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Abstract: Despite several therapeutic choices, 10-20% of patients with severe uncontrolled
asthma do not respond to maximal best standard treatments, leading to a healthcare
expenditure of up to 80% of overall costs for asthma. Today, there are new important
therapeutic strategies, both pharmacological and interventional, that can result in
improvement of severe asthma management, such as omalizumab, bronchial thermoplasty
and other biological drugs, for example, mepolizumab, reslizumab and benralizumab. The
availability of these new treatments and the increasing knowledge of the different asthmatic
phenotypes and endotypes makes correct patient selection increasingly complex and
important. In this article, we discuss the features of benralizumab compared with other anti-
interleukin-5 biologics and omalizumab, the identification of appropriate patients, the safety

profile and future developments.
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Introduction

Severe asthma is a chronic inflammatory disease
affecting 5-10% of more than 300 million people
with asthma worldwide [Masoli ez al. 2012].
Despite the wide therapeutic armamentarium,
10-20% of patients [Global Asthma Report,
2014] with severe uncontrolled asthma do not
respond to maximal best standard treatments due
to the complexity of the different mechanisms
underlying disease pathogenesis. Consequently,
low symptom control, poor quality of life,
unscheduled visits to the doctor’s office or emer-
gency department, and hospitalizations continue
to occur with major direct and indirect costs. In
2007 the incremental cost due to asthma was $56
billion in the United States, with even higher fig-
ures worldwide [Masoli er al. 2012; Barnett and
Nurmagambetov, 2007]. After the advent of
novel biological therapies that have recently been
approved for severe asthma, health economists
and society are looking closely to whether rearing
direct costs due to these medications can be bal-
anced by proportional benefits [Menzella er al.
2012].

Today, there are new important therapeutic strat-
egies, both pharmacological and interventional,

that have been shown to improve the management
of severe asthma, such as omalizumab, bronchial
thermoplasty (BT), and other biological drugs, for
example mepolizumab. Different studies have
shown that anti-interleukin 5 (anti-IL-5) therapies
are effective only in a specific eosinophilic pheno-
type [Nair ez al. 2009; Pavord er al. 2012] while
trials on unselected patients have often missed
their goal [Flood-Page ez al. 2007].

The availability of these new treatment options
and the increasing knowledge of the several asth-
matic phenotypes and endotypes make correct
patient selection increasingly complex but impor-
tant. In this review we discuss the key and some-
times controversial aspects of benralizumab, a
new and different approach to IL-5 antagonism,
debating the current and potential fields of appli-
cation of this innovative and promising molecule.

Eosinophils and IL-5 interaction

Eosinophils represent an important player in dif-
ferent acute and chronic inflammatory processes
involved in airway narrowing and remodelling.
Recruitment and survival of eosinophils in the air-
ways and granule maturation are promoted by
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IL-3, granulocyte—-macrophage colony-stimulat-
ing factor (GM-CSF) and in particular IL-5, a
134-amino acid protein forming a 52 kDa
homodimer related to both GM-CSF and IL-3
[Klein er al. 2012; McKinnon et al. 1999;
Menzies-Gow et al. 2003].

IL-5 stimulates the final steps in the differentia-
tion of activated B cells to antibody-forming cells
and enhances proliferation and differentiation of
eosinophil precursors [Kouro and Takatsu,
2009]. There is evidence in experimental murine
models of IL-5 involvement in airway remodel-
ling [Tanaka ez al. 2004].

Mature eosinophils circulate in the blood for
6—10 h [Berek, 2016; Becchetti ez al. 2011] to end
their life cycle 8-12 days after migration in con-
nective tissues. The cell surface of eosinophils
expresses immunoglobulin E (IgE) receptors
involved in the activation of allergic reactions and
the protection against parasites and worms
through a mechanism of antigen—antibody com-
plex internalization and release of inflammatory
mediators (such as major basic protein) highly
toxic for microbial agents. Eosinophils can release
from cytoplasmic granules different mediators of
allergic reactions, such as histaminase and aryl-
sulfatase, and secrete leukotrienes, which have a
significant role in asthma by sustaining inflamma-
tion, increasing mucus production and inducing
bronchoconstriction [Baptista-dos-Reis ez al.
2015; George and Brightling, 2016]. Eosinophilia
is not only typical of some phenotypes of asthma,
but can also be found in several other disorders
originating from atopic conditions, helminthic
infestations, hypersensitivity to drugs and cancer
[Curtis and Ogbogu, 2015].

The life cycle of eosinophils is mainly regulated
by IL-5, therefore this molecule and its receptor
have been studied as a target in the treatment of
eosinophilic disorders. IL-5 is secreted by T
helper 2 (Th2) lymphocytes, type 2 cytotoxic T
cells, eosinophils, mast cells, y3-T cells and type 2
innate lymphoid cells. Small amounts of IL-5 can
be released by epithelial cells, natural killer (NK)
cells and NK T cells [Klein ez al. 2012; McKinnon
et al. 1999].

The IL-5 receptor complex is expressed in particu-
lar by eosinophils and basophils and is a heterodi-
mer composed of an o chain (highly specific for
IL-5) with a molecular weight of 60 Kd and a Bc

chain with a molecular weight of 130 Kd. The Bc
chain is also shared and recognized by IL-3 and
GM-CSF [Kouro and Takatsu, 2009; Menzies
et al. 2003] and belongs to the class I cytokine
receptor family [Kaczmarski and Mufti, 1991].
The a chain is required for ligand-specific binding,
whereas association with the c chain leads to an
increased binding affinity [Takagi ez al. 1995]. The
receptor gene is located on chromosome 5, close to
the genes encoding IL-3, IL-4 and GM-CSF
[Wells er al. 1994; Valent et al. 1994; Toba et al.
1999]. Several transcription factors (including
GATAD3) regulate the expression of IL-5.

