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Abstract

- Jaymin Morjaria® - Rosalia Emma’ - Maria Domenica Amaradio? - Riccardo Polosa'3

Asthma is a chronic inflammatory multifactorial disorder of the airways characterized by the involvement of immune cells
and mediators in its onset and maintenance. Traditional therapeutic strategies have been unsatisfactory in controlling the
underlying pathology, especially in the more severe states. Hence in the last couple of decades, new biological approaches
targeting molecular mediators have been developed. In this narrative review we examine biological agents currently available
for the management of severe asthma, focusing our attention on their clinical application, pros and cons, and in particular
on gaps regarding the use of these agents. The most well-known and used biologic agent in clinical practice is omalizumab,
though there is emerging evidence for mepolizumab too. The future of these biological therapies is to broaden our knowledge
of their practical use and ascertain predictive biomarkers, or define an algorithm, useful in the optimal application of these
‘biological weapons’.

Keywords Severe asthma - Biologic drugs - Anti-IgE - Anti-IL-5 - Omalizumab - Mepolizumab

Abbreviations

AQLQ Asthma Quality of Life Questionnaire
ACQ Asthma Control Questionnaire

BHR Bronchial hyper-responsiveness

DBPC Double blind placebo controlled

EMA  European Medicine Agency

FDA Food and Drug Administration

FEV, Forced expiratory volume in the 1ts second
GETE Global evaluation of treatment effectiveness
ICS Inhaled corticosteroids

LABA Long-acting b2-adrenoceptor agonists
mAb Monoclonal antibody

OCS Oral corticosteroids
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RCTs  Randomized controlled trials
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Introduction

Asthma is a chronic inflammatory disorder of the airways
characterized by mast cells and respiratory tract granulo-
cytes infiltration/activation, driven by specific cytokines and
chemokines produced by CD4+ lymphocytes. The chronic
inflammation is associated with progressive remodeling
of the airway tissues and bronchial hyper-responsiveness
(BHR) that leads to the clinical manifestations of the dis-
ease: recurrent episodes of wheezing, breathlessness, chest
tightness and coughing [1, 2].

Th2 inflammation is present in approximately 50% of
mild to moderate asthma and probably in a higher propor-
tion of severe asthma patients [3]. However, the commonly
accepted paradigm that Th2 phenotype and, consequently,
IgE over-production and eosinophilia are central to the
pathogenesis of severe asthma [4, 5] has been recently chal-
lenged with emerging alternative T cell subtypes (e.g., Thl
cells, regulatory T cells and Th17 cells) [6—8] and other
mediators playing a more prominent role [9-11] and con-
tributing to a wide array of assorted endotypes [12, 13].
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Thus, such a complex multi-factorial disease would require
a diverse management strategy capable of simultaneously
addressing these clinical challenges.

Current clinical guidelines for asthma suggest that first-
line therapy includes inhaled corticosteroids (ICS), and sub-
sequently together with long-acting p,-adrenoceptor agonists
(LABAS), or, alternatively, leukotriene receptor antagonists
[14]. However, this therapeutic approach is often inadequate
for the most severe forms of the disease and, therefore, it is
necessary to add-on therapy (e.g. oral corticosteroids and
tiotropium) [15] until improved disease control is attained.
Sometimes these simple measures are sufficient to achieve
good disease control and clinical remission, but in a minor-
ity of challenging patients, troublesome symptoms may
re-emerge upon withdrawal of systemic corticosteroids, or
persist despite high doses of these drugs. Moreover, the side
effects of systemic corticosteroids are a reason for further
concern. For these poorly responsive patients, more effective
strategies need to be adopted.

