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Abstract: Severe refractory asthma (SRA) still has a high economic and social impact, 
including a reduction in quality of life (QoL), productivity, a greater risk of exacerbations 
and emergency department (ED) visits. Another major issue is the need of oral corticoster-
oids (OCS), often due to a poor response to standard therapies or the lack of indication for 
currently available biological drugs. A thorough understanding of the immunological path-
ways and eosinophilopoietic processes allows a correct application of the new pharmacolo-
gical strategies and leads to better clinical responses. For these unmet needs, several 
monoclonal antibody (mAb) drugs have been introduced over the past few years. These 
are mainly available for allergic and especially eosinophilic uncontrolled refractory asthma. 
As the number of therapeutic options increases, the choice of biological drugs can be made 
only after careful considerations of the particular asthma endotype, patients’ comorbidities 
and clinical data. The selection of the correct therapeutic option can therefore be guided after 
a careful evaluation of the particular endotype and phenotype, from the combined evaluation 
of inflammatory biomarkers, clinical picture and comorbidities. The careful evaluation of all 
these parameters can therefore help the physician in the optimal management of these 
complex patients, for whom it is often possible to achieve exceptional results by managing 
the available options in the best possible way. The aim of this review is to define the 
positioning of the biological drugs currently available for type 2 asthma, with a special 
focus on options for eosinophilic asthma in the context of the most recent knowledge of 
immunological pathways. 
Keywords: severe refractory asthma, eosinophilia, IL-5, biomarkers, oral corticosteroids, 
pandemic

Introduction
In the last few years, we witnessed a great increase in knowledge on etiopathogen-
esis and immunological pathways of severe asthma. This happened in particular for 
type 2 asthma, due to a better definition of phenotypes and endotypes and to the 
identification of biological drugs aimed at different targets and able to respond to 
the needs of many patients.

Despite these aspects, severe refractory asthma (SRA) still has a high economic 
and social impact, including a reduction in quality of life (QoL), productivity, 
a greater risk of exacerbations and emergency department (ED) visits.1,2 Another 
major issue is the need of oral corticosteroids (OCS), often due to a poor response 
to standard therapies or the lack of indications for currently available biological 
drugs. In literature, up to 60% of patients with severe or uncontrolled asthma need 
long-term therapy with OCS.3 These patients are treated with increasing dosages of 
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OCS, due to the unsatisfactory response to OCS therapy or 
to the untargeted action of these drugs.

As a consequence of the lack of predictive biomarkers, 
it is not easy to precisely choose the right drug in case of 
a phenotypic overlap. This occurs especially in patients 
with allergic and eosinophilic asthma, where it is difficult 
to choose between different biologic therapies available.

The aim of this review is to define the positioning of 
the biological drugs currently available for type 2 asthma, 
with a special focus on options for eosinophilic asthma in 
the context of the most recent knowledge of immunologi-
cal pathways.

Methods
We carried out a comprehensive literature research using 
validated keyword filters to select articles related to aller-
gic and eosinophilic asthma and to biological treatments. 
To date, from 1 January 1990 until 31 July 2020 
a thorough and selective search has been conducted on 
biomedical bibliographic databases (PubMed and Embase) 
and research documents. International guidelines and 
meta-analyzes have also been taken into consideration, as 
well as articles published “ahead of print”. The following 
keywords were used: refractory asthma, eosinophilia, 
allergy, therapies, inflammation, oral corticosteroids, cyto-
kines, interleukins. In addition, the best and most author-
itative documents were considered based on chronological 
parameters, specifically the date of publication, in order to 
define a clear research path and a coherent development of 
the arguments in support to the conclusions.

IL-5, Eosinophils and Other Target Cells
Recruitment and survival of eosinophils in airways as well 
as maturation of granules are promoted by IL-3, granulo-
cyte-macrophage colonies stimulating factor (GM-CSF) 
and in particular IL-5, which represents the most important 
interleukin responsible for eosinophilic airways inflamma-
tion in asthmatics.4

IL-5 is related to both GM-CSF and IL-3 and is pro-
duced by CD4+ Th2 cells, mast cells, eosinophils and 
basophils and it is involved in different stages of eosino-
phil development and function.5 IL-5 stimulates final dif-
ferentiation and activation of B cells in antibody-forming 
cells and acts by stimulating proliferation and differentia-
tion of eosinophil precursors.6

The accumulation of group 2 innate lymphoid cells 
(ILC2) is present in sites of eosinophilic inflammation.7 

Furthermore, sputum IL-5 +, IL-13 + and ILC2 are 

significantly increased in patients with severe asthma 
whose eosinophilia sputum persists high despite peripheral 
blood eosinophils (PBE) in normal range.8 This occurs as 
a consequence of uncontrolled localized production of IL- 
5, IL-4, IL-13 and ILC2, which contributes to airway 
eosinophilia in patients with severe eosinophilic asthma 
refractory to OCS.