Benralizumab: structure and mechanism of
action

Benralizumab, formerly known as BIW-8405/
MEDI-56 developed by MedImmune-
AstraZeneca, Gaithersburg, Maryland (USA) is a
humanized monoclonal antibody (mAb) (IgG1k)
that binds with high affinity to the a chain of
human IL-5R, resulting in inhibition of IL5-
mediated receptor activation (Figure 1). The
binding site of benralizumab is close to a confor-
mationally distinct epitope within domain 1 of the
IL-5R, further explaining its neutralizing activity.
The molecular structure has been engineered
without fucose sugar residue in the CH2 region:
afucosylation enhances the interaction of benrali-
zumab with its binding site and strongly induces
antibody-dependent cell-mediated cytotoxicity
(ADCC) of eosinophils and basophils [Rothenberg
and Hogan, 2006; Brown, 2015; Castro er al.
2014].

The afucosylated IgGk mAb is characterized by a
high-binding affinity for the Fcy RIIIa region and
it can overcome the inhibitory effects exhibited by
serum IgG that limit the ADCC activity of their
fucosylated counterparts [Walsh, 2013]. This is
in contrast to the other anti-IL-5 biologics (i.e.
mepolizumab and reslizumab) that block the acti-
vation of eosinophils by neutralizing circulating
IL-5 (Table 1). Benralizumab targets the circulat-
ing effector cells and lung-tissue resident eosino-
phils, but it also induces the depletion of
eosinophils in the circulation, bone marrow and
target tissues, particularly the airways and lungs
in patients with asthma [lida er al. 2006].
Benralizumab decreases blood eosinophils and
basophils close to the limit of detection and
reduces eosinophil precursors in the bone marrow
by 80% or more. Therefore, it may provide a
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Figure 1. Benralizumab binds with the a chain of interleukin 5 receptor (IL-5R) resulting in inhibition of
hetero-oligomerization of a and B subunits and thus no signal transduction occurs. Afucosylated site of
benralizumab enhances its binding to FcyRllla leading to antibody-dependent cell-mediated cytotoxicity

(ADCC).

Table 1. Benralizumab and the other anti-interleukin-5 monoclonal antibodies.

Compound Mechanism of action

Key points

Benralizumab

and basophils

Mepolizumab N-glycosylated IgG1/x humanized

monoclonal antibody. Binds IL-5 with

high specificity and affinity
Reslizumab
circulating IL-5 with high affinity

High-binding affinity to a--chain of IL-
5R. Induces ADCC of both eosinophils

IgG4/x monoclonal antibody targeting

Decreases blood eosinophils and basophils
close to the limit of detection and reduces
eosinophil precursors in the bone

marrow by 80%. FDA and EMA approval.
Subcutaneous administration

First anti-IL-5, several studies available
in literature. FDA and EMA approval.
Subcutaneous administration

Several efficacy data available. FDA
approval. The intravenous administration
could be a limiting factor

ADCC, antibody-dependent cell-mediated cytotoxicity; EMA, European Medicines Agency; FDA, Food and Drug Adminis-

tration; IL-5R, interleukin 5 receptor.

marked depletion of airway eosinophils and baso-
phils through enhanced ADCC, giving a possible
explanation for the great reduction of exacerba-
tions in asthma.

Preclinical studies
Kolbeck and colleagues used surface plasmon
resonance to determine the binding affinity of

MEDI-563 to FcgRIIla [Kolbeck er al. 2010].
Human eosinophils and basophils were used to
demonstrate antibody-dependent cell-mediated
cytotoxicity. The binding epitope of MEDI-563
on IL-5Ra was determined by using site-directed
mutagenesis and the drug effect on peripheral
blood and bone marrow eosinophil depletion was
studied on a monkey model (cynomolgus). The
authors showed that benralizumab at various dose
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levels (0.1, 1, 10 and 30 mg/kg intravenously
every 3 weeks X 12 weeks) binds to an epitope on
IL-5Ra close to the IL-5 binding site, inhibits
IL-5-mediated cell proliferation and causes anti-
body-dependent cell-mediated cytotoxicity on
eosinophils and basophils  vitro. Blood eosino-
phils and eosinophil precursors in the bone mar-
row were markedly reduced at all dose levels and
all eosinophils had been bound by benralizumab
after incubation.

These encouraging results have promoted the
clinical development of this biological agent,
especially in asthma.

Clinical data on asthma

In November 2008 the first phase I randomized
clinical trial (RCT) was completed on benrali-
zumab for asthma [ClinicalTrials.gov identifier:
NCT00512486]. This was a multicentre, open-
label, single-administration, sequential dose esca-
lation study in subjects with mild asthma with the
primary outcome to evaluate the effects on the
overall incidence of adverse events for each dose
of the drug (BIW-8405/MEDI-56). Secondary
outcome measures were in particular the assess-
ment of eosinophil counts in peripheral blood,
fractional exhaled nitric oxide (FeNO), and
eosinophil cationic protein (ECP). Single escalat-
ing doses of MEDI-563 resulted in a marked
reduction of peripheral blood eosinophil counts
within 24 h after dosing, with an acceptable safety
profile. The pharmacokinetic and pharmacody-
namic relationships for benralizumab were also
evaluated in the same study. The pharmacoki-
netic activity was dose proportional at doses of
0.03-3 mg/kg while the elimination half life was
about 18 days. The most frequently reported
adverse events were reduced white blood cell
counts, nasopharyngitis and increased blood cre-
atine phosphokinase [Busse ez al. 2010].

