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Abstract 

Background: Anti-eosinophilic therapy with interleukin-5/interleukin-5-receptor antibodies 

represents an established treatment for patients with severe eosinophilic asthma (SEA) but did not 

show clinical efficacy in patients with chronic obstructive pulmonary disease (COPD). 

Objective: To evaluate treatment response to anti-eosinophilic antibody therapy in patients with 

Asthma and COPD. 

Methods: A retrospective comparison of pulmonary function testing, oral corticosteroid intake, 

quality of life and pulmonary symptom control in patients with SEA and COPD and 1:1 propensity 

score matched patients suffering from SEA alone was performed. All patients received treatment 

with either mepolizumab or benralizumab. Data were assessed prior to antibody treatment start and 

after 6 months of therapy. 

Results: Data from 84 patients (42 patients with SEA and COPD and 42 patients with SEA) were 

analysed. After 6 months of treatment, patients in both groups showed improved forced expiratory 

volume in one second (improvement by 11% [IQR 5; 18] in the SEA and COPD group vs. 15 % [IQR -3; 

23]; p=0.637) and decreased oral corticosteroid dosages (median reduction by 3 mg in the SEA and 

COPD group vs. 5 mg; p=0.070), without significant differences between groups. Pulmonary symptom 

control and quality of life improved in both groups. A significant decrease in eosinophils could be 

measured in both groups with similar cell numbers prior to treatment initiation (600 cells/µl in the 

SEA and COPD group vs. 500 cells/µl). 

Conclusion: Anti-eosinophilic therapy with interleukin-5/interleukin-5-receptor antibodies shows 

clinical efficacy in patients with SEA and COPD comparable to treatment response in patients with 

SEA alone. 
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Introduction 

Bronchial asthma and chronic obstructive pulmonary disease (COPD) are common chronic pulmonary 

diseases and affect millions of people worldwide [1]. Both diseases are characterised by chronic 

airway inflammation and can coexist in one patient [2].  The term Asthma-COPD overlap (ACO) has 

been used to identify patients with features of both diseases, however the topic and especially the 

term remain controversial and no uniformly agreed definition for ACO exists. The Global Initiative for 

Asthma (GINA) describe ACO as persistent airflow limitation with several features associated with 

asthma and several features usually associated with COPD [3], whereby the Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) no longer refers to ACO but emphasizes that Asthma and 

COPD are different diseases that can coexist in one patient but may come along with common clinical 

features [4]. Most of these features, which include pulmonary symptoms and airflow limitation in 

lung function are not suitable to clearly distinguish between both diseases and therefore 

discrimination between Asthma and COPD is on one hand challenging but on the other hand 

essential, as choice of therapy differs. For treatment of patients with severe asthma, which is defined 

as asthma being uncontrolled despite adherence with optimised maximal therapy or which requires 

high dosages of inhaled corticosteroids (ICS) to prevent it from being uncontrolled [5], five different 

antibodies have been approved [6]. Three of these antibodies operate by interfering with the 

interleukin 5 (IL-5)/interleukin 5 receptor alpha (IL-5Rα) axis and thus interfere with the pathologic 

function of eosinophils which play a leading role in the pathogenesis of patients with severe asthma 

and eosinophilic phenotype. But also in COPD eosinophilic inflammation seems to be an important 

driver of disease progression because increased blood eosinophils are associated with an increased 

risk of exacerbations [7]. The clinical benefit of anti-eosinophilic treatment with IL-5/IL-5Rα 

antibodies in patients with severe eosinophilic asthma (SEA) has been proven in various clinical trials, 

showing a decrease of the exacerbation rate, an increase in lung function and a reduction of systemic 

oral corticosteroids (OCS) [8-10]. As in most of the IL-5/IL-5Rα antibodies licensing trials, patients 

with COPD or a smoking history of ≥ 10 pack years (PY), were excluded, no prediction could be made 

concerning treatment efficacy of anti-IL-5 treatment in patients with asthma and COPD. Four 



randomized controlled trials (RCT) in patients with COPD could show that treatment with 

mepolizumab or benralizumab was only associated with a very slight reduction of the exacerbation 

rate in patients with COPD and blood eosinophilia [11, 12]. To date, anti-eosinophilic treatment has 

only been tested in patients with either bronchial asthma or COPD, disregarding the fact that asthma 

patients may also suffer from COPD. Therefore, the aim of our study was to further analyse the effect 

of IL-5/IL-5Rα treatment in patients with SEA and COPD in clinical practice. 

  



Methods 

Aim, Design and Setting 

In this single-centre, retrospective analysis, clinical efficacy of anti-IL-5/IL-5Rα therapy with 

mepolizumab or benralizumab was analysed in patients with SEA and COPD. The study was 

conducted in accordance with the principles of the Declaration of Helsinki. This retrospective analysis 

was performed with approval of the local ethic committee of the Hannover Medical School 

(9567_BO_K_2021). All patients provided written informed consent allowing the use of their data for 

scientific research. 

