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Aim: Inhaled corticosteroid (ICS)/long-acting β2-agonist combinations are crucial for the effective treatment of asthma. ICS/ 
formoterol regimens serve both as controller and reliever medications, as recommended by GINA 2019 onwards. In the six-month 
real-life NOTOS study, we aimed to evaluate the real-life effectiveness of budesonide/formoterol (BUD/FOR) administered with the 
Elpenhaler® device as controller and/or reliever medication on asthma control, quality of life, and lung function in patients with 
asthma.
Methods: We performed a multicenter open-label observational prospective study of adult asthma patients receiving BUD/FOR via 
Elpenhaler. Assessments were performed with Asthma Control Questionnaire (ACQ-6), Mini Asthma Quality of Life Questionnaire 
(MiniAQLQ), and spirometry. The incidence of exacerbations, frequency of rescue therapy use, and safety data were also recorded.
Results: In the 1107 patients recruited, we observed statistical and clinically relevant improvements at 6 months from baseline, in 
ACQ-6 [mean change (95% CI) −1.55 (−1.61, −1.4) points, p<0.001], MiniAQLQ [1.76 (1.68, 1.82) points, p<0.001], and FEV1 [0.35 
(0.31,0.38) L, p<0.001]. Subgroup analyses, according to the maintenance (A: BUD/FOR 200/6 μg “as needed”, B: BUD/FOR 200/6 
maintenance, or C: BUD/FOR 400/12 μg maintenance) and the reliever treatments (none, BUD/FOR or short-acting β2-agonists), 
showed significant improvements across all groups, with greater improvements observed in the higher maintenance dose of BUD/FOR 
group. The frequency of rescue therapy use was overall markedly reduced, and we observed no safety issues.
Conclusion: In this real-life study, treatment with BUD/FOR, as controller and/or reliever via the Elpenhaler device, was associated 
with significant improvement in patients’ asthma control, quality of life, and lung function, over 6 months.
Keywords: asthma control, quality of life, budesonide, formoterol, maintenance and reliever treatment, Elpenhaler, real-life study

Introduction
Asthma is affecting more than 300 million people and is a leading cause of morbidity and economic burden worldwide.1 

Epidemiological data in Greece provided by a national survey conducted from the Asthma Working Group of the 
Hellenic Thoracic Society have shown that the prevalence of asthma in Greece is approximately 9% with 16 new cases 
per thousand.2 Asthma management should be personalized and continually assessed and reviewed with goals to achieve 
elimination of symptoms and minimization of exacerbation risk, as well as avoidance of persistent airflow limitation and 
side effects of treatment.1 Real-world evidence has shown that poor asthma control exists despite the availability of 
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effective treatments. Reasons for that include poor adherence, lack of efficacy, inadequate treatment, or inhalation 
technique, resulting in worse quality of life (QoL), decreased productivity, and increased healthcare resource utilization.3

The pharmacological treatment of asthma consists of daily used maintenance controllers treatments, including inhaled 
corticosteroids (ICS), with or without long-acting β2-agonists (LABA), and “as needed” reliever treatments that contain 
rapid-onset bronchodilators, including low dose ICS/formoterol or short-acting β2-agonists (SABA).4,5 Regimens con-
taining ICS/formoterol serve both as controller and reliever medication, as well as “as-needed” anti-inflammatory reliever 
medication in milder asthma, as recommended by GINA 2019/2020.6 GINA 2019 report made the most fundamental 
change in asthma management in the last 30 years stating that asthma in adults and adolescents should not be managed 
solely with SABAs, even in mild disease, based on evidence for the risks of SABA-only treatment and overuse, as well 
as evidence for benefit of inhaled corticosteroids use.6 Anti-inflammatory reliever ICS/formoterol reduced severe 
exacerbations by ≥60% in mild asthma compared with SABA, with similar inflammatory outcomes as daily ICS, with 
nearly half the ICS cumulative dose.7,8 GINA 2020 recommendations highlighted the ability of symptom driven use of 
ICS/formoterol, alone or on top of maintenance treatment, introducing a self-guided personalized approach.9

Fixed-dose combination products merging corticosteroids with long-acting β2 agonists administered in a single 
inhaler maintenance and/or reliever therapy is a safe, effective, and simplified approach to asthma treatment.10,11 

There is limited published data of the real-life effectiveness of the fixed-dose combination budesonide/formoterol 
(BUD/FOR) administered via the Elpenhaler® device prescribed as maintenance treatment by pulmonologists12,13 or 
primary care physicians,14 while no information exists regarding its use as reliever (with or without maintenance) 
treatment.15

In the six-month real-life NOTOS study, we aimed to evaluate the real-life effectiveness of the fixed BUD/FOR 
combination in the Elpenhaler® device, prescribed as maintenance and/or “as needed” treatment in asthmatic patients 
according to usual clinical practice, as assessed by asthma control, quality of life, lung function, incident severe asthma 
exacerbations, as well as the frequency of rescue therapy use.

