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Abstract

Background: Benralizumab is a monoclonal antibody that binds to the human interleukin-5 (IL-5) receptor (IL-5R),
thereby preventing IL-5 from binding to its receptor and inhibiting differentiation and maturation of eosinophils in
the bone marrow. Because of its recent marketing approval, sufficient real-life evidence is lacking to confirm the
efficacy and safety data from clinical trials. The purpose of this study was to evaluate the efficacy and safety of
benralizumab for the treatment of severe refractory eosinophilic asthma in a real-world cohort of patients.

Methods: This was a cross-sectional multicentre study of consecutive patients with severe refractory eosinophilic
asthma who received treatment with benralizumab during at least 6 months. Patient follow-up was performed in
specialised severe asthma units.

Results: A total of 42 patients were enrolled and treated with benralizumab. Asthma control, as measured by the
asthma control test (ACT), improved in all patients both at 3 months of treatment compared with baseline (13.9 + 4
vs 20.1 +3.7, p<0.001) and at 6 months of treatment compared with the results obtained at 3 months (20.1 £ 3.7 vs
21+ 27, p=0.037). Similarly, the number of emergency department visits decreased both at 3 months compared
with baseline (1 [IR:0.7] vs 0 [IR:0.75], p < 0.001) and at 6 months compared with the results at 3 months (0 [IR:0.75]
vs 0 [IR0], p=0.012). Reductions in the number of oral corticosteroid cycles, percentage of corticosteroid-
dependent patients, and mean daily dose of oral or inhaled corticosteroid were also evidenced. Finally, mean lung
function improvement was 291 mL (p < 0.001), and FEV1% improved both at 3 months compared with baseline
(644+93 vs 73.1+9.1, p<0.001) and at 6 months compared to 3 months (73.1 9.1 vs 76.1 £ 12, p =0.002). Side
effects were mild and did not lead to treatment discontinuation.

Conclusions: This study confirms the efficacy and safety of benralizumab in a real-life setting with improved
asthma control and lung function, and a reduced oral and inhaled corticosteroid use as well as fewer emergency
department visits. In addition to a rapid initial improvement, it appears that patients continue to improve during
the first 6 months of treatment.

Keywords: Asthma, Benralizumab, Eosinophils, Biologics, Severe asthma, Eosinophilic asthma, Real-life

* Correspondence: aliciapadillagalo@gmail.com

'Pneumology Unit, 4th floor. Agencia Sanitaria Costa del Sol. Carretera
Nacional 340, Km 187, 29603, Marbella, Mdlaga, Spain

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-020-01220-9&domain=pdf
http://orcid.org/0000-0003-4625-2716
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:aliciapadillagalo@gmail.com

Padilla-Galo et al. BMC Pulmonary Medicine (2020) 20:184

Background

Asthma is a heterogeneous condition characterised by
chronic inflammation of the pulmonary airways, [1] with
an estimated 300 million people currently affected
worldwide [2] and an increasing prevalence. Severe
asthma is defined, following a confirmed diagnosis of
asthma and appropriate treatment of comorbidities, as
asthma requiring high-dose inhaled corticosteroids (ICS)
plus a second controller and/or systemic corticosteroids
to prevent it from becoming “uncontrolled” or
remaining “uncontrolled” despite this therapy (refrac-
tory) [1, 3]. Its prevalence is estimated at 5-10% of the
total asthma population [4]. In addition, several studies
have shown that, despite the availability of effective
treatments such as ICS, long-acting [2-agonists (LABA),
leukotriene modifiers, and tiotropium, over 50% of
asthma patients are assessed as not well-controlled in
standard clinical practice [5, 6] and many require further
therapies such as oral corticosteroids (OCS) and bio-
logics [7]. Over 50% of deaths caused by asthma are re-
ported in patients with a history of severe asthma [8],
and this severe condition is associated with increased
healthcare costs and morbidity and mortality [9, 10].
Furthermore, from the patient’s point of view, severe
asthma can be an incapacitating disease as well as a
threat to identity and life roles [11], and severe asthma
patients using OCS are at higher risk of complications
such as diabetes or hypertension. These OCS-related co-
morbidities increase the burden of disease for patients
and healthcare providers [12, 13].

In the recently updated Global Initiative for Asthma
(GINA) guidelines, the use of biologics before using
maintenance OCS is recommended in step 5. In Eur-
ope, as of March 2020, there were four marketed bio-
logics for asthma: omalizumab (Xolair®, Novartis
Pharma GmbH), an anti-IgE monoclonal antibody
that selectively binds to human IgE and prevents its
binding to high-affinity IgE receptors [14], indicated
in Europe as an add-on therapy to improve asthma
control in patients with severe persistent allergic
asthma; mepolizumab (Nucala®, GlaxoSmithKline) [15]
and reslizumab (Cinqaero®, Teva) [16], both targeting
interleukin-5 (IL-5) and indicated in severe eosino-
philic asthma; and benralizumab (Fasenra®, AstraZe-
neca), the most recently marketed monoclonal
antibody to date. The latter binds to the human IL-5
receptor (IL-5R) through its Fab domain, thereby pre-
venting IL-5 from binding to its receptor and inhibit-
ing differentiation and maturation of eosinophils in
the bone marrow. In addition, this antibody has the
ability to bind through its afucosylated Fc domain to
the RIIla region of the Fc receptor on natural killer
cells, macrophages, and neutrophils, thereby enhan-
cing antibody-dependent cell-mediated cytotoxicity
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(ADCC) of both blood eosinophils and tissue-resident
eosinophils [17, 18].