Patient selection and treatment 

All patients included in the study were diagnosed with severe asthma, according to American 

Thoracic Society (ATS)/European Respiratory Society (ERS) guidelines with an eosinophilic phenotype. 

All patients in our outpatient clinic for severe asthma were referred from pneumologists for 

confirmation of the asthma diagnosis and evaluation of treatment. Confirmation of the SEA diagnosis 

based on symptoms (wheezing, coughing, shortness of breath, chest tightness, reduced capacity) 

often worsening by certain trigger factors and reversible central airway obstruction in lung function, 

whereby positive bronchodilator reversibility tests might be historical. Comorbidities such as 

allergies, allergic rhinitis or atopic dermatitis as well as a positive family history for bronchial asthma 

were assessed. According to GINA/GOLD guidelines additional COPD diagnosis was based on 

patients’ age (> 40 years) smoking history (> 10 PY), persistence of pulmonary symptoms despite 

optimised asthma treatment, optimised inhaler technique and adherence and impaired lung function 

(post-bronchodilator FEV1/FVC < 0.7). A reduced diffusion capacity (DLCO < 80%) and emphysema on 

chest CT scan were not mandatory but used as optional criteria to validate diagnosis of COPD, as CT 

scans of the chest were not available in all patients. Without uniformly agreed upon diagnostic 

criteria for patients with Asthma and COPD, the diagnoses were based on GINA description of ACO 

and physician’s clinical assessment. A SEA control group with 1:1-propensity score matching 



regarding age, sex and timepoint of treatment initiation was created. All patients were treated with 

medium to high-dose inhaled glucocorticoids and a long-acting β2-agonist and could receive a second 

or third controller and/or additional OCS therapy. Thereby, all patients fulfilled requirements for anti-

IL-5/anti-IL-5Rα therapy according to the Food and Drug Administration (FDA) and European 

Medicines Agency (EMA) and were treated as add-on therapy with either mepolizumab 

subcutaneously once every 4 weeks or benralizumab once every 8 weeks, after an initial loading of 

three doses every 4 weeks. The choice of antibody was made by the treating physician. 

Routine Follow-Up 

Routine follow-up included spirometry or body plethysmography standardised to ERS/ATS guidelines, 

capillary blood gas analysis, measurement of exhaled nitric oxide (eNO), and laboratory testing 

(differential blood count), if indicated. Structured questionnaires assessing for pulmonary symptoms 

and asthma control (Asthma Control Test – ACT), number of exacerbations over the last 12 months 

and changes in medication were also completed at each follow-up visit. Exacerbations were defined 

as worsening of asthma symptoms requiring OCS for at least three days or an increase in the OCS 

dose. Quality of life (QoL) was assessed using a visual analogue scale (VAS) ranging from 0 points 

(worst imaginable health state) to 10 points (best imaginable health state). Moreover, patients were 

asked whether their subjective condition under antibody therapy had improved, worsened or was 

unchanged (categorical answer). For their answer, which was based on subjective judgement, 

patients were asked to consider pulmonary symptoms, QoL and improvement of subjective physical 

fitness, measured as flight of stairs or a distance a patient is able to walk until a break is needed. 

Data Collection 

Data was assessed at two different time points: 1st “baseline” visit within 3 months prior to 

treatment start with anti-IL-5/IL-5Rα therapy and 2nd time point “follow up” after 6 months (± 1 

month) of IL-5/IL-5Rα therapy. All pulmonary function tests (PFT) were performed under continued 

stable inhaled therapy. Information concerning number of exacerbations, QoL-VAS, ACT and change 



in patients’ subjective condition were assessed at the same time points. Information concerning 

smoking history, allergies, nasal polyposis and further comorbidities were assessed prior to start of 

anti-IL-5 treatment. 

CT-Imaging 

The subjects underwent clinically indicated volumetric chest CT examinations at full inspiration. 

These scans were reconstructed with a slice thickness of 0.625 - 0.9 mm depending on the 

manufacturer of the CT unit. Standard soft tissue reconstruction kernels, depending on the 

manufacturer, were used. Image analysis of all clinical CT examinations was performed using 

specialised software (AVIEW, Coreline Soft, South Korea). Automated segmentation of the right and 

left lungs from the chest wall and mediastinum was performed for total lung volume calculation. 

Emphysema was defined as the percentage of lung pixels with an attenuation of −950 HU or less on 

inspiratory CT (i.e., low attenuation areas (LAA)-950). 

