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Abstract

Severe asthma is a heterogeneous disease with different phenotypes based on clini-
cal, functional or inflammatory parameters. In particular, the eosinophilic phenotype
is associated with type 2 inflammation and increased levels of interleukin (IL)-4, IL-5
and IL-13). Monoclonal antibodies that target the eosinophilic inflammatory pathways
(IL-5R and IL-5), namely mepolizumab, reslizumab, and benralizumab, are effective and
safe for severe eosinophilic asthma. Eosinophils threshold represents the most in-
dicative biomarker for response to treatment with all three monoclonal antibodies.
Improvement in asthma symptoms scores, lung function, the number of exacerba-
tions, history of late-onset asthma, chronic rhinosinusitis with nasal polyposis, low
oral corticosteroids use and low body mass index represent predictive clinical mark-
ers of response. Novel Omics studies are emerging with proteomics data and exhaled
breath analyses. These may prove useful as biomarkers of response and non-response
biologics. Moreover, future biomarker studies need to be undertaken in paediatric
patients affected by severe asthma. The choice of appropriate biologic therapy for
severe asthma remains challenging. The importance of finding biomarkers that can
predict response continuous an open issue that needs to be further explored. This
review describes the clinical effects of targeting the IL-5 pathway in severe asthma in

adult and paediatric patients, focusing on predictors of response and non-response.
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1 | INTRODUCTION

Asthma is a common chronic disease and affects approximately
315 million people worldwide, with an estimated 3%-10% of
asthma patients suffering from the severe form of the disease.’
Severe asthma is defined as asthma that remains uncontrolled de-
spite adherence with GINA steps 4-5 treatment (high-dose ICS and
LABA or leukotriene modifier) and optimal treatment of contribut-
ing factors or asthma that worsens when high-dose treatment is
decreased.?

Due to severe and difficult to control symptoms and numerous
medication side effects, severe asthma represents a substantial bur-
den for affected patients, increasing the risk of frequent exacerba-
tions, hospital admissions and resulting in high healthcare costs and
a decreased quality of life of patients and their families.>*

Severe asthma is a heterogeneous disease with different phe-
notypes based on clinical, functional or inflammatory param-
eters.’ Among them, the eosinophilic phenotype represents a
well-recognized condition that involves T-helper 2 and innate lym-
phoid cells activation and leads to abnormal production of type 2
cytokines (Interleukin (IL)-4, IL-5 and IL—13).“"7 For this reason, most
of the new biological treatments target eosinophilic inflammatory
pathways and particularly IL-5, the main mediator of eosinophilic
inflammation.

IL-5 exerts its effect by binding the alpha chain of its specific re-
ceptor (IL-5R), regulating eosinophils promotion, migration, matura-
tion and survival.*¥%* Upon IL-5 activation, eosinophils degranulate
and release cytotoxins with antimicrobial effects inducing damage
to surrounding cells and tissue.® Targeting IL-5 or IL-5R with mono-
clonal antibodies has a prominent role in the pathogenic evolution
of severe asthma, it reduces eosinophilia, and it is an effective al-
ternative in patients with severe asthma and uncontrolled symp-
toms. These drugs offer a new perspective for patients with severe
asthma, who are not fully responsive to standard treatments.

This review aims to summarize the clinical effects of treatments
that target the IL-5 pathway in severe asthma, to describe predic-
tors of response, and to discuss knowledge gaps in non-response

mechanisms.

2 | CLINICAL EFFECTS OF ANTI-IL5
TREATMENTS

Eosinophilic asthma in adults is a generally a well-characterized phe-
notype. The presence of eosinophilic inflammation in the airways is
associated with disease severity, increased risk of exacerbations, air-
way hyper-responsiveness and worsening of symptom control.*¢18
Once eosinophils migrate into the lungs, they have a pivotal effect
on the airway type-2 inflammation, by promoting the activation of
the innate and adaptive immune response.’®> There are currently
three biologics approved for severe asthma treatment, targeting

specifically IL-5 and IL5-Ra: mepolizumab and reslizumab are both

monoclonal antibodies targeting IL-5, while benralizumab targets IL-
5Ra (Figure 1).