Materials and Methods
Study Design
NOTOS (EvaluationN of Fixed Dose budesOnide/formoterol via Elpenhaler in asThma patients according to Standard 
clinical practice) is a multicenter, prospective, observational study (NCT04835961) in adults with asthma, enrolled and 
followed up in 100 sites (6 hospitals/institutions and 94 private practices) throughout Greece. Patients were treated per 
routine clinical care and data were collected in 3 visits: V0 (baseline), V1 (at 3 months ± 2 weeks), and V2 (at 6 months ± 
2 weeks). The first patient enrolled in May 2021 and the last patient was followed up in May 2022. The diagnosis and 
management of the study population were based on the GINA 2020 recommendations.16

Study medication was BUD/FOR fixed-dose combination (FDC, Pulmoton Elpenhaler), in 200/6 μg and 400/12 μg 
dosing, administered through inhalation, as either maintenance treatment (dose 200/6 μg or 400/12 μg) and/ or a reliever 
(dose 200/6 μg). The study was performed in accordance with the recommendations of the Declaration of Helsinki, the 
International Conference of Harmonization – Good Clinical Practice (ICH-GCP) Guidelines, the EU-Directive 2001/20 
as applicable and all national requirements, and was approved by an Institutional Review Board (IRB) and/or Ethics 
Committee (EC) or Scientific Council of the major institutions that participated in the study (University General Hospital 
of Ioannina, General Hospital of Chest Diseases of Athens “SOTIRIA”, University General Hospital of Heraklion, 
University General Hospital of Patra, University General Hospital of Alexandroupolis, Interbalkan Medical Centre of 
Thessaloniki). Written informed consent was obtained from all participants.

Study Population
Eligible patients were adult patients with asthma, willing to provide a written informed consent prior to inclusion, and 
able to comply with treatments and study procedures. Patients with asthma on the following treatments could be included 
in the study: treatment naive patients; patients on prior treatment with low dose ICS/formoterol “as needed”; patients not 
adequately controlled with low dose (LD) ICS as maintenance treatment and required ICS/formoterol either as 
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maintenance treatment or as maintenance treatment and “as needed”; patients not adequately controlled with LD or 
medium dose (MD) ICS and LABA and required ICS/formoterol “as needed”. Key exclusion criteria were: age under 18, 
diagnosis of Chronic Obstructive Pulmonary Disease (COPD) and/or diagnosis of Asthma-COPD overlap syn-
drome (ACO).

Study Assessments
At the baseline visit, informed consent was obtained, patient’s demographics and medical history were recorded, and 
patients were treated according to the physician’s judgment with FDC of BUD/FOR (Pulmoton®) with the dry powder 
inhaler (DPI) Elpenhaler device as a maintenance therapy at doses 200/6 μg or 400/12 μg and/or “as needed” therapy at 
200/6 μg, as per standard clinical practice. Study assessments at baseline (V0), V1 and V2, included the Asthma Control 
Questionnaire 6-item (ACQ-6), the Mini Asthma Quality of Life Questionnaire (MiniAQLQ), and spirometry. Severe 
asthma-related exacerbations, need for rescue therapy throughout the study, and safety were assessed at V1 and V2.

The Greek version of ACQ-6 that was used to assess asthma control, consists of 6 items, 5 items on symptoms and 1 
item on reliever use. The total score ranges from 0 (totally controlled asthma) to 6 (severely uncontrolled asthma), and 
a change ≥0.5 units in the ACQ score is considered as the minimal clinically important difference (MCID).17–19

The Greek version of MiniAQLQ was used to evaluate asthma-related quality of life.20 This 15-item questionnaire 
consists of 4 domains (symptoms, environment, emotions, and activities), and provides an overall score and four 
subscores ranging from 0 (severely impaired) to 7 (not impaired at all), representing a shorter version of the 32 initially 
self-reported items;21 the MCID in MiniAQLQ is defined as a change of ≥0.5 units is considered as the minimal 
clinically important difference (MCID).

