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Severe eosinophilic asthma is a complex disease and much effort has been made to fully understand its mech
anisms. Bronchial remodeling and loss of lung function are important features in asthma, however their key
aspects are not completely clear, especially the impact that biological drugs may have on them. One of the key
cytokines involved in the pathophysiology of eosinophilic asthma is interleukin-5 (IL-5), which plays a very
important role together with other type 2 cytokines and chemokines in the development, transmigration and
persistence of eosinophils into airways, such as eotaxin-2 and 3, thymic stromal lymphopoietin (TSLP), IL-33, as
well as IL-4 and IL-13. Several monoclonal antibodies have been developed against this cytokine (mepolizumab,
reslizumab) or its receptor (benralizumab). Data on the improvement of respiratory function in patients who
undergo benralizumab treatment are scarce and partly conflicting. Real-life studies may play a crucial role in
clarifying this important aspect.
The aim of this retrospective observational real-world study was to evaluate the effect of benralizumab on lung
function improvement, exacerbation rate, oral corticosteroids (OCS) reduction and asthma control questionnaire
(ACQ) score before and after six months of treatment with benralizumab in a cohort of 20 consecutive patients
with severe refractory asthma (SRA) treated at the Pneumology Unit of Local Health Authority, Reggio Emilia,
Italy.
Add-on therapy with benralizumab allowed to completely suspend OCS in 19 out of 20 patients. Notably, the
number of moderate/severe exacerbations dropped significantly (p < 0,0001); as well as an improvement in ACQ
score (p < 0,0001). The most relevant data concern respiratory function: the average pre-bronchodilator FEV1
increased by 21.3% (+680 ml) compared to baseline (p = 0,0006). Moreover, the improvement in morning PEF
(+66,6 l/min) confirmed the benefit of benralizumab (p = 0,02). The improvement in respiratory function was
significantly higher in patients with blood eosinophilia greater than 500 cells/μL and chronic rhinosinusitis with
nasal polyps (CRSwNP).
This study underlies a noticeable improvement in respiratory function, much higher than what has been
observed in literature so far. This aspect, together with the others aforementioned, should be considered when
choosing a treatment option in the context of precision medicine.

1. Introduction
Severe eosinophilic asthma is a complex disease and much effort has
been made to fully understand its mechanisms. Bronchial remodeling
and loss of lung function are important features in asthma; however,
they present key aspects that are not completely understood, especially
regarding the impact that biological drugs may have on them [1].

Activated eosinophils are known to release a number of inflamma
tory mediators that play an important role in airway remodeling. One of
the key cytokines involved in the pathophysiology of eosinophilic
asthma is interleukin-5 (IL-5), which is mainly produced by helper-2 T
lymphocytes (Th2) and innate type 2 lymphocytes and plays a very
important role together with other type 2 cytokines and chemokines in
the development, transmigration and persistence of eosinophils into
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airways, such as eotaxin-2 and 3, thymic stromal lymphopoietin (TSLP),
IL-33, as well as IL-4 and IL-13 [2]. This type of asthmatic inflammation
of the airways is generally susceptible to treatment with inhaled corti
costeroids (ICS) or oral corticosteroids (OCS). However, in many cases
severe eosinophilic asthma is refractory to both ICS and OCS, probably
due to the presence of high quantities of IL-5 into the airways [3].
IL-5 is therefore a crucial target for biological therapies in patients
with severe refractory eosinophilic asthma (SRA). Several monoclonal
antibodies have been developed against this cytokine (mepolizumab,
reslizumab) or its receptor (benralizumab) [4]. These drugs have shown
appreciable efficacy in terms of better control of asthma and
steroid-sparing effect [5,6].
Specifically, benralizumab is a humanized IgG1k monoclonal anti
body characterized by a dual mechanism of action [7] It binds to the α
subunit of the IL-5 receptor (IL-5Rα), located on the surface of eosino
phils, basophils and group 2 innate lymphoid cells (ILC2), blocking
signal transduction [7]. Furthermore, the Fc fragment of benralizumab
binds to the FcγRIIIa receptor expressed by macrophages and natural
killer cells (NK), leading to the apoptosis of eosinophils through
antibody-dependent cell-mediated cytotoxicity (ADCC) [8].
Data on the improvement of respiratory function in patients who
undergo benralizumab treatment are partly conflicting. Real-life studies
may play a crucial role in clarifying this important aspect.
The aim of this retrospective observational study was to evaluate, in
a real-world setting cohort of patients with SRA, the effect of add-on
benralizumab on lung function and asthma control after six months of
treatment. In particular, only patients with very severe, OCS-dependent
asthma were enrolled, which are those who usually are managed in a
severe asthma clinic and cannot be seen in a primary care practice
setting.

