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ABSTRACT

Patients with severe eosinophilic asthma (SEA) suffer from frequent asthma exacerbations, 
where eosinophils are major effector cells in airway inflammation, and anti-interleukin 
(IL)-5 becomes an effective treatment modality to control eosinophilic inflammation of SEA. 
Fifteen patients with SEA who had been treated with anti-IL5 (reslizumab, 100 mg monthly 
intravenously) for 6 months at Ajou University Hospital (Suwon, Korea) were enrolled in this 
study. Clinical parameters, including total blood eosinophil count (TEC), FEV1%, fractional 
exhaled nitric oxide (FeNO) levels, and serum biomarkers such as eosinophil-derived 
neurotoxin (EDN), periostin (PON), and transforming growth factor-β1 (TGF-β1), were 
analyzed. EDN levels and TEC decreased significantly after 1 month of treatment (P < 0.05 
for both), while no changes were noted in FeNO/PON/TGF-β1 levels. FEV1% increased after 
2 months of treatment (P < 0.05). A positive correlation was observed between TEC and EDN 
levels (r = 0.60, P = 0.02). Significant negative correlations were noted between age and TEC/
EDN levels (r = −0.57, P = 0.02 and r = −0.56, P = 0.03, respectively). Baseline TEC was higher 
in the EDN-responder group (≥75% decrease) than in the non-responder group (P = 0.06) 
with a positive correlation between %reduction in EDN and TEC (r = 0.67, P = 0.01). The 
onset age was younger and asthma duration was longer in the FEV1%-non-responder group 
(<12% increase) than in the FEV1%-responder group (P = 0.07 and P = 0.007, respectively). 
In conclusion, changes in the serum EDN level may be a potential biomarker for monitoring 
eosinophilic inflammation after anti-IL5 treatment in SEA, which is affected by onset age and 
asthma duration.

Keywords: Asthma; eosinophils; interleukin-5; antibodies, monoclonal; inflammation; 
asthma exacerbation

INTRODUCTON

Asthma is a chronic airway inflammatory disease characterized by type 2 eosinophilic 
inflammation. Both environmental factors and the degree of eosinophilic inflammation 
affect disease severity, which can be improved by classic anti-inflammatory drugs, but some 
patients with unusually severe eosinophilic asthma (SEA) show limited responses to the 
drugs and suffer from asthma exacerbation (AE).1 Eosinophils are well known as effector cells 
associated with AE, and patients with SEA have frequently used systemic steroids to suppress 
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eosinophilic inflammation for symptom control. Some SEA patients require daily systemic 
steroids to control symptoms, where alternative treatments are required to spare systemic 
steroid use.

Considering that interleukin (IL) 5 is known to be involved in eosinophilic proliferation 
and activation, antibodies to IL5 and IL5 receptors are effective in reducing AEs in SEA.2,3 
A few type 2 biomarkers, such as peripheral total eosinophil count (TEC) and fraction of 
exhaled nitric oxide (FeNO), have been used in practice; however, their relevance has not yet 
been completely elucidated. Regarding serum biomarkers, periostin (PON) is considered 
a biomarker of type 2 airway inflammation in asthmatics; the serum eosinophil-derived 
neurotoxin (EDN) is reported as a potential biomarker of eosinophil activation status and 
asthma severity.4,5 Transforming growth factor (TGF)-β1 is a major cytokine acting on 
airway structural cells involved in airway inflammation/remodeling.6 They may be candidate 
biomarkers associated with anti-IL5.4,7 This study examined changes in clinical parameters 
and serum biomarkers during anti-IL5 treatment to evaluate their clinical relevance in SEA.