Statistical Analysis 

IBM SPSS Statistics 27.0 (IBM Corp, Armonk, NY, USA) and STATA 13.0 (State Corp LP, College Station, 

Texas, USA) statistical software were used for analysis of the data. Delta-values between the two 

time points were calculated for continuous variables in order to compare the slope. Categorical 

variables are stated as numbers (n) and percentages (%). Depending on distribution, continuous 

variables are shown as median with interquartile ranges (IQR) or as mean ± standard deviation (SD) 

unless indicated otherwise. For group comparisons, Fisher’s exact test, Chi-squared test, two-sided t-

test or Mann–Whitney-U-test were used, as appropriate. For intergroup comparisons between time 

points paired t-test or Wilcoxon-signed-rank test were used as appropriate. To account for multiple 

comparisons, we used the Benjamini-Hochberg method to adjust p-values [13]. A post-hoc power 

calculation was conducted to determine the needed sample size to prove non-inferiority for endpoint 

variables FEV1, ACT and QoL-VAS with a power set to 0.8 and alpha to 0.05. To account for missing 

data in regards to COPD-diagnosis, a subgroup analysis was conducted for patients having data on 



DLCO or chest CT. Group discrimination was done using a DLCO below 80% predicted or showing 

signs of emphysema (LAA-950). All reported p-values are two-sided. P-values < 0.05 were considered 

statistically significant.  

Propensity Score matching 

Propensity score matching was used to minimise confounding or bias in this retrospective analysis. A 

1:1 nearest neighbor model using logistic regression models controlling for patients current age, sex 

and date of anti-IL-5/IL-5Rα therapy initiation was conducted. Propensity scores before and after 

matching were compared using mean ± SD propensity score per group. 

  



Results 

Data from 84 patients treated in our outpatient clinic between November 2016 and July 2020 were 

included (figure 1). Forty-two patients were diagnosed with SEA and COPD and 42 belonged to the 

SEA group diagnosed with SEA only. All patients received anti-IL-5 or anti-IL-5Rα therapy (42% 

mepolizumab and 58% benralizumab), whereby mepolizumab predominated in the SEA and COPD 

group (55%) and benralizumab predominated in the SEA group (71%). Smoking history stated as pack 

years (PY) differed significantly between both groups showing a median of 20 PY in the SAE and 

COPD group vs 7 PY in the SEA group (p<0.001). Diffusing Capacity for Carbon Monoxide (DLCO) was 

20% lower (74% vs 94%, p=0.116) and the Carbon monoxide transfer coefficient (KCO) was 19% lower 

(93% vs 112%, p=0.005) in the SEA and COPD group. CT-derived %LAA-950 showed no significant 

difference between groups (p=0.099). Comorbidities were similar between both groups. 

Demographics are displayed in table 1. Propensity scores from available controls were 0.21 ± 0.14 

before matching and 0.51 ± 0.06 after matching. Matched propensity scores in the SEA and COPD 

group was 0.49 ± 0.05 accordingly. Subgroup analysis of n=57 patients having data on DLCO and 

chest CT are shown in Table S1 and S2, confirming results of the overall cohort.  

Changes in lung function, eosinophil counts, oral corticosteroids and exacerbations 

Results are displayed in table 2 (delta) and 3 (absolute values). PFT showed improvement in both 

groups with increase of FEV1% by 11% [IQR 5; 18] in the SEA and COPD group and 15 % [IQR -3; 23] in 

the SEA group and without significant difference between both groups (p=0.637, table 2). FVC% 

increased significantly and RV% and eNO decreased in both groups, both parameters not being 

significantly different between groups. Total lung capacity (TLC,) pO2 and pCO2 remained stable. 

Eosinophil counts showed similar values prior to treatment initiation (median of 600 cells/µl [IQR 

400; 800] in the SEA and COPD group vs. 500 cells/µl [200; 800] in the SEA group) and dropped to 

near zero without differences between both groups (p=0.571). Dosage of OCS was reduced from a 

median of 10 mg [IQR 5; 15 mg] to 8 mg [IQR 4; 18] (p=0.665) in the SEA and COPD group and from 



10 mg [IQR 5; 20 mg] to 5 mg [IQR 3; 6 mg] in the SEA only group (p=0.002). OCS therapy could be 

stopped in 3 SEA and COPD patients (7%) and in 6 SEA patients (14%) respectively, p=0.069. Mean 

number of exacerbations over the last 12 months decreased from 2 (±2.8) to 0.9 (±1.8), p=0.011 in 

the SEA and COPD group and from 1.9 (±2.5) to 0.4 (±0.7), p=0.001 in the SEA group.  

Changes in asthma control and quality of life 

Comparison of baseline and follow up data are displayed in table 2 (delta), table 3 (absolute values) 

and figure 2. ACT and QoL-VAS improved significantly in both groups. Asthma control improved 

slightly higher in the SEA group (improvement of 6 points [IQR 1; 11] vs. 3 points [IQR 0; 6], p= 0.097). 