Given that monoclonal antibodies are expensive, clear
indications should be established to optimise access to
these therapies and ensure maximum efficiency [19, 20].
Thus, prior to initiating treatment with a biologic agent,
patients with severe asthma should be classified into
phenotypes. Among the various asthma phenotypes/
endotypes, late-onset eosinophilic asthma is, together
with allergic asthma, one of the best defined phenotypes
and the most common clinical phenotype seen in the
specialised severe asthma units of Pneumology depart-
ments in Spain [21]. The definitive diagnosis of eosino-
philic asthma is based on an appropriate medical record
and evidence of eosinophilia in bronchial biopsies or in-
duced sputum, which can also be estimated with a rea-
sonable accuracy in peripheral blood. Eosinophilic
inflammation occurs in more than 50% of patients with
allergic and non-allergic asthma, and elevated eosinophil
counts in both peripheral blood and airways are associ-
ated with recurrent exacerbations of the disease and se-
vere airflow limitation [22]. Eosinophilic asthma is
driven by type-2 inflammatory mechanisms that are
dependent on the activity of T helper-2 lymphocytes and
group 2 innate lymphoid cells [23, 24]. Among the wide
range of pro-inflammatory mediators released by these
cells, IL-5 is the key cytokine responsible for most of the
functions of eosinophils, including their maturation in
the bone marrow, activation, chemotaxis, survival, and
proliferation [25]. In addition, type-2 asthma generally
responds well to ICS [26] which are potent inducers of
eosinophil apoptosis [27]. However, some patients with
eosinophilic asthma respond poorly to ICS and even to
OCS [28]. Therefore, the eosinophil pathway and IL-5
pathway are appropriate therapeutic targets in patients
with  corticosteroid-refractory = severe  eosinophilic
asthma. Benralizumab, as an interleukin-5 receptor
alpha—directed cytolytic humanised IgGlk monoclonal
antibody, induces direct, rapid, and nearly complete de-
pletion of eosinophils via enhanced ADCC [29].

In the phase 3 clinical trials conducted (SIROCCO
[30], CALIMA [31], and ZONDA [32]), benralizumab
reduced the annual rate of severe asthma exacerbations
and the use of OCS, and improved symptom control and
lung function determined by the forced expiratory vol-
ume in 1s (FEV1). Additionally, the BORA study [33]
has shown its long-term efficacy and safety. However,
because of the recent marketing approval of benralizu-
mab, few real-life data are available to date. Therefore,
the aim of this study was to assess the efficacy of benra-
lizumab in real life based on the assessment of symptom
control, emergency department visits, use of oral and in-
haled corticosteroids, lung function, and safety at 6
months of treatment.
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Methods

Study population

This multicentre study included 42 consecutive patients
with severe refractory eosinophilic asthma who received
treatment with benralizumab for at least 6 months at the
Asthma Units of Hospital Costa del Sol (Marbella,
Spain) and Hospital Virgen de la Victoria (Mélaga,
Spain), from January 2019 to November 2019. All pa-
tients were diagnosed by objective tests (FEV; reversibil-
ity 212%, positive results to methacholine, or FEV;
variability >20%).

We used a standardised protocol to try to improve
these patients’ asthma control. This consisted of ensur-
ing adherence to both therapy and appropriate inhaler
use, providing health education, adjusting treatment, and
ruling out comorbidities [34—36].

Benralizumab treatment initiation criteria were as
follows:

— 18year-old patient or older with severe refractory
asthma [3];

— GINA guidelines step 5 [1];

— 2 or more exacerbations during the previous year
with use of OCS despite receiving appropriate
treatment for the degree of severity or corticosteroid
dependence;

— Presence of eosinophilic inflammation: eosinophil
count >300 cells/pL in peripheral blood during the
previous 12 months or = 150 cells/uL in case of
corticosteroid dependence.

All patients were treated with benralizumab for at least
6 months and were included in the analysis.

Patients previously treated with another biologic agent
but who had failed to respond, based on the physician’s
judgement, were included. The following criteria for lack
of response to a prior biologic treatment were applied:

— Continued use of maintenance OCS despite
receiving biologic therapy for at least 12 months, or.

— Less than a 50% reduction in exacerbations after at
least 12 months of biologic therapy.

Following treatment initiation with benralizumab, at
least two visits were performed: one at 3 months of
treatment and one at 6 months of treatment.

Written informed consent was obtained from all par-
ticipants. The study was reviewed by the Spanish Medi-
cines and Health Products Agency and approved by the
ethics committee Comité de ética provincial de Mdlaga.

Clinical, analytical, and lung function variables
A database was compiled from complete medical re-
cords, with data from diagnosis to enrolment in the
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study. A standardised protocol was applied for the
prospective collection of sociodemographic data (sex,
age), clinical profile (age at diagnosis of asthma,
atopy, presence of nasal polyps), exacerbations, use of
corticosteroid therapy, and basic blood test. Dyspnoea
was evaluated by means of the modified Medical Re-
search Council Scale for Dyspnoea [37], and we di-
vided patients into two stage groups, 0-2 and 3-4,
according to their degree of dyspnoea. We used the
asthma control test (ACT) to evaluate the degree of
asthma control in the 4 weeks prior to the clinical
interview. The ACT [38] is a self-administered tool
that is easy for patients to complete. It includes four
symptom-relief questions plus a patient’s self-
assessment of asthma control [1] in the last 4 weeks,
with scores ranging from 5 (poor control) to 25
(complete control), and has been validated in Spanish
[39]. Nasal polyposis was diagnosed by an otorhino-
laryngologist by direct visualization of the polyps with
endoscopic examination. Patients were considered as
atopic when they had positive allergic prick tests or
positive specific IgE to the most prevalent pneumo-
allergens in our area (house dust mites, olive tree and
grass pollen among other types of pollen, fungi, and
animal epithelium such as that of dogs and cats), pro-
vided that these positive findings also had clinical
relevance. Corticosteroid dependence was defined as
the daily use of OCS during at least 6 months.

All patients were trained to identify exacerbation
symptoms. They were also asked to record detailed in-
formation about their condition and their prescriptions
(systemic steroids). This information was verified in their
medical records.

Fractional exhaled nitric oxide (FeNO) was measured
with a conventional chemiluminescence analyser (NIOX,
Aerocrine AB, Sweden) using the online standardised
single-breath technique, and was followed by the per-
formance of a spirometry. Both procedures conformed
to international guidelines [40, 41].

All the variables were measured during the baseline
visit and at 3 and 6 months of treatment.

Statistical analysis

All the data were analysed using the R statistics system
[42]. A descriptive analysis was performed using mea-
sures of central tendency, position, and dispersion for
quantitative variables, and frequency distribution for
qualitative variables. To assess changes at 3 and 6
months compared with baseline, Student’s t test for
paired samples was used (Wilcoxon rank test for non-
normal distributions) and McNemar test was used for
qualitative variables. Statistical significance was set at
p<0.05.
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Results

Clinical characteristics

A total of 42 patients with severe refractory eosinophilic
asthma who received benralizumab treatment during at
least 6 months were enrolled. Clinical characteristics of
the study population are shown in Table 1.