It is important to remember that the systemic increase 
in IL-5 does not always result in the appearance of 
a pathology mediated by eosinophils. For example, trans-
genic IL-5 mice remain physically normal, except for the 
development of splenomegaly.9 In familial eosinophilia 
(FE), a rare autosomal dominant disorder characterized 
by marked eosinophilia and progression to organ damage, 
some clinical manifestations related to this disease are not 
common.10 At molecular level, the signaling of IL-5 in 
mature eosinophils activates several signaling molecules, 
such as JAK-STAT and MAPK, inducing priming 
(increase of effector functions), chemokinesis/chemotaxis, 
activation of integrins and prolongation of cell survival 
through inhibition of apoptosis.11

There are now numerous data confirming how eosino-
phils regulate homeostatic processes in a steady state, 
going beyond the concept of eosinophils considered solely 
as a destructive and inflammatory cells.12,13 The vast 
majority of these tissue resident eosinophils (rEos) is 
found in the non-esophageal portions of the gastrointest-
inal tract, where they perform numerous functions.14,15 

Pulmonary rEos have morphological and phenotypic char-
acteristics peculiar to inflammatory eosinophils (iEos), 
which are recruited into the lungs as an inflammatory 
Th2 response. It is assumed that rEos, unlike iEos, are 
not affected by IL-5 during allergen-induced inflammation, 
because they are not reached by IL-5 due to their specific 
parenchymal localization in sites less accessible to biolo-
gical drugs.16 Therefore, homeostatic eosinophils can basi-
cally represent a reservoir of eosinophils, capable of 
balancing the homeostasis of the inflammatory processes 
they mediate.

The importance of interaction between IL-5 and iEos 
derives from the production by bronchial epithelial cells 
(BEC);17 passing through the bloodstream, IL-5 reaches 
the bone marrow, where it stimulates the progenitors of 
eosinophils who begin their migration to the pulmonary 
parenchyma thanks to the effect of IL-5 itself and 
chemokines.18 It has become evident that the expansion 
of hematopoietic compartments in the bone marrow (BM) 
promotes differentiation and trafficking of mature 
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eosinophils to the airways. Hematopoietic progenitor cells 
egress the BM and home to the lungs, where in situ 
differentiation within the tissue provides an ongoing 
source of proinflammatory cells. In addition to this, hema-
topoietic progenitor cells in the airways can respond to 
locally derived alarmins to produce several cytokines, 
thereby themselves acting as effector proinflammatory 
cells that potentiate type 2 responses in eosinophilic 
asthma.18 Understanding in depth the eosinophilopoietic 
processes and correctly applying the new pharmacological 
strategies can determine a profound modulation of these 
processes and allow to often obtain very positive clinical 
responses.

Mepolizumab
Mepolizumab is a humanized N-glycosylated IgG1 kappa 
monoclonal antibody (mAb) able to inhibit IL-5 with high 
specificity (half maximum inhibitory concentration, 1 nM) 
and affinity (kilodalton = 4.2 pM), thus preventing its 
binding with the alpha chain of the receptor present on 
the surface of eosinophils (Figure 1).19 Mepolizumab is 
made up of two light chains and two heavy chains con-
nected by a disulfide bridge.20

Randomized clinical trials (RCTs) DREAM, MENSA 
and SIRIUS have shown a significant clinical benefit of 
mepolizumab in terms of reduction of exacerbations and 
saving effect of steroids in patients with peripheral PBE ≥ 
300 cells/μL.21–23 Moreover, the MUSCA study demon-
strated an important and significant improvement in qual-
ity of life (QoL) and in pre-bronchodilator forced 
expiratory volume in 1 second (FEV1) values throughout 
the duration of the study (24 weeks).24 A post hoc analysis 
of the DREAM and MENSA studies later confirmed that 
higher baseline blood eosinophil count (>500 cells/μL) 
had a certain predictive value of clinical efficacy.25

The COSMOS and COLUMBA extension studies have 
shown an excellent safety and tolerability profile, with 
stable and lasting clinical efficacy up to 4.5 years of 
follow-up.26,27 However, a decrease in lung function was 
noted during the COLUMBA study, probably due to 
a natural progression of asthma or a reduction in the 
dose of OCS following the benefit obtained with 
mepolizumab.27

An indirect comparison study based on literature data 
and on a Cochrane review showed that in patients with 
severe refractory eosinophilic asthma and similar levels of 
blood eosinophilia, mepolizumab is more effective in 
reducing clinically significant exacerbations and in terms 

of controlling asthma compared to the competitors resli-
zumab and benralizumab.28 It should be remembered that 
the indirect comparison design involves methodological 
limitations, so it will be necessary to carry out head-to- 
head comparative studies in order to establish the real 
superiority of a drug compared to the others.