Spirometry was performed in all visits, according to the ERS/ATS guidelines,22 and forced expiratory volume in 1 
s (FEV1), forced vital capacity (FVC) and their ratio (FEV1/FVC) were measured. Severe asthma-related exacerbations 
(defined as events that require oral/systemic corticosteroids for at least 3 days or emergency room (ER) visit or 
hospitalization) were recorded at 3 (V1) and 6 months (V2) from treatment initiation. Safety was assessed by recording 
adverse events (incidence, severity, and causality to the study drug) throughout the study.

Study Objectives and Endpoints
The primary endpoint of the study was change in ACQ-6 score at 3 and 6 months of treatment, assessing the 
effectiveness of the FDC of BUD/FOR treatment via Elpenhaler, used as a controller and/or a reliever, on asthma control.

Secondary objectives were the assessment of lung function changes as evaluated by change in spirometric indices 
(FEV1, FVC, FEV1/FVC) at 3 and 6 months of treatment, the assessment of the impact on the QoL as evaluated by 
change in the MiniAQLQ total score after 3 and 6 months of treatment, the recording of the frequence of rescue 
medication use defined as the mean daily number of inhalations of rescue therapy either SABA or LD ICS/formoterol 
(regular maintenance treatment with ICS/formoterol is not included), the number of severe exacerbations after 3 and 6 
months of treatment and safety as assessed by the incidence of adverse events throughout the study.

Statistical Analysis
Descriptive statistics are presented as frequencies (N) with proportions (%) for categorical variables and continuous 
variables are presented as mean ± standard deviation (SD). Pearson’s chi-square and Fisher’s exact test were used for 
categorical variables and Wilcoxon ranked sum test or Kruskal–Wallis rank sum tests were used for the evaluation of 
differences among groups of interest in parametric and non-parametric groups, respectively. Changes in variables 
between visits are presented as mean values with 95% confidence intervals (CI). Statistical analysis was performed 
with SPSS (version 21.0) R version 4.3.1 (2023–06-16 ucrt). P values <0.05 were considered as statistically significant.

Results
In total, 1107 asthmatic patients were enrolled by 100 sites across Greece (Figure 1). Most of them were women (60.6%), 
with a mean (SD) age of 50.4 (16.1) years, a BMI 28.2 (5.9) kg/m2, while at least 6 out of 10 patients were non-smokers 
(Table 1). Regarding previous asthma treatments before enrollment, 39.7% of the patients were treatment-naive, while 
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668 of the patients (60.3%) were receiving at least one prior asthma treatment (ICS, ICS/SABA, ICS/LABA, ± 
leukotriene receptor antagonists-LTRA) and 37.7% of the treated patients were on a maintenance treatment for asthma. 
Overall, 43.3% of the patients were receiving “as needed” treatment, either with SABA or LD ICS/formoterol, of which 
22.6% had only treatment on demand.

Figure 1 Flowchart of patients recruited in the study.

Table 1 Patient Demographics

All 
n=1107

Stable Treatment 
n=1008

Changed Treatment n=89

All (n=1008) A (n=79) B (n=458) C (n=471)

Sex

Male 435 (39.3%) 392 (38.9%) 24 (30.4%) 185 (40.4%) 183 (38.6%) 40 (44.9%)

Female 672 (60.7%) 616 (61.1%) 55 (69.6%) 273 (59.6%) 288 (61.1%) 49 (55.1%)

Race

Caucasian 1100 (99.4%) 1001 (99.3%) 78 (98.7%) 454 (99.1%) 469 (99.6%) 89 (100.0%)

Asian 7 (0.6%) 7 (0.7%) 1 (1.3%) 4 (0.9%) 2 (0.4%) 0 (0.0%)

Age (years) 50.4 (16.13) 50.6 (16.3) 46.4 (17.2) 50.0 (16.6) 51.9 (15.7) 49. (14.2)

BMI (kg/m2) 28.2 (5.9) 28.16 (5.8) 27.3 (5.9) 27.8 (5.7) 28.7 (5.8) 28.0 (6.4)

Smoking

Never smokers 665 (60.1%) 609 (60.4%) 60 (75.9%) 266 (58.1%) 283 (60.1%) 49 (55.1%)

(Continued)
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From the 1107 patients included in the study, 10 stopped treatment for various reasons, while 89 required modifica-
tions in their initial asthma treatment provided according to the treating physicians’ judgment and changed groups within 
visits, from which the majority (80.9%) had treatment reduction. Demographics of the whole cohort (N=1107), the 
patients with stable treatment (N=1008) and those with treatment change (N=89) are presented in Table 1.