MATERIALS AND METHODS

Patients
This study enrolled 15 patients who had been diagnosed with SEA in the Department of 
Allergy and Clinical Immunology at Ajou University Hospital, Suwon, South Korea. SEA was 
defined if patients had peripheral eosinophilia (≥ 300 cells/µL) before anti-IL5 treatment; 
severe asthma was defined according to the Global Initiative for Asthma and the European 
Respiratory Society guidelines.1,8 One patient was excluded from the study due to poor 
compliance. All patients had maintained anti-asthmatic medications, including medium- to 
high-dose inhaled corticosteroids (ICS), long-acting β2-agonists (LABAs), and leukotriene 
receptor antagonists (LTRAs); however, they were in an uncontrolled state and had 
experienced recurrent AEs requiring systemic corticosteroids (over 15 mg prednisolone daily 
for > 3 days) > 2 times per year during the previous 2 years. The demographic characteristics 
were analyzed. Atopy was defined as a positive reaction when the ratio of mean diameter of 
specific wheal to histamine was more than 1 after skin prick test with 55 common inhalant 
allergens (Bencard, Bradford, UK). Serum total/specific immunoglobulin E was measured 
by using the ImmunoCAP® system (ThermoFisher Scientific, Waltham, MA, USA). Chronic 
rhinosinusitis (CRS) was confirmed clinically by history and radiological imaging studies, 
including paranasal sinus radiography or computed tomography. This study was approved 
by the Ajou University Institutional Review Board, and all of informed consent forms were 
obtained from all participants (AJIRB-Med-SMP-18-415).

Methods
A fixed dose of 100 mg reslizumab (Cinqair®; Teva, North Wales, PA, USA) was intravenously 
administered for 6 months at monthly intervals. All anti-asthmatic medications were 
maintained. TEC and pulmonary function tests, including FEV1% and FeNO, were 
performed before the treatment (V1) and repeated at each visit for the initial 3 months (V2–
V4), and then the final visit was done after 6 months of treatment (V5) in order to monitor 
treatment responses, AEs, and adverse reactions. Sera collected at each visit to evaluate 
the 3 biomarkers, were frozen at −70°C, and were thawed before use. A spirometer (Jaeger, 
Würzburg, Germany) was used for pulmonary function tests. Airway hyperresponsiveness 
was confirmed by methacholine provocation tests. FeNO was measured by using Niox® 
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(Circassia, Sollentuna, Sweden). Serum EDN/PON/TGF-β1 levels were measured by using 
ELISA (K-EDN® kit; SKIMS-BIO, Seoul, Korea; SHINO-Test Corporation, Sagamihara, 
Japan; and DuoSet, Minneapolis, MN, USA, respectively) according to their respective 
manufacturers’ protocols.

Demographic characteristics are presented as mean and distribution. One dropped-out 
patient was excluded from the analysis of treatment responses. The Wilcoxon-signed rank 
test was applied to compare values before and after the treatment, and the Mann-Whitney U 
test was applied to compare between responders and non-responders after the treatment, 
depending on changes in FEV1%, FeNO, and EDN.

The FEV1%-responder group was defined if FEV1% increased ≥ 12%; the FeNO-responder 
group was defined if the FeNO level decreased more than 20% (in patients with > 50 ppb of 
FeNO) or 10 ppb (in those with < 50 ppb); the EDN-responder group was defined if the serum 
EDN level decreased over 75%.9-11 Spearman correlation coefficients were used for correlation 
analysis. All statistical analyses were performed and graphics were created by using GraphPad 
Prism for Windows version 8.0 (GraphPad Software, Inc., La Jolla, CA, USA). A P value of < 
0.05 was considered significant.

RESULTS

Demographic and laboratory findings of the study patients
The clinical features of all enrolled subjects are summarized in Supplementary Table S1. Of the 
15 patients, 10 were female (66.67%), and 1 dropped out. The mean age was 53.00 ± 13.92 years; 
the mean asthma duration was 11.67 ± 8.77 years; and the mean onset age was 41.40 ± 15.12 years. 
Twelve patients (80%) had CRS. The baseline FeNO was 87.33 ± 61.40 ppb; the baseline TEC was 
713.60 ± 427.10 cells/µL. The baseline levels of 3 biomarkers (EDN, PON, and TGF-β1) are shown 
in Supplementary Table S1. During the study, all patients were kept in controlled state based on 
the GINA guideline.1 No treatment-related adverse reactions were noted during the study.

Comparison of atopic status and correlations among clinical and serum 
biomarkers
The baseline levels of 3 biomarkers were not significantly different between atopics and non-
atopics. No significant correlation was found between TEC and the FeNO level (P = 0.40), 
but a positive correlation was observed between TEC and EDN levels (r = 0.60, P = 0.02; 
Supplementary Fig. S1A and B). Negative correlations were noted between age and TEC/EDN 
levels (r = −0.57, P = 0.02; r = −0.56, P = 0.03), while no significant correlations were noted 
between age/TEC and PON/TGF-β1 levels (P > 0.05 for each; Supplementary Table S2).