QoL-VAS increased significantly by two points in both groups. In both groups the majority of patients 

reported stable or improved subjective condition (89% in the SEA and COPD group and 77% in the 

SEA group, p=0.453, table 2). Post-hoc power analysis showed sufficient sample size to conduct this 

research: to prove non-inferiority for FEV1 n=13 patients per group were needed (n=26 total). For 

ACT n=10 (n=20 in total) and for QoL-VAS n=4 per group (n=8 in total) were needed. 

 

  



Discussion 

In this retrospective real-life study, we could show that treatment with anti-IL-5/anti-IL-5R antibodies 

is highly clinically effective not only in patients with SEA but also in patients with SEA and COPD. After 

6 months of treatment patients with SEA and COPD also showed significant improvement in PFT, 

asthma control and quality of life.  

Differentiating asthma from COPD is challenging, especially in older patients with severe or long 

persisting asthma. Asthma is characterised by variable airflow limitation, but especially in patients 

with long-standing asthma, fixed air-flow limitation as can typically be seen in COPD can also be 

found [14]. On the other hand, a certain degree of bronchodilator reversibility of airway obstruction 

can also be detected in some COPD patients [15]. Patients with asthma and COPD combine clinical 

features of both diseases and represent a highly heterogenous group. Major and minor criteria to 

diagnose ACO in COPD patients were published in 2012 and included a positive and significant 

bronchodilator response (>400 mL and >15% increase in FEV1), sputum eosinophilia or a previous 

diagnosis of asthma as major criteria, and increased total serum IgE, previous history of atopy, or a 

positive bronchodilator test (>200 mL and >12% in FEV1) on at least two occasions as minor criteria 

[16]. To reduce the number of missing ACO diagnoses due to the criteria’s restrictive character, 

variations of these criteria were analysed and a diagnostic algorithm for identifying patients with 

ACO was established [17]. This algorithm includes a smoking history of ≥ 10 PY, an airflow limitation 

(FEV1/FVC <0.7) persisting after treatment with bronchodilators and inhaled corticosteroids or after a 

course of OCS and a current asthma diagnosis. All our SEA plus COPD patients were diagnosed with 

severe asthma, had a smoking history of ≥ 10 PY and showed fixed airflow limitation at time of 

antibody start, whereby not all patients received bronchodilator testing in our outpatient clinic, as 

some patients were diagnosed outside our university clinic. All patients in our study were diagnosed 

with a primary diagnosis of severe eosinophilic asthma while the COPD was rather mild. This is 

reflected by the preserved DLCO in most patients and the small number of patients with emphysema. 

The missing consensus on the ACO diagnosis criteria and difficulties concerning treatment decisions 



in this very heterogenous patient cohort led to exclusion of COPD patients in many asthma studies. In 

the MENSA, SIRIUS and DREAM study which led to approval of mepolizumab in SEA, patients with a 

smoking history of > 10 PY (and thus most patients with coexisting COPD) were excluded from the 

trials [9, 18, 19]. In the ZONDA, CALIMA and SIROCCO licensing trials for benralizumab, patients with 

a diagnosis of COPD were excluded [10, 20, 21]. In 2017 two RCTs (METREX and METREO) were 

published investigating the effect of mepolizumab in patients with COPD with regard to the reduction 

of exacerbations [11]. Differences between treatment groups and placebo were significant in Metrex 

but not in Metreo. Since the differences between groups in Metrex were also small (1.40 

exacerbations per year in the treatment group vs. 1.71 in the placebo group), the clinical relevance of 

these findings remains unclear. Benralizumab was also tested in COPD patients in two RCTs and in 

both trials no significant reduction of the exacerbation rate could be shown [12]. So far, none of the 

existing IL-5/anti-IL-5R antibodies is approved for patients with the primary diagnosis of COPD. In our 

study we could show that anti-IL-5/anti-IL-5R therapy is as effective in patients with SEA and COPD as 

it is in patients with SEA only. PFT, symptom control and quality of life improved significantly despite 

a median smoking history of 20 PY in the SEA and COPD group. In our cohort only few patients had 

radiological evidence of emphysema according to CT-imaging. Subanalysis from the ECLIPSE 

(Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points) study revealed that 

COPD patients with persisting blood eosinophilia showed slower progression of emphysema [22]. 