Between April 2008 and April 2011, a phase I,
double-blind, placebo-controlled trial was con-
ducted [ClinicalTrials.gov identifier:
NCT00659659] to evaluate the safety profile of
MEDI-563-benralizumab and its effects on eosin-
ophils in the airways, sputum, bone marrow and
peripheral blood in adults with atopic asthma
[Laviolette ez al. 2013]. Twenty-seven patients
were randomized in two cohorts to receive respec-
tively an intravenous infusion of 1 mg/kg benrali-
zumab or placebo, or 100 or 200 mg benralizumab

or placebo divided into four subcutaneous injec-
tions. Induced sputum samples were collected for
eosinophil evaluation at screening and at subse-
quent time points. Patients underwent a baseline
bronchoscopy with airway mucosal biopsies at
least 7 days after screening sputum induction and
within 2 days before day 0. Some patients who
provided informed consent had bone marrow aspi-
ration at screening and day 28. Finally, blood sam-
ples were taken. The incidence of adverse events
was similar among groups. In the two cohorts,
intravenous or subcutaneous, benralizumab pro-
duced a median decrease from baseline of 61.9%
and 95.8% in airway mucosal eosinophils, 18.7%
and 89.9% in sputum and 100% in blood, respec-
tively. Eosinophils were not detectable in bone
marrow of subjects on active treatment and signifi-
cant adverse events did not appear in both groups,
demonstrating a good safety and efficacy profile for
benralizumab (Table 2).

A phase IIa study [ClinicalTrials.gov identifier:
NCTO00783289] evaluated the safety and tolera-
bility of multiple doses of benralizumab adminis-
tered subcutaneously to adults with asthma
[ClinicalTrials.gov identifier: NCT00783289].
In this trial, subjects received thrice monthly sub-
cutaneous doses of benralizumab (25, 100 and
200 mg, respectively or placebo). A few days after
dosing, an almost complete peripheral blood
eosinophils depletion was observed, remaining
stable for 160 days in all cohorts with an accept-
able safety profile.

Sera of patients enrolled in the previous two trials
[ClinicalTrials.gov identifier: NCT00659659
and NCT00783289] were collected (number of
patients=14+24) and compared with sera of 20
healthy volunteers [Pham ez al. 2016]. Blood
eosinophils, IL-5, eosinophil derived neurotoxin
(EDN), ECP, eotaxin/chemokine (CeC motif) 11
(CCLI11), eotaxin-2/CCL24, tumour necrosis
factor (TNF) and interferon ¥ (IFNY) were meas-
ured at baseline and post benralizumab adminis-
tration. After treatment a significant reduction of
blood eosinophils and sera EDN and ECP were
found in comparison to baseline (p < 0.05). No
changes in TNF or IFNy were observed, while
serum IL-5, eotaxin/CCL11 and eotaxin-2/
CCL24 increased after anti IL.-5 mAb adminis-
tration versus placebo (p < 0.05). These results
suggest that cytotoxic granule proteins were not
released after eosinophil reduction following
treatment with benralizumab.
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Table 2. The recent history of benralizumab through its key studies.

Author Study population  Study design Dosage Results
Busse 44 with mild Multicentre, open-label,  0.03 mg/kg, 0.1 Reduction of PB
etal atopic asthma single-administration, mg/kg, 0.3 mg/ eosinophil counts within
[2010] sequential dose kg, 1.0 mg/kg, 3.0 24 h after dosing
escalation of BIW-8405/  mg/kg intravenous
MEDI-563 injection
Laviolette 27 adults with Multicentre, double- Placebo or Single-dose intravenous
etal. eosinophilic blind, placebo- benralizumab 1 and multiple-dose
[2013] asthma controlled phase | study ~ mg/kg intravenous  subcutaneous
injection or benralizumab reduced
subcutaneous eosinophil counts
doses of placebo in airway mucosa/
or benralizumab submucosa and sputum,
100 or 200 mg and suppressed
eosinophils in bone
marrow and PB
Gossage 25 with Phase lla, randomized, Benralizumab Peripheral blood
etal. persistent adult double-blind, placebo- subcutaneous eosinophils depletion
[2010] asthma controlled, dose- dose 25 mg, 100
escalation study mg and 200 mg
Nowak 136 with severe Randomized, double- Intravenous One dose of
et al. asthma blind, placebo- infusion of placebo  benralizumab, reduced
[2015] controlled study or benralizumab rate and severity of
0.3 mg/kg, n = 36  exacerbations over 12
or 1.0 mg/kg weeks in subjects who
presented to the ED with
acute asthma
Castro 324 with Randomized, controlled, 2 mg Reduced asthma
et al. persistent double-blind, dose- benralizumab, 20 exacerbations in adults
[2014] eosinophilicand  ranging phase Ilb study mg benralizumab,  with uncontrolled
noneosinophilic or 100 mg eosinophilic asthma
asthma benralizumab and baseline blood
eosinophils of at least
300 cells/ul
Park etal. 106 adults with Multicentre, 20 mg and 100 Reduced asthma
[2016] uncontrolled randomized, double- mg benralizumab exacerbations, improved
eosinophilic blind, placebo- subcutaneously lung function and
asthma controlled study asthma control

ED, emergency department; PB: Peripheral blood.

