
O R I G I N A L  R E S E A R C H

Real-World Multicenter Experience with 
Mepolizumab and Benralizumab in the Treatment 
of Uncontrolled Severe Eosinophilic Asthma Over 
12 Months

Moritz Z Kayser
Nora Drick 
Katrin Milger
Jan Fuge
Nikolaus Kneidinger
Stephanie Korn 
Roland Buhl 
Jürgen Behr 
Tobias Welte
Hendrik Suhling
1Department of Respiratory Medicine, 
Hannover Medical School, Hannover, 
Germany; 2Department of Medicine V, 
University Hospital, LMU, Munich, 
Germany; 3Comprehensive Pneumology 
Center-Munich (CPC-M), Member of the 
German Center for Lung Research 
(DZL), Munich, Germany; 4Biomedical 
Research in Endstage and Obstructive 
Lung Disease Hannover (BREATH), 
Member of the German Center for Lung 
Research (DZL), Hannover, Germany; 
5Clinical Research Centre for 
Respiratory Medicine, Mainz, Germany; 
6Pulmonary Department, Mainz 
University Hospital, Mainz, Germany 

Purpose: Treatment of severe eosinophilic asthma (SEA) has been revolutionized by the 
development of monoclonal antibodies targeting underlying immunological pathways of 
eosinophilic asthma. Two of the most frequently used antibodies in clinical practice are 
mepolizumab, targeting interleukin (IL) 5 and benralizumab, targeting the IL5 receptor 
alpha. The comparative treatment efficacy of these antibodies remains unclear, particularly 
regarding long-term outcomes.
Patients and Methods: In this multicenter, retrospective study, we included 123 patients 
treated with mepolizumab and 64 patients treated with benralizumab for 12 months at one of 
three study sites in Germany. Data were collected at baseline and after 6 and 12 months of 
therapy. Endpoints were changes in pulmonary function (PF), exacerbation rate, oral corti-
costeroid (OCS) use and dose, asthma control test (ACT) score and fractional exhaled nitric 
oxide (FeNO) levels.
Results: Both mepolizumab and benralizumab led to significant improvements in PF with an 
increase in median forced expiratory volume (FEV1) after 12 months from 59% to 74% for 
mepolizumab and 63% to 72% for benralizumab. Treatment also led to significant improve-
ments in ACT scores after 12 months (mepolizumab: 13 [interquartile range (IQR) 9–17] to 
19 [IQR 15–23]; benralizumab: 12 [IQR 9–16] to 22 [IQR 16–25]) as well as a reduction of 
mean OCS dose (mepolizumab 8 mg [IQR 5–12.5 mg] median prednisolone equivalent at 
baseline to 5 mg [IQR 3–7.5 mg]; benralizumab 7.5 mg [IQR 5–15 mg] to 5 mg [IQR 2– 
10 mg]). The exacerbation rates were reduced significantly, irrespective of the treatment. 
Overall, changes were similar after 6 and 12 months of therapy.
Conclusion: Both mepolizumab and benralizumab are highly effective in the long-term 
treatment of SEA, with no clinically relevant differences in outcomes after 12 months of 
therapy. In both groups, improvements were similar after 6 and 12 months of therapy, 
underlining the feasibility of early treatment evaluation.
Keywords: severe eosinophilic asthma, asthma control, lung, treatment response, 
interleukin-5, interleukin-5-receptor

Introduction
Asthma is a chronic airway disease with variable clinical presentations and pheno-
types. Severe asthma is defined as uncontrolled if symptoms persist despite high- 
dose inhaled corticosteroids (ICS) combined with inhaled bronchodilators and other 
additive controllers (ie, montelukast) or if patients are dependent on oral 
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corticosteroid (OCS) therapy.1,2 Severe eosinophilic 
asthma (SEA), which accounts for at least a third of all 
cases of severe asthma, is a distinct phenotype of severe 
asthma characterized by eosinophilic airway inflammation 
and eosinophilia in both peripheral blood and sputum.3–5 

SEA is part of the type 2 high group of asthma phenotypes 
and is mainly caused by an innate lymphoid cell type 2 
(ILC2)-driven inflammation with increased secretion of 
pro-inflammatory interleukins (IL)-4, -5 and -13.6,7 

