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Italy Background: Anti-interleukin-5 (IL-5) monoclonal antibodies can be used as add-
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Correspondence Methods: Relevant clinical, functional, laboratory, and pharmacotherapeutic param-
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88100 Catanzaro, Italy. Results: After one year of add-on biological treatment with mepolizumab, our 88

Email: pelaia.corrado@gmail.com patients experienced a remarkable improvement of their severe asthma, documented
by a better symptom control, expressed by a significant improvement in asthma con-
trol test (ACT) score. Indeed, the mean value (+standard deviation) of ACT score in-
creased from 12.55 (+3.724) to 21.08 (+3.358). Moreover, significant improvements
were also detected with regard to the median values (interquartile range) of forced
expiratory volume in one second (FEV,), blood eosinophil numbers, annual rate of
disease exacerbations, and daily intake of oral corticosteroids (OCS). In particular,
FEV, enhanced from 1640 mL (1110-2275) to 1920 mL (1525-2615), blood eosinophil
count dropped from 711.0 cells/uL (500.0-1022) to 90.00 cells/uL (50.00-117.5), the
annual rate of asthma exacerbations decreased from 3.000 (2.000-6.000) to 0.000
(0.000-1.000), and the daily prednisone intake fell from 6.250 mg (0.000-25.00) to
0.000 mg (0.000-0.000). After one year of mepolizumab treatment, the improve-
ments in clinical, functional, and haematological parameters were quite similar in
patient subgroups characterized by skin prick test (SPT) negativity or positivity, re-
spectively. A significant correlation was observed between serum IgE levels and OCS
intake decrease (r = -0.2257; P < .05).
Conclusion and Clinical Relevance: Hence, our real-life data suggest that mepoli-
zumab can represent a valid add-on therapeutic option for patients with severe eo-
sinophilic asthma, irrespective of IgE serum concentrations, and allergic sensitization.

Clin Exp Allergy. 2020;00:1-9. wileyonlinelibrary.com/journal/cea © 2020 John Wiley & Sons Ltd 1


www.wileyonlinelibrary.com/journal/cea
mailto:﻿
https://orcid.org/0000-0002-4236-7367
https://orcid.org/0000-0003-3995-7662
https://orcid.org/0000-0002-0492-5663
mailto:pelaia.corrado@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcea.13613&domain=pdf&date_stamp=2020-05-13

PELAIA ET AL.

2| wiLey

KEYWORDS

allergen sensitization, atopy, exacerbations, IL-5, mepolizumab, severe eosinophilic asthma

1 | INTRODUCTION

Asthma affects more than 300 million people worldwide and is
usually characterized by reversible airflow limitation and bronchial
hyperresponsiveness, whose underlying pathobiologic substrates
mainly consist of heterogeneous inflammatory patterns.> With
regard to the different phenotypes/endotypes of asthma, airway
eosinophilia can be detected in more than 50% of patients with
either allergic or non-allergic disease, and high blood/sputum eo-
sinophil counts are often associated with frequent asthma exac-
erbations and severe bronchial obstruction.® Indeed, eosinophilic
airway inflammation predominates in severe asthma and is sus-
tained by type-2 (T2) immune/inflammatory responses driven by
T helper 2 (Th2) lymphocytes and group 2 innate lymphoid cells
(ILC2).”? These cells secrete a well known array of pro-inflam-
matory cytokines including interleukins (IL)-4, 5, 9, and 13, which
are responsible for abnormal immunoglobulin E (IgE) production
(atopy), eosinophilia, mast cell growth, and airway hyperrespon-
siveness, respectively.10 Therefore, allergic and eosinophilic phe-
notypes often coexist and overlap.!' Most subjects with atopic
eosinophilic asthma are responsive to both inhaled corticosteroids
(ICS) and allergen-specific immunotherapies, which induce eo-
sinophil apoptosis and inhibit the allergic inflammatory cascade,
respectively.!?!® Nevertheless, patients with severe eosinophilic
asthma are frequently refractory to ICS and even to oral corti-
costeroids (OCS) because of several potential reasons such as an
excessive release of IL-5 and IL-13, an enhanced expression of the
dysfunctional p isoform of glucocorticoid receptor, a decreased
activity of histone deacetylases, and an increased activation of
p38 mitogen-activated protein kinase.!*¢

Hence, patients with T2-high severe asthma experience recur-
rent disease exacerbations and an unsatisfactory symptom control,
thus being featured by relevant unmet needs®’ resulting in non-pro-
grammed medical visits, frequent accesses to emergency room, and
hospital wards, as well as in significant losses of work and school
days. For such severe asthmatic patients, GINA (Global Initiative
for Asthma) guidelines recommend an intense and optimized stan-
dard treatment, including high dosages of ICS/LABA (long-acting
p,-adrenergic agonists) combinations, tiotropium and eventually a
leukotriene inhibitor, integrated by one of currently approved bi-
ological drugs.*® The latter include the humanized anti-IgE mono-
clonal antibody omalizumab, the humanized anti-IL-5 monoclonal
antibodies mepolizumab and reslizumab, the humanized monoclo-
nal antibody benralizumab which targets the IL-5 receptor, and the
fully human monoclonal antibody dupilumab that behaves as a dual
IL-4/1L-13 receptor antagonist.2??” Because of the possible coex-

istence and overlapping of allergic and eosinophilic phenotypes

within the context of severe type 2 asthma, many patients can be
eligible to more than one biologic drug,28 thus making quite chal-
lenging the therapeutic choice of clinicians. In this regard, the ef-
ficacy of omalizumab in atopic eosinophilic asthma has been well
documented over the last 15 years by both randomized controlled
trials and real-life studies.'”?° In addition, recent post hoc analyses