The patients were divided according to asthma controller treatment at baseline into three groups: A (“as-needed” anti- 
inflammatory reliever treatment with LD BUD/FOR), B (maintenance treatment with FDC BUD/FOR 200/6μg), and 
C (maintenance treatment with FDC BUD/FOR 400/12μg). Groups B and C were further sub-categorized according to 
the reliever/rescue treatment used by patients during the study: no reliever (B1, C1), LD BUD/FOR (groups B2, C2), or 
SABA (B3, C3) (Table 2).

We initially present the overall results of the whole study cohort (N=1107). Subsequently, in the 1008 patients that 
received consistent treatment throughout the study, we present the aforementioned subgroup analyses, according to the 
maintenance (A, B, or C) and also the reliever treatments (1, 2, or 3). In the latter well-defined population we were able 
to demonstrate more accurately the effectiveness of the treatment with BUD/FOR via Elpenhaler.

Table 1 (Continued). 

All 
n=1107

Stable Treatment 
n=1008

Changed Treatment n=89

All (n=1008) A (n=79) B (n=458) C (n=471)

Ex smokers 229 (20.7%) 208 (20.6%) 10 (12.7%) 104 (22.7%) 94 (19.9%) 20 (22.5%)

Pack years 20.4 (23.3) 20.5 (24.0) 19.2 (20.3) 20.6 (26.3) 20.4 (21.9) 18.7 (13.7)

Current smokers 213 (19.2%) 191 (18.9%) 9 (11.4%) 88 (19.2%) 94 (19.9%) 20 (22.5%)

Pack years 19.3 (15.8) 19.59 (16.0) 8.7 (8.7) 17.9 (14.0) 22.2 (17.7) 19.0 (15.1)

Asthma diagnosis (years) 11.5 (10.9) 11.5 (10.8) 9.7 (10.7) 11.1 (10.9) 12.0 (10.8) 11.8 (11.7)

Notes: Data are presented as N (%) or mean (standard deviation, SD). 
Abbreviation: BMI, body mass index.

Table 2 Distribution of the Patients According to Asthma Treatment at Baseline and the Need for Rescue 
Treatment

Maintenance and “as needed” Reliever Treatment Used Patients

A. Anti-inflammatory reliever treatment with BUD/FOR (200/6 μg) 79 (7.8%)

B. Maintenance treatment with BUD/FOR (200/6 μg) 458 (45.4%)

Maintenance treatment with BUD/FOR (200/6 μg) and no reliever treatment used 213

Maintenance treatment with BUD/FOR (200/6 μg) and reliever BUD/FOR (200/6μg) 213

Maintenance treatment with BUD/FOR (200/6 μg) and reliever SABA 32

C. Maintenance treatment with BUD/FOR (400/12 μg) 471 (46.7%)

Maintenance treatment with BUD/FOR (400/12 μg) and no reliever treatment used 337

Maintenance treatment with BUD/FOR (400/12 μg) and reliever BUD/FOR (200/6μg) 49

Maintenance treatment with BUD/FOR (400/12 μg) and reliever SABA 85

Note: Data are presented as N or N (%). 
Abbreviations: BUD/FOR, budesonide/formoterol; SABA, short-acting β2-agonist.
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Outcomes in the Whole Cohort and in Subgroups with Stable Treatment
Asthma Control
The mean (SD) score of ACQ-6 in the whole cohort of 1107 patients at baseline, was 2.16 (0.99). After 6 months of 
treatment, ACQ-6 score was reduced by a mean of 1.55 points (p<0.001) (Table 3).

Significant improvements in ACQ-6 were also observed across all groups (A, B, C) after 3 and 6 months, in the 1008 
patients on consistent treatment, with the mean difference exceeding the MCID of 0.5 points. Greater improvement was 
observed in group C patients who received high dose maintenance treatment with BUD/FOR 400/12μg. The mean 
change (Δ) (95% CI) in ACQ-6 score from baseline after 3 months was −0.96 (−1.13,−0.79) points in group A, −1.09 
(−1.17,−1.02) in group B, and −1.24 (−1.32,−1.17) in group C, and improved further after 6 months −0.98 (−1.19,−0.77) 
points in group A, −1.36 (−1.44,−1.27) in group B, and −1.65 (−1.73,−1.56) in group C (p<0.001 for all comparisons) 
(Figure 2).

The mean (95% CI) changes from baseline in ACQ-6 across subgroups according to the use of rescue therapy were 
also significant at 3 months [B1=−1.03 (−1.14,−0.92), B2=−1.13 (−1.25,−1.01), B3=−1.26 (−1.56,−0.95), C1=−1.18 
(−1.27,−1.1), C2=−1.54 (−1.82,−1.25), C3=−1.31 (−1.49,−1.13)], and 6 months [B1=−1.32 (−1.45,−1.18), B2=−1.40 
(−1.53,−1.27), B3=−1.32 (−1.6,−1.04), C1=−1.58 (−1.67,−1.48), C2=−1.85 (−2.26,−1.44), and C3=−1.81 (−2.02,−1.61)] 
(p<0.001 for all comparisons) (Figure 2).

