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ABSTRACT Asthma is a chronic inflammatory disorder of the airways that leads to acute symptoms,
exacerbations and sometimes, for a small part of the asthmatic population, fatal or near-fatal exacerbations.
This as yet significant minority of individuals present with severe asthma and have persisting daily
symptoms, and exacerbations despite compliance with high doses of inhaled steroids and additional
treatment. For more than a decade, the pharmacological management of patients with severe asthma has
focused on evaluating specific cytokines. The rationale of this approach is based on the distinguished key
role played by eosinophils in the asthma inflammatory processes. Eosinophils are recruited from the
circulation to airways where they cause airway damage via different mechanisms. Eosinophils are regulated
in terms of their recruitment, activation, growth, differentiation and survival by interleukin (IL)-5.
Abundant data from in vitro experiments, animal models and clinical trials has confirmed that IL-5
inhibition may be an effective approach for the treatment of asthma, especially severe asthma. Interfering
with eosinophil function or reducing their numbers has been one of the most important goals of therapeutic
monoclonal antibodies, which target cytokine receptor interactions in asthma, particularly IL-5. This review
will consider new treatments options for severe asthma, particularly those targeting IL-5, that have already
been evaluated in clinical trials in asthmatic patients.
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Introduction
Asthma is a chronic inflammatory disease of the airways. There are many inflammatory pathways involved
in asthma, but eosinophils play a critical role in the pathogenesis and severity of the disease [1]. Interleukin
(IL)-5 has been recognised as the most specific cytokine in the eosinophil lineage [2, 3] and has been
identified as the key common denominator in inflammatory pathways in asthma [4]. IL-5 plays a key role in
eosinophil proliferation, differentiation, maturation, migration to tissue sites and survival, as well as
prevention of eosinophil apoptosis [5–7]. IL-5 comprises of a functional site for binding to the specific
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receptor subunit, IL-5Ra, and a separate motif for binding to the signalling subunit, b-chain [8]. The
IL-5Ra subunit is specific only to IL-5 binding; the b-chain also binds the cytokines IL-3 and
granulocyte-macrophage colony-stimulating factor via a shared extracellular domain [9]. There is
considerable emerging evidence that differentiation of eosinophils also occurs within tissues undergoing an
allergic response, such as the airways in atopic asthma, and not only in bone marrow [7]. Thus, in order to
obtain the most clinical response in eosinophilic asthma, a systemic approach to anti-IL-5 therapy may be
important. Eotaxin is an accompanying chemokine with a dose-dependent capacity to stimulate migration
of eosinophil CD34+ progenitor cells [10]. Some observations also suggest that the eotaxin/CCR3
interaction, independently of IL-5, may be involved in the survival and function of eosinophils in the
airways and in clinical symptoms [11]. This further suggests that independent interactions between eotaxin
and its receptor, CCR3, may be important in driving tissue events in asthma [12]. This may partially explain
the apparent disconnection between eosinophil targeting and clinical response in asthma. The role of
eosinophils has been critically re-evaluated after a study in which an anti-IL-5 antibody was shown to
decrease blood and sputum eosinophil levels, without having an effect on late asthmatic response or airway
hyperesponsiveness (AHR) [13, 14]. Awareness of these emerging interactions involving eotaxins and their
receptors may be important in a therapeutic context of developing new therapeutic approaches targeting the
IL-5 pathway.
In the lung, T-lymphocytes are the main source of IL-5 [15], but they do not express IL-5R. Eosinophils
and basophils express IL-5R on their surface and also produce IL-5, contributing to the levels of this
cytokine. Several lines of experimental evidence support the role of IL-5 in the pathogenesis of asthma.
IL-5 mRNA is identified in increased quantities in bronchial biopsies taken from asthmatics compared
with non-asthmatic controls [16]. IL-5 mRNA expression in the airways has been shown to correlate with
the clinical severity of asthma [17]. Inhaled bronchial provocation with allergen gives rise to an increase
in IL-5 mRNA in bronchoalveolar lavage from asthmatics patients [18]. Finally, inhalation of
recombinant human IL-5 leads to an increase in eosinophilia in induced sputum and in AHR [19].
These data confirm that IL-5 is present in patients with asthma, making it a possible target for
intervention.
Severe asthma is a difficult concept without a clear definition. Patients with severe asthma represent a small
subset, between 5% and 10%, of the asthmatic population who experience persisting daily symptoms and
exacerbations, despite compliance with high doses of inhaled steroids in combination with additional
treatment [20–22]. It follows that new therapeutic options are the major unmet need for severe asthmatics
patients [21]. Defining severe asthma is quite a challenge because the clinical presentation, type of
inflammatory process, comorbidities and adherence to therapy affect the severity of each individual patient
with severe asthma. Efforts have been made to phenotype patients with asthma [23–26], and it is now
accepted that asthma is not only one phenotype but rather a heterogeneous mixture of syndromes. This is
also true for severe asthma. Thus, there is not one single therapeutic approach to improve outcomes in
patients with severe asthma but several, which are directed at reducing airway smooth muscle, or airway
inflammatory cell number and/or activity, or targeting specific airway effector mediators [27]. One of the
most prominent and emerging phenotypes is characterised by eosinophilic airway inflammation despite the
use of high-dose anti-inflammatory treatment.
Asthma is associated with tissue eosinophilia in 40–60% of patients [28], and the intensity of
eosinophilia has been correlated with asthma severity [29]. Most severe asthma exacerbations are
eosinophilic and a neutrophilic infiltrate is less frequently observed [30]. Several studies have
demonstrated that the risk of severe asthma exacerbations can be reduced by administering asthma
treatment that minimises airway eosinophils (measured in induced sputum) [31, 32]. Targeting IL-5 (or
IL-5R) is, therefore, an appealing approach to the treatment of patients with asthma and may have a
beneficial therapeutic effect by preventing tissue damage in patients whose asthma is related to
eosinophils. Anti-IL-5 antibodies target eosinophils by binding to IL-5 and preventing the ligation to
IL-5Ra. Two different humanised anti-IL-5 antibodies, mepolizumab and reslizumab, and one
humanised antil-IL-5R antibody, benralizumab, have been investigated in clinical trials for severe
asthma [33].