29-31

of some phase 3 trials, as well as a few real-world investiga-

tions performed on very small numbers of severe asthmatics,?22
suggest that mepolizumab, benralizumab, and dupilumab can be
effective in severe eosinophilic asthma regardless of patient atopic
status.

Therefore, the aim of the present multi-centre, observational,
real-life study has been to evaluate, in patients with severe eosino-
philic asthma, the therapeutic effects of mepolizumab after one year
of add-on therapy. Moreover, the efficacy of mepolizumab was com-
paratively assessed with regard to the allergic or non-allergic trait of

enrolled asthmatic patients.

2 | METHODS AND PATIENTS
2.1 | Study design and patient recruitment

This was a multi-centre, real-life study that included subjects with
severe persistent eosinophilic asthma, treated with mepolizumab.
These patients were evaluated at the following four centres: Allergy
and Respiratory Medicine, University of Catania, Italy; Respiratory
Unit of University “Magna Graecia” of Catanzaro, Italy; Personalized
Medicine, Asthma and Allergy Clinic, Humanitas Research Hospital,
Rozzano (Milan), Italy; and Allergology and Pulmonology Unit,
Provincial Outpatient Center of Palermo, Italy.

Enrolled subjects were defined allergic on the basis of skin prick
test (SPT) positivity, and atopic if an abnormal IgE production was
documented.®3* All patients met the European Respiratory Society
(ERS)/American Thoracic Society (ATS) criteria that define severe
uncontrolled asthma.®® A shared database was used by all the re-
cruiting centres to collect clinical, functional, and biological char-
acteristics of asthmatic patients. Smoking habit and comorbidities
(obesity, nasal polyposis, chronic rhinosinusitis, gastroesophageal
reflux disease, bronchiectasis) were identified before starting me-
polizumab treatment. Spirometry was performed according to ATS/
ERS guidelines®® at baseline and 12 months after the first injection
of mepolizumab. Nasal endoscopy and/or computerized tomography
(CT) of paranasal sinuses were made to confirm the clinical suspicion
of nasal polyposis.

Mepolizumab was prescribed according to current eligibility

indications, and it was administered subcutaneously at the dosage
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of 100 mg every 4 weeks. This observational investigation met
the standards of Good Clinical Practice (GCP) and the principles of
the Declaration of Helsinki. All recruited patients gave their writ-
ten informed consent. Our retrospective observational study was
also performed in accordance with what stated by the local Ethical
Committee of Calabria Region (Catanzaro, Italy; document n. 22 -
16th January 2020).

2.2 | Patient characteristics

Subjects over the age of 18 years and with severe eosinophilic
asthma were enrolled. All patients had eosinophil counts in pe-
ripheral blood of at least 150 cells/uL at baseline and at least 300
cells/pL within the past 12 months. They were treated with high
dosages of ICS-LABA combinations. Furthermore, all recruited pa-
tients used an inhaled long-acting muscarinic antagonist (LAMA),
and a large majority of them needed a permanent or near continu-
ous intake of OCS. Despite such an intense therapy, the asthmatic
subjects enrolled in this observational study experienced fre-
quent daily and nocturnal symptoms, as well as recurrent asthma
exacerbations.

In total, 88 patients were included (57 females and 31 males).
The mean (xstandard deviation - SD) age of our study population
was 54.51 (£10.80) years; the mean age of asthma onset was 33.48
(£12.90) years. The median (interquartile range-IQR) disease dura-
tion was 20.00 years (10.00-30.00). Median (IQR) baseline FEV,
was 64.50% (49.00-77.75) of predicted value. Median (IQR) body
mass index (BMI) was 26.85 (22.78-30.00). Median (IQR) blood

TABLE 1 Baseline patient characteristics

Total population

Negative skin prick test
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eosinophil count was 711.0 cells/pL (500.0-1022). SPT was posi-
tive in 60 patients. 23 subjects were smokers. 69 patients com-
plained of chronic rhinosinusitis (CRS), 53 suffered from nasal
polyposis, and 33 had gastroesophageal reflux disease (GERD).
Moreover, bronchiectasis was detected in 27 participants.
Baseline patient characteristics, also stratified according to SPT
positivity or negativity, are reported in Table 1. In particular, no sig-
nificant difference was found in regard to the allergic or non-allergic
phenotype, with the exception of the occurrence of CRS which re-
sulted to be more frequent in allergic patients, whereas GERD was

more common among non-allergic subjects.