A subsequent phase II, multicentre, randomized,
double-blind RCT was completed in 2011. The
primary outcome was the evaluation of two intra-
venous dose regimens of MEDI-563 (0.3 and 1.0
mg/kg) in adult patients who required an urgent
healthcare visit for an asthma exacerbation
[ClinicalTrials.gov identifier: NCT00768079].
One hundred and ten subjects were stratified
according to baseline blood eosinophil counts of at
least 450 or greater than 450 cells/ul and rand-
omized to benralizumab (0.3 mg/kg or 1.0 mg/kg)
or placebo according to a 2:1 ratio. Patients were
followed up for 168 days after drug administration.
This study showed that one single dose

of benralizumab added onto current standard
maximal care with bronchodilators and systemic
corticosteroids significantly reduced blood eosino-
phil counts, rate and severity of exacerbations
(-49%), and hospitalizations (—60%) in subjects
who presented to the emergency department with
an asthma exacerbation [Nowak et al. 2015].
Another interesting finding was the persistent
effect of the single dose of benralizumab on exacer-
bations beyond 12 weeks, independently of blood
eosinophil levels, thereby reducing the use of
healthcare resources; the effect on eosinophil
reduction was independent of the compliance with
usual oral and inhaled asthma treatments. Despite
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these positive outcomes, benralizumab had a poor
impact on pulmonary function, asthma control
and asthma quality of life [Nowak ez al. 2015].

Further investigations have been planned to con-
firm the promising results that have emerged so
far. A phase IIb dose-ranging study with the
aim of assessing the efficacy and safety of ben-
ralizumab was completed in March 2012
[ClinicalTrials.gov identifier: NCT01238861].
Benralizumab 2 or 20 or 100 mg or placebo were
randomly assigned to 324 ‘eosinophilic patients’
while 285 noneosinophilic subjects received 100
mg benralizumab or placebo [Castro ez al. 2014].
In the eosinophilic pattern, benralizumab led to
an 80% reduction of exacerbation rates compared
with placebo in the 100 mg group; on the con-
trary, in the 2 and 20 mg groups the results were
not significant (Table 2). In patients with a base-
line blood eosinophil cutoff of 300 cells/ul, the
efficacy of benralizumab was even more evident
in reducing exacerbation rates, including the 20
mg group. In these patients, benralizumab also
allowed improvements of mean forced expiratory
volume in 1 second (FEV,) and the six-item
Asthma Control Questionnaire (ACQ-6) score
from baseline to week 52 compared with placebo;
no adverse events were observed, apart from
nasopharyngitis and injection site reactions.

A similar phase II RCT was conducted in a spe-
cific geographical setting in Korea and Japan
[ClinicalTrials.gov identifier: NCT01412736].
One hundred and six patients were randomized
into four groups: placebo, subcutaneous benrali-
zumab at doses of 2, 20 and 100 mg. The primary
endpoint, that is reduction in asthma exacerba-
tion rate at week 52, was improved by 33%, 45%
or 36% versus the placebo group when treated
with 2, 20 or 100 mg benralizumab, respectively
[Park ez al. 2016], with a significant improvement
even in lung function (Table 2).

These data confirm that patients with high levels
of eosinophils are the real target of anti-IL-5
mADbs and in general the overall results of phase 11
RCTs underline that benralizumab is safe and
effective in reducing eosinophils and improving
asthma control compared with placebo.

AstraZeneca recently launched the phase III
Windward program for benralizumab, including a
series of RCTs, a few already completed with pre-
liminary data available.

The first trial was CALIMA [ClinicalTrials.gov
identifier: NCT01914757], with the primary out-
come to evaluate the effect of benralizumab on
asthma exacerbations in adult and adolescent
patients with uncontrolled asthma despite best
standard therapy. This study also assessed the
safety and the effects on lung function, symp-
toms, emergency room access and hospitalization
rates during a period of 56 weeks.

The Windward program includes two other
phase III pivotal RCTs for benralizumab added
to high-dose (SIROCCO) [ClinicalTrials.gov
identifier: NCT01928771] or medium-dose
(PAMPERO) [ClinicalTrials.gov identifier:
NCT01947946] inhaled corticosteroids plus a
long-acting § agonist. The preliminary results of
these studies confirm the achievement of the pri-
mary endpoint, demonstrating significant reduc-
tions in the annual asthma exacerbation rate
compared with placebo.

Another RCT is in progress with the primary out-
come to evaluate the effect of two dosing regi-
mens of benralizumab on oral corticosteroid use
in terms of percentage reduction comparing final
versus baseline oral corticosteroid dose (ZONDA)
[ClinicalTrials.gov identifier: NCT02075255].
Finally, a long-term safety trial (BORA) is cur-
rently recruiting patients [ClinicalTrials.gov
identifier: NCT02258542] with the main pur-
pose of assessing safety and tolerability of two
dosing regimens of benralizumab for adult
patients, with a duration of 56 weeks. The end of
this trial is expected in June 2018.