Some recent real-life studies have been published, 
which confirmed that mepolizumab was safe, resulted in 
significant reduction in the annual rate of exacerbation, 
reduction of interruption of the required dose of OCS, 
and improvements in asthma control and lung function.29 

Furthermore, mepolizumab was also effective in patients 
with mixed allergic and eosinophilic phenotypes and after 
switching to omalizumab.30,31

The approved dose of mepolizumab for the treatment 
of eosinophilic refractory asthma is 100 mg subcuta-
neously (SC).32 In selected cases, this dose was considered 
inadequate, such as in overweight or obese patients. Some 
authors made a switch with reslizumab, IV administered 
with weight-adjusted dosage and it appeared to be more 
effective than fixed-dose mepolizumab in terms of reduc-
tion of airway eosinophilia and exacerbations in patients 
with steroid-dependent eosinophilic asthma.33 However, 
very recent data show that the 100 mg dose of mepolizu-
mab is effective as well in patients with eosinophilic 
granulomatosis with polyangiitis (EGPA).34 In this study, 
the authors demonstrated that low doses of mepolizumab 
(unlike the approved indication for EGPA – 300 mg as 3 
separate 100-mg injections administered SC once every 4 
weeks) allow clinically relevant benefits on asthma exacer-
bation rates, symptoms, oral corticosteroid (OCS) sparing 
effect and immunosuppressive use in EGPA patients. 
These effects occurred without any relapse of EGPA for 
extrapulmonary manifestations.

Benralizumab
Benralizumab is a fully humanized IgG1k afucosylated 
mAb which binds to the α-chain of the IL-5 receptor (IL- 
5R), with consequent inhibition of receptor activation 
mediated by IL-5 (Figure 1).35 Afucosylation improves 
the interaction of benralizumab with its binding site and 
strongly induces the main feature of this drug, cell- 
mediated antibody-dependent cytotoxicity (ADCC) by nat-
ural killer (NK)-cells. Through ADCC, benralizumab can 
markedly reduce eosinophils and other IL-5R + cells, such 
as progenitors of eosinophils, basophils and ILC2s.36

A peculiar feature is that benralizumab is insensitive to 
circulating levels of IL-5, which can increase during 
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exacerbations of asthma (an aspect that limits the effec-
tiveness of competitors).37 Through tissue depletion of 
eosinophils, benralizumab is also insensitive to the effects 
of IL-3 and GM-CSF, a detail that can make the response 
to this drug even more effective.38

The SIROCCO and CALIMA Phase 3 studies have 
shown that benralizumab is effective in significantly redu-
cing the rate of exacerbations and improving the symp-
toms of asthma and the quality of life in patients with 
severe eosinophilic asthma.39,40 In addition to this, the 
treatment with benralizumab resulted in significant reduc-
tion in the use of chronic oral corticosteroids, as demon-
strated by the ZONDA phase 3 trial. In this study, 
benralizumab therapy resulted in a 75% reduction in the 
OCS dose compared to 25% in the placebo group (p = 
0.001). About 50% of patients exposed to benralizumab 
were able to completely stop OCS compared to 19% in the 
placebo group.41

In phase 3 extension trial BORA after 2 years of 
treatment there were no side-effects related to long-term 
eosinophil depletion and the incidence of other adverse 
events, including opportunistic infections, were similar to 
placebo.42

An indirect comparison between mepolizumab and 
benralizumab also placed benralizumab at a higher level 
in terms of OCS-sparing effect and asthma control.43

The administration of benralizumab at a dosage of 
30 mg administered by SC injection each 4 weeks 
(Q4W) for the first 3 doses and every 8 weeks (Q8W) 
thereafter is approved for the treatment of patients with 
severe eosinophilic asthma aged 12 years or older.44

In a pooled analysis from the SIROCCO and CALIMA 
RCTs, the effect of treatment with benralizumab Q8W was 
more evident in patients who had baseline PBE ≥300 cells/ 
μL, OCS therapy, chronic rhinosinusitis with nasal poly-
posis (CRSwNP) and forced vital capacity (FVC) < 65%. 
These parameters can help identify patients potentially 
responsive to benralizumab.45 As found for mepolizumab, 
another pooled analysis of phase 3 SIROCCO and 
CALIMA studies showed that treatment with benralizu-
mab reduced exacerbations and improved lung function 
regardless of serum IgE levels and the presence of 
atopy.46 These results confirmed that anti-IL-5 and anti- 
eosinophilic mAbs are indicated not only for refractory 
eosinophilic asthma but also in patients with a mixed 
allergic/eosinophilic phenotype.