Biological treatments targeting IL-5 and IL-5Ra have recently
been approved for paediatric severe asthma; therefore, it is import-
ant to include this patient group as well. Since molecular pathways
underlying severe asthma seem to differ between the paediatric
population and adults, clinical effects and predictors or response
might vary. For example, in contrast to the adult population, blood
eosinophils or airway eosinophils might not always equal type-2
inflammation’ in the paediatric population, and features of type-2
inflammation seem to be :;15,'e-dependent.10 In children, airway Th2
cytokines, including interleukin (IL)-5 and IL-13, have been difficult

to detect and levels vary between patients.®*112

2.1 | Mepolizumab

The FDA approved mepolizumab in 2014 for the treatment of severe
eosinophilic asthma. Mepolizumab prevents the binding of IL-5 to
IL-5Ra, consequently inhibiting eosinophils maturation in the bone
marrow and their activation and mobilization into the Iungs.w’20
Mepolizumab has been approved for severe asthmatics over 6 years
old, with an eosinophil concentration of 150/pl at screening, or
300/ul over the previous 12 months. For adults, It is administered
subcutaneously (SC) every 4 weeks in a fixed dose of 100 mg,?!
for children 40 mg every 4 weeks. A multi-centre double-blind,
placebo-controlled trial, The Dose Ranging Efficacy And safety
with Mepolizumab (DREAM) study,22 showed that intravenous
Mepolizumab was effective and tolerable, especially for patients
with severe eosinophilic asthma, but there was no improvement in
lung function and symptoms score. Efficacy was measured by the
reduction in the frequency of exacerbations, while safety was as-
sessed by the number of adverse events.

Consequently, the steroid reduction with mepolizumab study
(SIRIUS),% a randomized double-blind clinical trial that included se-
vere asthma patients from 12 years old, confirmed that mepolizumab
was able to reduce exacerbations by 32%, to improve asthma symp-
toms of 52% as well as in reducing the use of oral corticosteroids.

The mepolizumab as adjunctive therapy in patients with severe
asthma (MENSA) study was the first randomized, double-blind trial
to prove that the administration of mepolizumab subcutaneously or
intravenously, is linked to a reduction in asthma exacerbations and
to an improvement of asthma control markers,?* and it also showed
some moderate clinical effect in improving lung function (the mean
increase from baseline FEV1 after bronchodilation was +146 and
+138 ml in the intravenous mepolizumab group and in the subcu-
taneous mepolizumab group, respectively). In these studies, that
enrolled 567 patients among teenagers and adults, the main factors
influencing the overall number of exacerbations were as follows:
blood eosinophil count at screening, numbers of exacerbations in
the year prior to screening, and baseline maintenance oral cortico-

steroid use. Later on, the open-label extension study COSMOS%
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FIGURE 1 Anti-IL5/IL5Ra mechanism
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confirmed the safety and efficacy of subcutaneous mepolizumab
in patients with severe eosinophilic asthma. In this study, mepoli-
zumab was administered for 52 weeks, to the same patients who
had completed the MENSA and SIRIUS trials. Safety assessment in-
cluded the registration of adverse events, while efficacy included
the annualized exacerbation rate and durability of response (defined
as the reduction in frequency of exacerbations and the reduction in
oral corticosteroids use). Subsequently, the MUSCA trial, a phase IlIb
randomized, double-blind, placebo-controlled, parallel group, multi-
centre trial®® was designed to demonstrate the efficacy of mepo-
lizumab as an add-on therapy in patients with severe eosinophilic
asthma. Markers of asthma control were based on mean changes
from baseline in St. George's Respiratory Questionnaire (SGRQ)
score and Asthma Control Questionnaire (ACQ-5) score, and mean
change from baseline in clinic pre-bronchodilator forced expiratory
volume in one second (FEV1). Mepolizumab was associated with
significant improvements in quality of life of patients with severe
eosinophilic asthma and had a safety profile comparable to placebo.

