely eliminated and is recognized as an intrinsic drawback 
of the real-world approach.

Residual confounding from unmeasured variables cannot 
be ruled out, and the incomplete availability of biomarker 
data (e.g., FeNO) represents a limitation of the study. The 
absence of randomized treatment allocation and direct head-
to-head comparisons of biologics restricts the capacity to 
infer causal conclusions about comparative effectiveness. 
Nevertheless, this design reflects real-world decision-making 
and provides clinically relevant insights into treatment trajec-
tories that are not captured in controlled clinical trials.

Finally, large-scale real-world comparative analyses, 
such as the EU-ADVANTAGE study, have highlighted sub-
stantial heterogeneity in biologic effectiveness according to 
phenotype and prior treatment exposure, reinforcing the 
need for individualized therapeutic strategies in routine 
practice (Canonica et al. 2025). Taken together, these ob-
servations support a treat-to-target approach, emphasizing 
early evaluation of response and timely biologic rotation 
when clinically meaningful improvement is not achieved.

Conclusion

This real-world study confirms that treatment with bio-
logics correlated with significant enhancements in asthma 
management and reduction in exacerbation frequency.

Approximately one-third of patients required a change 
in biologic therapy over time, reflecting the heterogeneous 
and biologically complex nature of the disease.

Although switching resulted in significant improve-
ment in asthma control and exacerbation burden, com-
plete normalization of disease activity, particularly sus-
tained oral corticosteroid independence, was uncommon. 
Patients requiring switching were not clinically more se-
vere at baseline but demonstrated distinct biological and 
comorbidity-related features, including enhanced type 2 
inflammation and upper airway involvement.

Even though causality cannot be determined due to the 
observational design of the study, the results indicate that 
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biologic switching may serve as an effective technique for 
enhancing illness management in some patients.

These findings underscore the importance of compre-
hensive phenotyping beyond conventional clinical pa-
rameters and support individualized biologic sequencing 
strategies guided by early treatment response. Future re-
search should focus on predictive models integrating bio-
markers, comorbidities, and response dynamics to further 
advance precision medicine in severe asthma.
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