Some retrospective real-life studies have been pub-
lished on benralizumab which reaffirm its effectiveness 

in terms of improved asthma control, lung function, and 
a steroid-sparing effect as well as reduction in emergency 
department visits and hospitalizations.47 As with mepoli-
zumab, benralizumab was also effective in patients with 
a combined allergic-eosinophilic phenotype.48

Reslizumab
Reslizumab is a humanized recombinant mAb IgG4 kappa 
designed to block IL-5 (Figure 1). Reslizumab is an 
antagonist of IL-5 binding and interaction with its recep-
tor. It was approved for eosinophilic asthma in 2016, in 
patients aged 18 years or older. Unlike mepolizumab and 
benralizumab, it is administered intravenously (IV) once 
every 4 weeks with a dosage based on body weight (3 mg/ 
kg via IV infusion over 20–50 minutes) for patients with 
a PBE level >400 cells/μL.49

Phase 3 studies showed a significant reduction in spu-
tum eosinophil counts, a modest but significant improve-
ment in QoL, FEV1 and asthma control in terms of 
a reduction of the exacerbation rate up to 50%.50,51 In 
a post hoc analysis of pooled data from phase 3 
BREATH RCTs, add-on reslizumab treatment reduced 
the frequency of clinical exacerbations of asthma by 83% 
compared to placebo among patients with CRSwNP. These 
results confirm that this subpopulation is more sensitive to 
the effects of reslizumab than patients with eosinophilic 
refractory asthma without CRSwNP.52

To date, only one real life study has been published on 
reslizumab, involving 26 patients.53 In this retrospective 
study, reslizumab was well tolerated and significantly 
reduced the rate of exacerbations and to a lesser extent the 
OCS dosage. These data confirm the usefulness of anti-IL5 
therapy in a carefully selected phenotype of severe asthma 
with evidence of eosinophilic airway inflammation.

Dupilumab
IL-4 and IL-13 are pleiotropic Th2 cytokines, which share 
the IL-4Rα receptor and a common regulatory pathway.54 

Dupilumab is a fully humanized IgG4 monoclonal anti-
body directed against the α subunit of the IL-4 receptor, 
capable of blocking the signaling of IL-4 and IL-13 
(Figure 1).55

Phase 3 RCT Liberty Asthma VENTURE demon-
strated that the maximum efficacy of dupilumab was 
observed in type 2 phenotype (baseline eosinophil blood 
count ≥ 150 cell/μL and basal fractional exhaled nitric 
oxide (FeNO)) ≥ 25 parts per billion (ppb). A 65.8% 
reduction in the severe exacerbation rate was observed in 
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these patients compared to the placebo group.56 In another 
phase 3 study (Liberty Asthma QUEST), the reduction in 
average dose of OCS was 70.1% in the dupilumab group, 
compared to 41.9% in the placebo group.57 Treatment with 
this mAb resulted in a 59% reduction in severe exacerba-
tion rate with an increase in FEV1 of 0.22 L. It is very 
important to note that in this study patients were recruited 
regardless of the presence of high levels of type 2 biomar-
kers, such as basal eosinophil count in the blood or spu-
tum, FeNO or IgE. Dupilumab is therefore a promising 
therapeutic option also in allergic asthma or in the case of 
a combined allergic and eosinophilic phenotype, as con-
firmed by a recent post hoc analysis of the QUEST study.58

In a exploratory post hoc analysis of dupilumab 
300 mg every two weeks (Q2W), there appeared to be 
discrepancies in patients with PBE ≥ 150/μL and FeNO < 
25 ppb in terms of a significant reduction in exacerbations 
but no improvement in FEV1 compared to placebo. 
Conversely, in patients with PBE < 150/μL and FeNO ≥ 

25 ppb there was agreement on both the improvement of 
exacerbations and FEV1.56

In a phase 3 study in patients with asthma and with or 
without chronic rhinosinusitis (CRS), dupilumab 200mg/ 
300mg administered SC every two weeks reduced annual-
ized severe exacerbation rates by 63%/61% respectively, 
in patients with CRS, and by 42%/40% in patients without 
CRS (all P <0.001 vs placebo).59 This result confirms that 
also in this case, as seen, for example, for benralizumab 
and reslizumab, the presence of sinusitis with or without 
CRSwNP, is a “clinical biomarker” capable of predicting 
a better response towards dupilumab. By evaluating the 
available data, the tolerability profile of dupilumab was 
generally similar to placebo as regards to the incidence of 
adverse events (AE). In a pooled analysis of data from the 
QUEST and VENTURE studies, the adverse reactions that 
occurred most commonly with dupilumab with 
a numerically higher incidence than placebo included 
injection site reactions, oropharyngeal pain and blood 