2.3 | End-points and assessments

The primary outcome of this observational study was to evaluate
the effectiveness of mepolizumab in a real-life environment. Asthma
control test (ACT) score, FEV,, blood eosinophil count, asthma ex-
acerbation rate, daily OCS intake (mg), and exhaled fraction of nitric
oxide (FeNO) were recorded at baseline and 12 months after the
first mepolizumab injection.

The secondary outcome was to assess the effectiveness of me-
polizumab across different eosinophilic phenotypes. SPT positivity
was chosen to establish that patients carried a type 2 allergic-eo-
sinophilic trait. After 12 months of add-on treatment with mepo-
lizumab, we evaluated the eventual relationships existing between
baseline IgE levels and the observed changes regarding ACT score,
FEV,, blood eosinophil count, asthma exacerbation number, daily
OCS intake, and FeNO levels.

Positive skin prick test

Baseline characteristics N =288 N =28 N =60 P

Female gender, N (%) 57 (64.77) 15 (53.57) 42 (70.00) 1553

Male gender, N (%) 31(35.23) 13 (46.43) 18 (30.00) .1553

Age, mean (+ SD), years 54.51 (+10.80) 55.44 (+9.917) 54.14 (+11.18) .6133

Age of asthma onset, mean (+ 33.48 (x12.90) 34.07 (£14.15) 33.20 (+12.39) .55%94
SD), years

Duration of asthma, median 20.00 (10.00-30.00) 22.00 (13.25-35.00) 20.00 (10.00-25.00) .2195
(IQR), years

FEV,, median (IQR), % predicted  64.50 (49.00-77.75) 60.50 (46.25-85.00) 65.00 (50.00-76.75) .8598

Blood eosinophils, median 711.0 (500.0-1022) 650.0 (500.0-1070) 791.0 (450.0-1070) .0914
(IQR), cells/uL

BMI, median (IQR), Kg/m? 26.85 (22.78-30.00) 24.50(21.55-30.38) 27.00 (23.00-30.00) .5090

Obesity, N (%) 22 (25.00) 8(28.57) 14 (23.33) .6063

Smokers, N (%) 23 (26.14) 8(28.57) 15 (25.00) 7964

Chronic rhinosinusitis, N (%) 69 (78.41) 15 (53.57) 54 (90.00) .0002

Nasal polyposis, N (%) 53(60.23) 19 (67.86) 34 (56.67) .3577

Gastroesophageal reflux 33(37.50) 17 (60.71) 16 (26.67) .0041
disease, N (%)

Bronchiectasis, N (%) 27 (30.68) 9(32.14) 18 (30.00) >.9999

Bold entries emphasize the statistical significance of the detected differences.
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During the first two hours after drug administration, patients
were carefully monitored in order to detect the eventual onset of
adverse events. A once-weekly telephone call was then made, with
the aim of asking to patients if they had experienced headache,
pharyngitis, anaphylaxis, or fever, thereby soliciting them to refer if

any worsening of their health status had occurred.

2.4 | Statistical analysis

Statistical analysis was performed using Prism version 8.2.1
(GraphPad Software Inc). Normally distributed data were expressed
as mean (£SD), whereas median values with interquartile range (IQR)
were preferred to express skewed data distributions. Parametric
and non-parametric tests were selected according to data normality.
Anderson-Darling test and Kolmogorov-Smirnov test were used to as-
sess the normal distribution of data. Student t test or Mann-Whitney U
test were utilized to compare variables, when, respectively, appropri-
ate. Categorical variables were compared using the Fisher exact test.
Linear regression analysis was developed to evaluate the association
between baseline IgE levels and changes in clinical, functional, and
haematological parameters. Spearman's rank correlation coefficient
was calculated. Post hoc power analysis was performed when appro-

priate. P values <.05 were considered to be statistically significant.

3 | RESULTS

3.1 | Efficacy of mepolizumab in the entire
population

After 12 months of treatment with mepolizumab, the ACT score
significantly increased from a baseline value of 12.55 (+3.724) to
21.08 (£3.358) (P <.0001) (Figure 1A). This clinical result was associ-
ated with a significant improvement in lung function expressed as a
FEV, increase, when compared to pre-mepolizumab treatment, from
1640 mL (1110-2275) to 1920 (1525-2615) (P < .0001) (Figure 1B).
With regard to the haematological effects of mepolizumab, after
one year of add-on treatment the median blood eosinophil count
dropped from 711.0 cells/pL (500.0-1022) to 90.00 cells/uL (50.00-
117.5) (P < .0001) (Figure 1C).

Moreover, when compared to the 12 months preceding the
first injection of mepolizumab, the median number of asthma ex-
acerbations drastically decreased from 3.000 (2.000-6.000) to
0.000 (0.000-1.000) after one year of anti-IL-5 therapy (P < .0001)
(Figure 1D). Such an excellent therapeutic effect allowed a reduction
in daily prednisone intake from 6.250 mg (0.000-25.00) to 0.000 mg
(0.000-0.000) (P < .0001) (Figure 1E). Furthermore, the percentage
of patients that received OCS every day fell from 76% before start-
ing mepolizumab treatment to 12% after one year of therapy.
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FIGURE 1 Effects of mepolizumab on the overall population of patients with severe type 2 asthma, with regard to ACT score (panel A),
FEV, (panel B), blood eosinophil numbers (panel C), asthma exacerbation rate (panel D), prednisone intake (panel E), and FeNO levels (panel
F). ACT score values are expressed as mean (+SD). All other parameters are expressed as median values (IQR). **** P < .0001
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In 68 out of 88 patients, FeENO was also measured at baseline
and 12 months after the first mepolizumab administration. We ob-
served a not significant trend towards a reduction in FeNO levels
from 43.00 parts per billion (ppb) (24.00-78.00) to 35.00 ppb (23.00-
55.00) (P = .1252) (Figure 1F).