In an attempt to address these unmet needs, a few bio-
logical agents intended to disable specific key inflammatory
pathways associated with severe asthma have been approved
and added to clinical guidelines; though this has only par-
tially resolved the issue. As mentioned earlier, the well
understood form of asthma is the Th2-driven phenotype,
with high level of IgE and a marked atopic background;
hence, the obvious target of the first biologic agent for use
in severe asthma was directed at reducing circulating IgE, by
means of the humanized IgG1 monoclonal antibody (mAb)
anti-IgE, omalizumab. The Food and Drug Administration
(FDA) approved omalizumab in 2003. Since then a num-
ber of new biologics have entered clinical development as
anti-asthma therapies directed against various inflammatory
targets (anti-CD4, anti-CD25, anti-OX40L, anti-interleukin
(IL)-4, anti-IL-13, anti-IL-5, anti-IL.-33, anti-IL-17 and anti-
IL-25), but only one has been used as a long-term treatment
in clinical practice, to-date.

Recently selective, orally active, DP2 receptor antagonists
(at least 15 different molecules) and a selective DP1 receptor
antagonist (Asapiprant) have been investigated for the treat-
ment of asthma or allergic rhinitis. Although not biological
agents, they deserve mention as an emerging therapeutic
class due to the pathophysiological role of prostaglandin
D, (PGD2) in asthma; exerted by its interaction with the
receptors DP1 and DP2 expressed on various cell types.
DP1/DP2 receptor antagonists are generally safe and well
tolerated. DP2 receptor antagonists have been proven to be
effective in phase II proof-of-concept studies in adults with
asthma either as monotherapy or as add-on therapy to ICS
or montelukast. Treatment with some DP2 receptor antago-
nist for 4-12 weeks improved FEV1 in adults with asthma
of different severity, compared to placebo. Importantly, the
improvements were more pronounced in asthmatics with a
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TH2-eosinophilic phenotype, particularly in patients with
more severe airflow limitation [16].

In this narrative review, we will examine the biolog-
ics available for severe asthma treatment, with a focus on
their application, defined as the clinical practice, beyond
the clinical trials experience and out of the model of the
experimental setting. With this in mind, we will focus our
paper, on advantages and disadvantages of biologics, and
in particular on the aspects that are still ongoing regarding
their use, despite the positive results obtained so far. Fur-
thermore, we will look at biologic drugs recently approved
for use in severe asthma and those that are in the process of
being approved, which may be available for clinical use in
the near future.

Search method

In this review, we (MC, RE and MA) searched the PubMed
and Scopus electronic database individually using keywords
related to “severe asthma”, “biologics” (detailing in turn:
anti-IgE, Anti-ILS5, Anti-ILSR, Omalizumab, Mepolizumab,
Reslizumab) with or without “real-life,”*“clinical practice”
and “long-term” by different combinations, and select-
ing case reports, clinical studies, clinical trials, controlled
clinical trials, multicenter studies, observational studies and
randomized controlled trials (RCTs). We then selected only
studies that were judged relevant to the use of biologics in
asthma in a real-life setting. Reference lists from these stud-
ies were also examined to identify significant articles. Addi-
tional information in abstracts presented at scientific con-
gresses (in respiratory, immunology and allergy) available
online were also included. In total 57 studies were identified
as relevant the search criteria by author consensus.

Biologics in clinical practice

Three biological agents are currently available in clinical
practice specifically indicated for the treatment of severe
asthma: the anti-IgE, omalizumab (Xolair®, Novartis, Swit-
zerland) and the anti-IL-5 mAbs, mepolizumab (Nucala®,
GlaxoSmithKline, UK) and reslizumab (Cinqaer®, Teva,
Israel). In this section, we discuss the results obtained with
these biologics and look quickly at their family of molecules
currently under development.

Anti-IgE

The IgE signaling transduction pathway is one of the most
investigated for the development of new drugs due to
their key role in the activation of allergic cascade, which
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underlies the pathophysiology in a reasonable proportion
of asthmatics.

Omalizumab

Omalizumab is a recombinant humanized IgG1 monoclonal
antibody that, binds free IgE, hence reducing their interac-
tion with FCeRI receptors [17]. Furthermore, it is responsi-
ble for down regulation of these receptors on mast cells and
basophils, with consequent reduction of cellular responses
to allergens [18]. Omalizumab rapidly attenuates serum free
IgE levels, preventing their interaction not only with FCeRI
but with CD23 (FceRII), too [19]. Consequently, omali-
zumab seems to induce B-cell anergy thereby decreasing
IgE synthesis [20]. The mechanism of action of omalizumab
in the treatment of asthma is believed to be multifactorial,
and includes effects mediated through altered production
of redox metabolites, vascular endothelial growth factor
(VEGF) system, extrinsic coagulation pathway, oxidative
markers related to miRNA, tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL)-related miRNA, and
regulation in the production of known inflammatory pro-
teins [21].