Airway epithelium
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IL-25 , IL-33

ILC-2
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Figure 1 T2 high inflammatory pathways. 
Abbreviations: TSLP, thymic stromal lymphopoietin; ILC-2, group 2 innate lymphoid cells; Th,T helper.
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eosinophilia ≥3000/μL.60 This event occurred in 1.2% 
with dupilumab compared to 0.3% with placebo (com-
bined data) in the QUEST study48 and 13% with dupilu-
mab compared to 1% with placebo in the VENTURE 
trial.57

In the first and only real-life cohort study of predomi-
nantly steroid-dependent severe asthma, dupilumab signif-
icantly improved asthma control and lung function and 
reduced OCS use and the rate of exacerbations. Despite 
the limitations due to the nature of the study, these results 
are consistent with the efficacy data of the controlled 
studies.61

Omalizumab
Omalizumab is a humanized monoclonal antibody with 
specificity for the IgE molecule at the binding site for 
the high-affinity IgE receptor (FcεRI) (Figure 1). 
Omalizumab is approved as add-on treatment therapy for 
moderate-to-severe allergic asthma in adults, adolescents 
and children (6 to <12 years of age).62 Suitable patients for 
omalizumab are those with an IgE level of ≥30–1500 IU/ 
mL and bodyweight of 20–150 kg with doses up to 
600 mg Q2W. Omalizumab blocks the interaction of free 
IgE with FcεRI on mast cells, antigen-presenting cells and 
basophils. Omalizumab indirectly regulates the expression 
of FcεRI on basophils, mast cells and dendritic cells, 
influencing the production of type 2 cytokines and inhibit-
ing T2 high inflammation.63–65

Over many years of use, the efficacy of omalizumab in 
patients with severe uncontrolled allergic asthma has been 
confirmed by several randomized and real-life studies. 
These studies highlighted its efficacy and safety, with 
a significant reduction in frequency of asthma exacerba-
tions (up to 50%), improved QoL, and reduced use of 
OCS.66 This treatment has shown good efficacy even in 
patients with non-allergic asthma, most often treated for 
longer periods,67 giving credit to the hypothesis of a IgE 
production even without systemic sensitization.68 Other 
studies have confirmed its efficacy also in prevention of 
seasonal exacerbations, of interferon-α production in 
response to rhinoviruses infection.69

Recent studies confirmed that a long-term treatment 
with omalizumab reduces type 2 inflammation by acting 
on different types of cells that play a fundamental role in 
the pathogenesis of allergic asthma but also thanks to the 
ability to detach IgE from its receptor.70 In the EXTRA 
study, the subpopulation with atopy with PBE ≥ 260 cells/ 
μL and FeNO ≥ 19.5 ppb is associated with an increased 

probability of response to omalizumab.71 Based on avail-
able evidence, the combination of presence of total serum 
IgE within the dosage range, a history of frequent exacer-
bations, persistent asthma symptoms, decrease in FEV1, 
allergen specific IgE for perennial inhalants, increase in 
FeNO and increase in PBE is associated with an increased 
likelihood of response to omalizumab.

The availability of omalizumab in real-life treatment of 
allergic asthma represented a great advance for the ther-
apeutic control of severe asthma in more severe pheno-
types. These important therapeutic actions of omalizumab 
have been documented by several RCTs, and more 
recently by numerous real life studies with an experience 
of over 10 years in daily clinical practice. These studies 
demonstrated the therapeutic efficacy of omalizumab to 
significantly reduce asthma exacerbations, as well as 
improve symptoms and quality of life.72

How to Choose the Right 
Therapeutic Option in the Current 
Landscape
The availability of a growing number of options among 
biological drugs makes it necessary to accurately define 
which one to choose (Table 1). In the absence of real 
predictive biomarkers, it is not always a simple task, 
especially in the case of mixed or combined inflammatory 
phenotypes.

Among the available biomarkers, PBE are a parameter 
that correlates effectively with the response to anti-IL-5 
and anti-eosinophils mAbs mepolizumab and benralizu-
mab, in particular in patients with >300 cells/μL or better 
yet 500 cells/μL.21 The reliability data about FeNO are 
still partially controversial in determining effectiveness of 
these mAbs.73 However, the EXTRA study showed that 
high atopy-related blood eosinophilia and FeNO values 
can positively predict the response to omalizumab,71 and 
patients with these phenotypic characteristics loose the 
benefits of treatment more quickly after withdrawal, as 
demonstrated by the XPORT study.65