Anti-IL-5 therapeutic approaches
Numerous clinical trials involving monoclonal antibodies to IL-5 and IL-5R are currently in progress at
various phases of clinical development. Table 1 summarises these studies and the various IL-5/IL-5R
approaches [13, 34–42]. Although patients receiving these monoclonal antibodies have demonstrated
consistent reductions in eosinophil numbers in blood and sputum, clinical responses have been quite
variable [43, 44].
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TABLE 1 Major findings from the main clinical trials evaluating anti-interleukin (IL)-5 antibodies in asthma
First author [ref.]

Drug

Subjects n

Primary end-point

Duration

Main findings

L ECKIE [13]

Mepolizumab

24

Histamine AHR

Single dose

B ÜTTNER [34]

Mepolizumab

19

12 weeks

F LOOD-P AGE [35]

Mepoliumab

24

F LOOD-P AGE [36]

Mepolizumab

362

Eosinophil population
and ECP levels
Airway eosinophils
and clinical
parameters of
disease activity
Clinical parameters

Decreased blood eosinophils up to
16 weeks, no significant effect on AHR
Decreased eosinophils and serum
ECP
Decreased airway eosinophils, no
change in clinical parameter

12 weeks

H ALDAR [37]

Mepolizumab

61

Exacerbations

12 months

N AIR [38]

Mepolizumab

20

5 months

P AVORD [39]

Mepolizumab

621

Exacerbations and
prednisone sparing
effect
Exacerbations

12 months

K IPS [40]
C ASTRO [41]

Reslizumab
Reslizumab

26
106

Symptoms
ACQ score

Single dose
12 weeks

B USSE [42]