Table 1
Demographic and clinical characteristics of patients with severe asthma.
Demographic and Clinical Characteristics

Baseline

No. of patients
Age y, mean ± SD
Female, n (%)
Weight Kg, mean ± SD
History of smoking (former), n (%)
Age onset y, mean ± SD
Total serum IgE KU/l, mean ± SD
Positive bronchodilator response, n (%)
Positive bronchodilator response %, mean ± SD

20
54 ± 11
8 (40)
71,2 ± 12,7
2 (10)
34 ± 16
364,7 ± 661,1
18 (90)
16,7 ± 8,3

T2 High Phenotype
Only Eosinophilic, n (%)
Eosinophilic and Allergic, n (%)

16 (80)
4 (20)

OCS treatment
Patients chronically taking OCS n (%)
Patients taking OCS at least 6 months/year n (%)

6 (30)
20 (100)

Comorbidities
CRSwNP, n (%)
GERD, n (%)
Bronchiectasis, n (%)

11 (55)
11 (55)
6 (30)

This table shows demographic, clinical characteristics, inflammatory pheno
types and asthma comorbidities.
OCS: Oral corticosteroids.
CRSwNP: Chronic rhinosinusitis with nasal polyps.
GERD: Gastro-esophageal reflux disease.

interesting to evaluate the results on this cohort at 12 months and
beyond.
A control group was not used in our longitudinal retrospective study
because the patients were followed in their natural setting and subjected
to the same therapeutic scheme. The aim of our study carried out in a
real-world setting was not to compare the results of different treatments,
but rather to make a comparison with the literature data. In addition,
real-life studies are hardly equipped with a control group, precisely for
the study design. This makes the size of the results less strong but still
applicable to clinical practice and able to give useful and interesting
indications to clinicians.

2. Materials and methods
2.1. Ethical approval
This protocol was approved by the local Institutional Review Board.
The study was performed according to the Good Clinical Practice (ICH
Harmonized Tripartite Guidelines for Good Clinical Practice 1996;
Directive 91/507. EEC, The Rules Governing Medical Products in the
European Community) and in accordance with the Italian laws.

2.3. Statistical analysis

2.2. Study population and treatment plan

Statistical analysis was performed with Graph Pad Prism 6 software.
Student’s t-test and nonparametric Wilcoxon signed rank test were used,
where appropriate, to compare the mean of continuous data between
baseline and follow up (6 months after treatment), assuming a two-way
alpha; Fisher’s test was used to compare nominal variables between
baseline and follow up. P-value were considered statistically significant
when p < 0.05.

In this observational study, a cohort of patients with SRA according
to ERS/ATS and GINA 2018 classifications [9,10], referring to the
Pneumology Unit of Local Health Authority, Reggio Emilia, Italy, was
enrolled from September 4th, 2019 to March 3rd, 2020.
For each patient we collected: demographic data (age, gender, age of
onset of asthma, history of smoking and allergies); comorbidities; clin
ical data (lung function, exacerbations, emergency room visits and
hospitalizations); asthma control questionnaire (ACQ), serum bio
markers (blood eosinophil counts and total serum IgE), asthma medi
cations
(high-dose inhaled
corticosteroids/Long-acting
betaadrenoceptor agonists (ICS/LABA), long-acting muscarinic antagonists
(LAMA), leukotriene receptor antagonists (LTRAs), theophylline, OCS,
benralizumab treatment (Table 1).
The 30 mg treatment schedule of benralizumab was based on the
recommended dosing regimen consisting of a single subcutaneous in
jection, to be administered at 4-weeks intervals for the first three doses
and every 8 weeks thereafter.
The primary endpoint of this study was to describe the improvement
in forced expiratory volume in 1 s (FEV1) after 6 months of benralizu
mab treatment; secondary endpoints were: assess the exacerbation rate,
OCS reduction and ACQ score before and after benralizumab treatment.
A preliminary 6-month follow-up period was chosen to highlight the
rapidity of benralizumab on the main and secondary endpoints. It will be