These data increase the difficulty of choosing between 
the various biological drugs in case of overlap, although 
long-term efficacy and safety data are in favour of 
omalizumab,74 which remains mainly indicated for 
patients with early-onset refractory allergic asthma, with 
sensitization to perennial inhalant allergens, with or with-
out blood eosinophilia. Currently, there are no direct com-
parison data between anti-IgE and anti-IL-5; therefore, 
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considering a possible partial overlap between omalizu-
mab and patients unsuitable for mepolizumab, compara-
tive studies will be needed to evaluate the effectiveness of 
the two classes of mAbs. A meta-analysis revealed 
a certain heterogeneity between the patients treated and 
different selection criteria for the use of the two classes of 
mAbs, that do not allow definitive recommendations for 
the preferential use of omalizumab against mepolizumab, 
even if no significant differences in efficacy emerged.75

An international cross-sectional observational study 
showed that the overlap of eligibility for treatment with 
anti-IL-5 or anti-IgE therapies varied between 27% and 
37% of patients.76 It is therefore necessary to pay utmost 
attention in choosing the most suitable therapy, as pheno-
typic and eligibility overlap for biologics is frequent. In this 
regard, it must be remembered that the presence of atopy 
and the total level of IgE at baseline do not influence 
mepolizumab, as demonstrated by a subanalysis of the 

DREAM trial.22 A recent post hoc analysis of patients 
enrolled in the DREAM, MENSA and SIRIUS studies and 
treated with mepolizumab after ineffective treatment with 
omalizumab, confirmed results from the previous studies, 
showing that these patients responded positively to mepo-
lizumab, regardless of previous use of omalizumab.77

The need to identify biomarkers able to predict the 
effectiveness of biological drugs is high at the moment. 
For this purpose, there are international projects such as 
the “Unbiased BIOmarkers for the Prediction of 
Respiratory Disease Outcomes” consortium. The 
U-BIOPRED cohort is characterized by poor symptoms 
control, increased comorbidities and airways inflamma-
tion, despite high levels of treatment. Proteomics data-
sets will be available in the near future; the basis of 
systems medicine approach and will be probably able to 
give a real turning point in the identification of asthma 
phenotypes.78

Table 1 Therapeutic Options for Type 2 Asthma

Compound Target Molecule FDA 
Approval 
Date

Administration 
Route

Dosage Ideal Patients Principal Outcomes

Mepolizumab Inhibit IL-5, preventing 

its binding with the α 
chain of the receptor 

present on the surface of 

the eosinophils

4-Nov-15 Subcutaneous 100 mg 

every 4 

weeks

Eosinophilic 

asthma ≥ 300 

cells/µL, 

CRSwNP, late 

onset asthma

Excellent safety profile, clinical 

efficacy and steroid sparing effect

Benralizumab Bind to the α-chain of 

the IL-5R with inhibition 

of receptor activation 

mediated by IL-5

14-Nov-17 Subcutaneous Every 4 

weeks for 

the first 3 

doses, then 

every 8 

weeks

Eosinophilic 

asthma ≥ 300 

cells/µL, 

CRSwNP, late 

onset asthma

High affinity for IL-5 receptor and 

ADCC activity, eosinophils 

sustained tissue depletion, 

improvement of pulmonary 

function even in patients with FAO

Reslizumab Block IL - 5, inhibiting 

the binding and 

interaction with its 

receptors

23-Mar-16 Intravenous 3 mg · kg -1 Eosinophilic 

asthma ≥ 400 

cells/µL, 

CRSwNP

Personalized dosage, improvement 

of pulmonary function

Dupilumab Direct against α subunit 

of the IL-4R, capable of 

blocking the signaling of 

IL-4 and IL-13

28-Mar-18 Subcutaneous 200/300 mg 

every two 

weeks

FeNO ≥ 25 ppb 

and 

eosinophilic 

asthma ≥ 150 

cells/µL

Reduction in severe exacerbations 

and in average dose of OCS, 

improvement in lung function 

(FEV1 l)

Omalizumab Bind free IgE, blocking its 

interaction with FcεRI 

on basophils, mast cells 

and dendritic cells

20-Jun 

-2003

Subcutaneous Doses up 

600 mg 

every two 

weeks

Allergic, 

patients with 

total serum IgE 

levels ≥ 30 and 

≤ 1500 kU/l

Reduction in frequency of asthma 

exacerbation, improvement QoL 

and reduction use of OCS

Abbreviations: ADCC, antibody-dependent cell cytotoxicity; FAO, fixed airway obstruction; CRSwNP, chronic sinusitis with nasal polyps; FeNO, fractional exhaled nitric oxide.
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Is Eosinophilic Asthma Really Only 
for Anti-Eosinophilic/Anti-IL-5 
Biologics?
To evaluate the indication for one of the biological thera-
pies for severe asthma, it is crucial a phenotype-based 
approach and a careful classification of comorbidities 
such as CRSwNP, allergic rhinitis and atopic dermatitis. 
The importance of the phenotype is testified by what 
happened with the first studies on mepolizumab, which 
had failed their objectives due to an improper selection 
of the study population. Leckie et al had performed the 
first randomized, double-blind, placebo-controlled study of 
this biologic. There were no significant improvements in 
respiratory function despite decreased airway and blood 
eosinophilia after 4 and 16 weeks.79 A subsequent RCT of 
362 patients with uncontrolled asthma despite inhaled 
corticosteroid therapy was aimed at evaluating the effect 
of three intravenous infusions of mepolizumab (250 or 
750 mg every month) on clinical outcome measures.80 