Benralizumab

44

Safety in an
open-labelled study

Single dose

8 weeks

No change in clinical end-points
Trend for a reduction in exacerbation
rate
Significant reduction in severe
exacerbations and improvement of the
AQLQ score
Reduction of oral steroid daily dose
without exacerbations
Significant decrease of the
exacerbation rates
No modification of symptoms
No change in ACQ score, pulmonary
function tests or clinical parameters
Significant decrease of sputum
eosinophilia
No serious adverse events

AHR: airway hyperresponsiveness; ECP: eosinophil cationic protein; ACQ: asthma control questionnaire; AQLQ: Asthma Quality of Life
Questionnaire.

Mepolizumab
Mepolizumab (SB 240563; GlaxoSmithKline, Research Triangle Park, NC, USA) is a humanised monoclonal
antibody (IgG1) that binds with high affinity to free IL-5 and thus prevents IL-5 from binding to IL-5Ra.
At present, mepolizumab is the most studied anti-IL-5 in the treatment of severe asthma. Mepolizumab has
also been investigated for the treatment of atopic dermatitis, FIP1L1/PDGFRA-negative hypereosinophilic
syndromes, eosinophilic oesophagitis, nasal polyposis and Churg–Strauss syndrome [45].
It has long been established that mepolizumab administered monthly via injections depletes white blood
eosinophils and eosinophil cationic protein from the blood [34]. However, reductions in airway eosinophil
counts are less clear, with results ranging from a 55% decrease after 4 months of treatment to no significant
change after 1 year of treatment [35, 37]. This important decrease in the eosinophil count was also observed
in the sputum of asthmatics patients. Disappointingly, despite this finding, the late asthmatic response to
allergen challenge and AHR to inhaled histamine were not affected by mepolizumab [13, 36, 38].
The first large study of anti-IL-5 therapy in asthma investigated the effect of three intravenous infusions of
mepolizumab (250 mg, 750 mg or placebo) in 362 randomised patients with moderate asthma [36]. Both
blood and sputum eosinophil counts were significantly decreased in patients receiving anti-IL-5. There were
no statistically significant changes in any of the clinical end-points measured: morning asthma symptom
scores, peak expiratory flow rate, forced expiratory volume in 1 s (FEV1), inhaled supplemental b2-agonist
use, or asthma-related quality of life scores. A nonsignificant trend for decreasing exacerbation rate in the
group receiving mepolizumab 750 mg was observed. These results were surprising because the observed severe
decrease of blood and tissue eosinophilia was not sufficient to improve asthma symptoms and severity.
More recent studies have shown that mepolizumab reduces exacerbations in selected patients who have
persistent sputum eosinophilia despite high doses of inhaled corticosteroids (ICS), although there is no
improvement in symptoms, lung function or AHR [37, 38]. In the first study, HALDAR et al. [37] included
severe refractory eosinophilic asthmatics with a persistent sputum eosinophilia (sputum 3%). Patients were
treated either with mepolizumab (n529; 750 mg i.v.) or placebo (n532) every month for 1 year. The mean
number of exacerbations was reduced and asthma-related quality of life was significantly improved in the
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treated group. However, as with other studies evaluating mepolizumab, there were no significant differences
between groups in terms of symptoms, FEV1 after bronchodilator administration, or AHR.
NAIR et al. [38] investigated the effect of monthly treatment with mepolizumab 750 mg i.v. (n59) or
placebo (n511) for 4 months in patients with severe, oral corticosteroid-dependent asthma and sputum
eosinophilia (.3%). The authors showed that there was a significant reduction in the number of asthma
exacerbations in patients treated with mepolizumab (one exacerbation) compared with those who received
placebo (12 exacerbations in 10 patients; p,0.01), and a significant increase in time to first exacerbation (20
weeks versus 12 weeks in the placebo group). There was also a significant reduction in prednisone dose in the
mepolizumab group. Other important outcomes, such as FEV1 and Asthma Control Questionnaire (ACQ),
were significantly improved from baseline while asthma symptoms were not. Despite subtle differences, these
two proof-of-concept studies suggest that the blockade of IL-5 function may offer benefits as a steroid-sparing
agent in reducing the frequency of severe exacerbations in severe refractory eosinophilic asthma.
The latest published study is a double-blind, placebo-controlled phase II study. PAVORD et al. [39] provided
further convincing evidence for mepolizumab as an effective treatment in severe eosinophilic asthma. In this
trial, 616 patients with severe asthma and evidence of eosinophilic inflammation were randomised to receive
one of three doses of i.v. mepolizumab (75 mg, 250 mg or 750 mg) or matched placebo every 4 weeks for
12 months. Compared with placebo, mepolizumab reduced the rate of clinically significant asthma
exacerbations, which was set as the primary outcome measure (48%, 39% and 52% reduction with 75 mg,
250 mg and 750 mg, respectively). Visits to emergency departments and admissions also fell, although with
varying statistical support.