Other anti-IL-5 mAbs

The first and probably most well known anti-IL-5
agent is mepolizumab, a N-glycosylated IgG1/x
humanized mAb with a disulphide bridge binding
two light chains and two heavy chains (molecular
weight 149.2 kDa) [Zia-Amirhosseini ez al. 1999].
This mAb has high specificity IC50 < 1 nM)
and affinity (Kd = 4.2 pM) for IL-5, inhibiting
binding to the o chain of the IL-5 receptor com-
plex expressed on the eosinophil cell surface
[Hart ez al. 2001; Clutterbuck and Sanderson,
1990]. In November 2015, mepolizumab received
US Food and Drug Administration (FDA)
approval for the treatment of severe eosinophilic
asthma with the brand name of Nucala (GSK,
980 Great West Road Brentford Middlesex
(UK)) at the dose of 100 mg administered sub-
cutaneously once every 4 weeks (www.fda.gov/
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NewsEvents/Newsroom/PressAnnouncements/
ucm471031.htm). In December 2015, the
European Medicines Agency approved a market-
ing authorization as ‘medicine under additional
monitoring’ valid throughout the European Union
(http://www.ema.europa.eu/ema/index.
jsprcurl=pages/medicines/human/medicines/
003860/human_med_001933.jsp&mid=
WCO0b01ac058001d124).

The first studies with mepolizumab produced
contradictory results in the clinical setting, raising
questions about its efficacy in asthma treatment
[Flood-Page et al. 2003; Leckie er al. 2000].

These problems were mainly related to an inac-
curate selection of patients, who had not been
carefully evaluated for airway eosinophilia. As a
matter of fact, mepolizumab was associated with
a significant reduction in blood and sputum
eosinophils but a statistically significant change
was not achieved in any of the clinical endpoints
measured, in particular, decrease in exacerbation
rates [Flood-Page er al. 2007].

Another limitation to reliably defining the effec-
tiveness and safety of mepolizumab was repre-
sented by a relatively small number of patients
and a short duration of studies.

Only when an ‘eosinophilic phenotype’ was iden-
tified as the potential subgroup responsive to
mepolizumab was it realized that history had
taken the right direction.

The MENSA trial enrolled 576 patients with
eosinophilic inflammation and recurrent asthma
exacerbations despite high doses of inhaled gluco-
corticoids [Ortega er al. 2014]. Patients were ran-
domized to one of three study groups to receive
intravenous mepolizumab 75 mg or a subcutane-
ous dose of 100 mg, or placebo, every 4 weeks for
32 weeks. The rate of exacerbations was the pri-
mary outcome, other endpoints were FEV,, St
George’s Respiratory Questionnaire (SGRQ) and
five-item ACQ (ACQ-5) scores. Exacerbation
rate was reduced by 47% in the intravenous group
and by 53% in the subcutaneous group. The
mean increase from baseline in FEV, at the end of
the study was 100 ml greater than placebo for
intravenous mepolizumab and 98 ml greater than
placebo in patients receiving subcutaneous
mepolizumab. Significant improvements in the
SGRQ and ACQ-5 scores were found in compar-
ison with placebo in both the intravenous and

subcutaneous mepolizumab groups, with a safety
profile of the active drug comparable to placebo.
In contrast to previous studies, the MENSA trial
confirmed the efficacy of mepolizumab in reduc-
ing asthma exacerbations, but improvements in
markers of asthma control, including FEV,, were
demonstrated too.

A randomized, double-blind trial (SIRIUS study)
of 135 patients with severe eosinophilic asthma
compared the glucocorticoid-sparing effect of
subcutaneous mepolizumab 100 mg every 4
weeks for 20 weeks with placebo [Bel ez al. 2014].
Mepolizumab was associated with a reduction in
the glucocorticoid dose 2.39 times greater than in
the placebo group (95% confidence interval,
1.25-4.56; p = 0.008); concomitant findings
were a 32% relative reduction in the annualized
rate of exacerbations (1.44 versus 2.12, p = 0.04)
and a significant improvement in asthma symp-
toms (p = 0.004).

A milestone in the clinical positioning of the drug
was the ‘Dose Ranging Efficacy and Safety with
Mepolizumab’ (DREAM) study, a large multi-
centre, double-blind, placebo-controlled trial
enrolling 621 subjects with a history of recurrent
severe asthma exacerbations, and evidence of
eosinophilic inflammation [Pavord et al. 2012].
Patients were randomly assigned to receive one of
three doses of intravenous mepolizumab (75, 250
or 750 mg) or matched placebo (100 ml 0.9%
NaCl). The active treatment significantly reduced
blood and sputum eosinophil counts and the
number of asthma exacerbations, despite a small
effect on FEV,, Asthma Quality of Life
Questionnaire (AQLQ) and ACQ scores com-
pared with the placebo group. Tolerability at 12
months was very good.

Since patients affected by severe asthma with fre-
quent exacerbations and persistent eosinophilia
account for about 40% of patients with severe
asthma, the above studies have offered evidence
for new treatment options, provided that appro-
priate selection of patients can be carried out
[Rothenberg ez al. 2008].

Reslizumab (Cinqair; Teva; Corporate
Headquarters. 5 Basel St., Petach Tikva Israel) is a
second anti-IL-5 biological, recently approved
by the FDA (http://www.fda.gov/NewsEvents/
Newsroom/PressAnnouncements/ucm491980.
htm) as an add-on maintenance treatment
for adults (18 years and older) with severe
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eosinophilic asthma. Reslizumab is a humanized
monoclonal (IgG4/x) antibody with high affinity
for circulating IL-5, preventing its binding to spe-
cific receptor [Kips er al. 2003]. A preclinical
study in allergic mice, monkeys and rabbits (Sch
55700) showed a long-term effect in reducing
pulmonary eosinophilia and airway hyperrespon-
siveness [Egan ez al. 1999].