In the paediatric population, mepolizumab is now indicated for
children aged 6 years and older with severe eosinophilic asthma. The
approval is based on the MUSCA, SIRIUS and MENSA trial and a 12-
week pharmacokinetic and pharmacodynamics study with 36 partic-
ipants (aged 6-12 years).?” However, studies reporting on safety and
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TLSP, IL-25, IL-33

‘ ILC2

'3% Reslizumab (Cingaero)

o * Basic proteins
* Cysteinyl leukotrienes
* Cytokines

efficacy data for the paediatric population remain scarce in number.
In MENSA, MUSCA, DREAM and SIRIUS combined, only 34 (1.8%)
adolescent patients were included (out of 1878 pa\rticipants).28 This
post hoc analysis of adolescent population provided evidence for
comparable efficacy and safety of mepolizumab for adolescents
compared with overall trial population. Moreover, preliminary data
of a comparison of efficacy in children, adolescents and adults by

1.2 showed that mepolizumab in children (aged >12) with

Guptaeta
severe eosinophilic asthma results in similar efficacy (exacerba-
tions and ACQ-5) when compared to adults after 12 weeks (27.8%).
More recently, a long-term (52-weeks) safety study reported a pos-
itive benefit-risk profile for mepolizumab in 30 children (aged 6-12)
with severe asthma and an eosinophilic phenotype. Compared with
baseline values, mepolizumab treatment reduced blood eosinophil
counts and asthma exacerbations and improved asthma control

across all treatment groups.

2.2 | Reslizumab

The other approved anti-IL5 is reslizumab, a humanized monoclo-
nal antibody that binds circulating IL-5 and prevents its binding to
the IL-5Ra receptor. Reslizumab has been approved in 2017 for the
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treatment of severe eosinophilic asthma patients over 18 years old.
It is administered intravenously every 4 weeks, and it is dosed based
on bodyweight (3 mg/kg) with an eosinophil cut-off value of 2400
cells/pl.%° Castro et al.®* conducted a randomized, double-blind,
placebo-controlled trial to evaluate the efficacy of reslizumab in
patients with eosinophilic asthma defined by 3% or more of eosino-
phils in sputum and poor symptom control (ACQ 2 2). Reslizumab
was able to induce a significant reduction in eosinophils in sputum
and blood (95.4% and 38.7% in reslizumab and placebo group, re-
spectively), and reduce exacerbations (8% of patients in the resli-
zumab group had an exacerbations compared to 19% in the placebo
group). Modest improvements in asthma control symptoms were
observed, even though the analysis of a subgroup of patients with
nasal polyposis showed a significant response to reslizumab in terms
of ACQ score improvement when compared to placebo. Two other
duplicate, multi-centre, double-blind, randomized, phase 3 trials,3?
enrolled 953 severe asthma patients who had blood eosinophils of
2400 cells/ul, confirmed the reduction in the annual rate of clinical
asthma exacerbations, the improvement of pulmonary function and
asthma control in patients with severe eosinophilic asthma treated
with reslizumab, while the same effects were not observed in pa-

tients with baseline eosinophils <400 ceIIs/pI.33

A post hoc analysis
of the same trial showed that reslizumab was effective and well tol-
erated in patients with more severe and refractory disease and with

high eosinophilia.3*

2.3 | Benralizumab

Benralizumab is the approved monoclonal antibody against
IL5-Ra, a humanized monoclonal antibody that binds the alpha
subunit of the interleukin-5 receptor (IL5-Ra), which is expressed
on the surface of, among other cell types, eosinophils and ba-
sophils. It has been approved by the FDA to treat paediatric se-
vere asthma patients of 12 years and older with an eosinophilic
phenotype, but the EMA has approved this biologic only for the
treatment of adults. Benralizumab induces apoptosis of eosino-
phils and basophils through enhanced antibody-dependent cell-
mediated cytotoxicity (ADCC), binding the FcyRIll receptors
on the surface of immune effectors cells such as natural killer
(NK).%> Benralizumab is administered subcutaneously at the dose
of 30 mg, initially every four weeks, and then every eight weeks
after three injections. Eight weeks is the largest interval among all
biological treatments and it is a primary benefit of benralizumab
therapy. Patients who are considered eligible for benralizumab
medication have severe eosinophilic asthma, with an eosinophil
cut-off value of 2150 cells/ul.3¢ In the SIROCCO and CALIMA tri-
als,” subjects with severe uncontrolled asthma were enrolled,
and both studies demonstrated that benralizumab 30 mg reduced
asthma exacerbations rate by 36% with 4 weekly dosing and 28%
with 8 weekly dosing,38 improved lung function and asthma symp-
tom scores. Again adolescents have been underrepresented in
these trial populations. In the SIROCCO and CALIMA trials, only

108 (4.3%) out of 2510 participants were <18 years. Additionally,
the more recent ZONDA trial showed that the add-on therapy
with benralizumab reduced the need for oral corticosteroids and
controlled asthma symptoms without effect on forced FEV1 com-
pared with placebo.?? Benralizumab long-term safety and efficacy
was confirmed by the BORA extension phase 3 trial of SIROCCO
and CALIMA of 1 year of duration*® (Table 1).