Patients suffering from SEA often experience severe 
exacerbations and hospitalizations, and thus bear a high 
burden of morbidity and health-care associated costs.8,9 

Moreover, SEA can cause lung remodeling and airway 
hyperinflation, leading to persistent decreases in pulmon-
ary function even outside of exacerbations.10

In the last decade, several monoclonal antibodies 
(mAbs) which target these cytokines were approved for 
SEA. Currently, two mAbs targeting IL5 (mepolizumab 
and reslizumab) and one targeting the IL5 receptor alpha 
(IL5Rα, benralizumab) are commercially available.11,12 

For mepolizumab and benralizumab, a reduction of 
exacerbation rate, improvement of pulmonary function 
and OCS requirements were demonstrated.13,14 However, 
it remains unclear whether there is a significant difference 
between these antibodies in terms of clinical outcomes. So 
far, comparisons have exclusively been indirect, combin-
ing and reanalyzing the results of the individual Phase III 
trials, and have led to contradicting results.15–20 In this 
retrospective multicenter study, we compared treatment 
with mepolizumab and benralizumab over 12 months in 
patients with SEA.

Patients and Methods
Aim, Design and Setting
In this multicenter, retrospective analysis, patients with 
SEA treated with the IL5 antibody mepolizumab or the 
IL5Rα antibody benralizumab were compared in regard to 
clinical efficacy (asthma control, pulmonary function (PF), 
exacerbation rate and OCS use and dosage) over a 12- 
months period. All patients were treated between 
February 2016 and December 2019 in severe asthma out-
patient clinics at three university hospitals in Germany 
(Mainz, Munich and Hannover). This study was performed 
in accordance with the ethical guidelines of the 1975 
Declaration of Helsinki and was approved by the ethics 
committee of the Hannover Medical School 
(9624_BO_K_2021). All patients provided written 

informed consent prior to initiation of mAb therapy allow-
ing the use of their data for scientific purposes. Data were 
pseudonymized and the study relied exclusively on infor-
mation collected as part of routine care.

Inclusion Criteria and Treatment
All patients suffered from physician-diagnosed SEA and 
did not achieve adequate asthma control despite medium 
to high-dose inhaled glucocorticoids and a long-acting 
β2-agonist plus an optional second or third controller 
and/or additional OCS therapy. Therefore, subcutaneous 
add-on therapy with either mepolizumab 100 mg once 
every 4 weeks or benralizumab 30 mg once every 4 
weeks for the first 3 doses and once every 8 weeks for 
subsequent doses was initiated. The choice of antibody 
was made by the treating physician. Patients were included 
in the present analysis if they had received mAb therapy 
for 12 months without interruption at one of the study 
sites. Patients who had previously received anti-IL5, anti- 
IL5Rα, anti-IgE or anti-IL4/13 therapy were only eligible 
for this study if there was a wash-out phase of 6 months or 
longer between therapies. Adjustments of asthma medica-
tion and OCS therapy during antibody treatment were 
performed by the treating physicians based upon the 
patients’ clinical situation.

Data Collection
Data of three time points were included in the study: firstly, 
data from a screening visit to assess anti-IL5/anti-IL5rα 
eligibility within 3 months prior to mAb therapy (called 
baseline, BL). Secondly, data from a time point 6 months 
(± 90 days) after initiation of mAB therapy (timepoint 1, T1) 
and thirdly, data from a timepoint 12 months (± 90 days) 
after initiation of mAB therapy (timepoint 2, T2). If multiple 
visits occurred during the ± 90-day interval for a timepoint, 
the latest suitable visit was used. Time to T1 and T2 were 
calculated from the actual date of mAb therapy initiation, 
not from the date of the BL screening visit.