Parameters assessed
Clinical, functional, and laboratory data at baseline and
at 3 and 6 months of treatment as well as the compari-
son between values at baseline and at 6 months are pre-
sented in Table 2.

As illustrated in Fig. 1, patients showed improved
asthma control based on the ACT scores at 3 months of
treatment compared with baseline (13.9 +4 vs 20.1 + 3.7,

Table 1 Baseline patient characteristics

Parameter n=42
Age, years (m + sd) 536+ 11
Women, n (%) 33 (786)
BMI (m = sd) 286+6
Age at diagnosis, years (m + sd) 289+126
Dyspnoea
Degree 0-2, n (%) 20 (47.6)
Degree 3-4, n (%) 22 (524)
Atopy, n (%) 14 (33)
Corticosteroid-dependent, n (%) 17 (40.5)
Nasal polyps, n (%) 12 (28.6)
AERD, n (%) 6 (14.3)
ACT (m =% sd) 139+ 4.1
ED visits in the previous year (m + sd) 41426
Cycles of OCS in the previous year, (m =+ sd) 59+33
Oral prednisone (or equivalent) dose, mg/day (m + sd) 196+9
Inhaled budesonide (or equivalent) dose, ug/day (m+sd) 956 +475
Post-BD FEV;, mL (m = sd) 14294 + 475
Post-BD FEV;, % (m =+ sd) 644 +93
FeNO, ppb (m + sd) 61.5+239
Blood eosinophil count, cells/ul (m + sd) 7572+ 278
IgE, IU/mL (m =+ sd) 2286 +403
Prior treatment with a biologic agent, n (%) 22 (524)
Prior omalizumab, n (%) 15 (35.7)
Prior mepolizumab, n (%) 5(11.9)
Prior omalizumab + mepolizumab, n (%) 2 (4.8)
Duration of prior biologic therapy, months (m + sd) 21.14+238
Duration of prior omalizumab therapy, months (m + sd) 262 +275
Duration of prior mepolizumab therapy, months (m+sd)  9.8+3.5

Abbreviations: ACT Asthma Control Test, AERD Aspirin-exacerbated respiratory
disease, BD Bronchodilator, BMI Body mass index, ED Emergency department,
FeNO Fractional exhaled nitric oxide, FEV; Forced expiratory volume in 1s, m
Mean, ppb Parts per billion, OCS Oral corticosteroids, sd Standard deviation
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»<0.001), and continued to improve at 6 months com-
pared with the values obtained at 3 months (20.1 + 3.7 vs
21+2.7, p=0.037). Less than 5% of patients showed ad-
equate asthma control before initiating benralizumab,
whereas 81% of patients had achieved asthma control at
6 months of treatment (Table 2).

We compared the estimated number of emergency de-
partment visits per quarter prior to starting benralizu-
mab and after 3 and 6 months of treatment with
benralizumab (Fig. 2). A reduction in the number of
emergency department visits both at 3 months compared
with baseline (1 [IR:0.7] vs 0 [IR:0.75], p <0.001) and at
6 months compared with 3 months (0 [IR:0.75] vs O [IR:
0], p = 0.012) was observed.

With regard to OCS use (Fig. 3), the dose of prednis-
one in mg (or equivalent) at 3 months of benralizumab
treatment compared with baseline decreased (19.6 + 9 vs
7.5+ 8.6, p=0.001) and continued to do so up to the 6
months of treatment, reaching a mean dose of 5mg+
7.9 of prednisone/day, with a statistically significant de-
crease compared with the dose at 3 months (p = 0.020).

We compared the estimated number of OCS cycles
per quarter prior to starting benralizumab and at 3 and
6 months of benralizumab treatment to look for changes
in OCS cycle patterns. We found that the number of
OCS cycles decreased both at 3 months (1.5 [IR:1.25] vs
0 [IR:1], p<0.001) and at 6 months of benralizumab
treatment, with statistically significant differences com-
pared with the results at 3 months (0 [IR:1] vs 0 [IR:0],
p =0.003). Similarly, the percentage of corticosteroid-
dependent patients decreased by 50% at 6 months (p =
0.008) of treatment. In addition, there was also a de-
crease in the use of ICS (pg/day of budesonide or
equivalent), both at 3 months compared with baseline
(956 + 475 vs 802 + 415, p = 0.002) and at 6 months com-
pared with the results obtained at 3 months (802 + 415
vs 714 + 356, p = 0.020).

Furthermore, lung function (measured both in mL and
as a percentage) also improved. Thus, FEV,% improved
at 3 months of benralizumab treatment compared with
baseline (64.4+9.3 vs 73.1+9.1, p<0.001) and at 6
months of benralizumab treatment compared with 3
months (73.1+9.1 vs 76.1 £12, p=0.002), as shown in
Fig. 4.

FeNO levels also decreased at 3 months (61.5 +23.9 vs
30.7 £ 14.6, p <0.001) and were maintained at 6 months
(27.8 + 14.9).

Blood eosinophil counts were also found to have de-
creased at 3 months and this decrease was maintained at
6 months.

Of the 42 patients treated with benralizumab, 52.4%
had received a biologic agent previously: 15 (35.7%) were
receiving omalizumab, 5 (11.9%) mepolizumab, and 2
(4.8%) omalizumab first followed by mepolizumab.
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Table 2 Clinical, functional, and laboratory data at baseline and at 3 and 6 months of treatment

Variables BaselineMean (SD) 3 months Mean (SD) 6 months Mean (SD) p*

ACT 139 (4.1) 20.1 37) 21 2.7) <0.001
Patients with controlled asthma (ACT=20) 2 (4.8) 24 (57.1) 34 (81) <0.001
No. of ED visits per quarter, median (interquartile range) 1 (IR0.7) 0 (IR:0.75) 0 (IR:0) <0.001
Corticosteroid-dependent, n (%) 16 (40%) 15 (35.7%) 8 (19%) 0.008
Inhaled budesonide (or equivalent) dose, ug/day 956 (475) 802 (415) 714 (356) 0.001
Oral prednisone dose, mg/day 19.6 (9) 7.5 (8.6) 5(7.9) 0.007
Cycles of OCS per quarter, median (interquartile range) 1.5 (IR:1.25) 0 (R:1) 0 (IR:0) <0.001
FEV; mL 14294 (475) 1680 (481) 1721 (610) <0.001
FEV1% 64.3 (93) 73.1.9.1) 76 (12) <0.001
FeNO 61.5 (23.9) 306 (14.6) 27.8 (14.9) <0.001
Blood eosinophil count, cells/ul 7572 (278) 189 (18) 15.2 (13.6) <0.001