Similarly to mepolizumab, early RCTs did not
show clinically important results in patients with
severe uncontrolled asthma [Kips ez al. 2003] in
terms of pulmonary function tests or symptoms,
despite a significant reduction in circulating and
sputum eosinophils. The selection of an hypere-
osinophilic asthmatic phenotype (sputum eosino-
phils > 3% or blood eosinophils 400/ul) led to a
clear improvement of clinical outcomes. In a
phase II trial of patients with asthma and nasal
polyposis, asthma symptoms improved signifi-
cantly (p = 0.012) along with asthma control as
measured by the ACQ [Gevaert ez al. 2006].
Significant improvements in FEV, and ACQ
score were found in subsequent phase III RCTs
[Bjermer ez al. 2014], particularly in the subgroup
with nasal polyposis [Castro ez al. 2011].

According to FDA indications, reslizumab should
be administered once every 4 weeks via intrave-
nous infusion by an experienced healthcare pro-
fessional in an appropriate clinical setting to
handle any possible adverse reactions or
anaphylaxis.

Severe asthma phenotyping as a milestone

Large series with patients undergoing asthma
phenotyping have allowed clinical and patholog-
ical features to be demonstrated that correlate
either with eosinophilic or neutrophilic inflam-
mation [Fahy, 2009]. Studies on induced spu-
tum have identified two other inflammatory
phenotypes of asthma, that is granulocytic and
paucigranulocytic, most common in adults and
children with stable asthma [Simpson er al.
2006]. Eosinophilic asthma is a distinct pheno-
type accounting for about 50% of patients with
asthma, clinically characterized by severity of
impairment correlating with level of eosinophilic
inflammation and corticosteroid responsiveness.
The main pathological peculiarity is represented
by thickening of the basement membrane in the
airway mucosa [Woodruff ez al. 2009; Hasegawa
et al. 2015], a feature atypical in noneosinophilic

asthma, a relatively corticosteroid-resistant con-
dition frequently associated with severe disease
[Pepe et al. 2005]. Recurrent asthma exacerba-
tions can predominate in a subgroup of patients
with eosinophilic airway inflammation [Haldar
er al. 2008]. At a biological level, eosinophilic
infiltration is a key feature of Th2-driven inflam-
mation, and eosinophils can be a useful bio-
marker in guiding treatment [Holgate, 2008]. As
discussed so far, the greatest benefits in patients
treated with anti-IL-5 mAbs and in particular
benralizumab were seen in patients with blood
eosinophil levels above 300 or 400 cells/ul [Park
et al. 2016; Castro et al. 2014], who showed sig-
nificant improvement in annual exacerbation
rates, lung function and asthma control scores.
Among asthma phenotypes, the literature shows
that the potential responders to anti-IL-5 mAbs,
in particular mepolizumab, are subjects with
persistent systemic and airway eosinophilia
(>0.3X10%liter in blood, >3% in sputum), pos-
sibly steroid responsive, with poor symptom
control, treated with high-dose inhaled and sys-
temic corticosteroids and a heavy impact on
quality of life because of poor asthma control
and high exacerbation rate [Ortega et al. 2014].
A better clinical response to mepolizumab has
been reported in patients with eosinophilia
greater than 500 cells/ul [Ortega er al. 2014],
although to select patients correctly, a multi-
modal approach is necessary. An appropriate
identification of the eligible population can
indeed maximize the clinical benefits and reduce
the costs of therapeutic failure.

Another interesting aspect is that the proportion
of patients with severe asthma and IgE greater
than 400 Ul/ml is significantly greater than
in series with moderate asthma [Davila ez al.
2015; European Network for Understanding
Mechanisms of Severe Asthma, 2003]. This can
lead to a possible overlap between omalizumab
and anti-IL-5 biologics. At present, in severe
allergic asthma, omalizumab is the gold standard
treatment, with positive clinical outcomes repre-
sented by a reduction in exacerbations, a
systemic corticosteroid sparing effect and an
improvement in quality of life [Normansell ez al.
2014]. In clinical trials, such as the INNOVATE
and another six studies of patients with severe
atopic asthma, baseline IgE was the only predic-
tor of efficacy of omalizumab since statistical sig-
nificance was reached in the upper IgE quartile
only (p < 0.001) [Bousquet ez al. 2007; Humbert
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et al. 2005]. According to the DREAM study,
mepolizumab allowed a significant reduction in
severe asthma exacerbations irrespective of the
baseline IgE levels or atopic status [Pavord ez al.
2012]. Since the populations eligible for mepoli-
zumab or omalizumab partially overlap, a multi-
centre RCT has been planned in patients with
severe eosinophilic asthma to evaluate the effect
of mepolizumab when treatment with omali-
zumab has not allowed effective asthma control
[ClinicalTrials.gov identifier: NCT02654145].
A recent study demonstrated that the anti-IL-5
agents can be effective even in patients who are
nonresponders to omalizumab, with a steroid-
sparing effect [Prazma er al. 2014]. The results
will assist clinicians in understanding whether an
anti-IgE or an anti-IL-5 mAb should be the first
treatment of choice according to the phenotype
of severe allergic asthma.

In the EXTRA trial, enrolling 850 patients,
omalizumab was more effective in subjects with
higher blood eosinophils (>260 cells/ul), high
FeNO and periostin levels [Hanania ez al. 2013].
In this phenotype anti-IL-5 agents should be
studied as the first choice treatment in nonre-
sponders to anti-IgE molecules.