3. Results
3.1. Demographic data and comorbidities
Overall, 20 consecutive patients with SRA according to ERS/ATS
2014 guidelines and GINA 2018 classification, referring to the Pneu
mology Unit of Local Health Authority of Reggio Emilia/IRCCS, Italy
were enrolled in this study.
In the cohort, asthma symptoms were uncontrolled despite regular
treatment with high doses of ICS/LABA and OCS. At baseline, all sub
jects enrolled had a blood eosinophil level above 300 cells/mmc and
underwent OCS treatment for at least 6 months in the previous year
prior study enrollment.
Twelve (60%) patients were male and mean age was 54 ± 11 years
old. The mean age of SRA onset was 34 ± 16 years old. Inflammatory
phenotypes were: 16 (80%) eosinophilic only; 4 (20%) had a mixed
2
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allergic and eosinophilic phenotype. Mean blood eosinophil count was
533,5 ± 278,4 cells/μl, mean total serum IgE value was 364,7 ± 661,1
kU/l.
The most common comorbidities were: chronic rhinosinusitis with
nasal polyps (CRSwNP) (11 patients - 55%), gastro-esophageal reflux
disease (GERD) (11 patients – 55%) and bronchiectasis (6 patients –
30%).

3.3. Blood eosinophils and asthma control
Six months after the first dose of benralizumab, blood eosinophil
numbers significantly decreased from 533,5 ± 278,4 cells/μL to 0,02 ±
0,04 cells/μL (p < 0,0001).
At baseline, mean exacerbations number per year was 2,90 ± 0,72,
Emergency Department (ED) visits and hospitalizations were 0,10 ±
0,31 and ACQ score was 3,37. After six months of benralizumab treat
ment, the number of exacerbations per year dropped from 2,90 ± 0,72 to
0,05 ± 0,22 (p < 0,0001), no more ED visits and hospitalizations have
occurred and ACQ score decreased from 3,37 ± 0,62 to 0,97 (p <
0,0001) (Table 2).

3.2. Concomitant medications
All enrolled patients were taking OCS for at least 6 months per year
and 6 (30%) patients were on continous OCS treatment for the 12
months before benralizumab treatment. All patients were taking a
combination of ICS/LABA inhaler therapy, 60% were taking LAMA, 35%
LTRAs and 15% theophylline. Mean beclomethasone daily dose was
1550 ± 513 mcg; while prednisone daily dose was 18,7 mg. Six months
after benralizumab starting, only one patient continued to take OCS
daily with a general reduction of the average number of drugs taken,
beclomethasone daily dose (1139 ± 520 mcg/p 0,0035) and prednisone
daily dose (0,25 mg/p < 0,0001). The average doses of all the other
molecules taken by the patients decreased (Table 2).

3.4. Lung function
Overall, lung function’s parameter significantly improved in the
study period (Fig. 1).
At baseline, 18 out of 20 patients had a positive bronchodilator
response (≥12% and ≥200 mL increase over baseline). Six months after
the first subcutaneous injection of benralizumab, pre-bronchodilator
FEV1 increased from 1,92 ± 0,78 mL (baseline) to 2,60 ± 1,07 mL (p
0,0004) (Fig. 2).
Also the morning peak expiratory flow (PEF) value, when compared
to the baseline measurement, enhanced from 318,1 ± 153,0 l/min to
384,7 ± 194,5 l/min (p 0,0285). Patients with CRSwNP had a mean
increase in FEV1 of 40%, compared to those without this comorbidity,
improving only by 28% (Fig. 3). Stratifying patients by blood eosino
phils level, the group with a cut-off greater than 500 cells/μL showed an
increase in FEV1 of 43% compared to an improvement of 30% of the
group with blood eosinophilia lower than 500 cells/μL (Fig. 4).