Changes in clinical parameters and serum biomarkers after anti-IL5 treatment
Serial changes in FEV1%, FeNO, and TEC showed that there was a significant difference in 
FEV1% for the initial 2 months between V1 and V3 (P = 0.02; Fig. 1A), while FeNO tended to 
decrease, but no significant difference was noted (P > 0.05; Fig. 1B). TECs decreased notably 
after 1 month with statistical significance (V1 vs. V2, 757.10 ± 410.8 vs. 42.86 ± 51.36 cells/µL, 
P < 0.0001; Fig. 1C) which was maintained for 6 months. EDN levels decreased significantly 
at V2 compared to V1 (P = 0.0001), which remained lower, but showed variable levels during 
the following months (P > 0.05; Fig. 1D). Serum PON or TGF-β1 levels showed no significant 
changes during the study period (P > 0.05).
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Comparison of clinical and laboratory parameters between responders and 
non-responders
Baseline TEC and EDN levels were significantly higher in the EDN-responders than in the 
non-responders (888.9 ± 442.8 vs. 520.0 ± 216.8 cells/µL, P = 0.06; 171.9 ± 60.9 vs. 94.44 ± 
42.79 ng/mL, P = 0.03, respectively; Fig. 2A, Supplementary Table S3). Positive correlations 
were noted between maximum% decreases in EDN and baseline levels of TEC and FeNO (r 
= 0.67, P = 0.01; r = 0.39, P = 0.17), with a negative correlation with age (r = −0.49, P = 0.08; 
Supplementary Fig. S2). Asthma duration was longer in the FeNO-nonresponder group than 
in the FeNO-responder group (23.00 ± 8.00 vs. 7.44 ± 4.80 years, P = 0.0028; Fig. 2B); no 
significant differences were noted in age or body mass index. Asthma onset age was older in 
the FEV1%-responder group than in the FEV1-nonresponder group (48.43 ± 15.54 vs. 35.17 ± 
9.89 years, P = 0.07; Fig. 2C); asthma duration was longer in the non-responder group than in 
the responder group (19.17 ± 8.64 vs. 6.29 ± 4.79 years, P = 0.007; Supplementary Table S3).

DISCUSSION

This is a prospectively designed real-world trial of anti-IL5 treatment for 6 months, 
demonstrating that all the patients were in controlled state without AEs or adverse reactions. 
FEV1% could increase with a significant reduction in TEC and EDN levels (without any 
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Fig. 1. Changes in FEV1 (%pred value, A), FeNO (B), TECs (C), and EDN (D) levels during anti-IL5 treatment in 
patients with severe eosinophilic asthma. (A and B) show mean with standard error of mean. (C and D) show 
boxplot with median and interquartile by Tukey method. 
FEV1, forced expiratory volume in 1 second; FeNO, fractional exhaled nitric oxide; TEC, total eosinophil count; 
EDN, eosinophil-derived neurotoxin; V, visit; NS, not significant. 
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changes in FeNO and serum PON/TGF-β1 levels), which were affected by onset age and 
asthma duration in SEA.

Patients with SEA are usually in an uncontrolled state, where persistent type 2 inflammation 
is noted in the airways. They have persistent blood/airway eosinophilia, associated with AE, 
progressive airway remodeling, and lung function decline.12,13 In such cases, type 2 biologics 
have been recommended for suppressing uncontrolled eosinophilic airway inflammation by 
conventional anti-inflammatory treatment. Recent clinical trials have demonstrated that 3 
currently available biologics targeting the IL5/IL5 receptor (mepolizumab, reslizumab, and 
benralizumab) are effective in preventing AEs and in reducing OCS use, where reslizumab 
has been approved in patients with SEA having higher TEC (> 400 cells/µL).14-16 Although 
TEC may decrease after anti-IL5 treatment, better biomarkers for monitoring or predicting 
the treatment response are required. It is reported that benralizuamb (an anti-IL5 receptor 
antibody) could reduce serum EDN levels.11

The present study validated clinical and laboratory biomarkers during 6 months of 
reslizumab treatment (a fixed dose of 100 mg/month for all the subjects), although weight-
based dose 3 mg/kg is officially recommended.17 After 1–2 months of treatment, TEC and 
EDN levels were significantly reduced with a significant increase in FEV1%, which could be 
maintained during the study period. TEC is a well-known biomarker for SEA, and higher EDN 
levels have been reported to indicate the severity and control status of adult asthma.7,18 Taken 
together, these findings suggest that EDN may be a useful biomarker for monitoring anti-IL5 
treatment in SEA, where the fixed dose of reslizumab could be cost-effective in controlling 
eosinophilic inflammation in real-world practice, considering the high cost of biologics.