This study also failed clinical endpoints despite 
a significant reduction in blood and sputum eosinophils 
in both treatment groups.80 After better identifying the 
patients most likely to respond, the history of this drug 
for the treatment of patients with severe eosinophilic 
asthma has changed dramatically, demonstrating great effi-
cacy in patients with the correct characteristics.21–23

As for now, for severe refractory eosinophilic asthma 
there are targeted therapies available against IL-5 and 
eosinophils (Table 1). The anti-IL-4/IL-13 option dupilu-
mab is already available for the treatment of asthma in 
many countries and will soon be available in other coun-
tries where it is not currently marketed. These mAbs have 
proven to be very effective in reducing exacerbations of 
asthma, improving lung function in some cases and con-
trolling asthma. A significant steroid-sparing effect has 
been confirmed in many randomized clinical trials.81 

This will likely lead to remove the systemic steroid option 
in the next few years as the last alternative to GINA step 5.

The first choice and most important drugs are those 
that target cells and one of the most important cytokine in 
eosinophilic asthma, IL-5. These drugs have been specifi-
cally designed and studied for eosinophilic asthma, but it 
is not always easy to choose between biological products 
available because, as already mentioned, some patients 
have overlapping characteristics and they can theoretically 
benefit from different treatments. Therefore, clinicians find 
it difficult to establish the optimal therapy for a specific 

patient. Moreover, for patients who meet the prescription 
criteria for different mAbs, present atopy and high levels 
of PBE, there are not clear indications on how to make 
a certain choice.

In order to help clinicians in choosing the most suitable 
add-on treatment for these patients, some authors proposed 
to consider omalizumab as first-line therapy due to its 
efficacy and safety assessed by a large body of real-life 
data and over a decade of surveillance post-marketing.82 

Confirming that the choice remains complex, not all 
patients taking omalizumab seem to respond well to treat-
ment even if selected correctly. In this regard, according to 
real-life data from the Italian NEONet group, 32% of 
patients treated with omalizumab dropped out mainly due 
to lack of efficacy.83

As of literature data, even in the case of omalizumab, it 
appears that higher values of PBE (≥300/μL) as well as 
FeNO cut-off >30 ppb are predictive of greater efficacy 
(Figure 2).84 To date, eosinophils have been considered the 
main clinical marker of type 2 inflammation in respiratory 
diseases, although their relevance in identifying severity of 
asthma is still a matter of debate.85–87

Blood eosinophilia has been identified as a risk factor 
for exacerbations of asthma, regardless of symptom 
control.86,87 The blood count of eosinophils, however, 
seems more useful and reliable as a predictive biomarker 
of response to biological treatments aimed at eosinophils 
compared to a distinctive sign of the severity of asthma. 
Some authors demonstrated, in patients with severe asthma 
being treated with mepolizumab, that reduction in the 
exacerbation rate was significantly greater in patients with 
PBE ≥ 150/μL compared to those with PBE < 150/μL.88 

Data from phase 3 studies on mepolizumab also confirmed 
the predictive role of blood eosinophil levels in response to 
treatment in patients with severe eosinophilic asthma. 
Likewise, 2 RCTs on reslizumab demonstrated the impor-
tant role of baseline PBE in patient selection.89,90 Elevated 
PBE have also been shown to be an essential condition for 
the efficacy of benralizumab in patients with severe uncon-
trolled asthma.39,40

FeNO appears to be a good indicator of asthma sever-
ity and control, perhaps better than PBE level. This is 
more evident in patients with allergic asthma, but the 
correlation between sputum eosinophil counts, PBE counts 
and FeNO is not supported by reliable evidence.91,92

Patients with elevated FeNO, blood eosinophilia with 
or without atopy are those most suitable for dupilumab 
(Figure 2), as shown by some studies.57
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Another possibility for selecting the right patient for 
the right pharmacological option is the use of clinical 
phenotypes. Patients with fixed airway obstruction, for 
example, can benefit more from mAbs such as benrali-
zumab, reslizumab or dupilumab,39,40,50 which have 
shown consistent improvements in respiratory function 
compared to omalizumab and mepolizumab.22,93