3.2 | Efficacy of mepolizumab across different type-
2 asthma phenotypes

The improvements in clinical, functional, and haematological param-
eters after one year of mepolizumab treatment were quite similar
in patient subgroups characterized by SPT negativity or positivity,
respectively. In particular, median ACT score changes were 6.500
points (5.000-8.250) and 9.000 points (6.000-13.00) in patients
with negative and positive SPT, respectively (P < .01) (Figure 2A).
Median FEV, increases were 225.0 mL (2.500-532.5) in patients with
negative SPT, and 290.0 mL (-10.00-620.0) in subjects with posi-
tive SPT; this difference was not statistically significant (P = .6063)
(Figure 2B). Furthermore, blood eosinophil count reductions were
-550.0 cells/pL (-735.0 to -420.0) in patients with negative SPT, and
-650.0 cells/pL (-950.0 to -400.0) in subjects with positive SPT, but
also in this case the difference did not reach the threshold of statis-

tical significance (P = .5466) (Figure 2C). The decreases in asthma

exacerbation numbers were -2.000 (-3.000 to -1.000) in patients
with negative SPT, and -2.000 (-6.000 to -2.000) in subjects with
positive SPT, respectively (P < .05) (Figure 2D). The daily dose of
prednisone dropped off -12.50 mg (-25.00 to 0.000) in patients
with negative SPT, and -5.00 mg (-12.50 to -0.000) in subjects with
positive SPT, respectively (P = .0840) (Figure 2E). Twelve months
after the first injection of mepolizumab, FeNO level changes were
-6.500 ppb (-32.75 to 40.00) in patients with negative SPT, and
-2.000 ppb (-36.00 to 11.00) in subjects with positive SPT, respec-
tively (P = .6871) (Figure 2F).

Moreover, we detected the following correlations between
serum IgE levels and mepolizumab-induced changes with regard
to these parameters: ACT score increase (r = 0.1015; P = .3583)
(Figure 3A), FEV, increment (r = 0.02845; P = .8009) (Figure 3B),
blood eosinophil decrease (r = 0.09584; P = .4102) (Figure 3C),
asthma exacerbation decrement (r = 0.03625; P = .7419) (Figure 3D),
prednisone reduction (r = -0.2257; P < .05) (Figure 3E), and FeNO
level decrease (r = 0.3445; P < .01) (Figure 3F).

3.3 | Safety and tolerability profile of mepolizumab

Treatment with mepolizumab was well tolerated, and no side effects

or adverse events were reported.
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4 | DISCUSSION

The present multi-centre observational study, performed within a
real-world context, confirms that mepolizumab is able to provide
an extensive therapeutic coverage for both allergic and non-aller-
gic patients with severe eosinophilic asthma, refractory to inhaled,
and systemic corticosteroids. With respect to baseline conditions,
after 12 months of treatment mepolizumab remarkably improved
symptom control and lung function. These effects were associated
with significant decreases in blood eosinophil count, annual rate of
asthma exacerbations, and OCS intake. Moreover, mepolizumab
induced a mild trend towards a reduction in FeNO levels, which
however did not reach the threshold of statistical significance.
Taken together, such results are consistent with those reported
by other real-life studies.?>2%374! Furthermore, we found a sig-
nificant correlation between baseline lower serum levels of IgE
and the decrease in OCS intake elicited by mepolizumab. We also
observed a significant correlation between baseline higher serum
concentrations of IgE and the reduction in FeNO levels caused by
mepolizumab. Moreover, this anti-IL-5 biological drug resulted to
be safe and well tolerated.

The improvement of asthma symptom control was shown by the
significant increase in ACT score, which after one year of treatment
with mepolizumab overcame the crucial number 20, that expresses
the value corresponding to an adequate and satisfactory clinical
achievement. This result confirms in a real-life setting the findings of
some phase 3 studies such as SIRIUS and MENSA,*?4% which utilized
the asthma control questionnaire (ACQ)-5 to evaluate the effects

of mepolizumab on respiratory symptoms. However, in daily clinical

activity ACT can be more practical and accessible than ACQ,** thus
probably representing the best tool to assess the control of asthma
symptoms in real life. Our present study also shows that mepoli-
zumab produced a significantly greater enhancement of ACT score
in allergic patients, when compared to non-allergic ones.