Table 2
Outcomes at baseline and after six months.
Parameter

Baseline

After 6
months

p-Value

Number of patients
Blood eosinophil count cells/μl, mean ±
SD

20
533,5 ±
278,4

20
0,02 ± 0,04

_
<
0,0001

57,1 ± 12,6
1,92 ± 0,78
78,6 ± 9,2
3,29 ± 0,87
58,9 ± 12,7
318,1 ±
153,0

78,5 ± 24,5
2,60 ± 1,07
93,2 ± 18,2
3,89 ± 1,14
66,9 ± 14,4
384,7 ±
194,5

0,0006
0,0004
0,0012
0,0008
0,0062
0,0285

20 (100)
1500 ± 513

20 (100)
1139 ± 520

_
0,0035

6 (30)
18,7 ± 3,33

1 (5)
0,25 ± 1,12

12 (60)
7 (35)
3 (15)

7 (35)
4 (20)
2 (10)

0,0416
<
0,0001
0,0743
0,1624
0,3292

5 (25)
15 (75)

11 (55)
9 (45)

0,0414
0,0414

Exacerbations/y, mean ± SD

2,90 ± 0,72

0,05 ± 0,22

ED visits/hospitalizations/y, mean ± SD
ACQ scores, mean ± SD

0,10 ± 0,31
3,37 ± 0,62

0±0
0,97 ± 0,60

<
0,0001
0,162
<
0,0001

Lung function, pre-bronchodilator
FEV1% mean ± SD
FEV1 l mean ± SD
FVC % mean ± SD
FVC l mean ± SD
FEV1/FVC % mean ± SD
PEF l/min mean ± SD

3.5. Safety profile
No mild or serious adverse events occurred throughout the study
period.
4. Discussion

Asthma concomitant medication
Patients taking ICS/LABA, n (%)
Beclomethasone or equivalent daily dose
mcg, mean ± SD
Patients chronically taking OCS n (%)
OCS (prednisone or equivalent) daily
dose mg, mean ± SD
Patients taking LAMA, n (%)
Patients taking LTRA, n (%)
Patients taking theophylline, n (%)

To date, there is substantial evidence that benralizumab treatment
improves exacerbation rate, symptoms, lung function, asthma symptoms
and quality of life in patients with SRA.
Most of the data derive from randomized clinical trials (RCTs), while
there are still few studies in a real world setting. SIROCCO and CALIMA
Phase 3 RCTs have shown that benralizumab significantly reduces
annual exacerbation rate, improves FEV1 and reduces symptoms [11,
12]. Furthermore, the ZONDA study demonstrated that benralizumab
has a good OCS-sparing profile [13]. Another important evidence is the
equal effectiveness of benralizumab in the presence of atopy and
eosinophilia [14], without differences related to baseline serum IgE
levels.
A recent real-life study by Pelaia et al. showed that the effect of
benralizumab in terms of improvement of morning FEV1, PEF and OCS
withdrawal was greater than in RCTs [15]. It is therefore mandatory to
collect further information in real-world settings.
The subjects enrolled in this small cohort presented a significant
improvement in asthma control in terms of reduction of moderatesevere exacerbations and OCS withdrawal. Of this group, 20% have a
mixed atopic and eosinophilic phenotype and 55% had CRSwNP, the
most frequent comorbidity in severe asthma. Polyps can be a reliable
clinical biomarkers of effective therapeutic response to add-on benrali
zumab treatment [16]. It is known that there is a close similarity in the
cellular and molecular mechanisms underlying type 2 inflammation in
asthma and CRSwNP, both in the eosinophilic and allergic inflammation
[17].
At baseline, all 20 patients were taking OCS continuously or almost
continuously. Add-on therapy with the anti-eosinophilic biologic

GINA stratification
Step 4 n (%)
Step 5 n (%)
Asthma control

This table shows lung function data, asthma concomitant medications and re
sults of benralizumab on improving asthma in terms of reduction of exacerba
tions, ED visits, hospitalizations and improvement of ACQ scores.
FEV1: Forced Expiratory Volume in the first second.
FVC: forced vital capacity.
PEF: Peak expiratory flow.
ICS/LABA: Inhaled corticosteroid/long-acting β-agonist.
LAMA: long-acting muscarinic antagonist.
LTRAs: leukotriene receptor antagonists.
ED: Emergency department.
ACQ: Asthma control questionnaire.
3
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Fig. 1. Lung function trend (%- L).