* Comparison between data at baseline and at 6 months

Abbreviations: ACT Asthma Control Test, BD Bronchodilator, BMI Body mass index, ED Emergency department, FeNO Fractional exhaled nitric oxide, FEV1 Forced

expiratory volume in 1, OCS Oral corticosteroids, SD Standard deviation

Clinical, functional, and laboratory characteristics of bio-
logic treatment-naive patients (having received no prior
biologics) at baseline and at 6 months of benralizumab
treatment were compared with those of patients who
had previously received biologics. Statistically significant
differences were found in IgE levels (216 [288] vs 43.5
[39.5], p <0.001), presence of atopy (52.4% vs 10%, p =
0.01), and presence of aspirin-exacerbated respiratory
disease (AERD) (27.3% vs 0%, p=0.022), with lower

levels of IgE and lower percentages of atopy and AERD
in biologic treatment-naive patients (Table 3). Clinical,
functional, and laboratory data presented as the differ-
ence between the results at baseline and at 6 months ac-
cording to prior use of a biologic agent are provided in
Table 4. No differences were found in subjective im-
provement at 3 and 6 months, or in other results at 6
months (measured as the difference between results at 6
months and at baseline) such as lung function (FEV; in
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Fig. 1 Asthma Control Test scores. * p < 0.001 (baseline vs 3 months); ** p=0.037 (3 months vs 6 months)
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Table 3 Baseline characteristics according to prior biologic therapy use

Variables Biologic treatment-naive patients Patients with prior biologic therapy p

(n =20) (n=22)
Age, years; md (IR) 58 (20.75) 52 (14.75) 0.089
Women, n (%) 16 (80) 17 (77.3) 1
BMI, md (IR) 28 (6.75) 275 (85) 0.980
Age at diagnosis, years; md (IR) 30 (24) 225 (14) 0.079
Atopy, n (%) 2 (10) 12 (54.5) 0.01
Corticosteroid-dependent, n (%) 7 (35) 10 (46) 0.708
Nasal polyps, n (%) 3(15) 9 (41) 0.130
AERD, n (%) 0(0) 6 (27) 0.022
ACT, md (IR) 14 (6) 135 (6) 0430
ED visits in the previous year; md (IR) 5(2) 3(6) 0325
Cycles of OCS in the previous year; md (IR) 7(2) 5(7) 0.155
Oral prednisone (or equivalent) dose, mg/day; md (IR) 20 (15) 17.5 (20) 0.579
Post-BD FEV;, mL; md (IR) 1420 (835) 1445 (913) 0.980
Post-BD FEVy, %; md (IR) 65 (13) 66.5 (16) 0404
FeNO, ppb; md (IR) 66 (32) 60 (60) 0351
Blood eosinophil count, cells/ul; md (IR) 755 (315) 660 (205) 0177
IgE, IU/mL; md (IR) 43.5 (40) 216 (288) <0.001

Abbreviations: ACT Asthma Control Test, AERD Aspirin-exacerbated respiratory disease, BD Bronchodilator, BMI Body mass index, ED Emergency department, FeNO
Fractional exhaled nitric oxide, FEV; Forced expiratory volume in 1s, IR Interquartile range, md Median, ppb Parts per billion, OCS Oral corticosteroids
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Table 4 Clinical, functional, and laboratory data presented as the difference between results at baseline and at 6 months according

to prior biologic therapy use

Variables Biologic treatment-naive patients Patients with prior biologic therapy p
(n=20) (n=22)

Subjective improvement*, n (%) 20 (100) 18 (81.8) 0487
Corticosteroid-dependent at 6 months, n (%) 4 (20) 4(18.2) 0.125
ACT*, md (IR) 8(5) 55 @ 0.196
No. of ED visits at 6 months; md (IR) 1(5 2 (10) 1

Post-BD FEV;, mL* md (IR) 330 (350) 238 (375) 0279
Post-BD FEV4, %*; md (IR) 11 (8) 75 (15) 0424
FeNO, ppb*; md (IR) 40 (28) 34 (45) 0316
Blood eosinophil count, cells/ul*; md (IR) 755 (312) 692 (221) 0.274

*Difference between results at baseline and at 6 months

Abbreviations: ACT Asthma Control Test, BD Bronchodilator, ED Emergency department, FeNO Fractional exhaled nitric oxide, FEVT Forced expiratory volume in 15,

IR Interquartile range, md Median, ppb Parts per billion

mL and %), FeNO, asthma control based on the ACT
score, emergency department visits, OCS use, and levels
of blood eosinophils and IgE.

Likewise, we investigated whether atopy predisposes to
a better or poorer response at 6 months of treatment
with benralizumab. Baseline clinical, functional, and la-
boratory characteristics are shown in Table 5 according
to patient allergy status. Data presented as the difference
between results at baseline and at 6 months according to
patient allergy status are provided in Table 6. Differences
in clinical parameters (ACT, emergency department
visits, and OCS use), functional parameters (FEV; in mL

Table 5 Baseline characteristics according to allergy status

and %), FeNO, and laboratory parameters (blood eosino-
phils) were investigated. No statistically significant differ-
ences were found for any of the parameters.

Among the side effects experienced by 9 patients
(21.4%), the most common ones were arthralgias, head-
aches, and dysthermia. However, all the side effects were
mild and did not lead to treatment discontinuation.