Figure 2 ACQ-6 scores across all subgroups at baseline, 3, and 6 months.

Table 3 Asthma Control, QoL, and Lung Function in the Whole Cohort

Asthma Control, QoL, and Lung Function in the Whole Cohort

N=1107 V0 
mean (SD)

V1 
mean (SD)

V2 
mean (SD)

Δ V1-V0 
mean (95% CI)

Δ V2-V0 
mean (95% CI)

ACQ-6 2.16 (0.99) 0.97 (0.69) 0.62 (0.59) −1.21 (−1.2 to −1.1) −1.55 (−1.61 to −1.4)

miniAQLQ 4.54 (1.12) 5.89 (0.79) 6.29 (0.66) +1.38 (1.31 to 1.43) +1.76 (1.68 to 1.82)

FEV1 (L) 2.45 (0.90) 2.67 (0.89) 2.72 (0.92) +0.27 (0.24 to 0.30) +0.35 (0.31 to 0.38)

Abbreviations: ACQ, asthma control questionnaire; AQLQ, asthma quality of life questionnaire; FEV1, forced expiratory volume in 
1 second.
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Lung Function
Improvement in lung function was observed after 3 and 6 months of maintenance and/or reliever treatment with BUD/ 
FOR FDC. The mean (SD) FEV1 value was 2.45 (0.90) L at baseline and 2.72 (0.92) L in 6 months (mean change 0.35 L, 
p<0.001) for the total study population (Table 3). Improvement in lung function assessed by FEV1 was observed across 
all groups (A, B, C) after 3 and 6 months (Figure 3). Table 4 shows in detail the mean values (SD) and change (95% CI) 
of FEV1 in all subgroups across visits.

There was also a small increase in FVC in the whole cohort between visits. Specifically, at V0 FVC was 3.26 (1.14) L and 
at V2 3.43 (1.13) L, with a mean (95% CI) change between V2-V0 of 0.24 (0.20, 0.28) L. The smallest increase between V2- 
V0 was observed in Group A: mean Δ (95% CI) for, A=0.09 (−0.01,0.19), B=0.21 (0.15,0.27), and C=0.24 (0.18,0.31).

Figure 3 Change in forced expiratory volume in 1 second (FEV1) measured (in L) across all visits.

Table 4 FEV1 Values and Change in Subgroups Across Visits, in the 1008 Patients on Consistent 
Treatment

Visits V0 
Mean (SD)

V1 
Mean (SD)

V2 
Mean (SD)

Δ V1-V0 
Mean (95% CI)

Δ V2-V0 
Mean (95% CI)

Groups

A (N = 79) 2.72 (0.80) 2.88 (0.71) 2.81 (0.76) 0.34 (0.20 to 0.48) 0.16 (0.09 to 0.23)

B (N = 458) 2.47 (0.93) 2.74 (0.94) 2.79 (1.00) 0.24 (0.19 to 0.29) 0.32 (0.26 to 0.37)

B1 (N=213) 2.46 (0.90) 2.70 (0.90) 2.88 (0.98) 0.22 (0.14 to 0.31) 0.35 (0.27 to 0.43)

B2 (N=213) 2.53 (0.93) 2.78 (0.98) 2.78 (1.04) 0.25 (0.18 to 0.31) 0.30 (0.22 to 0.38)

B3 (N=32) 2.16 (0.96) 2.72 (0.98) 2.37 (0.60) 0.34 (0.03 to 0.65) 0.22 (0.06 to 0.39)

C (N = 471) 2.33 (0.83) 2.51 (0.83) 2.52 (0.84) 0.28 (0.24 to 0.32) 0.36 (0.31 to 0.42)

C1 (N=337) 2.39 (0.82) 2.51 (0.85) 2.53 (0.85) 0.23 (0.18 to 0.27) 0.33 (0.26 to 0.39)

C2 (N=49) 2.24 (0.96) 2.66 (0.90) 2.67 (0.96) 0.48 (0.27 to 0.68) 0.58 (0.32 to 0.83)

C3 (N = 85) 2.15 (0.76) 2.42 (0.71) 2.38 (0.73) 0.32 (0.25 to 0.39 0.36 (0.26 to 0.45)

Abbreviations: CI, confidence intervals; FEV1, Forced expiratory volume in 1 second.
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We also observed a small increase in FEV1/FVC between visits in the whole cohort: V0 0.76 (0.11) and V2 0.79 
(0.09), with a mean (95% CI) change between V2-V0 of 0.04 (0.03,0.05).