Routine follow-up included measurement of exhaled 
nitric oxide (FeNO), differential blood cell count as well as 
forced expiratory volume in 1 second (FEV1), functional 
vital capacity (FVC), residual volume (RV) and total lung 
capacity (TLC). All PF parameters were measured as abso-
lute values and percentage of predicted values (ie, FEV1%). 
PF was routinely conducted using spirometry or body 
plethysmography standardized to ERS/ATS guidelines.21 

The degree of asthma control was evaluated using the 
asthma control test (ACT).22 Changes in medication and 
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ACT scores were assessed at each visit. Exacerbation rate 
per year was assessed at baseline and after 12 months. 
Exacerbations were defined as an acute aggravation of 
asthma symptoms requiring de novo OCS or an increase in 
OCS dose for at least 3 days.23 Smoking status and atopic 
and eosinophilic phenotype-related comorbidities like aller-
gies, nasal polyposis, atopic dermatitis and chronic sinusitis 
were assessed at baseline. Among patients showing a RV ≥ 
130% of predicted at baseline, we performed a subgroup 
analysis to assess the impact of pulmonary hyperinflation on 
treatment efficacy.24

Statistical Analysis
Statistical analyses and figure preparation were performed 
using IBM SPSS v27™ (IBM SPSS Statistics, Armonk, NY) 
and STATA version 13 (State Corp LP, USA). Categorical 
variables are stated as numbers (n) and percentages (%). 
Depending on distribution, continuous variables are shown 
as mean ± standard deviation (SD) or median with interquar-
tile ranges (IQR) unless indicated otherwise. Standard dis-
tribution was assessed using the Kolmogorov–Smirnov-test. 
For group comparisons, Chi-square test, two-sided paired 

t-test, Wilcoxon rank-sign or Mann–Whitney-U-test were 
used, as appropriate. All reported p-values are two-sided. 
P-values <0.05 were considered statistically significant.

Results
Data from 187 patients with SEA who had completed at least 
1 year of treatment with mepolizumab or benralizumab were 
included in the analysis. Of these patients, 123 (66%) were 
treated with mepolizumab and 64 (34%) with benralizumab. 
Baseline characteristics for the treatment groups were simi-
lar in terms of sex, age, exacerbation rate, ACT scores and 
prevalence of comorbidities (Table 1).

The changes in PF, ACT scores, exacerbation rates and 
laboratory values within groups from BL to T1 and T2 as well 
as the intergroup comparison of the degree of change (delta) 
from BL to T1 and T2 are summarized in Table 2. At the 
6-month follow-up, both groups showed significant improve-
ments in PF, particularly regarding increased FEV1 and FVC 
as well as reduced RV and TLC compared to baseline, without 
significant differences between groups. After 12 months, we 
observed further PF improvements in patients treated with 

Table 1 Baseline Characteristics

Mepolizumab, 
n=123

Benralizumab, 
n=64

Intergroup 
Comparison

Sex Female, n (%) 52 (42) 27 (42) p = 0.946

Patient age Median (IQR) 58 (52, 67) 58 (49, 63) p = 0.255

Smoking Status Never smoked, n (%) 66 (54) 34 (53) p = 0.889
Ex-smoker, n (%) 52 (42) 28 (44) p = 0.888

Not documented, n (%) 5 (4) 2 (3) p = 0.900

FEV1% of predicted Median (IQR) 59 (45, 77) 63,5 (47.5, 83) p = 0.203

FVC % of predicted Median (IQR) 80 (69, 94) 81,0 (66.5, 96.5) p = 0.777
RV % of predicted Median (IQR) 151 (129, 174) 139 (110.5, 162.5) p = 0.032

TLC % of predicted Median (IQR) 107 (98, 115) 103 (93, 114.5) p = 0.315

ACT score Median (IQR) 13 (9, 17) 12 (9, 16) p = 0.176
FeNO in ppb Median (IQR) 41 (23,9; 88) 41,5 (16, 73.7) p = 0.472

Eosinophils per mL Median (IQR) 500 (236,5; 698,5) 430 (150, 800) p = 0.418

Exacerbations per year Median (IQR) 2 (0, 6) 2 (0, 6) p = 0.998
OCS-therapy n (%) 74 (60) 36 (56) p = 0.625

OCS dose* Median (IQR) 8 (5, 12.5) 7,5 (5, 15) p = 0.992

Chronic sinusitis with nasal polyposis n (%) 28 (23) 13 (20) p = 0.729
Chronic Sinusitis w/o nasal polyposis n (%) 27 (22) 11 (17) p = 0.741

Allergic Rhinitis n (%) 10 (8) 5 (8) p = 0.904

Atopic Dermatitis n (%) 4 (3) 2 (3) p = 0.941
ASS intolerance n (%) 16 (13) 3 (5) p = 0.106

Note: *In mg prednisolone equivalent. 
Abbreviations: ACT, asthma control test; ASS, Aspirin; OCS, oral corticosteroids; NA, not available; FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; IQR, Interquartile range; w/o, without; ppb, parts per billion.
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mepolizumab, whereas PF remained stable in patients treated 
with benralizumab (Table 2 and Figure 1A–C).