Discussion
Several clinical trials have shown that benralizumab is
safe and effective in patients with refractory eosinophilic

Variables Non-atopic Atopic p
(n =28) (n=14)

Age, years; md (IR) 56 (20) 495 (15) 0.153
Women, n (%) 23 (82) 10 (71) 0451
BMI, md (IR) 285 (7.5) 25 (10) 0.131
Age at diagnosis, years; md (IR) 26.5 (23) 245 (16) 0913
Corticosteroid-dependent, n (%) 13 (46) 4 (28) 0.331
Nasal polyps, n (%) 5(18) 7 (50) 0.067
AERD, n (%) 3(11) 321 0.383
ACT, md (IR) 13 (6) 15 (6) 0.730
ED visits in the previous year; md (IR) 503 303 0.062
Cycles of OCS in the previous year; md (IR) 7 (3) 45 (4) 0.062
Oral prednisone (or equivalent) dose, mg/day; md (IR) 20 (15) 15 (23) 0412
Post-BD FEV;, mL; md (IR) 1520 (910) 1425 (545) 0.947
Post-BD FEV;, %; md (IR) 65 (13) 69.5 (12) 0.117
FeNO, ppb; md (IR) 68.5 (32.5) 445 (45) 0.098
Blood eosinophil count, cells/ul; md (IR) 713 (297) 695 (235) 0.743
IgE, IU/mL; md (IR) 53 (106) 215 (175) <0.001

Abbreviations: ACT Asthma Control Test, AERD Aspirin-exacerbated respiratory disease, BD Bronchodilator, BMI Body mass index, ED Emergency department, FeNO
Fractional exhaled nitric oxide, FEV; Forced expiratory volume in 1, IR Interquartile range, md Median, ppb Parts per billion, OCS Oral corticosteroids
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Table 6 Clinical, functional, and laboratory data presented as the difference between results at baseline and at 6 months, according

to allergy status

Variables Non-atopic Atopic p
(n=28) (n=14)
Subjective improvement*, n (%) 25 (96) 13 (93) 1
Corticosteroid-dependent at 6 months, n (%) 6 (214) 2 (143) 0.225
ACT*, md (IR) 8(3) 54) 0.061
No. of ED visits at 6 months; md (IR) 2(8) 1(8) 1
Post-BD FEV;, mL* md (IR) 307 (295) 379 (343) 0.465
Post-BD FEV4, %*; md (IR) 11.(7) 14 (15) 0.541
FeNO, ppb*; md (IR) 38 (29) 25 (30) 0.158
Blood eosinophil count, cells/ul*; md (IR) 751 (234) 725 (374) 0.650

*Difference between results at baseline and at 6 months

Abbreviations: ACT Asthma Control Test, BD Bronchodilator, ED Emergency department, FeNO Fractional exhaled nitric oxide, FEVT Forced expiratory volume in 15,

IR Interquartile range, md Median, ppb Parts per billion

asthma. However, it is well known that real-life data may
differ from data obtained from pivotal studies, as con-
ventional randomised controlled trials emphasise in-
ternal validity through standardisation and control, but
by design, they reduce external validity and therefore the
generalisability of results and conclusions [43]. The
present study confirms that in a real-life setting, benrali-
zumab also improves asthma control, reduces emergency
department visits and the use of both oral and inhaled
corticosteroids, and improves lung function, which is in
line with pivotal studies SIROCCO [30], CALIMA [31],
and ZONDA [32]. In addition, we have found that out-
comes improved with time. In a recent study of 13
corticosteroid-dependent patients in a real-life setting,
[44] it was shown that a single dose of benralizumab led
to a rapid improvement of asthma control and lung
function, to decreased blood eosinophil counts, and to a
reduction in the use of OCS. The authors postulate that
the rapid therapeutic action observed is a consequence
of the fast and effective depletion of eosinophils induced
by benralizumab via IL-5R blockade and ADCC-
mediated apoptosis of these cells [44]. However, our
study suggests that improvement continues with time as
results at 6 months are not only better compared with
baseline but also compared with the results at 3 months
of treatment. Thus, although initial improvement may
be rapid and significant, improvement continues during
the first 6 months, not only with regard to asthma con-
trol but also to lung function, emergency department
visits, and use of inhaled and oral corticosteroids.

The major improvement in the ACT score at 3 months
of treatment and the improving trend which continued
up to the 6 months evaluation are similar to or even bet-
ter than the results obtained in clinical trials, which have
also demonstrated a significant decrease in the asthma
control questionnaire (ACQ-6) score [30, 31]. As for the
number of emergency department visits in our study,

these dropped by 55.8% (p < 0.001) at 3 months and con-
tinued decreasing until reaching 85.3% (p <0.001) at 6
months, while in the SIROCCO and the CALIMA stud-
ies, reductions in exacerbations were 42% per year (p <
0.001) [30] and 36% per year (p<0.001) [31], respect-
ively. This greater improvement compared to the pivotal
studies could also be associated with the greater disease
severity of patients included in our study. The figures in
the pivotal studies are clearly lower than those obtained
in the present study.

Furthermore, the clear reduction in the use of corti-
costeroids found in our study, with a reduction of
50% in corticosteroid dependence, is comparable with
the data from the ZONDA study [32] in which a 52%
decrease in corticosteroid dependence at 28 weeks of
treatment was evidenced. The reduction of 61.7% at
3 months and 74.4% at 6 months compared with base-
line obtained in the dose of OCS is also comparable
with the results from the ZONDA study [32] where a
75% reduction in OCS use at 28 weeks was observed.
However, our results are in contrast with those of
Pelaia et al. [44] who achieved OCS discontinuation
in all the study patients in only four weeks. Given
that most of our corticosteroid-dependent patients
had been on OCS for years, we decided to perform a
corticosteroid tapering similar to the one used in the
ZONDA study [32] in order to maintain symptom
control and avoid potential side effects resulting from
rapid discontinuation. As a result, the highest number
of corticosteroid discontinuations was beginning to be
observed at 6 months. In fact, we used a tapering-
discontinuation protocol similar to the tapering algo-
rithm for OCS published in the PONENTE study
[45], a phase 3 clinical trial assessing the efficacy and
safety of OCS tapering following benralizumab treat-
ment initiation in adult patients with severe uncon-
trolled eosinophilic asthma.
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As for ICS, a reduction in their use was observed at 3
months of treatment and continued at 6 months, with
statistically significant differences compared with the re-
sults obtained at 3 months (p =0.020). This is particu-
larly relevant as benralizumab not only seems to reduce
the burden of systemic corticosteroids but may also re-
duce the burden of inhaled agents, an aspect that has
not been assessed in other studies.

Lung function improvement (both in mL and percent-
age) was in line with the clinical trials. The difference
between baseline FEV; and FEV; at 6 months was 0.291
L (p<0.001) in our study, whereas the difference with
placebo was 0.159 L (p = 0.0006) in the SIROCCO study
[28] and 0.116 L (p =0.0102) in the CALIMA study [31]
in patients with >300 eosinophils/pL. Thus, the differ-
ence in our study is greater than in the pivotal studies.
However, this could be partly explained by the fact that
in our study we could not take into account a placebo
effect given that, as it was performed in a real-life set-
ting, there was no placebo control group. Other real-life
studies such as that of Pelaia et al. [44] have shown im-
provements in FEV; of about 0.4 L, which would support
the hypothesis that lung function improvement is greater
in real-life situations. The new information our study
provides is that, in addition, lung function continues to
improve between 3 months and 6 months of treatment.
Therefore, after the improvement that results from the
first 3 doses of benralizumab, lung function can continue
to improve.