Omalizumab is administered by subcutaneous injection
every 2 or 4 weeks; the dose is calculated based on body
weight and serum IgE levels prior to treatment initiation.
Its efficacy in severe allergic asthma is indisputably demon-
strated in several clinical trials [22-30] (Table 1) and obser-
vational studies [31-39] (Table 2).

The INNOVATE study, compares the efficacy and safety
of omalizumab vs placebo in a double-blind, placebo-con-
trolled (DBPC) fashion in 419 difficult-to-treat asthmatic
patients uncontrolled on high dose of LABA/ICS. The pri-
mary objective of the study is to evaluate the effect of add-on
omalizumab on asthma exacerbations in patients with severe
persistent asthma who were inadequately controlled despite
GINA step 4 therapy. Omalizumab halves the severe exacer-
bation rate, and improves quality of life (QoL), lung function
and symptoms scores with comparable adverse events to pla-
cebo [22]. The main limitation of this study is the 52-week
period of treatment and observation, hence more recent stud-
ies have been performed with longer periods of observation
with similar positive results in both adults and children [23,
31]. Moreover, a systematic review that selected only RCTs
with the duration of treatment longer than 52 weeks, with
a total of 2749 patients with persistent uncontrolled aller-
gic asthma, confirms reduction in ICS use, improvement in
Global Evaluation of Treatment Effectiveness (GETE) and
Asthma-related QoL Questionnaire (AQLQ) scores in the
omalizumab treated subjects. Additionally, omalizumab is
well tolerated and cost-effective. Moreover, there is a signifi-
cant reduction in exacerbation rates despite the heterogeneity
in the definition of exacerbation influencing the results [29].

Asthmatic patients have very heterogeneous phenotypes
and the population enrolled in trials is strictly selected so
people with comorbidities, or specific characteristics regard-
ing age, pulmonary function, etc. are often not eligible to
be enrolled; only a percentage between 0 and 36%, but in
most cases < 10%, are enrolled [40]. Consequently, results
obtained from clinical trials may differ substantially from
the conditions that physicians have to treat in daily real-
life situations, highlighting the limited value of RCTs.
However, Gibson et al., from the Australian registry, have
shown improvement of symptoms and reduction of OCS use
in severe asthma patients with high prevalence of comorbidi-
ties with omalizumab use [41].

Omalizumab was introduced by the FDA in 2003 and by
European Medicine Agency (EMA) in 2005 [17] as add-on
therapy for severe allergic asthma with positive skin prick
test or specific IgE to perennial allergens. Hence following
more than 10 years of marketing, several studies in the real-
life clinical setting have been published (Table 3) confirm-
ing and reinforcing the initial trial results albeit with their
limitations of small cohorts or brief periods of observation
[42-46].

More recent real-life studies have been included in a
systematic review [47]. The authors list 24 studies with a
total of 4117 severe asthmatic patients from 32 Countries
in which omalizumab was administered show significant
improvements in FEV 1, severe exacerbation rates and sub-
jective symptoms (GETE, ACQ, AQLQ). Additionally,
healthcare resource utilization is reduced with medication
sparing benefits as well as good safety profile data in the
short- and long-term. All assessed parameters improve
significantly after 16 weeks of treatment. This is the time
frame to assess therapeutic response; i.e. in most cases after
16 weeks of treatment, patients can be divided in ‘respond-
ers’ and ‘non-responders.’

A review of 7 RCTs and 18 real-life studies using omali-
zumab in severe asthma patients, reaffirms the efficacy
of omalizumab in terms of clinically related outcomes
[48]. Despite several differences due to the two different
approaches, in particular the heterogeneity of population,
pre-treatment therapy and follow-up periods, the data reveal
the same trend of benefits with a reduction in the number of
exacerbations and hospitalization, as well as improvements
in QoL and no safety concerns [48]. A recent real-life UK
study similarly demonstrates positive clinical improvements
with long term omalizumab use [49].