In addition to providing a better symptom control, mepolizumab
also induced a significant improvement of lung function, doc-
umented by a FEV, increase which after 12 months of treatment
almost reached 300 mL versus baseline. This result differs from sev-
eral data obtained by randomized clinical trials. In particular, MENSA
and MUSCA studies reported FEV, improvements of only 98 and
120 mL, respectively,“"“5 whereas the previous DREAM trial did not
demonstrate any difference between FEV, changes elicited by ei-
ther mepolizumab or placebo.*® We also observed a slightly higher,
though not statistically significant FEV, increment in allergic versus
non-allergic patients.

According to our current real-life study, the clinical and func-
tional effects of mepolizumab were associated, after a 1-year ther-
apy, with a sharp drop of blood eosinophil count, which fell from
a pre-treatment median value of approximately 700 cells/pL to a
normal median level of 90 cells/pL. This result, which is consistent
with the findings of the phase 3 DREAM trial,*¢ reflects the proven
ability of mepolizumab to dampen the cellular responses underlying
type 2 asthma. Indeed, blood eosinophils are regarded as quite trust-
worthy biomarkers of bronchial eosinophilic inflammation in severe
asthma.”” We also noticed a trend towards a mildly higher reduction
of blood eosinophil numbers in allergic patients when compared to
non-allergic subjects, but this difference did not reach the level of

statistical significance.
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The most important therapeutic action exerted by mepoli-
zumab in our patients refers to the impressive reduction in the
annual rate of asthma exacerbations, which abundantly overcame
the 50% threshold set up by the British National Institute for
Health and Care Excellence (NICE) as a clinically relevant param-
eter to establish the efficacy of anti-asthma treatments.*® This
remarkable effect of mepolizumab appears to be closely related
to its anti-eosinophil therapeutic activity. In fact, blood eosino-
phil counts higher than 300/400 cells/uL resulted to be associ-
ated with a greater risk of asthma exacerbations.*”*° Therefore,
one of the main aims of add-on biological treatments for severe
asthma is to maintain blood eosinophil numbers at a lower level
than 300 cells/uL,! as confirmed by the present real-world study.
Our findings also suggest that there is a close association between
mepolizumab-dependent prevention of asthma exacerbations
and the observed improvement in lung function. Indeed, it is well
known that more severe is bronchial obstruction, higher is the fre-
quency of asthma exacerbations, which in turn contribute to ac-
celerate the progressive worsening of airflow limitation.”® Hence,
mepolizumab can play a key therapeutic role in disengaging such
a deleterious pathogenic vicious circle. Moreover, we detected a
significantly greater decrement of the annual number of asthma
exacerbations in allergic patients, with respect to non-allergic
ones. In addition, the very effective reduction of asthma exacer-
bation rate granted by mepolizumab made also possible to signifi-
cantly decrease OCS intake in our patients, many of whom were
able to lastingly interrupt such a potentially dangerous systemic
therapy.53 These results further corroborate, in a real-life context,
the findings of the phase 3 trials SIRIUS and COSMOS.4%°%

Finally, we observed mixed effects of mepolizumab on FeNO.
Indeed, when globally considering the 68 (out of total 88) patients
who underwent FeNO measurements, a not significant trend to-
wards a decrease in FeNO levels was found in comparison with
pre-treatment values.

Taken together, our real-life results clearly reaffirm the pivotal
importance of IL-5 as a key cytokine target for add-on anti-eosin-
ophil biological therapies potentially useful for both allergic and
non-allergic patients with severe eosinophilic asthma. Indeed, we
herein demonstrate that mepolizumab is very effective for treat-
ment of patients with uncontrolled eosinophilic refractory asthma,
irrespective of their allergic status. In this regard, our observa-
tions are consistent with those inferred from a recent post hoc
meta-analysis of MENSA and MUSCA trials.?’ Similar conclusions
have also been reported as result of a pooled analysis of the phase
3 studies SIROCCO and CALIMA, focusing on the therapeutic
efficacy of the IL-5 receptor antagonist benralizumab.*° It can
thereby be argued that IL-5, in addition to being involved in eo-

,°% is also

sinophil maturation, activation, chemotaxis, and surviva
associated with the pathobiologic mechanisms underlying allergic
asthma. For instance, it is noteworthy that high IL-5 concentra-
tions, as well as elevated numbers of both mature eosinophils and
eosinophil progenitors, have been detected in the induced sputum

obtained from subjects with atopic asthma.>® Besides stimulating
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eosinophil functions, IL-5 also acts as a relevant growth factor
for basophils, being implicated in maturation, migration, and re-
leasibility of these cells.>” Basophils significantly contribute to
the pathogenesis of both sensitization and effector phases of al-
lergic asthma through the release of IL-4, which plays a central
role in Th2 cell differentiation and IgE synthesis.%8 Furthermore,
since IL-5 is produced in large amounts by Th2 lymphocytes and
ILC2,%>° this cytokine actively participates in the cellular interac-
tions connecting the innate and adaptive immune responses that
characterize the pathophysiology of atopic asthma. Therefore, it
is reasonable to hypothesize that mepolizumab, by inhibiting the
biological functions of IL-5, is able to effectively interfere with the
pathogenic mechanisms underlying eosinophilic inflammation in
both allergic asthma and non-allergic asthma.