According to proposed COPD phenotypes by Han et al., our cohort represents the airway-phenotype 

with eosinophilia associated with frequent exacerbations and steroid response but without enhanced 

emphysema [23]. Meta-analysis of the METREX, METREO, GALATHEA and TERRANOVA trials indicate, 

that COPD patients with elevated eosinophils (> 300 cells/µl) responded to anti-eosinophilic 

antibody-treatment in terms of a reduced exacerbation rate [24, 25]. These results are supported by 

the results of our study, suggesting that IL-5/anti-IL-5R treatment might be a treatment option for 

COPD patients with a specific clinical phenotype without pronounced hyperinflation but with airway 

inflammation and eosinophilia. Impact of eosinophilic airway inflammation in COPD has not yet been 

fully understood but it has been recognized that eosinophils play an important role in inflammatory 



processes at least in some COPD patients. In a large study 19% of COPD patients had blood 

eosinophil counts > 300 cells/µl with higher values in patients with a history of asthma [26]. In COPD 

as well as in asthma the number of eosinophils in peripheral blood represents a predictor of 

exacerbations and response to corticosteroid therapy [27, 28]. As mechanisms of eosinophilia in 

COPD are not yet certain and it remains unclear why only a minority of COPD patients show 

significant eosinophilia, an association with asthma and allergies in COPD patients with eosinophilia 

has been explored. In the COPDGene study which examined 4.915 COPD patients, early-life asthma 

was detected as risk factor for increased disease activity with more frequent exacerbations [29], 

highlighting the disease interaction of COPD and asthma. Our study results confirm recent findings by 

Morobeid et al. analyzing antibody-treatment in patients with allergic or eosinophilic asthma and a 

smoking status of > 10 PY, showing treatment efficacy of IL-5 antibodies [30]. In contrast to our study 

only limited information concerning patient characteristics were provided, not allowing further 

phenotyping of patients. In our view, the more detailed clinical characterization of our COPD patients 

represents a strength of our study as COPD patients show an accelerated decline in DLCO over time 

and inclusion of DLCO/KCO values and CT-scan reconstruction helps to confirm COPD diagnosis in 

affected patients and to support our conclusion [4].  

Our study is primarily limited by its single-centre, retrospective design and limited number of 

patients included. Diagnosis of COPD could not always be supported by DLCO values and CT-scans 

due to missing data. However, subgroup analysis showed very similar results to the main cohort of 

this research. In most patients COPD was mild, limiting transferability of the results to patients with 

moderate to severe COPD. Differences in treatment effects of benralizumab and mepolizumab in 

COPD patients cannot be ruled out. Follow-up amounted to only 6 months, representing a rather 

short follow-up period, e.g., not fully covering annual exacerbations. Strengths of our study are the 

clinically highly relevant but understudied cohort of asthma and COPD patients and the inclusion of a 

propensity score matched SEA group. 

Conclusion 



In summary, anti-eosinophilic treatment is highly efficient in patients with SEA and also in patients 

with SEA and COPD but, according to existing literature, not in patients with COPD alone. 
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Tables 

Table 1 –Baseline demographics 

Item 
All 

n=84 

SEA and 
COPD 

n=42 (50%) 
SEA 

n=42 (50%) p 
Age – Median (IQR) 61 (55–66) 61 (55–65) 61 (55–66) 0.917 

Sex – n (%)     

- female 34 (41%) 17 (41%) 17 (41%) 1.000 

- male 50 (59%) 25 (59%) 25 (59%)  

BMI – Median (IQR) 29 (25-34) 28 (25-34) 29 (25-34) 0.512 

Therapy – n (%)     

- anti-IL-5 (mepolizumab) 35 (42%) 23 (55%) 12 (29%) 0.015* 

- anti-IL-5Rα (benralizumab) 49 (58%) 19 (45%) 30 (71%)  

- OCS 43 (51%) 23 (55%) 20 (48%) 0.513* 

- ICS medium - high dose 100 (100%) 42 (100%) 42 (100%) 1.000* 

IL5-Responder 64 (76%) 32 (76%) 32 (76%) 1.000* 

Smoking – n (%)     

- never 28 (33%) 0 (0%) 28 (67%) < 0.001* 

- former 56 (67%) 42 (100%) 14 (33%)  

Packyears – Median (IQR) 20 (9–30) 20 (15–30) 7 (4–9) < 0.001 

PFT – Median (IQR)     

- DLCO in % of predicted 79 (72–97) 74 (70–90) 94 (75–101) 0.116 

- KCO in % of predicted 
107 (89–

115) 
93 (80–112) 

112 (105–

117) 
0.005 

- FEV1/FVC post BDT 66 (54-73) 66 (58-73) 68 (51-73) 0.785 

Positive bronchodilator test – n (%)# 21 (38%) 13 (43%) 8 (31%) 0.333* 

Total IgE in IU/ml – Median (IQR) 
177 (74-

751) 
446 (87-1442) 

126 (41-
259) 

0.040 

CT-Imaging – Mean (SD)†     

- Total lung volume (ml) 5878 ±1479 6041 ±1461 5681 ±1515 0.427 

- LAA-950 (cc) 188 ±379 271 ±494 88 ±101 0.113 

- LAA-950 (%) 2.8 ±5.2 3.9 ±6.7 1.4 ±1.6 0.099 

Comorbidities – n (%)     