With regard to the effectiveness of benralizumab in
patients who had previously received another biologic
agent, no differences compared to other patients in the
study were found in clinical parameters such as subject-
ive improvement, ACT score, emergency department
visits and use of OCS, in lung function (FEV1 in mL or
percentage), FeNO, blood eosinophil counts, or in side
effects. To our knowledge, this is the first study that
shows that benralizumab also improves the condition of
patients whose asthma was unresponsive to a biologic
treatment targeting the IL5 or IgE pathways. This is es-
pecially relevant in the current context of personalised
medicine [46] and highlights the need to measure bio-
markers to guide treatment decisions [47]. Some studies
have shown that patients who do not respond to omali-
zumab can improve with anti-IL5 therapy. In the case of
mepolizumab, post-hoc analyses of two pivotal studies
[48] evidenced similar reductions in exacerbations and
OCS use in asthmatic patients with and without prior
omalizumab treatment. In the OSMO study [49] where
the main objective was to assess if patients eligible for
both biologics, but not optimally controlled with omali-
zumab, experienced improved asthma control when
switched directly to mepolizumab, the results showed
that, in patients who were not optimally controlled by

Page 10 of 12

omalizumab treatment, switching to mepolizumab im-
proved asthma control and reduced exacerbations. Simi-
larly, a recently published prospective and multicentre
study with reslizumab [50] provided evidence that, for
patients who do not respond to omalizumab, the switch
from omalizumab to reslizumab improves patient con-
trol and reduces the use of OCS. Based on our study re-
sults showing a clinical improvement in patients who
had failed to respond to omalizumab or mepolizumab,
we believe that benralizumab is a very good treatment
option for patients with severe refractory eosinophilic
asthma.

Benralizumab has also been shown to be effective in
atopic patients and our results are in agreement with a
post-hoc analysis [51] of two clinical trials indicating that
benralizumab is efficacious in severe uncontrolled eo-
sinophilic asthma regardless of atopy status.

Lastly, in line with published works [33], side effects
were mild and well tolerated, with no treatment discon-
tinuations during the first 6 months of treatment.

Our study has some limitations. Because this was a
real-life study, there is no placebo control group so pla-
cebo effect could not be assessed. Furthermore, even
though this study was conducted in a real-life setting
with the longest follow-up period to date (6 months),
longer follow-up times would be necessary to establish
when maximum improvement is reached.

Its strengths, on the other hand, lie in the fact that, to
our knowledge, to date this is the real-life study of ben-
ralizumab with the greatest number of patients enrolled
and the longest follow-up period. In addition, it is a mul-
ticentre study that was conducted at two different severe
asthma units with a broad experience in the manage-
ment and treatment of this disease. Finally, this was an
independent study with no external funding and without
the involvement of any pharmaceutical company.

Conclusions

Our data show that benralizumab used as add-on ther-
apy in the treatment of refractory eosinophilic asthma is
also effective in real life, improving asthma control and
lung function, and reducing the number of emergency
department visits and the use of oral and inhaled corti-
costeroids. It is in agreement with pivotal studies and
provides a real-life perspective. In addition to demon-
strating a rapid initial improvement, our results suggest
that patients may continue to improve during the first 6
months of treatment. Furthermore, improvement in the
real-life setting appears to be greater than in pivotal
studies. Lastly, this study also shows that benralizumab
is safe and well tolerated in real life.

Abbreviations
ACQ-6: Asthma control questionnaire score; ACT: Asthma control test;
ADCC: Antibody-dependent cell-mediated cytotoxicity; AERD: Aspirin-



Padilla-Galo et al. BMC Pulmonary Medicine (2020) 20:184

exacerbated respiratory disease; BD: Bronchodilator; BMI: Body mass index;
FeNO: Fractional exhaled nitric oxide; FEV1: Forced expiratory volume in 1s;
GINA: Global Initiative for Asthma; ICS: Inhaled corticosteroids; IL-

5: Interleukin-5; IL-5R: Interleukin-5 receptor; IR: Interquartile range;

LABA: Long-acting B2-agonists; OCS: Oral corticosteroids

Acknowledgements
We thank the research team at the Costa del Sol Hospital for their support.

Authors’ contributions

APG and ALN had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data
analysis. APG and ALN contributed substantially to the study design, data
collection, analysis and interpretation, and writing of the manuscript. RCLA,
CO, BVA, MPM, BTG, and IMC contributed substantially to the study design,
data collection, and review of the manuscript. FR contributed to the study

design, analysis and interpretation of the data, and review of the manuscript.

The authors read and approved the final manuscript.

Funding
This study did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets analysed during the current study are available from the
corresponding author upon reasonable request.

Ethics approval and consent to participate

Written informed consent was obtained from all participants. The study was
reviewed by the Spanish Medicines and Health Products Agency and
approved by the ethics committee Comité de ética provincial de Mdlaga
(approval: HCS-BEN-2019-01).

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper. The authors declare the following financial interests/
personal relationships which may be considered as potential competing
interests: APG reports personal fees and non-financial support from NOVAR-
TIS, personal fees from ASTRA-ZENECA, personal fees and non-financial sup-
port from GSK and personal fees from TEVA. CO reports non-financial
support from NOVARTIS and personal fees and non-financial support from
TEVA. ALN reports personal fees and non-financial support from NOVARTIS,
personal fees from ASTRA-ZENECA, personal fees and non-financial support
from GSK and personal fees from TEVA.

Other authors have no relevant competing interests to disclose with regard
to this manuscript.