Quality of Life
In the whole cohort, the mean (SD) score of MiniAQLQ was 4.54 (1.12) at baseline (V0). After 6 months of treatment 
(V2), MiniAQLQ score was increased by 1.76 points (p<0.001) (Table 3).

Significant improvement in MiniAQLQ was observed across all subgroups, in the 1008 patients on consistent 
treatment, regardless of the maintenance BUD/FOR 200/6, 400/12μg or “as-needed” BUD/FOR 200/6μg treatment. 
The mean (95% CI) change in MiniAQLQ score after 3 and 6 months of treatment demonstrated statistically significant 
(p<0.001) improvements in each group: at 3 months A=1.1 (0.92,1.27), B=1.21 (1.12,1.3), and C=1.41 (1.32,1.5) points; 
at 6 months A=1.27 (1.04,1.5), B=1.54 (1.44,1.64), and C=1.84 (1.73,1.94). Mean changes exceeded the MCID of 0.5 
points for MiniAQLQ, indicating meaningful clinical improvements. Greater improvement in QoL was observed in 
patients that received 6-month maintenance treatment with higher dose of BUD/FOR (Figure 4).

The mean (95% CI) changes from baseline in MiniAQLQ across subgroups according to the use of rescue therapy 
were also significant at 3 months [B1=1.16 (1.04,1.29), B2=1.2 (1.07,1.33), B3=1.55 (1.1,2), and C1=1.36 (1.26,1.47), 
C2=1.66 (1.38,1.94), C3=1.46 (1.25,1.67)], and at 6 months [B1=1.45 (1.31,1.59), B2=1.57 (1.43,1.72), B3=1.90 
(1.46,2.33), and C1=1.77 (1.66,1.89), C2=1.99 (1.61,2.37), C3=2.00 (1.76,2.23)] (p<0.001 for all comparisons) 
(Figure 4).

More than 8 out of 10 patients were diagnosed with at least one comorbidity. Patients with comorbidities had worse 
QoL in V0: MiniAQLQ mean (SD) 4.43 (1.16) and showed higher improvement in V2 [mean change (95% CI) V2-V0: 
1.82 (1.73, 1.92)], compared to patients without comorbidities (mean MiniAQLQ (SD) in V0: 4.70 (1.06) and V2: 6.36 
(0.57), mean change (95% CI) V2-V0: 1.66 (1.56,1.76).

Use of Reliever Treatment
The frequency of rescue medication use was reduced during the study, on the whole cohort and across subgroups. In total, 
the mean (SD) number of inhalations “as needed” was reduced from 9.29 (16.10) for Elpenhaler and 13.62 (19.53) for 
SABA in the 1st month, to 6.03 (12.80) and 7.54 (15.06) in the 3rd month, and 3.64 (9.20) and 2.13 (3.21) in the 6th 

Figure 4 Mini asthma quality of life questionnaire (miniAQLQ) scores across all subgroups at baseline, 3, and 6 months.
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month, respectively. (Figure 5a and b) shows the reduction over time in the use of rescue therapy with BUD/FOR or 
SABA in groups Β and C, respectively.

Number of Severe Exacerbations
At 3 months, 13 patients (1,21%) had at least one exacerbation, and only one of them had two leading to corticosteroid 
use in 8 patients and in treatment increase in 9 patients. At 6 months, 18 (1,73%) of the patients had at least one 
exacerbation and only two of them had two, leading to corticosteroid use in 16 patients and in treatment increase in 13 
patients. Only one hospitalization was recorded at V2, in a patient having exacerbation for the first time. Most patients 
that exacerbated belonged in group C (Number of exacerbations recorded in groups across visits V1; A: 0, B:4, C:8, V2; 
A:1, B:3, C:12).

Figure 5 Need for rescue therapy with low dose budesonide/formoterol (BUD/FOR) or short-acting β2 agonist (SABA) (A) in Group Β and (B) in Group C.
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Adverse Events
No serious adverse events attributed to the treatment were recorded throughout the study. Only one patient complained of 
leg cramps.

Group Analysis of the Patients with Treatment Change (n=89)
Similarly to the whole cohort, improvements in asthma control (ACQ-6 mean (SD) at V0: 2.78 (1.30), V1:1,09 (0,78), 
V2:0,51 (0,58), mean change from V0 to V1 and V2: −1.72 and −2.29, respectively), in lung function (mean FEV1 

increase (L) V1-V0: 0.33, V2-V0: 0.44) and in quality of life (MiniAQLQ score increase at V1: 2.18 and at V2: 2.69), 
compared to V0 were observed.