Patients with IgE levels higher or lower than the range of
30-700 UIl/ml (dependent on the country) and patients who
exceed the weight limits are excluded from the omalizumab
treatment. However, evidence of omalizumab efficacy in
patients who exceed the standard dose recommendation is
now emerging. A recent Australian real-life study reports the
effectiveness of omalizumab in 55 severe asthmatics above
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the recommended dosing range [750 (IQR 650-750) mg,
without dose escalation above 750 mg] who had a higher
baseline IgE [812 (IQR 632-1747) IU/ml]. They show
that patients with above-range IgE levels have significant
improvements in lung function parameters, symptom control
and QoL from pre-omalizumab treatment, similar to patients
who receive doses within range [50].

Other anti-IgE under investigation

Despite the positive evidence for the use of omalizumab in
severe allergic asthma, approximately one-third of severe
asthmatics, 30-39% do not respond to it [19]. Thus, more
potent anti-IgE agents were thought essential and investi-
gated: QGEO31 (ligelizumab; Novartis, Switzerland) and
MEDI 4212 (MedImmune LLC-Gaithersburg, Maryland,
USA). Ligelizumab is a humanized IgG1 monoclonal anti-
body binding the Ce3 domain of IgE with higher affinity
than omalizumab and with more effective suppression of
basophils/mast cells activity in atopic subjects and mild
allergic asthma [18, 51]. However, due to lack of efficacy
in a recent study, its progress has been halted (Eudract no:
2012-002298-69; study name CQGE031B2201). MEDI4212
demonstrated an in vitro affinity to IgE 106-fold superior to
omalizumab, inducing a more rapid decline in free serum
IgE. Moreover, MEDI4212 is able to block the IgE-induced
calcium transduction signaling pathways, inhibits IgE acti-
vation through the low affinity IgE receptor CD23 [17] and
eliminates IgE expressing B cells before their differentiation
into IgE secreting cells [52]. Nonetheless, due to the rapid
restoring of basal free IgE levels, frequent dosing of these
two drugs would be necessary to maintain IgE suppression
[18, 53]. Akin to ligelizumab, MEDI4212 studies were inter-
rupted at phase I due to its limitations.

Anti-IL-5

In a particular phenotype of asthma, the TH2/eosinophilic
inflammation is considered a hallmark feature of the disease.
IL-5 has been shown to have a pivotal role in eosinophil mat-
uration, activation and survival, and targeting eosinophilic/
Th2-mediated inflammation; thus antagonizing IL-5 would
make a good therapeutic target [54]. Monoclonal antibody
therapies neutralizing IL-5 have been recently approved by
the FDA (mepolizumab and reslizumab).

Mepolizumab

Mepolizumab is a humanized monoclonal antibody targeting
free IL-5 [55-57] that has approved by FDA in November
2015 for use in severe asthma [58]. Mepolizumab studies are
summarized in Table 4. Initial studies showed that anti-IL-5
monoclonal antibody therapy attenuated blood, sputum and

@ Springer

bronchial mucosal eosinophils, without significant clinical
benefits [59, 60]. Nevertheless, phase Ila studies in severe
asthmatics with evidence of eosinophilic inflammation and
frequent exacerbations, demonstrate a reduction in exacer-
bation frequency accompanied by significant attenuation in
eosinophilic inflammation [56, 57, 61]. Besides these obser-
vations, asthma-related subjective parameters and OCS spar-
ing have also been noted in Phase IIb and III [62-64]. In a
post hoc analysis of two RCTs, severe eosinophilic asthma
patients previously treated with omalizumab, Mepolizumab
is effective and safe [65]. Presently, the evidence for the
long-term efficacy and safety of mepolizumab is shown in
the COSMOS study, where enrolled patients who received
mepolizumab or placebo in MENSA or SIRUS studies show
a favorable safety profile after 52 weeks, with a stable and
durable response through to 84 weeks [66]. More recently, a
DBPC multi-center phase I1Ib study (MUSCA) in > 12 year
old eosinophilic asthmatics and history of at least one exac-
erbation in the previous 12 months despite being on high-
dose ICS and other controller medications, has assessed
health-related QoL over 24 weeks. Compared to placebo,
Mepolizumab is associated with a significant improvement
in health-related QoL as measured using the St. George’s
Respiratory Questionnaire (SGRQ) (primary endpoint)
and ACQ-5 with a safety profile akin to placebo over the
study period. Additionally, marked improvements in various
lung function parameters and exacerbation frequency in the
favour of Mepolizumab are reported.