Similar to all real-life studies, also our present investigation is
limited by the lack of a randomization design. Another potential
limitation of observational studies refers to regression towards the
mean.® However, our results appear to be not so definitely con-
ditioned by such a bias because enrolled patients were monitored,
due to the severity of their asthma, with the same frequency before
and after introduction of mepolizumab as add-on biological therapy.
Indeed, clinical, functional, and laboratory features of our patients
did not significantly change for a long time prior to treatment with
mepolizumab. A further limitation of this study regards the post hoc
power analysis,® which could be inadequate for detection of all ex-
isting differences between patient subgroups. In particular, statis-
tical power was higher than 90% when differences were analysed
between allergic and non-allergic severe asthmatics, with regard to
changes in ACT scores and yearly rates of asthma exacerbations.
However, statistical power was lower than 80% when applied, in the
above subject subgroups, to the other study findings.

In conclusion, the results of our real-life observational study
clearly suggest that mepolizumab, by targeting IL-5 and neutralizing
its bioactivities, is able to effectively modulate type 2 eosinophilic
inflammation sustained by both allergic and non-allergic pathways.
Because of these pharmacologic properties, mepolizumab improved
symptom control and lung function, as well as decreased asthma ex-
acerbation rate and OCS intake in subjects with either allergic or
non-allergic phenotype. Therefore, mepolizumab can be reasonably
considered as a valid therapeutic option for add-on biological treat-
ment of either atopic or non-atopic patients with severe eosinophilic

asthma.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

AUTHORS CONTRIBUTION
All authors contributed to design and carry out the study protocol,
as well as to write the text and draw the figures.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.



* | wiLey

PELAIA ET AL.

ORCID

Corrado Pelaia

Santi Nolasco

https://orcid.org/0000-0002-4236-7367
https://orcid.org/0000-0003-3995-7662

Enrico Heffler https://orcid.org/0000-0002-0492-5663
REFERENCES
1. To T, Stanojevic S, Moores G, et al. Global asthma prevalence in

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

adults: findings from the cross-sectional world health survey. BMC
Public Health. 2012;12:204.

Pelaia G, Vatrella A, Busceti MT, et al. Cellular mechanisms under-
lying eosinophilic and neutrophilic airway inflammation in asthma.
Mediators Inflamm. 2015;2015:879783.

Khalaf K, Paoletti G, Puggioni F, et al. Asthma from immune patho-
genesis to precision medicine. Semin Immunol. 2019;46:101294.
Holgate ST, Wenzel S, Postma DS, Weiss ST, Renz H, Sly PD.
Asthma. Nat Rev Dis Primers. 2015;1:15025.

Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. Lancet.
2018;391:783-800.

Bousquet J, Chanez P, Lacoste JY, et al. Eosinophilic inflammation in
asthma. N Engl J Med. 1990;323:1033-1039.

Heffler E, Blasi F, Latorre M, et al. SANI network. The severe asthma
network in Italy: findings and perspectives. J Allergy Clin Immunol
Pract. 2019;7:1462-1468.

. Schleich F, Brusselle G, Louis R, et al. Heterogeneity of phenotypes

in severe asthmatics. The Belgian severe asthma registry (BSAR).
Respir Med. 2014;108:1723-1732.

Kuruvilla ME, Lee FE, Lee GB. Understanding asthma phenotypes,
endotypes, and mechanisms of disease. Clin Rev Allergy Immunol.
2019;56:219-233.

Lambrecht BN, Hammad H, Fahy JV. The cytokines of asthma.
Immunity. 2019;50:975-991.

Tran TN, Zeiger RS, Peters SP, et al. Overlap of atopic, eosinophilic,
and TH2-high asthma phenotypes in a general population with cur-
rent asthma. Ann Allergy Asthma Immunol. 2016;116:37-42.

Zhang X, Moilanen CE, Kankaanranta H. Enhancement of human
eosinophil apoptosis by fluticasone propionate, budesonide, and
beclomethasone. Eur J Pharmacol. 2000;406:325-332.

Pelaia C, Vatrella A, Lombardo N, et al. Biological mechanisms un-
derlying the clinical effects of allergen-specific immunotherapy in
asthmatic children. Expert Opin Biol Ther. 2018;18:197-204.
Dunican EM, Fahy JV. Asthma and corticosteroids: time for a more
precise approach to treatment. Eur Respir J. 2017;49:1701167.
Barnes PJ. Corticosteroid resistance in patients with asthma and
chronic obstructive pulmonary disease. J Allergy Clin Immunol.
2013;131:636-645.

PelaiaC, Vatrella A, Crimi C, GallelliL, Terracciano R, Pelaia G. Clinical
relevance of understanding mitogen-activated protein kinases in-
volved in asthma. Expert Rev Respir Med. 2020;14(5):501-510.
Siddiqui S, Denlinger LC, Fowler SJ, et al. Unmet needs in se-
vere asthma subtyping and precision medicine trials. Bridging
clinical and patient perspectives. Am J Respir Crit Care Med.
2019;199:823-829.