Discussion
NOTOS is the first study to evaluate the real-life effectiveness of the fixed BUD/FOR combination administered via the 
Elpenhaler® device prescribed as maintenance and/or “as needed” reliever treatment in asthmatic patients according to 
usual clinical practice. The study showed clinically meaningful improvements in asthma control, as assessed by the 
ACQ-6 questionnaire, in a Greek population with asthma after 3 and 6 months of treatment with the fixed-dose 
combination BUD/FOR via Elpenhaler, used either as controller and/or reliever, according to GINA recommendations 
and usual clinical practice. These improvements were evident at 3 months and were more pronounced at 6 months, with 
the mean change exceeding the MCID of 0.5 points. Furthermore, improvement was noticed in all sub-populations of the 
study, irrespective of the dose of maintenance treatment or the use of rescue medication, with the most pronounced 
improvements achieved in patients receiving maintenance treatment with BUD/FOR 400/12 μg. There were also 
significant improvements in quality of life at 3 months, further improved at 6 months, irrespective of the presence of 
comorbidities. Finally, we observed improvement of lung function and reduction in the need for rescue therapy at six 
months, with an acceptable safety profile of the two doses of BUD/FOR.

The NOTOS study advances the previously available evidence by studies on real-life effectiveness of BUD/FOR 
administered via the Elpenhaler® prescribed only as maintenance treatment by pulmonologists12,13 or primary care 
physicians.14 The improvements in asthma control, QoL, and FEV1 in our study further support the previously reported 
data12,14 over the clinical effectiveness of the FDC of BUD/FOR, in patients with asthma in the real-life BOREAS study. 
That study showed that after six months of treatment with the fixed-dose combination BUD/FOR (both doses) via the 
Elpenhaler as maintenance treatment, asthma control and QoL of asthmatic patients were significantly improved.12,14 Our 
data add valuable information on the use of the BUD/FOR FDC in the Elpenhaler device not only as maintenance but 
also as maintenance and/or reliever therapy (MART). These improvements in asthma control, health status and lung 
function, are likely attributed to the fact that most of the patients included in our study had a step-up in their previous 
treatment, either addition of formoterol in their ICS maintenance treatment, and/or addition of ICS/formoterol on demand 
in patients not adequately controlled with maintenance treatment. Importantly, around 40% of the patients were 
treatment-naive prior to enrollment and the overall population had poor asthma control at baseline, with a mean score 
of ACQ-6 was 2.16, with values ≥1.5 indicating uncontrolled asthma.18,19

Our study assessed the use of the BUD/FOR FDC in the Elpenhaler device as maintenance and reliever therapy 
(MART), as proposed for the ICS/formoterol combinations in current asthma recommendations.1 The use of reliever 
treatments has evolved significantly over time, with the MART technique appearing as a reliever option from step 3 
onwards in GINA 2014,23 leading to the fundamental change In GINA 20196 that excluded SABA alone treatment and 
introduced “as needed” ICS/formoterol as preferred controller in step 1 and 2 (alternative to daily LD ICS), and as 
preferred reliever as well, in all steps. GINA 2020 clarified and reinforced GINA 2019, stating that I CS-formoterol is the 
preferred reliever for patients prescribed maintenance therapy with ICS-formoterol (MART), while for other ICS- 
LABAs, the reliever was still SABA.9 Finally, GINA 202124,25 onwards1 recommends a two-track approach, where in 
the (“preferred”) track 1 LD ICS/formoterol is recommended as reliever at all steps: as needed only in Steps 1–2 (mild 
asthma), and with daily maintenance ICS/formoterol (MART) in Steps 3–5. The elimination of SABA use alone from 
mild asthma was based on existing evidence that even these patients are at risk of serious adverse events and regular use 
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of SABA was linked with serious complications, while higher use was associated with higher risk of severe exacerbations 
and much higher risk of death.26,27 Conversely, inhaled corticosteroids reduce the risk of asthma deaths, hospitalization, 
and exacerbations requiring oral corticosteroids (OCS),28–30 but adherence is poor, particularly in patients with mild or 
infrequent symptoms. The SYGMA 1 and 2 trials showed that BUD/FOR as needed was better than SABA on asthma 
control days31 and that BUD/FOR as needed was non-inferior to low dose ICS on exacerbation prevention.32 The 
NOTOS study is the first observational, multicenter study of BUD/FOR administered as maintenance and reliever 
therapy (MART) with the Elpenhaler device in 1107 Greek patients with asthma of variable severity, for whom the 
treatment choice was based on the treating physicians’ decision. Our results confirm the effectiveness and safety of BUD/ 
FOR FDCs as anti-inflammatory reliever (AIR) and as maintenance and reliever therapy (MART) in a real-world setting, 
further supporting the results of the aforementioned randomized controlled trials and existing recommendations.