Reslizumab
Reslizumab (SCH55700; Teva Pharmaceuticals, Petah Tikva, Israel) is a humanised IL-5 monoclonal
antibody that has been previously investigated in the treatment of nasal polyps and is currently in clinical
development for the treatment of asthma [46]. Reslizumab administered over 12 weeks failed to improve
asthma control in 18 patients with severe uncontrolled asthma and sputum eosinophilia compared to eight
patients who served as controls [40]. There was a reduction in the circulating eosinophil count and a
significant, but transient, improvement in FEV1 [40]. A 15-week phase II study in patients with poorly
controlled eosinophilic asthma (high doses of ICS and sputum eosinophils .3%) randomly assigned to
receive treatment with reslizumab 3.0 mg?kg-1 (n553) or placebo (n553) showed significant reductions in
sputum eosinophils, indicating that reslizumab was biologically active [41]. The ACQ score, which was the
primary end-point, demonstrated a trend toward a significant improvement in treated patients. The ACQ
improvement was significantly better in patients with nasal polyps who received reslizumab. The
improvement in FEV1 was also statistically significant and clinically relevant in patients treated with antiIL-5. A trend, although statistically nonsignificant, toward a reduction in asthma exacerbations was also
observed [41]. These results suggest that patients with nasal polyps may benefit more from reslizumab.
These preliminary findings require confirmation in a larger study. To date, these are the only clinical studies
published on the use of reslizumab in asthma.

Benralizumab
Benralizumab (MEDI-563; Kyowa Hakko Kirin/AstraZeneca) is a humanised anti-IL-5Ra monoclonal
antibody [42]. Benralizumab targets the effector cells that are driven by IL-5 (eosinophils/basophils) rather
than the numerous cells that only produce IL-5. In vitro experiments demonstrated that benralizumab
directly targets eosinophils for antibody-dependent cell-mediated cytotoxicity [47]. A single dose of
benralizumab administered intravenously to 44 subjects with mild atopic asthma has been shown to induce
dose-dependent peripheral blood eosinophil count depletion for at least 8–12 weeks [47]. Preliminary data
in a phase II study has demonstrated biological activity in airway mucosa in eosinophilic asthmatic patients
using ICS. Large clinical trials with this agent are currently awaited [48, 49].