The subpopulation of patients with persistent symp-
toms, tissue inflammation and blood and sputum eosino-
philia despite prolonged use of OCS are termed “steroid 
resistant” or “steroid refractory” asthma patients.94

Many of the recent biological studies for refractory 
asthma have shown significant benefits in weaning 
patients with chronic OCS use or at least in 
a significant reduction of the average OCS dose. Data 
on omalizumab ability to afford the weaning of the OCS 
are not certain, since no specific RCTs have been con-
ducted. Reslizumab has also not been specifically stu-
died for this indication.95,96 Mepolizumab, benralizumab 
and dupilumab instead have been studied specifically for 

OCS dependent patients and have been found to have 
a consistent efficacy in reducing the use of OCS.23,41,56 

When choosing a biological drug for patients with 
chronic need for OCS and with evidence of eosinophilia 
(150–300 cells/mL), mepolizumab, benralizumab or 
dupilumab are the most correct choices (Figure 2). If 
the patient has no evidence of eosinophilia, but high 
FENO, dupilumab may be the best option.

The real-life studies showed not only the effective-
ness of all biologics, but also that in the case of 
combined phenotypes they can be interchangeable or 
therapeutic switches can be made in case of ineffec-
tiveness of one or the other. The choice must therefore 
be guided by the combined evaluation of the biomar-
kers currently available, by the age of onset of asthma 
(earlier, for example, in the case of pure allergic 
asthma), by comorbidities such as nasal polyposis, 
atopic dermatitis and obesity and finally by the experi-
ence and confidence of the clinician, which remains 
fundamental.

Peripheral blood 
eosinophil count ≥ 300 

cells/µl 

Perennial inhalant allergens and
total serum IgE levels  
≥ 30 and  ≤ 1500 kU/l

FeNO ≥ 25 ppb 

Mepolizumab
Benralizumab

Peripheral blood 
eosinophil count ≥ 400 

cells/µl 

Reslizumab

Reslizumab
Dupilumab

Mepolizumab
Benralizuamb
Dupilumab

Omalizumab
Mepolizumab
Benralizumab

Peripheral blood 
eosinophil count ≥ 150 

cells/µl 

Dupilumab

Omalizumab
Dupilumab

Omalizumab
Mepolizumab
Benralizumab
Dupilumab

Perennial inhalant 
allergens and total 

serum IgE levels  
≥ 30 and  ≤ 1500 kU/l

Reslizumab
Omalizumab

Omalizumab

Figure 2 Overlapping of biological drugs in the context of inflammatory phenotypes.
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Conclusions
As the number of therapeutic options increases, the choice of 
biological drugs can be made only after careful considera-
tions of the particular endotype, patients comorbidities and 
clinical data. In patients with severe refractory eosinophilic 
asthma, anti-IL5 and anti-eosinophilic mAbs remain the first 
choice, regardless of the FeNO values and the presence of 
atopy, provided the presence of an eosinophil level ≥300 
cells/μL. There are real-life data that suggested that in 
patients with sub-optimal response to mepolizumab, 
a switch to benralizumab may be associated with better 
outcomes. This can allow us to increase the possibility of 
obtaining therapeutic success, even if these are choices to be 
made with great attention and in a thoughtful way.

Regarding dupilumab, the evidence is that it is more 
effective in patients with a high FeNO endotype, although 
it has also been effective in patients with high PBE and 
low FeNO, albeit to a lesser extent. Therefore, the studies 
published so far indicate this drug as a possible therapeutic 
option in severe eosinophilic asthma, however carefully 
evaluating the levels of these biomarkers.

Finally, omalizumab can also be effective in eosinophi-
lic asthma, but in combination with the presence of total 
serum IgE in the dosage range, specific IgE allergens for 
perennial inhalants and possibly an increase in FeNO.

The biological drugs for severe asthma are therefore all 
effective and safe on condition of a careful choice, that 
can be a difficult task because head-to-head comparison 
studies do not yet exist and the published studies are 
limited in some cases by a certain heterogeneity, espe-
cially as regards the type of enrolled patients. In this 
regard, an example is the first head-to-head RCT 
PREDICTUMAB (NCT03476109), comparing mepolizu-
mab and omalizumab. The selection of the correct thera-
peutic option can therefore be guided after a careful 
evaluation of the particular endotype and phenotype, 
from the combined evaluation of inflammatory biomar-
kers, clinical picture and comorbidities. The careful eva-
luation of all these parameters can therefore help the 
physician in the optimal management of these complex 
patients, for whom it is often possible to achieve excep-
tional results by managing the available options in the best 
possible way.

Abbreviations
SRA, severe refractory asthma; QoL, quality of life; ED, 
emergency department; OCS, oral corticosteroids; GM- 
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