Fig. 2. FEV1 (%) improvement according to the blood eosinophils level.

benralizumab allowed to completely suspend OCS in almost all patients,
confirming that the mechanism of apoptosis on effector cells (eosino
phils, basophils and ILC2) [18] and the complete inhibition of IL-5 ac
tivity have an extremely profound anti-inflammatory activity. The
OCS-sparing effect in our cohort was superior to phase 3 RCTs such as
the ZONDA study [19], confirming the great efficacy of benralizumab
when compared to other biologics [20].
Notably, in our cohort a positive trend was evidenced in terms of
moderate/severe exacerbations rate, reduction of hospitalizations and
ED visits and ACQ score improvement.
The noticeable improvement in lung function with an average in
crease in pre-bronchodilator FEV1 of 680 ml was far greater than the one
in the RCTs SIROCCO, CALIMA [11,12], BISE [21]; and to the post hoc
analysis of pooled SIROCCO and CALIMA [22]. Furthermore, this result
is higher than in other real-life studies, albeit with a smaller cohort [15].
In addition to FEV1, the increase in morning PEF was much greater than
the results of CALIMA, SIROCCO and ZONDA RCTs [23].
The great benralizumab effect on pulmonary function is due to a
sharp depletion of blood, tissue, and bone marrow eosinophilia [24],

with reduction of the persistent eosinophilic airway inflammation
resulting in resolution of bronchospasm. Another explanation for the
great improvement in respiratory function in our cohort is the presence
in the majority of patients of nasal polyposis and a post-bronchodilator
reversibility of FEV1. These characteristics probably increased the ben
ralizumab efficacy. These characteristics probably increased the
magnitude of the treatment effects, and suggest that this is the ideal
patient profile for benralizumab. However, a pooled analysis of phase 3
RCTs revealed that the efficacy of benralizumab is also present in pa
tients with fixed airway obstruction (FAO), considering both asthma
control and respiratory function [25]. The evident effect on respiratory
function can lead to speculation of an action of benralizumab on bron
chial remodeling, as demonstrated for omalizumab [26]. In this regard,
it will be interesting to evaluate this possible and promising feature with
ad hoc studies.
The discussion about the positioning of biological drugs for severe
asthma is still a hot topic, especially because there are no head-to-head
comparison studies in the case of phenotypic overlap. Data on the effect
on respiratory function of biologics are controversial and variable
4
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Fig. 3. FEV1 (L) improvement according to the presence of CRSwNP.

Fig. 4. FEV1 (L) improvement according to EOS > 500 cells/μL.

depending on the studies and pharmacological options considered.
The number of evidences of benralizumab efficacy are increasing.
This study confirms and reinforces data regarding the clear improve
ment in asthma control and steroid-sparing effect, with consequent
reduction of the impact of OCS-related complications. These include
infections, diabetes, osteoporosis, as well as psychiatric disorders, which
was higher for patients with long-term exposure to OCS; ultimately, the
increase healthcare resource use and costs in patients with uncontrolled
steroid-dependent/resistant asthma [27]. Moreover, in our cohort ben
ralizumab had a reassuring safety profile.
In medical articles the term “statistical meaning” is often mis
interpreted as a “clinically important” result. Statistical significance
measures quantify the probability that the results of a study are due to
chance rather than secondary to a real therapeutic effect. In our study

we took these aspects into consideration, comparing the actual thera
peutic effect (with confidence intervals) without considering only the
“P" values and the statistical significance. This statement is demon
strated not only by the improvement in FEV1, but above all by the large
reduction in exacerbations, the improvement in asthma control and the
evident reduction in the use of OCS.
This study has some limitations. The first limitation is the duration of
the 6-month follow-up, intended as a preliminary result to be confirmed
with longer observations. However, these data demonstrate the efficacy
of benralizumab in terms of improvement of respiratory function,
asthma control and steroid-sparing effect. Another limitation is the small
number of patients without a control group, being a retrospective reallife study. The lack of a control group makes it difficult to know pre
cisely if the extent of the improvements observed would hold if a control
5
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group had been used, but it is however evident how the comparison with
the literature data makes the results obtained significant and general
izable to clinical practice.
The most interesting aspect of our real-life study concerns the great
increase in respiratory function, much higher than what emerged in the
literature so far. This aspect, together with the other aforementioned,
should be considered when choosing a treatment option in the context of
precision medicine.
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