Due to the lack of longer term studies, the impact on the
immune system with mepolizumab is unclear. Of note the
positive benefits on exacerbations and eosinophilic airway
inflammation have shown to be reversed within 6 months of
mepolizumab withdrawal [56, 67]. Currently there is a lack
of studies on mepolizumab in real-life clinical use due to its
only recently receiving FDA approval.

Reslizumab

Reslizumab (CINQAIR®; formerly SCH-55700) is a human-
ized monoclonal antibody that binds with high affinity to cir-
culating IL-5 inhibiting its bioactivity by blocking the IL-5
binding to the alpha chain of IL-5R complex on the eosino-
phil surface [68]. It was approved by the FDA in March
2016, and is currently administered by intravenous injec-
tion, though investigations for a subcutaneous formulation is
ongoing [69]. Reslizumab RCTs are summarized in Table 5.
Initially, a phase I trial only demonstrated a reduction in
blood eosinophil count with no significant improvements in
asthma symptoms and lung function [70]. These discourag-
ing results were due to an inadequate patient enrollment in
terms of baseline eosinophilia, leading to a more accurate
patient selection in the design of subsequent phase II/III
clinical trials. In this randomized, double blind, phase II
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trial, severe asthma patients with induced sputum eosino-
phil > 3% were enrolled. Reslizumab (3 mg/kg) and placebo
were injected once every 4 weeks for 15 weeks. A significant
improvement in FEV, and a reduction in both sputum and
blood eosinophil count are reported in the patients treated
with reslizumab compared to placebo [71]. Two duplicate
phase III trials with reslizumab confirm reduction in asthma
exacerbations, improvements in health status and asthma
control [72]. Improvements in asthma control are associated
with higher baseline blood eosinophil counts (> 400 cells/
pl). In asthmatic patients with blood eosinophil count > 400
cells/ul and uncontrolled on ICS-based regimen, treatment
with reslizumab 3.0 mg/kg improves lung function, asthma
symptoms, and QoL [73, 74]. Of note, reslizumab treatment
in asthmatics with a blood eosinophil count < 400 cells/pl
does not seem to improve asthma outcomes [73]. A recent
secondary analysis of pooled data from the two duplicate
phase III data [72] was performed to assess the efficacy of
reslizumab in patients receiving asthma treatment on Step
4 and Step 5 of the GINA guidelines at baseline. Reduc-
tion in exacerbation rates, and improvements in lung func-
tion and patient-reported outcomes (ACQ-7; AQLQ) are
shown in patients treated with reslizumab [75]. The safety
of reslizumab has also been demonstrated in several RCTs
[70-72, 74, 75]. Furthermore, reslizumab has been shown
to be effective in specific subgroups of patients with eosino-
philic asthma; particularly in patients with nasal polyposis
[71, 76], and increased severity [77, 78]. This may aid clini-
cians to focus on asthma patients who might be responsive
to reslizumab.

Other biologic drugs in phase Ill evaluation

Currently, there are only two biological agents under phase
IIT evaluation studies, promising for the treatment of moder-
ate-to-severe asthma: Benralizumab (MEDI-563; AstraZen-
eca, UK) and Dupilumab (REGN668/SAR231893; Sanofi
and Regeneron cooperation). The studies on these molecules
are summarized in Table 6.