Author details

'Pneumology Unit, 4th floor. Agencia Sanitaria Costa del Sol. Carretera
Nacional 340, Km 187, 29603, Marbella, Malaga, Spain. “Yeshiva University,
New York, USA. 3Pneumo\ogy Department, IBIMA (Institute for Biomedical
Research of Malaga), Regional University Hospital of Mélaga/ University of
Mélaga, Mélaga, Spain. *Avenida Carlos Haya, 29010 Mélaga, Spain. “Research
Unit, Red de Investigacion en Servicios de Salud en Enfermedades Crénicas,
REDISSEC (Spanish healthcare network for chronic diseases), Agencia
Sanitaria Costa del Sol. Carretera Nacional 340, Km 187, 29603, Marbella,
Mélaga, Spain. ®Pharmacy and Nutrition Service, Agencia Sanitaria Costa del
Sol. Carretera Nacional 340, Km 187, 29603 Marbella, Mélaga, Spain.
7Pharmacy and Nutrition Service, Hospital Universitario Virgen de la Victoria,
Campus de Teatinos s/n, 29010 Malaga, Spain. ®Pneumology Department,
Hospital Universitario Virgen de la Victoria, Campus de Teatinos s/n, 29010
Mélaga, Spain.

Page 11 of 12

Received: 31 March 2020 Accepted: 18 June 2020
Published online: 29 June 2020

References

1. Global Strategy for Asthma Management and Prevention, Global Initiative
for Asthma (GINA), 2019. http://www.ginasthma.org/.

2. Bousquet J, Clark TJH, Hurd S, Khaltaev N, Lenfant C, O'byrne P, et al. GINA
guidelines on asthma and beyond. Allergy. 2007,62(2):102-12.

3. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et al.
International ERS/ATS guidelines on definition, evaluation and treatment of
severe asthma. Eur Respir J. 2014;43:343-73.

4. Masoli M, Fabian D, Holt S, Beasley R. Global initiative for asthma (GINA)
program: the global burden of asthma: executive summary of the GINA
dissemination committee report. Allergy. 2004;59(5):469-78.

5. Demoly P, Gueron B, Annunziata K, Adamek L, Walters RD. Update on
asthma control in five European countries: results of a 2008 survey. Eur
Respir Rev. 2010;19:150-7.

6. Gonzdlez Barcala FJ, de la Fuente-Cid R, Alvarez-Gil R, Tafalla M, Nuevo J,
Caamano-lsorna F. Factors associated with asthma control in primary care
patients: the CHAS study. Arch Bronconeumol. 2010;46(7):358-63.

7. Hekking PP, Wener RR, Amelink M, Zwinderman AH, Bouvy ML, Bel EH. The
prevalence of severe refractory asthma. J Allergy Clin Immunol. 2015;135:
896-902.

8. Levy ML. The national review of asthma deaths: what did we learn and
what needs to change? Breathe (Sheff). 2015;11(1):14-24.

9. Peters SP, Ferguson G, Deniz Y, Reisner C. Uncontrolled asthma: a review of
the prevalence, disease burden and options for treatment. Respir Med.
2006;100(7):1139-51.

10. Husereau D, Goodfield J, Leigh R, Borrelli R, Cloutier M, Gendron A. Severe,
eosinophilic asthma in primary care in Canada: a longitudinal study of the
clinical burden and economic impact based on linked electronic medical
record data. Allergy Asthma Clin Immunol. 2018;14:15.

11, Eassey D, Reddel HK, Foster JM, Kirkpatrick S, Locock L, Ryan K, et al. ... I've
said | wish | was dead, you'd be better off without me": a systematic review
of people's experiences of living with severe asthma. J Asthma. 2019;56(3):
311-22.

12. Al Efraij K, Johnson KM, Wiebe D, Sadatsafavi M, FitzGerald JM. A systematic
review of the adverse events and economic impact associated with oral
corticosteroids in asthma. J Asthma. 2019;56(12):1334-46.

13. Casan Clara P, Martinez GC. Accumulated dose of systemic corticosteroids:
significant medical information. Arch Bronconeumol. 2020,50300-2896(20):
30032-6. https//doi.org/10.1016/j.arbres.2020.01.007. Epub ahead of print.

14.  Xolair (Omalizumab). Summary of product characteristics. https.//www.ema.
europa.eu/en/medicines/human/EPAR/xolair.

15.  Gnanakumaran G, Babu KS. Technology evaluation: mepolizumab. GlaxoSmithKline
Curr Opin Mol Therapeut. 2003,5:321-5.

16. Walsh GM. Profile of reslizumab in eosinophilic disease and its potential in the
treatment of poorly controlled eosinophilic asthma. Biologics. 2013;7:7-11.

17. Fasenra [US prescribing information]. AstraZeneca pharmaceuticals LP; 2017.

18. Dévila Gonzalez I, Moreno Benitez F, Quirce S. Benralizumab: a new
approach for the treatment of severe eosinophilic asthma. J Investig
Allergol Clin Immunol. 2019;29(2):84-93.

19.  Casan Clara P, Martinez GC. Biologics in the treatment of asthma. Arch
Bronconeumol. 2020;56(3):137-8.

20. Cataldo D, Louis R, Michils A, Peché R, Pilette C, Schleich F, et al. Severe
asthma: oral corticosteroid alternatives and the need for optimal referral
pathways. J Asthma. 2020:1-11. https://doi.org/10.1080/02770903.2019.
1705335. Epub ahead of print.

21, Pérez de Llano L, Martinez-Moragén E, Plaza Moral V, Trisan Alonso A,
Almonacid Sanchez C, Callejas FJ, et al. Unmet therapeutic goals and
potential treatable traits in a population of patients with severe
uncontrolled asthma in Spain. ENEAS study. Respir Med. 2019;151:49-54.

22. Comberiati P, McCormack K, Malka-Rais J, Spahn JD. Proportion of severe
asthma patients eligible for Mepolizumab therapy by age and age of onset
of asthma. J Allergy Clin Immunol Pract. 2019;7(8):2689-96.

23. Pelaia G, Vatrella A, Busceti MT, Gallelli L, Calabrese C, Terracciano R, et al.
Cellular mechanisms underlying eosinophilic and neutrophilic airway
inflammation in asthma. Mediators Inflamm. 2015:879783.

24.  Carr TF, Zeki AA, Kraft M. Eosinophilic and non-eosinophilic asthma. Am J
Respir Crit Care Med. 2018;197:22-37.


http://www.ginasthma.org/
https://doi.org/10.1016/j.arbres.2020.01.007
https://www.ema.europa.eu/en/medicines/human/EPAR/xolair
https://www.ema.europa.eu/en/medicines/human/EPAR/xolair
https://doi.org/10.1080/02770903.2019.1705335
https://doi.org/10.1080/02770903.2019.1705335

Padilla-Galo et al. BMC Pulmonary Medicine

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

(2020) 20:184

Fulkerson PC, Rothenberg ME. Targeting eosinophils in allergy, inflammation
and beyond. Nat Rev Drug Discov. 2013;12:117-29.