It is also important to notice that benralizumab, compared
with the others anti-IL5 therapies, is able to reduce eosinophils
faster and near-completely including eosinophil-lineage commit-
ted progenitor cells in blood and sputum®! suggesting a greater
effectiveness in severe eosinophilic asthma over mepolizumab
and reslizumab.*?

Even though all the anti-IL5/IL5R report relevant clinical efficacy
and safety profiles in severe asthma patients with the evidence of
eosinophilic inflammation, information on biomarkers able to predict
a better response of these biologics compared with the others are
still lacking and need to be clarified.

3 | PREDICTORS OF RESPONSE

Clinical trials have primarily assessed the efficacy and safety of anti-
IL5/1L-5Ra mAbs. The evaluation of patients’ variable responses to
treatment is still challenging and difficult to determine before market
approval. The latest GINA recommendations evaluate biomarkers
that may predict significant responses to monoclonal antibodies for
personalized treatments.*® Even if several biomarkers have been ex-
plored in patients with T2 severe asthma, there is still a gap on their
feasibility in clinical practice and there are not enough data on their
ability to predict treatment response.** We briefly summarized the
state of the art of clinical predictors of positive or poor response to

monoclonal antibodies and the explored biomarkers (Tables 2 and 3).

3.1 | Predictors of response to mepolizumab

Level of blood eosinophils is the best-established indicator of anti-
IL-5/1L-5Ra mAbs efficacy. The optimal eosinophils threshold in re-
sponse to mepolizumab has been explored in two post hoc analyses,
the DREAM and MENSA studies.** Both clinical trials demonstrated
that patients with an eosinophil count of 150 cells/ul or more at
baseline respond better to mepolizumab treatment, especially in
terms of exacerbation rate reduction (yet, a sensitivity analyses for
adolescents is lacking and would probably be underpowered with
the low patient numbers). Afterwards, the MENSA and MUSCA tri-
als*® confirmed the clinical benefits of mepolizumab in patients with
a baseline of blood eosinophil counts 2150 cells/ul. Differences in
baseline characteristics between responders and super-responders
have been explored in a total of 99 severe asthma patients treated
with mepolizumab,47 In this retrospective study, severe asthma pa-
tients under mepolizumab treatment were classified as responders if
they reported >250% reduction in the annualized exacerbation rate,
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TABLE 2 Studies with predictive variables of response to mepolizumab, reslizumab and benralizumab

Study (first author,
publication year)

Kavanagh J.E. (2020)

Albers F.C. (2019)

Ortega H.G. (2016)

Albers F.C. (2019)

Drick N. (2018)

Wechsler M. (2018)

Bateman E. D. (2019)

FitzGerald J.M. (2018)

Bleecker E.R. (2018)

Chipps B.E. (2018)

Anti-eosinophilic

Study monoclonal
population antibody
99 Mepolizumab
936 Mepolizumab
1192 Mepolizumab
936 Mepolizumab
42 Mepolizumab
477 Reslizumab
321 Reslizumab
2295 Benralizumab
2295 Benralizumab
2295 Benralizumab

Variables used to determine
response

Nasal polyposis
ACQ-6

BMI

OCS use

Baseline blood eosinophil
count (<150, 2150, =300,
>400, 2500, 2750, 21000,
>150-<300, or 2300-<500
cells/pl)

Baseline eosinophil counts
(2150 cells per ul, 2300 cells
per ul, 2400 cells per ul, and
2500 cells per pl)

Baseline blood eosinophil
ranges (<150 cells per pl,
2150 cells per pl to <300
cells per pl, 2300 cells per
pl to <500 cells per pl, and
2500 cells per pl)

Body weight (<60, >60-75,
>75-90, >90, <100, 2100 kg)

BMI (525, >25-30, >30, <36,
>36 kg/m?)