- Obesity (BMI≥30 kg/m²) 33 (39%) 36 (38%) 17 (41%) 0.823* 

- CRSwNP 2 (2%) 1 (2%) 1 (2%) 1.000* 

- CRSsNP 14 (17%) 4 (10%) 10 (24%) 0.079* 

- ASS intolerance 4 (5%) 2 (5%) 2 (5%) 1.000* 

- Atopic dermatitis 4 (5%) 1 (2%) 3 (7%) 0.305* 

- Cardiovascular diseases  11 (13%) 6 (14%) 5 (12%) 0.746* 

- Diabetes 3 (4%) 0 (0%) 3 (7%) 0.078* 

- Reflux 5 (6%) 2 (5%) 3 (7%) 0.645* 

- Allergic rhinitis 2 (2%) 0 (0%) 2 (5%) 0.152* 



 

 

P-values were derived using t-test, if not indicated otherwise: *Chi2-Test, # data from n=56 patients 

available, † data from n=45 patients available 

Acronyms: SEA, severe eosinophilic asthma; COPD, chronic obstructive pulmonary disease; IQR, 

interquartile range; IL, interleukin; DLCO, Diffusing Capacity for Carbon Monoxide; KCO, Carbon 

monoxide transfer coefficient, LAA, low-attenuation areas; BMI, body mass index; CRSwNP, Chronic 

rhinosinusitis with nasal polyps; CRSsNP, Chronic rhinosinusitis without nasal polyps; PFT, Pulmonary 

function testing; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second;  

Table 2 - Comparison of Baseline and Follow Up Visits (Delta) 

 

Item Δ Total Δ SEA and 
COPD 

Δ SEA p 

Δ of Lung Function – Median (IQR)     

 FVC in % of predicted 8 (-2–18) 6 (-1–16) 12 (-2–23) 0.216 

 FEV1 in % of predicted 11 (3–22) 11 (5–18) 15 (-3–23) 0.637 

 RV in % of predicted -10 (-23–6) -11 (-24–5) -10 (-22–12) 0.472 

 TLC in % of predicted 0 (-6–7) -1 (-6–5) 0 (-6–10) 0.128 

 eNO in ppb -6 (-30–9) -3 (-25–10) -7 (-32–8) 0.612 

Δ of Blood Gases – Median (IQR)     

 pO2 in mm Hg 1 (-4–8) -2 (-5–10) 2 (-3–7) 0.740 

 pCO2 in mm Hg 1 (-1–2) 0 (-1–1) 1 (-1–3) 0.229 

Δ of Laboratory – Median (IQR)     

 Eosinophils in 103/µl -6 (-10– -4) -6 (-10 – -4) -6 (-12– -3) 0.571 

Δ in OCS Therapy – Median (IQR)     

 OCS Dosage in mg -5 (-11–0) -3 (-6–0) -5 (-20– -1) 0.070 

 OCS Therapy in n (%) -9 (11%) -3 (7%) -6 (14%) 0.069* 

Δ of Quality of life Scores – Median (IQR)     

 QoL-VAS 1 (0–3) 0 (-1–3) 2 (0–3) 0.019 

 ACT-Score 4 (0–8) 3 (0–6) 6 (1–11) 0.097 

 Stair climbing (flights of stairs) 0 (0–1) 0 (0–1) 0 (0–1) 0.274# 

 Annual exacerbations – mean 

±SD 
-1.4 ±2.4 -1.1 ±2.3 -1.5 ±2.6 0.505 

Δ of subjective condition – n (%)     

 worsened 12 (14%) 4 (11%) 8 (22%) 0.453 

 stable 41 (49%) 17 (47%) 16 (44%)  

 improved 31 (37%) 15 (42%) 12 (33%)  

 

P-values were derived using t-test, if not indicated otherwise: # = Mann-Whitney U-Test; *Chi2-Test 

Acronyms: SEA, severe eosinophilic asthma; COPD, chronic obstructive pulmonary disease; IQR, 

interquartile range; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; RV, 

residual volume; TLC, total lung capacity; pO2, partial pressure of O2; pCO2, partial pressure of CO2; 

OCS, oral corticosteroids; QoL-VAS, quality of life visual analog scale; ACT, asthma control test; 



 

 

Table 3 – Comparison of Baseline and Follow Up Visits (absolute) 

 

Item 
SEA and COPD  SEA  

Baseline 
Follow 

Up 
p 

adjusted 
p 

Baseline 
Follow 

Up 
p 

adjusted 
p 

Lung Function – 
Median (IQR) 

        

FVC in % of 
predicted 

81 (73–
92) 

92 
(76–
99) 

< 
0.001 

< 0.001 
77 (60–

92) 

89 
(74–
102) 

< 
0.001 

< 0.001 

FEV1 in % of 
predicted 

56 (42–
69) 

70 
(53–
81) 

< 
0.001 

< 0.001 
62 (44-

75) 

75 
(55–
91) 

< 
0.001 

< 0.001 

RV in % of 
predicted 

141 
(112–
179) 