To evaluate asthma severity, various approaches using clinical and laboratory biomarkers are 
required.1 Measurement of sputum eosinophils is considered a type 2 marker for representing 
airway eosinophilia; however, sputum samples are still difficult to collect from sputum-free 
patients and require related facilities. Several studies suggested that TEC, FeNO, and PON 
can be applied as type 2 inflammatory biomarkers. TEC cannot sufficiently identify specific 
changes in symptoms and the degree of persistent airway inflammation. In this study, even 
after one injection of reslizumab, TEC decreased to nearly 0 and maintained throughout the 
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study period; therefore, TEC is not appropriate for strictly monitoring treatment responses 
as reported in other studies.19,20 Regarding the roles of PON and TGF-β1 as biomarkers, 
PON was reported as a type 2 biomarker in asthma associated with TGF-β1.21-23 TGF-β1 is a 
profibrotic mediator expressed in the asthmatic airways which promotes the differentiation 
of myofibroblasts and proliferation of airway smooth muscle cells to affect airway remodeling 
and bronchodilator hyporesponsiveness.24 The present study demonstrated no significant 
changes in serum PON or TGF-β1 levels even after 6 months' treatment with anti-IL5, 
implying that they may not be useful biomarkers for monitoring anti-IL5 treatment 
responses, although further long-term studies are needed.

It is suggested that the serum EDN level is relevant to eosinophilic airway inflammation in 
childhood asthma and in adult SEA.18,25 The present study demonstrated a positive correlation 
between TEC and serum EDN at baseline; patients with a higher TEC/FeNO level had a 
greater reduction in the serum EDN level. During the anti-IL5 treatment, the serum EDN level 
significantly decreased with fluctuations, indicating that serum EDN level may be a potential 
biomarker for monitoring the degree of eosinophilic inflammation in patients with SEA.

FEV1% is a widely used clinical parameter to evaluate the degree and severity of airway 
obstruction in asthmatics.26 The present study showed an increase in FEV1% up to 2 months 
after treatment, similar to results of previous studies.27,28 The FEV1%-non-responders had 
longer duration and younger onset age of asthma, which is consistent with results of previous 
studies reporting that a longer duration of asthma is a risk factor for poor control. Repeated 
airflow obstruction and respiratory infections lead to disease progression and lung function 
decline in asthmatics with longer duration.29-32

A high FeNO level has been regarded as a clinical biomarker for type 2 asthma.33 Asthmatics 
showing a higher FeNO level had a better response to ICSs, albeit with a higher incidence of 
AE.33-35 The present study revealed that the FeNO-non-responder group had a longer asthma 
duration and FeNO level did not decrease after anti-IL5 treatment, suggesting that FeNO is 
not a useful clinical biomarker for anti-IL5 treatment.

There are some limitations to the present study. First, the number of subjects and the duration 
of study are not enough to validate these biomarkers. Assessment of changes in PON or TGF-β1 
levels may require more months or years of treatment in patients with a longer duration. 
Secondly, a fixed dose of anti-IL5 antibody was administered, so the response may have differed 
according to body weight or body mass index (BMI) of each subject. Thirdly, some patients 
showed an increased EDN level during the treatment, which may have been attributed to the 
fixed dose of anti-IL5. However, this study design is helpful in comparing changes in variable 
clinical and serum biomarkers on exposure to the same dose of anti-IL5. Finally, objective 
evaluation of symptoms and quality of life were not included in the present study.

In conclusion, anti-IL5 could increase lung function as well as reduce TEC/EDN levels, 
indicating that the serum EDN level could be a potential biomarker for monitoring 
eosinophilic inflammation during the anti-IL5 treatment in which patient age and asthma 
duration may affect clinical outcomes.
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