There were significant reductions in RV% at both time 
points in patients receiving mepolizumab, but not in 
patients receiving benralizumab. To assess the impact of 
baseline pulmonary hyperinflation on PF outcomes, we 

included 93 (76%) mepolizumab patients and 37 (58%) 
benralizumab patients with RV% of ≥130% of predicted 
for subgroup analysis. Significantly more patients with 
mepolizumab showed pulmonary hyperinflation 
(p=0.033). In this subgroup, we observed a significant 
reduction of RV% among mepolizumab recipients (BL 

Figure 1 (A–F) Time course of FEV1% (A), RV % (B), FVC % (C), ACT (D), FeNO (E), eosinophils (F), exacerbations per year (G) and systemic steroid dose (H). 
Notes: Graphs represent measurements per parameter and treatment group at baseline, T1 and T2 from left to right (A–F and H) or baseline and T2 from left to right (G). 
Dark line indicates median, box indicates interquartile range, whiskers indicate minimum and maximum values, individual dots indicate outliers. **p<0.01, *p<0.05. 
Abbreviations: BL, baseline; T1, timepoint 1 (6 months); T2, timepoint 2 (12 months); FEV1 (%), percentage of forced expiratory volume in 1 second compared to 
calculated normal; RV, percentage of residual volume compared to calculated normal; FVC, percentage of functional vital capacity compared to calculated normal; ACT, 
asthma control test; EOS, eosinophils.
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160%, IQR 146–183% to T1 154%, IQR 130%-170%, 
p<0.001), but not among benralizumab recipients (BL 
153%, IQR 142–173% to T1 150%, IQR 129%-194%, 
p=0.203).

FeNO medians decreased from BL to T1 and T2 in 
both treatment groups (Figure 1E). However, due to 
a strong skew in FeNO values in the benralizumab group 
not matching a standard distribution, FeNO means only 
decreased significantly in the mepolizumab group (mepo-
lizumab mean FeNO parts per billion (ppb) BL 60,3 to T2 
48.1, p=0.002; benralizumab FeNO ppb BL 52,9 to T2 
53,5, p=0.781). P-values for median reductions were there-
fore calculated using the Wilcoxon test.

Asthma control assessed by ACT improved signifi-
cantly within the first 6 months of treatment (Table 2 and 
Figure 1D). The median ACT score showed further 
improvement in patients receiving benralizumab after 12 
months, but not in those receiving mepolizumab. The 
median improvement of ACT from BL to 12 months was 
more robust in patients receiving benralizumab (+9 points) 
than in those receiving mepolizumab (+5 points). After 12 
months, the mean ACT was 19 (mepolizumab) and 22 
(benralizumab (p=0.053)). In both groups the total number 
of eosinophils decreased significantly from BL to T1 with-
out significant difference between treatment groups. This 
reduction persisted during the subsequent 6 months 
(Figure 1F).

The exacerbation rate decreased significantly in both 
groups during the year of anti-IL5/anti-IL5Rα therapy 
(Figure 1G). Sixty-eight percent of patients in either 
group reported no asthma exacerbations at all (IQR 0–1 
exacerbations/year for both groups). In the year prior to 

antibody therapy, patients in either group had reported 
a median of 2 exacerbations per year (IQR 0–6 exacerba-
tions/year, p<0.001 for the decrease in both groups). 
Applying the criteria for anti-IL5/anti-IL5Rα response 
defined by Drick et al,23 we classified 87 (71%) mepoli-
zumab patients and 49 (77%) benralizumab patients as 
treatment responders (p=0.251).