Benralizumab

Benralizumab is a human afucosylated monoclonal anti-
body that targets the IL-5 receptor a (IL-5Ra) expressed
on eosinophils and basophils, inducing direct, rapid and
nearly complete depletion of eosinophils via ADCC [79]. A
small phase I DBPC trial performed in severe eosinophilic
asthmatics (sputum eosinophils > 2.5%), shows that benrali-
zumab decreases airway mucosal and sputum eosinophils in
addition to a completely suppressing blood and bone mar-
row eosinophils, and their precursors when compared with
placebo [80]. In a Phase Ila study, benralizumab shows a

@ Springer

significant reduction in exacerbation rates, improvements in
lung function and asthma control in severe asthmatics with a
high baseline blood eosinophil count [81]. Two multicenter
RCTs phase I studies (SIROCCO and CALIMA) have been
performed to assess the efficacy and safety of benralizumab,
as add-on therapy, and define the patient population with
greatest benefit from the treatment [82, 83]. In both stud-
ies severe uncontrolled asthma patients were treated with
benralizumab 30 mg either every 4 weeks (Q4W) or every
8 weeks (Q8W) for 48 weeks (SIROCCO) and 56 weeks
(CALIMA); patients were also stratified in two subgroups
by baseline blood eosinophil count > 300 cells/pl and < 300
cells/pl. The results from the SIROCCO and CALIMA stud-
ies show that benralizumab treatment (Q4W and Q8W)
attenuates annual exacerbation rates, blood eosinophil
counts and improves lung function in severe uncontrolled
asthma patients with elevated blood eosinophils. Only the
Q8W regimen significantly improves asthma symptoms
compared to placebo. Reduced annual exacerbation rates and
blood eosinophils are also observed in patients receiving
high doses of ICS plus LABA with baseline blood eosino-
phil counts < 300 cells/pl. An analysis of the SIROCCO
and CALIMA studies was performed to characterize the
patient population most likely to benefit from benralizumab
treatment [84, 85]; an initial analysis confirms the efficacy
and safety of benralizumab in severe asthmatics with blood
eosinophil counts > 150 cells/pl [84]. A subsequent pooled
analysis of these studies expanded the potential patient pop-
ulation who might be responsive to benralizumab. Indeed,
patient stratification was performed by baseline blood
eosinophil counts stratification (> 0, > 150, > 300, or > 450
cells/pl) and history of exacerbation. Patients with blood
eosinophil counts > 0 cells/pl who were treated with benrali-
zumab every 4 or 8 weeks show reduced annual exacerba-
tion rate, increased FEV, and improved asthma symptoms
compared with placebo. Furthermore, patients with a history
of frequent exacerbations (> 3 in the previous 12 months)
have greater efficacy with benralizumab treatment than
do patients with fewer exacerbations (< 3 in the previous
12 months) [85]. Moreover, Nair and colleagues (ZONDA
study) recently report that add-on benralizumab therapy sig-
nificantly reduces the OCS dosage in severe asthma patients
[86]. Further, evaluations and confirmation of benralizumab
efficacy and safety in eosinophilic severe asthma are under-
way in other ongoing phase III studies (NCT02869438 [87];
NCT03186209 [88]; NCT03170271 [89]).

Dupilumab

Dupilumab is a human monoclonal antibody currently in
phase III investigation for moderate-to-severe asthma. This
biologic agent is directed against the alpha subunit of the
IL-4 receptor (IL-4Ra) and inhibits the IL-4 and IL-13
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signal transduction [90]. During phase IIb trial, dupilumab
shows significant efficacy and a favorable safety profile
in a wide range of patients with uncontrolled persistent
asthma regardless of baseline blood eosinophil count [91].
Currently, three phase III trials are ongoing to evaluate
dupilumab efficacy and safety in adult and adolescent with
persistent asthma on medium to high dose of ICS plus a
second controller (NCT02414854) [92], severe steroid-
depended asthma (NCT02528214) [93], also in the long-
term (NCT02134028) [94].

Discussion

Most of the discussion section is based on omalizumab with
its extensive use in routine clinical practice. More experi-
ence with anti-IL-5 agents is necessary and awaited. Impor-
tantly, the challenges of omalizumab use are a useful guide
for these new biological agents; their use needs to be with
caution, especially with regards to the costs and also any
potential safety issues.