Conversely, the DREAM study [Pavord et al.
2012] demonstrated that mepolizumab effective-
ness was influenced by higher baseline peripheral
blood eosinophils and frequent exacerbations. An
appropriate patient selection according to these
two variables would indicate mepolizumab as the
first choice, also considering a steroid-sparing
effect with a consistent reduction of related side
effects in the long term.

To definitively clarify these doubts and uncer-
tainties, there is a great need for RCT's comparing
biological drugs head to head.

Biomarkers

The development of new biological therapies has
stimulated much interest in biomarkers for the
diagnosis and management of asthma to be used
in combination with clinical and functional data
that do not correlate with airways inflammation.
The present gold standard to assess airway inflam-
mation is represented by invasive procedures,
that is, endoscopic biopsies and bronchoalveolar
lavage, difficult to apply regularly in real-life set-
tings [Djukanovié, 1996; Lommatzsch ez al.

2013]. An ideal biomarker should be cheap, read-
ily available, reproducible, minimally invasive
and clinically predictive. Unfortunately, none of
the many molecules tested present those charac-
teristics altogether.

The main biomarkers used at present in eosino-
philic asthma are the level of eosinophils in spu-
tum and blood. However, they have important
limitations, since induced sputum is not practical
to obtain, eosinophil levels in sputum are variable
and not always reproducible, while circulating
eosinophilia has a low value in predicting airway
pathology [Al-Samri ez al. 2010].

In the DREAM study, eosinophil counts in blood,
but not in sputum, correlated with the response
to mepolizumab [Pavord et al. 2012]. A post hoc
analysis showed a peripheral blood eosinophil
count at screening of at least 150 cells/ml was a
good predictor of response in patients with unsta-
ble asthma and frequent exacerbations [Katz ez al.
2014]. In contrast, a baseline eosinophil count of
less than 150 cells/ml was associated with a lim-
ited reduction of asthma exacerbations. Although
single analysis can be acceptable in RCTs, in clin-
ical practice a single measurement might not be
sufficient to evaluate patients accurately because
blood eosinophil levels can show large spontane-
ous fluctuations over time. A common alternative
is the expired FeNO, whose levels correlate with
airway eosinophils [Jatakanon ez al. 1998].
However, data are controversial because some
authors reported that FeNO closely correlates
with sputum eosinophils [Schleich et al. 2010],
while others showed an association between
FeNO and sputum eosinophilia only in 78% of
cases [Wagener ez al. 2015]. As a consequence,
there is no agreement on the use of this biomarker
for the prescription of IL-5 antagonizing agents
[Westerhof ez al. 2015].

Serum periostin (or osteoblast-specific factor 2) is
a matrix protein originally identified in mesen-
chymal cells, for example osteoblasts, osteoblast-
derived cells and periosteum, that can be secreted
by bronchial epithelial cells following IL.-13 stim-
ulation. So far it has been studied to predict the
response to lebrikizumab, an anti-IL-13 mAb
[Westerhof er al. 2015]. The serum levels of this
protein have been found to correlate with sputum
eosinophilia and eosinophilic airway inflamma-
tion [Izuhara er al. 2016]. The present data for
asthma are controversial, since in one study serum
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periostin levels were found to be an optimal pre-
dictor of airway eosinophilia [Jia ez al. 2012],
while in other studies periostin and total IgE did
not discriminate between eosinophilic and none-
osinophilic asthma [Westerhof ez al. 2015;
Wagener ez al. 2015].

Other directions: chronic obstructive
pulmonary disease

Eosinophilic airway inflammation is considered a
feature of asthma, while a neutrophilic pattern is
prevalent in chronic obstructive pulmonary dis-
ease (COPD). However, for many individual
cases there is no clear distinction between asthma
and COPD but a continuum in the variability of
clinical and biological characteristics. The ‘redis-
covery’ of overlap conditions, such as ACOS
(asthma—COPD overlap syndrome) in recent
studies has led to a scientific debate on acceptable
definitions and optimal management strategies
useful in clinical practice [Sin ez al. 2016].
Eosinophilic inflammation is present in 20—-40%
of large and small airway tissue samples and
induced sputum from patients with stable COPD
[Saha and Brightling, 2006]. Eosinophils increase
during exacerbations and might be a therapeutic
target in COPD. Inhaled steroids are the key con-
troller drugs in asthma but also have a role in
severe and very severe COPD [Fabbri ez al. 2003],
while systemic steroids are indicated in the treat-
ment of moderate and severe exacerbations both
in asthma and in COPD [Fabbri ez al. 2003;
Bafadhel ez al. 2014]. However, there is a sub-
group of subjects with asthma and eosinophilia
who are resistant to steroids and need targeted
treatments; the same may occur in COPD
[Grainge er al. 2016].

A phase II trial to evaluate the effectiveness of
benralizumab in patients with moderate to severe
COPD, aged 40-85 years, with sputum eosino-
philia was completed in July 2013 [ClinicalTrials.
gov identifier: NCT01227278]. Patients received
placebo or three doses of 100 mg benralizumab
subcutaneously every 4 weeks and then five doses
every 8 weeks for a period of 48 weeks. The pri-
mary endpoint was the annualized rate of acute
exacerbations of COPD at week 56 [Brightling
et al. 2014]. Benralizumab showed a significant
improvement in lung function and quality of life
but was not able to reduce the annualized exacer-
bation rate, although the clinical effect on patients
with airway eosinophilia (=200 cells/ul) was higher.