Global Initiative for Asthma, 2019 update. www.ginasthma.org
Pelaia C, Calabrese C, Terracciano R, de Blasio F, Vatrella A, Pelaia
G. Omalizumab, the first available antibody for biological treatment
of asthma: more than a decade of real life effectiveness. Ther Adv
Respir Dis. 2018;12:1753466618810192.

Pelaia C, Calabrese C, Barbuto S, et al. Omalizumab lowers asthma
exacerbations, oral corticosteroid intake and blood eosinophils: re-
sults of a 5-year single-centre observational study. Pulm Pharmacol
Ther. 2019;54:25-30.

Pelaia C, Vatrella A, Busceti MT, et al. Severe eosinophilic asthma:
from the pathogenic role of interleukin-5 to the therapeutic action
of mepolizumab. Drug Des Devel Ther. 2017;11:3137-3144.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Pelaia C, Busceti MT, Solinas S, Terracciano R, Pelaia G. Real-life
evaluation of the clinical, functional, and hematological effects
of mepolizumab in patients with severe eosinophilic asthma: re-
sults of a single-centre observational study. Pulm Pharmacol Ther.
2018;53:1-5.

Sposato B, Camiciottoli G, Bacci E, et al. Mepolizumab effec-
tiveness on small airway obstruction, corticosteroid sparing and
maintenance therapy step-down in real life. Pulm Pharmacol Ther.
2020;61:101899.

Pelaia G, Vatrella A, Busceti MT, et al. Role of biologics in severe
eosinophilic asthma - focus on reslizumab. Ther Clin Risk Manag.
2016;12:1075-1082.

Pelaia C, Vatrella A, Bruni A, Terracciano R, Pelaia G. Benralizumab
in the treatment of severe asthma: design, development and poten-
tial place in therapy. Drug Des Devel Ther. 2018;21:619-628.

Pelaia C, Calabrese C, Vatrella A, et al. Benralizumab: from the basic
mechanism of action to the potential use in the biological therapy
of severe eosinophilic asthma. Biomed Res Int. 2018;2018:1-9.
Pelaia C, Vatrella A, Gallelli L, et al. Dupilumab for the treatment of
asthma. Expert Opin Biol Ther. 2017;17:1565-1572.

Albers FC, Mullerova H, Gunsoy NB, et al. Biologic treatment eligi-
bility for real-world patients with severe asthma: the IDEAL study. J
Asthma. 2018;55:152-160.

Humbert M, Albers FC, Bratton DJ, et al. Effect of mepolizumab
in severe eosinophilic asthma according to omalizumab eligibility.
Respir Med. 2019;154:69-75.

Chipps BE, Newbold P, Hirsch I, Trudo F, Goldman M. Benralizumab
efficacy by atopy status and serum immunoglobulin E for patients
with severe, uncontrolled asthma. Ann Allergy Asthma Immunol.
2018;120:504-511.

Corren J, Castro M, O'Riordan T, et al. Dupilumab efficacy in pa-
tients with uncontrolled, moderate-to-severe allergic asthma. J
Allergy Clin Immunol Pract. 2020;8:516-526.

Pelaia C, Busceti MT, Vatrella A, et al. Real-life rapidity of benrali-
zumab effects in patients with severe allergic eosinophilic asthma:
assessment of blood eosinophils, symptom control, lung func-
tion and oral corticosteroid intake after the first drug dose. Pulm
Pharmacol Ther. 2019;58:101830.

Hentges F, Leonard C, Arumugam K, Hilger C. Immune responses to
inhalant mammalian allergens. Front Imnmunol. 2014;5:234.

Froidure A, Mouthuy J, Durham SR, Chanez P, Sibille Y,
Pilette C. Asthma phenotypes and IgE responses. Eur Respir J.
2016;47:304-319.

Chung KF, Wenzel SE, Brozek JL, et al. International ERS/ATS guide-
lines on definition, evaluation and treatment of severe asthma. Eur
Respir J. 2014;43:343-373.

Graham BL, Steenbruggen |, Miller MR, et al. Standardization of spi-
rometry 2019 update. An official American Thoracic Society and
European Respiratory Society technical statement. Am J Respir Crit
Care Med. 2019;200:e70-e88.

Bagnasco D, Milanese M, Rolla G, et al. The North-Western Italian
experience with anti IL-5 therapy and comparison with regulatory
trials. World Allergy Organ J. 2018;11:34.

Bagnasco D, Caminati M, Menzella F, et al. One year of mepoli-
zumab. Efficacy and safety in real-life in Italy. Pulm Pharmacol Ther.
2019;58:101836.

Pertzov B, Unterman A, Shtraichman O, Shitenberg D, Rosengarten
D, Kramer MR. Efficacy and safety of mepolizumab in a real-world
cohort of patients with severe eosinophilic asthma. J Asthma. 2020.
https://doi.org/10.1080/02770903.2019.1658208. [Epub ahead of
print].

Kurosawa M, Sutoh E. Prospective open-label study of 48-week
subcutaneous administration of mepolizumab in Japanese patients
with severe eosinophilic asthma. J Investig Allergol Clin Immunol.
2019;29:40-45.


https://orcid.org/0000-0002-4236-7367
https://orcid.org/0000-0002-4236-7367
https://orcid.org/0000-0003-3995-7662
https://orcid.org/0000-0003-3995-7662
https://orcid.org/0000-0002-0492-5663
https://orcid.org/0000-0002-0492-5663
http://www.ginasthma.org
https://doi.org/10.1080/02770903.2019.1658208

WILEY-

PELAIAET AL.