FEV1 (212% or 2200 ml)

Blood eosinophils (<150/pl or
<80% from baseline)

VAS and ACT

FEV1
Number of exacerbations
ACQ-6

ACQ and AQLQ
FEV1
Number of exacerbations

Eosinophils blood levels
Number of exacerbations

Eosinophils blood levels
Number of exacerbations
OCS use

Nasal polyposis
Pre-bronchodilator FEV1
FVC

Age-onset

IgE (2150 kU/L; <150 kU/L)
History of atopy
Blood eosinophils

Predictive variables of good response

History of nasal polyposis

Low baseline ACQ-6

Low BMI

Low prednisolone dosage at baseline

All threshold:

Reduction in annual clinically significant
exacerbations

2150 cells/pl

Reduction in annual clinically significant
exacerbations;

Improvement FEV1

Improvement ACQ-5 and SGRQ

2150 cells/pl
Reduction in annual clinically significant
exacerbations

Reduction in exacerbations and
improvements in SGRQ and ACQ-5
scores were seen across all categories

<90 kg of weight improvements in lung
function

Increase in FEV1

Increase in oxygenation
Improvement VAS scale and ACT
Reduction in the exacerbation rate

Late onset of asthma
Higher baseline ACQ-6
Lower BMI

History of nasal polyps

These measures were evaluated in a
mathematical model for their ability to
predict the response at 52 weeks

High eosinophils blood levels (2300 cells/pl)
High rate of exacerbations in the previous
year

2300 eosinophils/ul (Q8W): Reduction in
annual exacerbation rate

Improvement in pre-bronchodilator FEV1

<300 eosinophils/ul (Q8W): Reduction in
OCS use

History of nasal polyposis

FVC <65% of predicted

Reduction in exacerbation rates

2300 eosinophils/pL:

Reduction exacerbations

Increase FEV1

No correlation with history of atopy and
serum IgE

Abbreviations: ACQ, asthma control questionnaire; ACT, asthma control questionnaire; AQLQ, asthma quality of life questionnaire; BMI, body mass
index; OCS, oral corticosteroids; SGRQ, St. George respiratory questionnaire; VAS, visual analogue scale.
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TABLE 3 Studies with predictive variables of non-response to mepolizumab, reslizumab and benralizumab

Study (first author,
publication year)

Harvey E.S. (2020)

Mukherjee M.
(2020)

Eger K. (2020)

Condreay L. (2017)

Shrimanker R.
(2019)

Study
population

309

250

114

492

606

Anti-eosinophilic
monoclonal antibody

Mepolizumab

Mepolizumab or Reslizumab

Mepolizumab, Benralizumab
or Reslizumab

Reslizumab

Mepolizumab

Variables used to determine
response

Blood eosinophils
ACQ-5 and HRQoL

FEV1

Number of exacerbations
OCS use

ACQ

OCS use

Number of exacerbations
Sputum eosinophils
Blood eosinophils

FEV1

OCS use

ACQ

FEV1% of predicted levels
FeNO

Comorbidities control

FEV1 and FVC
ACQ-7

Use of SABAs
Blood eosinophils

Blood eosinophils count (2150

cells/ul; <150 cells/pl)
FeNO (225 ppb; <25 ppb)
Number of exacerbations

(requiring OCS)
Pre-bronchodilator FEV1

Predictive variables of poor response

Lower ACQ-5 score
Male sex
High BMI

Late-onset asthma

Sinus diseases

Requirement of maintenance OCS

Anti-eosinophil peroxidase
immunoglobulin (Ig)G

Increase in sputum of C3c

Deposition of C1g-bound/IL-5-bound
1gG.

Lower ACQ
Decreased FEV1
Increased OCS use
Higher FeNO
Sinonasal disease
Atopic disease
Adrenal insufficiency

Eosinophils <400 cells/pl showed no
significant improvement in FEV1
and ACQ-7

High blood eosinophils

High FeNO

Increase number of exacerbations
requiring OCS

Abbreviations: ACQ, asthma control questionnaire; BMI, body mass index; HRQoL, Health Related Quality of Life; OCS, oral corticosteroids; SABA,

short-acting p-agonists.

while for those who required maintenance OCS dosage (mOCS)
response was defined as 250% reduction in daily prednisolone (or
equivalent) dose. Patients who did not respond to treatment and
did not complete a full year of treatment were classified as non-
responders. Additionally, a subgroup of responders’ patients who
did no longer need mOCS therapy for asthma and did not report
exacerbations within a year of follow-up, were included as “super-
responders.” Baseline characteristics significantly associated with
responder status included a lower BMI, the presence of nasal poly-
posis, lower baseline ACQ-6. Twenty-eight percent were classified
as super-responders, and an additional trend towards significance
was also observed for FEV1 (% predicted), with better lung function
observed in the super-responders. These responses seem to be also
influenced by and correlated with age.