At baseline, 74 (60%) mepolizumab patients and 36 
(56%) benralizumab patients received OCS therapy. The 
median OCS dosage decreased significantly from baseline 
in both groups: from 7.5 mg and 8 mg prednisone equiva-
lent in patients receiving mepolizumab and benralizumab, 
respectively (mepolizumab IQR 5–12.5 mg, benralizumab 
IQR 5–15 mg, no significant intergroup differences) to 
a median dosage of 5 mg in both groups (mepolizumab 
IQR 4–9.5 mg, benralizumab IQR 2–10 mg, difference 
between baseline and T1 p<0.001/p=0.014 for mepolizu-
mab and benralizumab, respectively). OCS therapy could 
be discontinued in 54% of mepolizumab patients and 50% 
of benralizumab patients (p = 0.964) who had received 
OCS at BL. There was no significant difference in OCS 
dosage decrease between groups (Table 3 and Figure 1H).

Discussion
In this retrospective multi-center real-life study, we com-
pared the clinical outcomes of 1 year of mepolizumab 
therapy in 123 patients and benralizumab therapy in 64 
patients. In summary, we found that both treatments 
caused significant improvements in both asthma control 
and PF after 6 and 12 months of therapy. Anti-IL5 and 
anti-IL5Rα therapy led to reduction of overall OCS ther-
apy as well as median OCS dosage among OCS-dependent 

Table 3 Steroid Reduction of Patients with OCS Therapy at Baseline (n=110) Compared to 6 Months (T1) and 12 Months (T2)

Reduction – n (%) All n=110 (100%) Mepolizumab n=74 (67%) Benralizumab n=36 (33%) p-value

Baseline to T1

100% Reduction 38 (35) 24 (32) 14 (39) 0.182
≥75% Reduction 8 (7) 3 (4) 5 (14)

≥50% Reduction 23 (21) 16 (22) 7 (19)

<50% Reduction 41 (37) 31 (42) 10 (28)

Baseline to T2

100% Reduction 58 (53) 40 (54) 18 (50) 0.964

≥75% Reduction 11 (10) 7 (10) 4 (11)
≥50% Reduction 13 (12) 9 (12) 4 (11)

<50% Reduction 28 (26) 18 (24) 10 (28)

Note: All p values are chi square test results.
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patients. The improvements after 6 months were consistent 
with those following 12 months of therapy.

Our findings are in line with the reports by Bourdin 
et al and Cabon et al, who found reslizumab, mepolizumab 
and benralizumab to be equally effective regarding 
improvement of PF and reduction of exacerbations in 
metanalyses of the respective licensing trials.15,16 Our 
data also support observations by recent smaller studies 
focused on the clinical outcomes and underlying immuno-
logical changes following anti-IL5 or anti-IL5Rα 
therapy.7,25–28 However, our findings stand in contrast to 
the indirect comparison performed by Busse et al, who had 
seen an advantage for mepolizumab in terms of asthma 
control and reduction of exacerbations.17 It is important to 
note, however, that Bourdin et al, Cabon et al, and Busse 
et al re-analyzed existing phase-3 drug trial data by using 
the respective control groups as references to perform an 
indirect comparison between treatment groups. Aside from 
the difficulties arising from the heterogeneity of study 
populations and study protocols, requiring complex statis-
tical methods to allow for comparison, any study popula-
tion in a licensing trial is carefully selected and may not 
adequately reflect the real-life patient population.15 By 
contrast, our study used data from three high-volume 
asthma outpatient clinics, representing a more realistic 
patient sample and allowing for direct comparison of the 
efficacy of mepolizumab and benralizumab in the relevant 
patient cohort. Notably, both groups showed similar base-
line distributions of sex, age and asthma-related 
comorbidities.

Patients in the mepolizumab group displayed higher 
RV and TLC values at baseline, potentially indicative of 
more lung hyperinflation. We did not observe differences 
in prevalence of tobacco use and consecutive chronic 
obstructive pulmonary disease (COPD) that could explain 
pulmonary hyperinflation. However, given that mepolizu-
mab patients trended towards having lower ACT scores 
and higher OCS doses at baseline, patients in the mepoli-
zumab group might have suffered from on average more 
severe asthma at baseline. These statistically non- 
significant trends as well as the minor PF differences 
may be explained by the fact that mepolizumab was the 
first antibody of its class to reach the market: many of the 
mepolizumab patients with the worst baseline parameters 
were among the earliest in our data set, likely having 
begun therapy at a comparatively later and more severe 
disease stage than patients started on either mAb in later 
years. Additionally, due to the retrospective nature of this 

study, the earlier availability of mepolizumab also led to 
an overrepresentation among our patient collective and 
thus a disbalance in group sizes.