The NOTOS study further focused on the analysis of patient subsets based on controller dose and the use of as needed 
treatment, either with ICS/formoterol (MART) or SABA in order to assess the impact of inhaled medication in each set. 
Improvements in asthma control and QoL were consistent across all subgroups, irrespective of the dose of the controller, 
although improvements in ACQ-6 and MiniAQLQ were more pronounced in the 400/12 μg subgroup, indicating the 
effectiveness of the higher dose combination in more advanced steps. Furthermore, significant improvements were 
observed both in patients receiving ICS/formoterol FOR or SABA as a reliever, with small trends for superiority of the 
MART technique, especially in the HD BUD/FOR maintenance group. In this study, patients used SABA as a reliever 
because of personal preference, possibly due to long-standing habits and inertia. Notably, asthma control and quality of 
life improved further between 3 and 6 months of treatment, while the need for rescue therapy decreased significantly 
throughout the study, supporting the effectiveness of ICS/formoterol combination as a controller, in the context of an 
observational study and in accordance with previous observations.11

The dry powder inhaler (DPI) combination of budesonide and formoterol administered via Elpenhaler has been shown 
to have equivalent lung deposition compared to the same formulation delivered by the Turbuhaler® device in 
a pharmacokinetic study including patients with asthma.33 Furthermore, previous evidence of high satisfaction by 
Elpenhaler and a use-friendly device contributes to increased adherence and compliance to treatment and therefore 
better outcomes and reduced healthcare use. In two comparative Greek studies of different inhalers, participants’ 
satisfaction from the use of the Elpenhaler was significantly higher compared to the other devices,34,35 whereas 
a study of 755 patients with asthma and COPD showed that Elpenhaler presented lower rates of critical errors that 
affect drug delivery to the lungs compared with the Diskus® and Turbuhaler® devices.36 Our data further support the use 
of BUD/FOR in the Elpenhaler device as anti-inflammatory reliever in mild asthma and in the context of MART strategy 
as treatment choice in moderate-to-severe asthma in a real-life setting.

A major strength of the NOTOS study is its real-life design, including a wide range of patients selected with broad 
inclusion criteria, with various characteristics and comorbidities, unlike the necessary restrictions of randomized 
controlled trials. This is particularly important in asthma, a disease with significant variability. Moreover, we have 
achieved a large sample size with considerable heterogeneity in access to healthcare resources, consisting of patients 
recruited in hospital settings and in private practice, with variable disease severity. Another study strength is the low 
number of patients who were excluded (n=7) or stopped treatment (n=10), that is likely due to the fact that all patients 
were included and followed-up by their treating physicians in real-life settings. The subgroup analysis of the population 
with unchanged treatment throughout the study represents an additional strength, as it has provided more robust results in 
each category. A possible limitation is the observational open-label design of the study that cannot rule out the potential 
selection bias, yet the inclusion of a large population of >1000 patients in various settings may have – at least partially – 
compensated for this. Moreover, we were not able to assess potential superiority of ICS/formoterol on exacerbation 
prevention compared to SABA, due to the small numbers of exacerbations in our study. Finally, the absence of placebo 
arms and the open-label design cannot rule out a possible Hawthorne effect, but the improvements in both subjective 
(ACQ-6, MiniAQLQ) and objective measures (lung function) represent an additional factor that supports the effective-
ness of ICS/formoterol via Elpenhaler as controller and/or reliever option.

Journal of Asthma and Allergy 2025:18                                                                                            https://doi.org/10.2147/JAA.S517932                                                                                                                                                                                                                                                                                                                                                                                                    615

Gogali et al

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



Conclusions
The evidence from the real-life NOTOS study showed significant and clinically meaningful improvement in asthma 
control, lung function, and asthma-related quality of life in 1107 patients receiving FDC BUD/FOR via Elpenhaler, as 
anti-inflammatory reliever or as maintenance and/or reliever therapy, after 6 months of treatment in primary care settings. 
These data further add to the body of evidence supporting the effectiveness of the combination of ICS/formoterol, this 
time with the Elpenhaler device, in a wide range of asthma patients under various clinical settings.
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