134 
(110–
168) 

0.005 0.011 
138 

(105–
159) 

128 
(104–
151) 

0.069 0.080 

TLC in % of 
predicted 

104 
(95–
110) 

104 
(95–
114) 

0.502 0.502 
99 (84–

113) 

102 
(93–
110) 

0.156 0.169 

Blood Gases – 
Median (IQR) 

        

pO2 in mm Hg 
71 (65–

77) 

71 
(67–
79) 

0.275 0.358 
74 (66–

79) 

73 
(67–
80) 

0.334 0.334 

pCO2 in mm Hg 
39 (36–

41) 

38 
(36–
41) 

0.572 0.620 
38 (35–

39) 

40 
(37–
41) 

0.031 0.040 

Laboratory – 
Median (IQR) 

        

Eosinophils in 
103/µl 

0.6 
(0.4–
0.8) 

0.01 
(0–

0.08) 

< 
0.001 

< 0.001 
0.5 

(0.2–
0.8) 

0 (0–
0.06) 

< 
0.001 

< 0.001 

OCS Therapy – 
Median (IQR) 

        

OCS Dosage in 
mg 

10 (5-
15) 

8 (4-
18) 

0.665 0.665 
10 (5-

20) 
5 (3-6) 0.002 0.003 

OCS Therapy in 
n (%) 

23 
(55%) 

20 
(48%) 

< 
0.250* 

< 0.271* 
20 

(48%) 
14 

(33%) 
< 

0.109* 
< 0.177* 

QoL Scores – 
Median (IQR) 

        

QoL-VAS 5 (4–7) 7 (4–8) 0.047 0.076 5 (3–6) 7 (5–9) 
< 

0.001 
< 0.001 

ACT-Score 
14 (11–

19) 

19 
(13–
23) 

< 
0.001 

0.003 
12 (9–

18) 

20 
(17–
23) 

< 
0.001 

< 0.001 

Stair climbing 
(flights of stairs) 

1 (1–2) 2 (1–3) 0.183 0.264 2 (1–2) 2 (1–3) 0.008† 0.012 

Annual 
Exacerbations – 

Mean ±SD 
2.0 ±2.8 

0.9 
±1.8 

0.011 0.020 1.9 ±2.5 
0.4 

±0.7 
0.001 0.002 

P-values were derived using paired t-test, if not indicated otherwise: †Wilcoxon-signed-rank-Test; 

*McNemar-Test 



 

 

Acronyms: SEA, severe eosinophilic asthma; COPD, chronic obstructive pulmonary disease; IQR, 

interquartile range; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; RV, 

residual volume; TLC, total lung capacity; pO2, partial pressure of O2; pCO2, partial pressure of CO2; 

OCS, oral corticosteroids; QoL-VAS, quality of life - visual analog scale; ACT, asthma control test; 

Table S2 – Subgroup comparison of Baseline and Follow Up Visits (Delta) 

 

Item Δ Total Δ SEA and 
COPD 

Δ SEA p 

Δ of Lung Function – Median (IQR)     

 FVC in % of predicted 7 (-3–18) 5 (-2–16) 15 (-5–25) 0.217 

 FEV1 in % of predicted 11 (2–23) 11 (4–18) 12 (-3–24) 0.623 

 RV in % of predicted -11 (-24–6) -13 (-24–5) -10 (-23–7) 0.771 

 TLC in % of predicted 0 (-7–6) -1 (-6–5) 0 (-7–10) 0.343 

 eNO in ppb -7 (-32–7) -3 (-25–10) -7 (-32–8) 0.564 

Δ of Blood Gases – Median (IQR)     

 pO2 in mm Hg -2 (-5–7) -2 (-5–10) -1 (-5–3) 0.496 

 pCO2 in mm Hg 0 (-1–2) 0 (-1–1) 1 (-1–3) 0.284 

Δ of Laboratory – Median (IQR)     

 Eosinophils in 103/µl -6 (-10– -4) -6 (-10 – -4) -6 (-10– -3) 0.430 

Δ in OCS Therapy – Median (IQR)     

 OCS Dosage in mg -4 (-8–0) -4 (-6– -1) -5 (-15– -0) 0.348 

 OCS Therapy in n (%) -5 (16%) -2 (11%) -3 (23%) 0.069* 

Δ of Quality-of-life Scores – Median (IQR)     

 QoL-VAS 1 (0–2) 0 (-1–2) 2 (0–3) 0.211 

 ACT-Score 4 (0–8) 4 (0–7) 4 (0–11) 0.562 

 Stair climbing (flights of stairs) 0 (-1–1) 0 (0–1) 0 (-1–1) 0.875# 

 Annual exacerbations – mean 

±SD 
-1.1 ±2.2 -1.3 ±2.4 -0.9 ±2.0 0.603 

Δ of subjective condition – n (%)     

 worsened 10 (18%) 4 (11%) 8 (22%) 0.429 

 stable 30 (53%) 17 (47%) 16 (44%)  

 improved 17 (30%) 15 (42%) 12 (33%)  