We found a more pronounced reduction in RV in 
mepolizumab-treated patients both in all patients and in 
the subgroup of patients with clinically important pulmon-
ary hyperinflation at baseline, as marked by an RV% of 
>130% of predicted.24 However, the biological relevance 
of these differences remains unclear, particularly since 
patients’ subjective condition as measured by the exacer-
bation rate as well as the ACT score improved similarly in 
both patient groups. In either group, the majority of 
patients reached an ACT score of 16 or greater, represent-
ing a controlled or at least “partially controlled” asthma.29 

Additionally, the absence of a statistically significant RV 
reduction among benralizumab patients may be explained 
by the smaller group size, as benralizumab patients also 
trended towards a lower median RV at T1 and T2.

Since Asthma is a chronic disease, treatment efficacy 
has to be measured in long-term improvement as well as 
short-term amelioration of symptoms. The time-frames 
used by the various licensing trials have varied widely, 
from 32 weeks in the MENSA trial assessing the use of 
mepolizumab to 56 weeks in the benralizumab CALIMA 
trial.30,31 However, given the frequent association of 
exacerbations with seasonal respiratory infections in win-
ter, an assessment of clinical efficacy and particularly of 
exacerbation reduction should include the peak infection 
season.32 Therefore, we chose to include a full year in our 
retrospective analysis. However, we found that peak clin-
ical efficacy was already reached after 6 months of ther-
apy, with only minor further improvements in the 
subsequent period. This underlines the recommendations 
in the current GINA and NVL guidelines that treatment 
responders to anti-IL5/IL5Rα therapy can be determined 
within the first 4 to 6 months of therapy, while also calling 
into question the recommendation for further 6 months of 
therapy if the treatment response is uncertain at this 
point.1,23 It is also important to note that the majority of 
patients in our study can be classified as responders to 
their respective therapy both clinically and according to 
the criteria defined by Drick et al.23 The majority of anti- 
IL5/IL5Rα non-responders treated at our study sites were 
likely switched to other forms of therapy at the 6-month 
follow-up or even earlier, and were thus not included in 
this study. The treatment results we present can therefore 
be seen as ideal outcomes for treatment responders, but 
may not reflect all patients.
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Limitations
Our study is limited by its retrospective design and the 
disbalance in group sizes, potentially favoring the larger 
mepolizumab group regarding statistical significances. This 
particularly affected the FeNO values, where a strong skew 
of data points in the benralizumab group likely precluded 
statistical significance. Moreover, while the multi-centricity 
of this study enhances the generalizability of this study over-
all, one caveat is the use of different spirometers at the three 
study sites. While all spirometers were standardized accord-
ing to ERS/ATS guidelines,21 we cannot exclude some varia-
bility in PF results between study sites. However, as patients 
did not switch between study sites in the course of this study, 
all PF results remain internally consistent. In addition, as we 
intended to evaluate long-term treatment outcomes of benra-
lizumab and mepolizumab, we included only patients who 
had completed a full year of antibody therapy. Our analysis 
may therefore overestimate the efficacy of either antibody, as 
patients who benefited are more likely to have completed 
a full year of therapy. However, this issue is partially offset 
by the fact that this applies to both treatment groups, and thus 
does not hamper the comparison between both antibodies. 
We did not collect data on adverse events, as prior studies by 
our group and others had not observed any relevant adverse 
events or an increased rate of adverse events compared to 
placebo.23,25,33,34 Moreover, any patient experiencing serious 
adverse events would most likely not have completed a -
full year of mAb therapy, and thus would not have been 
included in this study.

Conclusion
Overall, our study complements the findings of meta- 
analyses by Bourdin et al and Cabon et al with real-life 
data.15,16 Both antibodies were overall equally efficient in 
the long-term treatment of SEA and led to significant 
improvements in PF, exacerbation rates and asthma control 
as well as reduction of OCS dependency. Treatment effi-
cacy could feasibly be assessed after 6 months of therapy.
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