Omalizumab, in the recent years has presented both as a
game-changer molecule and as an option in the therapeutic
arsenal in the field of asthma or allergic diseases. Although
it is indicated in treating severe asthmatics allergic to peren-
nial allergens, Domingo et al. show a significant decrease of
annual exacerbation rate and methyl-prednisolone use, both
in severe asthma caused by seasonal and perennial allergens
[95]. Furthermore, there is evidence in the literature of the
efficacy of anti-IgE agents in non-allergic asthma; the under-
lying mechanisms of benefit remain unclear though hypoth-
eses have been generated [24, 25]. Positivity to an uniden-
tified antigen, such as Staphylococcus Aureus (S. Aureus)
superantigen, may be responsible for the local polyclonal
IgE production. Furthermore, the finding in bronchial biop-
sies from non-atopic asthmatic patients of enhanced expres-
sion of Th2-type cytokines (IL-4, -5, and -13) and FceRI
compared with control subjects, support the hypothesis of a
local bronchial, mucosal, IgE-class-mediated inflammation,
and omalizumab response, notwithstanding negative RAST
and skin prick-test to common aeroallergens [25]. Findings
of efficacy in non-atopic and also in seasonal allergen asth-
matics puts omalizumab mechanism of action into question.
Does omalizumab only work by attenuating the IgE levels or
are there alternative mechanisms involved? Identifying these
would be pivotal to not only treating patients with non-atopic
conditions, including asthma.

Additionally, there is ongoing debate, on omalizumab
therapeutic role for prolonged periods. Despite its effi-
cacy [17-22, 27, 29, 31, 42, 43, 47], good safety profile
[27, 29, 31, 49] and cost effectiveness as add-on therapy in
patients with severe atopic asthma [28, 33, 96, 97], ques-
tions about its management in the clinical setting still remain

unanswered. Many patients start omalizumab treatment with
good results in terms of asthma control and exacerbation
rate, though during the course of therapy maintaining a
high compliance rate may be challenging, as patients need
to attend hospital every 2-to-4 weeks for their injections,
with an augmented rate of skipped administration. The other
controversial point is its dosage and duration of therapy,
indeed it is unclear if it is appropriate to continue long
term with omalizumab treatment based on baseline serum
IgE levels, and whether it may be used as attack therapy or
not. Evidence shows that over time the suppression of IgE
binding to their receptors (FceRI and FceRII) decreases the
reactivity of basophils and mast cells, and also the produc-
tion and secretion of IgE by plasma cells [21]. With these
challenges and increasing clinical use of omalizumab there
is an increasing need for functional, cellular or biochemical
markers (or a set of markers) to fine tune the doses of drug
needed for individual patients over time and for how long,
if not long term. Additionally, it may be useful to define
a molecular/functional algorithm that aids the specialist to
decide the optimal biologic therapeutic approach for a spe-
cific patient.

Prior to long term omalizumab treatment, patients should
be monitored for treatment response at 16 weeks of treat-
ment [47, 98], after which responders have been suggested
to continue treatment for 2—4 years [47]. The method used
to define whether a patient is a responder or a low/non-
responder [48] may be another critical point that would be
better handled with the use of predictive biomarkers. The
low/non-responders asthmatics to omalizumab prevalence
is considered to be up to one-third of patients [20], which
is a substantial number of patients undergoing 16 weeks
of therapy resulting in a significant amount of economic
resources that might potentially be saved by use of predic-
tive biomarkers.

Importantly, there is no appropriate time to discontinue
omalizumab treatment in responsive patients. Following
withdrawal of omalizumab after 4-6 years of treatment its
beneficial effects seems to persist in a number of patients
[28, 33, 35]. Nevertheless, some reports suggest that the
withdrawal of omalizumab therapy after a successful long-
term therapy in patients with a long history of severe atopic
asthma associated with high doses of systemic corticoster-
oids may result in severe asthma exacerbations [17, 96]. In
such situations, a clinical or biological marker may be vital
in identifying the immunological changes in patients during
omalizumab treatment that could help to better define the
appropriate time to interrupt or reduce treatment for indi-
vidual patients, hence reducing the risks for a relapse.