Woodruff PG, Modrek B, Choy DF, Jia G, Abbas AR, Ellwanger A, et al.
Thelper type 2-driven inflammation defines major sub-phenotypes of
asthma. Am J Respir Crit Care Med. 2009;180:388-95.

Zhang X, Moilanen CE, Kankaanranta H. Enhancement of human eosinophil
apoptosis by fluticasone propionate, budesonide, and beclomethasone. Eur
J Pharmacol. 2000;406:325-32.

de Groot JC, Ten Brinke A, Bel EH. Management of the patient with
eosinophilic asthma: a new era begins. ERJ Open Res. 2015;1(1).

Jackson DJ, Humbert M, Hirsch |, Newbold P, Garcia GE. Ability of serum IgE
concentration to predict exacerbation risk and Benralizumab efficacy for
patients with severe eosinophilic asthma. Adv Ther. 2019. https.//doi.org/10.
1007/512325-019-01191-2.

Bleecker ER, FitzGerald JM, Chanez P, Papi A, Weinstein SF, Barker P, et al.
Efficacy and safety of benralizumab for patients with severe asthma
uncontrolled with high-dosage inhaled corticosteroids and long-acting (32-
agonists (SIROCCO): a randomised, multicentre, placebo-controlled phase 3
trial. Lancet. 2016;388:2115-27.

FitzGerald JM, Bleecker ER, Nair P, Korn S, Ohta K, Lommatzsch M, et al.
Benralizumab, an anti-interleukin-5 receptor a monoclonal antibody, as add-
on treatment for patients with severe, uncontrolled eosinophilic asthma
(CALIMA): a randomised, double-blind, placebo-controlled phase 3 trial.
Lancet. 2016;388:2128-41.

Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo NL, Kuna P, et al. Oral
glucocorticoid-sparing effect of benralizumab in severe asthma. N Engl J
Med. 2017;376:2448-58.

Busse WW, Bleecker ER, FitzGerald JM, Ferguson GT, Barker P, Sproule S,

et al. Long-term safety and efficacy of benralizumab in patients with severe,
uncontrolled asthma: 1-year results from the BORA phase 3 extension trial.
Lancet Respir Med. 2019;7:46-59.

Padilla-Galo A, Olveira C, Fernandez de Rota-Garcia L, Marco-Galve |, Plata
AJ, Alvarez A, et al. Factors associated with bronchiectasis in patients with
uncontrolled asthma; the NOPES score: a study in 398 patients. Respir Res.
2018;19(1):43.

Fernandes JC, Biskupiak WW, Brokaw SM, Carpenedo D, Loveland KM, Tysk
S, et al. Outcomes of the Montana asthma home visiting program: a home-
based asthma education program. J Asthma. 2019;56(1):104-10.
Rodriguez-Garcfa C, Lourido-Cebreiro T, Gonzalez-Barcala FJ. The ATAUD
study: the need to improve adherence. Arch Bronconeumol. 2019;55(10):
509-10.

Bestall JC, Paul EA, Garrod R, Garnham R, Jones PW, Wedzicha JA. Usefulness
of the Medical Research Council (MRC) dyspnoea scale as a measure of
disability in patients with chronic obstructive pulmonary disease. Thorax.
1999,54(7):581-6.

Natham RA, Sorkness Ch A, Kosinski M, Schatz M, Li J, Marcus PH.
Development of the asthma control test: a survey for assessing asthma
control. J Allergy Clin Immunol. 2004;113:59-65.

Vega JM, Badia X, Badiola C, Lopez-Vifia A, Olaguibel JM, Picado C.
Validation of the Spanish version of the asthma control test (ACT). J Asthma.
2007;44:867-72.

American Thoracic Society. Recommendations for standardized procedures
for the on-line and off-line measurement of exhaled lower respiratory nitric
oxide and nasal nitric oxide in adults and children. Am J Respir Crit Care
Med. 2005;171(8):912-30.

Standardization of spirometry. Statement of the American thoracic society.
Am Rev Respir Dis. 1987;136(5):1285-98.

R statistical: Department of Statistics, University of Auckland, Auckland, NZ;
http://www.r-project.org/.

Freemantle N, Strack T. Real-world effectiveness of new medicines should
be evaluated by appropriately designed clinical trials. J Clin Epidemiol. 2010;
63(10):1053-8.

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

Menzies-Gow A, Corren J, Bel EH, Maspero J, Heaney LG, Gurnell M, et al.
Corticosteroid tapering with benralizumab treatment for eosinophilic
asthma: PONENTE trial. ERJ Open Res. 2019;5(3).

46.

47.

48.

49.

50.

51.

Page 12 of 12

Casan P, Fernandez Tena A, Martinez C. More Platon and less Prozac: the
arrival of ASTHMA-ZUMAB. Arch Bronconeumol. 2018:54(4):181-2.
Arismendi E, Picado VC. Current role of biomarkers in severe uncontrolled
asthma. Arch Bronconeumol. 2019.

Magnan A, Bourdin A, Prazma CM, Albers FC, Price RG, Yancey SW, et al.
Treatment response with mepolizumab in severe eosinophilic asthma
patients with previous omalizumab treatment. Allergy. 2016;71(9):1335-44.
Chapman KR, Albers FC, Chipps B, Mufioz X, Devouassoux G, Bergna M,

et al. The clinical benefit of mepolizumab replacing omalizumab in
uncontrolled severe eosinophilic asthma. Allergy. 2019,74(9):1716-26.

Pérez de Llano LA, Cosio BG, Domingo C, Urrutia |, Bobolea |, Valero A, et al.
Efficacy and safety of Reslizumab in patients with severe asthma with
inadequate response to Omalizumab: a multicenter, open-label pilot study.
J Allergy Clin Immunol Pract. 2019;7(7):2277-83.

Chipps BE, Newbold P, Hirsch |, Trudo F, Goldman M. Benralizumab efficacy
by atopy status and serum immunoglobulin E for patients with severe,
uncontrolled asthma. Ann Allergy Asthma Immunol. 2018;120:504-11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s12325-019-01191-2
https://doi.org/10.1007/s12325-019-01191-2
http://www.r-project.org/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Clinical, analytical, and lung function variables
	Statistical analysis

	Results
	Clinical characteristics
	Parameters assessed

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