Conversely, a meta-analysis of the MENSA and MUSCA RCT
data*®*’ demonstrated that mepolizumab was able to reduce ex-
acerbations rate independently from the baseline percentage pre-
dicted FEV1 (considering a value of <60%, >60%, <80% and >80%
predicted FEV1 at screening). A different meta-analysis of the
MENSA and MUSCA trials showed the efficacy of mepolizumab

in terms of reduction in exacerbation rate across different body
weight categories and BMI thresholds (thresholds: <36 and
>36 kg/m?), suggesting that mepolizumab dose does not need to be
adjusted in relation to patient's weight. Another analysis explored
the clinical efficacy of IL-5 therapy with mepolizumab and poten-
tial predictors for treatment response; in this case, mepolizumab
response to treatment was assessed measuring a positive response
after 6 months of treatment with an improvement of FEV1 2> 12%
or 200 ml, a reduction in blood eosinophils up to 150/ul or <80%
from baseline and better symptoms control. Non-responders were
determined when patients reported a lack of response that could
not be explained by respiratory infections, worsening of symptoms
and exacerbations. There was no comparison between responders
and non-responders due to the small sample size (76% respond-
ers, 24% non-responders); nevertheless, the analysis showed that
improved lung function, decreased eosinophils blood level and
improved symptoms may be considered as potential markers of
treatment response to mepolizumab in clinical practice.’® Data
evaluating the response to mepolizumab in the paediatric popu-

lation is lacking.
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3.2 | Predictors of response to reslizumab
Similarly, clinical, functional and inflammatory parameters have
been selected to address responses to reslizumab in adults; post
hoc analyses of 477 patients from two phase 3 trials compared
clinical and functional characteristics in non-responders, moder-
ate, high and super-responders. Eighty-seven percent were re-
sponders within 35% defined as moderate responders, 35% as
high-responders and 17% as super-responders. In this case, re-
sponse was stratified taking into account an improvement of at
least 10% of FEV1 or 25% percent predicted FEV1, the absence of
exacerbations or ACQ-6 improvement. The analysis showed that
super-responders tend to have a higher age of onset, higher base-
line ACQ, lower BMI and a history of chronic rhinosinusitis with
nasal polyps (CRSwWNP), with no significant differences in age, gen-
der, baseline lung function and medications.® Another analysis of
two clinical trials used a mathematical model to predict long-term
response and non-response in patients with severe asthma, after
16 weeks of reslizumab treatment. The algorithm was based on
clinical indicators as a change from baseline to 16 weeks in clini-
cal scores (ACQ and AQLQ), lung function FEV1, and number of
asthma exacerbations. It resulted in 95.4%-95.5% sensitivity and
40.6%-54.1% specificity, and it was successful at predicting long-
term response at 52 weeks, but was not predictive of long-term
non-response.>?

To the best of our knowledge, no other new biomarkers have

been explored for personalized treatment with reslizumab.

3.3 | Predictors of response to benralizumab

As far as benralizumab is concerned, several clinical and functional
baseline characteristics that might influence its efficacy were evalu-
ated in two pooled analyses of the SIROCCO and CALIMA trials.
Patients with severe eosinophilic asthma, treated with benralizumab
every 8 weeks, with high eosinophils blood levels (=300 cells/ul) and
high rate of exacerbations in the previous year, seemed predictive
of a better efficacy,”® as opposed to patients with <300 eosinophils/
ul, OCS use, nasal polyposis and FVC <65%, who were associated
with greater benralizumab responsiveness in terms of exacerbation
rate reduction.’* Another pooled analysis based on the SIROCCO
and CALIMA evaluated the atopic status and its possible connec-
tion with anti-IL5R response. Patients were stratified according to
IgE blood concentrations (high 2150 kU/L or low <150 kU/L), and
history of atopy, finding that Benralizumab decreased exacerba-
tions and improved lung function regardless of serum IgE concen-
trations and atopy status. More recently, a similar analysis of both
trials performed by Jackson et al.,>® demonstrated that baseline
eosinophils, but not serum IgE levels, are predictor of exacerbation
risk in patients with severe eosinophilic asthma under benralizumab

treatment.