Clinical and functional parameters have been shown
to be improved with omalizumab treatment. Spirometric
parameters may improve after a few months of therapy [97],
and also inflammatory markers may ameliorate, including
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eosinophil counts both in peripheral blood and induced spu-
tum [36, 99]. However, there is a lack of consistency in the
relationship between the patient’s condition, inflammatory
status of the lungs and the reactivity of the immune sys-
tem, hence making it a challenge to use them as objective
parameters to assess the stability of the efficacy of therapy
[36]. Likewise, the surrogate marker of airway inflammatory
status, FeNO, does not always correlate with omalizumab
therapy efficacy [100]. Other surrogate markers in exhaled
breath condensate (EBC) have been investigated [37, 38],
though they still require confirmation and comprehension
in their interpretation as assessment or management tools
for patients on omalizumab therapy. Work by Nopp and col-
leagues observes that after a 6 year period of omalizumab
treatment followed by 1 and 3 years of its withdrawal, clini-
cal and functional patient parameters of patients remain
comparable to those seen prior to therapy with omalizumab
[33, 35]. They also demonstrate that the basophil allergen
threshold sensitivity or CD-sensitivity (CD-sens) may be
a useful approach to anti-IgE treatment efficacy evaluation
[39] and in general to an anti-allergic treatment. It seems to
be a reliable biomarker that may be helpful in the evaluation
of the severity of allergic reactions, and thus of inflammation
induced by the allergic reactions, though larger studies are
needed to understand its use in the clinical management of
anti-allergic therapies.

Despite the positive subjective, objective and exacerba-
tion data in severe eosinophilic asthmatics, the experience
with mepolizumab is limited. Real-life studies able to iden-
tify novel predictive biomarkers of response to treatment that
will help us to select accurately patients who may benefit
from this therapy, and to monitor the progress in controlling
the disease and exacerbation still remain to be identified.
Additionally these biomarkers may aid in defining the timing
of the treatment, since persistent inhibition of IL-5 function
and eosinophils in the long term, may expose patients to
other risks, such as parasite infections or immune response
deregulation.

Indeed, there are severe asthma patients who are eligi-
ble for both mepolizumab and omalizumab therapy [58].
Cockle and colleagues performed a systematic review with
an indirect treatment comparison between mepolizumab and
omalizumab effectiveness in severe asthma. Despite several
limitations owing to a limited number of studies and residual
heterogeneity, the analysis provides evidence that mepoli-
zumab seems to be at least effective and tolerated as well as
omalizumab [59].

At present, despite extensive data on efficacy and safety
on omalizumab, there remain a number of unanswered ques-
tions. Importantly, the certainty of new more potent anti-IgE
therapies to overcome omalizumab shortfalls are in ques-
tion, and other new anti-inflammatory biological strategies
under evaluation have shown good efficacy and initial safety
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outcomes (besides the newly licensed mepolizumab and
reslizumab).

Conclusions

Summarizing the overall results discussed above, to-date we
have two possible biological options to treat inhaled therapy-
resistant asthma, which works on two different pathways,
IgE- and eosinophils/IL-5-mediated pathways. The reports
with anti-IgE and anti-IL-5 both describe successful out-
comes in clinical and biological parameters of asthmatic
patients. The most extensive experience in the clinical set-
ting is with the use of omalizumab, as it was the only bio-
logic approved globally for use in patients with severe atopic
asthma for over a decade. However, there remain some limi-
tations in its use. Importantly, both these drug classes have
an excellent safety profile, with the adverse effects, if pre-
sent, mild and self-limiting, and if more severe resolved by
drug withdrawal. It is pivotal to select the appropriate drug
for each individual patient phenotype, as it has an impact
not only on the management of their clinical condition but
also the individual’s biological profile. Attention needs to
be devoted to novel emerging approaches to severe asthma
treatment. The introduction of these ‘biological weapons’
in the arsenal at our disposal to target specific inflamma-
tory pathways in various chronic diseases, including that in
severe asthma, is a revolution in the management of these
conditions.
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