 

P-values were derived using t-test, if not indicated otherwise: # = Mann-Whitney U-Test; *Chi2-Test 

Acronyms: SEA, severe eosinophilic asthma; COPD, chronic obstructive pulmonary disease; IQR, 

interquartile range; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; RV, 

residual volume; TLC, total lung capacity; pO2, partial pressure of O2; pCO2, partial pressure of CO2; 

OCS, oral corticosteroids; QoL-VAS, quality of life visual analog scale; ACT, asthma control test; 



 

 

 

Table S3 – Subgroup Comparison of Baseline and Follow Up Visits (absolute) 

 

Item 
SEA and COPD  SEA  

Baseline 
Follow 

Up 
p 

adjusted 
p 

Baseline 
Follow 

Up 
p 

adjusted 
p 

Lung Function – 
Median (IQR) 

        

FVC in % of 
predicted 

83 (75-
93) 

92 
(75-
100) 

0.003 0.010 
66 (55-

84) 

79 
(69-
91) 

0.020 0.020 

FEV1 in % of 
predicted 

56 (41-
74) 

70 
(53-
84) 

< 
0.001 

< 0.001 
53 (39-

63) 

66 
(49-
80) 

0.012 0.012 

RV in % of 
predicted 

136 
(112-
174) 

134 
(109-
161) 

0.014 0.014 
146 

(109-
170) 

140 
(107-
159) 

0.116 0.168 

TLC in % of 
predicted 

105 (95-
111) 

104 
(95-
114) 

0.443 0.443 
99 (81-

112) 

101 
(93-
110) 

0.560 0.662 

Blood Gases – 
Median (IQR) 

        

pO2 in mm Hg 
71 (65-

76) 

70 
(65-
79) 

0.445 0.445 
71 (65-

77) 

72 
(68-
76) 

0.870 0.943 

pCO2 in mm Hg 
40 (36-

41) 

39 
(37-
41) 

0.556 0.602 
38 (35-

41) 

40 
(37-
41) 

0.070 0.114 

Laboratory – 
Median (IQR) 

        

Eosinophils in 
103/µl 

0.5 (0.4-
0.8) 

0 (0-
0.1) 

< 
0.001 

< 0.001 
0.6 (0.3-

0.8) 
0 (0-
0.1) 

0.002 0.002 

OCS Therapy – 
Median (IQR) 

        

OCS Dosage in 
mg 

10 (5-
16) 

7 (3-
16) 

0.665 0.665 
10 (4-

20) 
5 (1-6) 0.050 0.050 

OCS Therapy in 
n (%) 

18 
(55%) 

16 
(49%) 

0.500* 0.500* 
11 

(46%) 
10 

(42%) 
1.000* 1.000* 

QoL Scores – 
Median (IQR) 

        

QoL-VAS 5 (4-8) 7 (4-8) 0.109 0.202 5 (3-5) 6 (5-8) 0.009 0.009 

ACT-Score 14 (11-
19) 

19 
(13-
23) 

< 
0.001 

< 0.001 14 (8-
18) 

18 
(16-
21) 

0.009 0.009 

Stair climbing 
(flights of stairs) 2 (1-2) 2 (1-3) 

0.314† 0.314† 
1 (1-2) 2 (1-2) 

0.426† 0.554† 

Annual 
Exacerbations – 

Mean ±SD 
2.4 ±2.8 

1.5 
±2.4 

0.019 0.041 1.3 ±2.1 
0.4 

±0.8 
0.054 0.054 

P-values were derived using paired t-test, if not indicated otherwise: †Wilcoxon-signed-rank-Test; 

*McNemar-Test 



 

 

Acronyms: SEA, severe eosinophilic asthma; COPD, chronic obstructive pulmonary disease; IQR, 

interquartile range; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; RV, 

residual volume; TLC, total lung capacity; pO2, partial pressure of O2; pCO2, partial pressure of CO2; 

OCS, oral corticosteroids; QoL-VAS, quality of life - visual analog scale; ACT, asthma control test; 

  



 

 

Figures 

Figure 1 – Flowchart of patient inclusion. 

Acronyms: COPD, chronic obstructive pulmonary disease; PS, propensity score; SEA, severe 

eosinophilic asthma; 

Figure 2 – Change of parameters from baseline to follow up by group. 

Acronyms: SEA, severe eosinophilic asthma; COPD, chronic obstructive pulmonary disease; ACT, 

asthma control test; EOS, eosinophils; FEV1, forced expiratory volume in 1 second; RV, residual 

volume; QoL-VAS, quality of life - visual analogue scale; pO2, partial pressure of O2; 

 

  



 

 

 

  



 

 

 