41. Schleich F, Graff S, Nekoee H, et al. Real-world experience with 53. Canonica GW, Colombo GL, Bruno GM, et al. Shadow cost of oral
mepolizumab: does it deliver what it has promised? Clin Exp Allergy. corticosteroids-related adverse events: a pharmacoeconomic eval-
2020. https://doi.org/10.1111/cea.13601. [Epub ahead of print]. uation applied to real-life data from the Severe Asthma Network in

42. Bel EH, Wenzel SE, Thompson PJ, et al. Oral glucocorticoid-spar- Italy (SANI) registry. World Allergy Organ J. 2019;12:100007.
ing effect of mepolizumab in eosinophilic asthma. N Engl J Med. 54. Lugogo N, Domingo C, Chanez P, et al. Long-term efficacy and
2014;371:1189-1197. safety of mepolizumab in patients with severe eosinophilic

43. Ortega HG, Liu MC, Pavord ID, et al. Mepolizumab treat- asthma: a multi-center, open-label, phase lllb study. Clin Ther.
ment in patients with severe eosinophilic asthma. N Engl J Med. 2016;38:2058-2070.
2014;371:1198-1207. 55. Pelaia C, Paoletti G, Puggioni F, et al. Interleukin-5 in the patho-

44, JiaCE,ZhangHP,LvY, et al. The asthma control test and the asthma physiology of severe asthma. Front Physiol. 2019;10:1514.
control questionnaire for assessing asthma control: systematic re- 56. Dorman SC, Efthimiadis A, Babirad I, et al. Sputum CD34+ [L-5Ra+
view and meta-analysis. J Allergy Clin Inmunol. 2013;131:695-703. cells increase after allergen: evidence for in situ eosinophilopoiesis.

45. Chupp GL, Bradford ES, Albers FC, et al. Efficacy of mepolizumab Am J Respir Crit Care Med. 2004;169:573-577.
add-on therapy on health-related quality of life and markers of 57. Valent P, Dahinden CA. Role of interleukins in the regulation of baso-
asthma control in severe eosinophilic asthma (MUSCA): a random- phil development and secretion. Curr Opin Hematol. 2010;17:60-66.
ized, double-blind, placebo-controlled, parallel-group, multicenter, 58. Kaiko G, Horvat JC, Beagley KW, Hansbro PM. Immunological de-
phase 3b trial. Lancet Respir Med. 2017;5:390-400. cision-making: how does the immune system decide to mount a

46. Pavord ID, Korn S, Howarth P, et al. Mepolizumab for severe eosin- helper T-cell response? Immunology. 2008;123:326-338.
ophilic asthma (DREAM): a multicentre, double-blind, placebo-con- 59. Yanagibashi T, Satoh M, Nagai Y, Koike M, Takatsu K. Allergic dis-
trolled trial. Lancet. 2012;380:651-659. eases: from bench to clinic - contribution of the discovery of inter-

47. Yancey SW, Keene ON, Albers FC, et al. Biomarkers for severe eo- leukin-5. Cytokine. 2017;98:59-70.
sinophilic asthma. J Allergy Clin Immunol. 2017;140:1509-1518. 60. Bland JM, Altman DG. Some examples of regression towards the

48. Drick N, Seeliger B, Welte T, Fuge J, Suhling H. Anti-IL-5 therapy in mean. BMJ. 1994;309:780.
patients with severe eosinophilic asthma - clinical efficacy and pos- 61. Levine M, Ensom MH. Post-hoc power analysis: an idea whose time
sible criteria for treatment response. BMC Pulm Med. 2018;18:119. has passed? Pharmacotherapy. 2001;21:405-409.

49. Price DB, Rigazio A, Campbell JD, et al. Blood eosinophil count
and prospective annual asthma disease burden: a UK cohort study.

Lancet Respir Med. 2015;3:849-858. How to cite this article: Pelaia C, Crimi C, Pelaia G, et al.

50. Zeiger RS, Schatz M, Li Q, et al. High blood eosinophil count is a risk X . . . . . .
factor for future asthma exacerbations in adult persistent asthma. J Real-life evaluation of mepolizumab efficacy in patients with
Allergy Clin Immunol Pract. 2014;2:741-750. severe eosinophilic asthma, according to atopic trait and

51. Gunsoy NB, Cockle SM, Yancey SW, et al. Evaluation of potential allergic phenotype. Clin Exp Allergy. 2020;00:1-9.
continuation rules for mepolizumab treatment of severe eosino- https://doi.org/10.1111/cea.13613
philic asthma. J Allergy Clin Immunol Pract. 2018;6:874-882.

52. Bai TR, Vonk JM, Postma DS, Boezen HM. Severe exacerba-

tions predict excess lung function decline in asthma. Eur Respir J.
2007;30:452-456.


https://doi.org/10.1111/cea.13601
https://doi.org/10.1111/cea.13613