A few phase III RCTs that are now in progress,
for example the GALATHEA study, have the pri-
mary outcome of evaluating the effect of benrali-
zumab on COPD exacerbations in subjects with
moderate to very severe COPD [ClinicalTTrials.
gov identifier: NCT02138916]. Another phase
III study is TERRANOVA [ClinicalTrials.gov
identifier: NCT02155660], a 56-week placebo-
controlled, multicentre trial evaluating efficacy
and safety of three subcutaneous doses of benrali-
zumab in subjects with moderate to very severe
COPD who are already receiving standard treat-
ment with frequent exacerbations and hospitali-
zations. Outcomes include pulmonary function,
health status, quality of life, respiratory symp-
toms, rescue medication use, severity, frequency,
and duration of exacerbations.

Eosinophilia may be considered as a potential
biomarker to identify and select patients with
severe or very severe COPD who might benefit
from inhaled corticosteroids [Watz ez al. 2016]
and anti-IL-5 biological treatments such as
benralizumab.

Conclusion

The great increase in knowledge of pathophysio-
logical and immunological mechanisms of asthma
has led to the development of new and targeted
therapeutic options for severe asthma. The avail-
able biological drugs have peculiarities that dis-
tinguish one from another and can meet the
peculiar indications of specific subgroups. There
are controversies about the appropriate criteria
for patient selection and sometimes the partial
overlap between the therapeutic potential of some
biologicals, for example anti-IL-5 agents and
omalizumab, makes it even more difficult to
decide on the best individual treatment. The
introduction of nonpharmacological approaches,
such as BT, has brought further complexity.
However, according to current evidence, the pro-
cedure should be considered in patients with
severe asthma who are nonresponders to omali-
zumab or other biologics or who reject pharmaco-
logical therapies [Trivedi ez al. 2016]. In any case,
the complementary treatment of patients with
either BT or biologics in addition to standard
maximal therapies may help the clinician to meet
the needs of a greater number of patients, but also
can lead to a reduction in emergency room visits
and hospitalizations, with considerable economic
savings in the long term [Menzella ez al. 2014].
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As noted above, the ideal patients eligible for
anti-IL-5 therapy are those with blood eosinophil
levels above 300 or 400 cells/ul [Park ez al. 2016;
Castro et al. 2014], even if it seems that a better
clinical response to mepolizumab has been
reported in patients with eosinophilia greater than
500 cells/ul [Ortega et al. 2014]. This should be
the patient subgroup to be considered for benrali-
zumab and other anti-IL-5 mAbs; however, due
to many similarities, the optimal anti-IL-5 agent
to choose remains a matter of debate. Literature
data show that all are safe and effective, but
mepolizumab is the one with the largest scientific
documentation and has already been approved
for marketing. A limitation for reslizumab may be
the intravenous route of administration, which is
more complex and less well tolerated by patients
in the long run. Conversely, benralizumab seems
to have unique characteristics and advantages
compared with its competitors due to its mecha-
nism of action and pharmacodynamic properties.
First, benralizumab binds the IL-5 receptor and
not the IL-5 ligand, blocking in a more direct way
the action of the cytokine and the effector cells.
Benralizumab does not result in upregulation of
IL-5 expression, as occurs for the other anti-IL-5
agents [Stein et al. 2008].

The effect of benralizumab is independent of the
IL-5 circulating level, which tends to increase
during asthma exacerbation [Sahid El-Radhi ez al.
2000], and through ADCC and apoptosis drasti-
cally reduces levels of IL-5Ra-bearing cells, with-
out evidence of cytolysis-mediated degranulation
and release of toxic proteins [Busse ez al. 2010].
The depletion of eosinophils through ADCC pre-
vents the effects of a possible activation by other
cytokines (IL-3 and GM-CSF), as may occur
with mepolizumab and reslizumab [Tai et al.
1991]. As shown in preclinical studies, these
characteristics also make it insensitive to the pres-
ence of receptors on the cell surface [Kolbeck
et al. 2010], while the absence of the fucose sugar
residue in its molecular structure gives benrali-
zumab much higher affinity to the human Fcy
RIIla receptor [lida et al. 2006], overcoming the
inhibitory effects determined by serum IgGs
[Kolbeck ez al. 2010]. Also the ability to reduce
bone marrow precursors of eosinophils and baso-
phils makes the anti-inflammatory effects of ben-
ralizumab more intense [Kolbeck er al. 2010].
Another peculiarity is a very rapid action in terms
of eosinophil decrease compared with the other
anti-IL-5 mAbs: in the study by Laviolette and

coworkers a single intravenous administration of
1 mg/kg benralizumab produced a full depletion
of eosinophils from the first day until 12 weeks
after dosing [Laviolette ez al. 2013]. Rapidity of
action has also been confirmed in the clinical set-
ting: one dose of benralizumab reduced the rate
and severity of exacerbations in subjects on stand-
ard care presenting to the emergency department
with an asthma exacerbation [Nowak ez al. 2015].
The clinical benefits and improvements of lung
function and AQLQ were confirmed in the long
term, mostly in patients with blood eosinophil
counts of at least 300 cells/ul [Castro er al. 2014],
with a good safety profile.

Benralizumab seems to be a very promising and
effective drug in a carefully selected population of
patients with severe asthma. Extensive phase III
trials, some already in progress, are needed to elu-
cidate the real cost-effectiveness profile of the
drug in clinical practice.
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