New approaches
Recently, a new approach has been under investigation in severe asthma which used antisense
oligonucleotide therapy to inhibit cytokine activity [50]. Antisense oligonucleotides consist of strands of
nucleic acids that bind to complimentary mRNA. The aim is to reduce the levels of mRNA by preventing
the specific gene transcription needed for cytokine receptor production. TPI ASM-8, an antisense
oligonucleotide, targets against CCR3, which mediates the effect of some eosinophil chemoattractant [51].
TPI ASM-8 has been shown to significantly reduce allergen airway eosinophilia in 14 stable, mild allergic
asthmatics in a dose-dependent manner [52, 53]. Doubling the dose of TPI ASM-8 reduced post-allergen
AHR to methacholine [53]. Another approach is to use small interfering (si)RNA molecules against IL-5 or
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eotaxin to prevent protein transcription. Unfortunately, this approach is only limited to a murine model of
asthma [54, 55].
It is now clear that anti-IL-5 therapies are biologically active and significantly reduce blood and sputum
eosinophils and symptomatic exacerbations in patients with severe asthma. It is a promising approach that
is currently under investigation in patients with severe asthma and persisting airway eosinophilia.
However, several questions remain unanswered. In the DREAM (Dose Ranging Efficacy and Safety with
Mepolizumab in Severe Asthma) study, there is dissociation between a significant reduction of
exacerbation risk without any improvement on traditional markers of asthma control (FEV1, AQLQ and
ACQ scores) [39]. This dissociation perhaps suggests that clinical parameters and exacerbations represent
different aspects of the disease. In two studies assessing omalizumab efficacy, the rate of exacerbation was
also significantly decreased with only a small improvement in the AQLQ scores [56, 57]. The total asthma
symptom scores, especially built for these studies, were improved but were difficult to compare against the
results of the ACQ score used in the DREAM study. Concerning lebrikizumab (anti-IL-13 antibody) or
dupilumab (anti-IL-4a receptor antibody) there are only two proofs of concept studies which do not allow
conclusion about potential dissociation of the efficacy (exacerbation versus symptom score) [58, 59]. In
the DREAM study, the overall frequency of serious adverse events was similar between groups.
Nonetheless, three patients died during the study in the treated group (acute pancreatitis and septic shock,
suicide and acute asthma), but there is no evidence of a relationship between these deaths and the product
under examination.
For daily clinical practice the major question is to better identify the best candidates to anti-IL-5 therapy. The
good candidates appear to be the more severe asthmatic patients who do not achieve asthma control even with
high doses of ICS in combination with additional treatment. Currently, for these patients the Global Initiative
for asthma propose to use step 5 of the therapy guidelines and to use low doses of daily oral steroids or
omalizumab. Omalizumab is indicated to allergic severe asthmatics patients and there are only few data
concerning omalizumab in non-allergic severe asthma [60, 61]. This also raises the question of the use of
biomarkers that are able to identify possible responders. It is essential to promote the use of biomarkers in
clinical studies of new severe asthma therapies and ultimately to validate them in routine clinical care. The
major purpose of these biomarkers is to tailor the treatment approach by predicting responses to therapy. The
potential role of periostin as a biomarker was recently noted [58]. HANANIA et al. [56] also suggests that the
efficacy of omalizumab was greater in a subgroup of patients with higher biological levels of the following
biomarkers: exhaled nitric oxide fraction, eosinophil blood count and periostin level. The ideal biomarker
must be noninvasive, cheap, specific and reliable to predict the good clinical response, but also easily available.
In previous studies, refractory eosinophilic asthma was defined on the basis of o3% eosinophils in induced
sputum [37, 38]; however, in the DREAM study, the eosinophilic profile criteria was more available in daily
clinical practice, such as blood eosinophil counts .0.3610? cells?L-1 or exhaled nitric oxide levels .50 ppb,
and totally independent of the allergic status [39]. Currently, it seems that these biomarkers are biomarkers of
an inflammatory T-helper-2 profile rather than a specific biomarker for one biotherapy. But some studies are
needed to clarify the potential role of these biomarkers.
In conclusion, it is not easy to categorise severe asthmatics into endotypes or clinical subphenotypes because
phenotypes may be overlapping in specific patients and may change over time. It is also not easy to select
the right treatment for the right patient. Candidates for anti-IL-5 therapy seem to be severe eosinophilic
asthmatic patients with a history of frequent exacerbations but this clinical profile must be confirmed.
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de Llano LP, Vennera Mdel C, Álvarez FJ, et al. Effects of omalizumab in non-atopic asthma: results from a Spanish
multicenter registry. J Asthma 2013; 50: 296–301.

257