4 | PREDICTORS OF POOR RESPONSE

At present, there are limited data on the long-term effects of anti-
IL5/1L-5R therapy and so far have focused less on the predictors of
response. A small proportion of patients who are treated with bio-
logics does not seem to be responsive to the therapy and sometimes
report worsening of symptoms. Although their therapeutic effect is
widely recognized, it still remains unclear is why a reduction in IL-5
signalling does not result in an improvement of symptoms for some
patients.”>6->8

A recent multi-centre study enrolled 309 patients aged
>12 years with severe eosinophilic asthma under treatment with
mepolizumab, to assess its efficacy and safety prior to and post-
commencement.’® The response to mepolizumab was evaluated
based on blood eosinophils reduction, improvement of symptoms
(ACQ-5 reduction and improvement in HRQol), lung function im-
provement, reduction in the exacerbation annual rate and OCS spar-
ing effect. During a 12-month period, 14.6% of the patients were
considered non-responders based on failure of the ACQ response
or clinical decision, and their treatment was suspended. Lower
ACQ-5 score after 6 months of treatment, male gender and high
BMI were indicative of a poor response. A greater improvement in
ACQ-5 has been reported for those patients who had higher blood
eosinophils threshold and late age of asthma onset, with fewer
comorbidities. Twenty-five percent of patients were considered
super-responders based on ACQ-5 score improvement. This group
was composed of mostly females, with a low BMI, never smokers,
with a short duration of asthma higher baseline eosinophils, ACQ
and FeNO levels, and history of nasal polyps, and no need of OCS
maintenance therapy. These findings are in line with the MENSA
and MUSCA trials, and they increase mepolizumab clinical evidence
as a promising targeted therapy in real-world clinical practice.’®
Moreover, these results are comparable to a study by Mukherjee
et al.,”” where 250 patients with moderate-to-severe asthma who
were treated with mepolizumab and reslizumab were enrolled
to evaluate possible autoimmune predictors of non-response to
anti-IL-5 mAbs, focusing on effects that may cause a suboptimal
response. Non-response to therapy was determined taking into
account at least one of the three main clinical criteria (failure in
OCS sparing effect, failure to reduce ACQ <1.5, failure to reduce
exacerbations by 50%) and including the persistence of sputum eo-
sinophils >3% or blood eosinophils 2400 cells/pl after 4 months of
therapy. Reduction in FEV1 by at least 25% from baseline and/or
any increase in maintenance corticosteroid and/or increase in ACQ
by 0.5 (minimal clinically important difference) was also consid-
ered to be representative of a suboptimal response. About 42.8%
of patients treated with mepolizumab or reslizumab were consid-
ered non-responders and the strongest predictors of low response
were as follows: late-onset asthma, chronic rhinosinusitis without
nasal polyps (CRSsNP) and the requirement of maintenance OCS.

In addition, anti-eosinophil peroxidase immunoglobulin (Ig)G, the
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increase in sputum of C3c (marker of complement activation) and
the deposition of C1g-bound/IL-5-bound IgG were considered po-
tential markers of a worse response.

This study suggests that other potential biomarkers like autoim-
mune mediators other than clinical characteristics may contribute to
predict less response to anti-IL5 mAbs.

A double-centre study that included severe eosinophilic
asthma patients under treatment with anti-IL5/IL5R mAbs, as-

» o«

sessed the prevalence of “super-responders,” “partial-responders”
and “non-responders” in a long-term period.>? “Super-responders,”
“partial-responders” and “non-responders” were defined accord-
ing to the OCS assumption, ACQ score, FEV1% of predicted lev-
els, FeNO levels and comorbidities control. Non-responders were
11% of the total number (n = 114) and were considered those
who reported clinical worsening with either increased symptoms,
decreased FEV1, or increased OCS use. Partial-responders and
super-responders were 69% and 14%, respectively, and reported
OCS reduction, improvement in the ACQ score, improvement in
FEV1 and reduction in FeNO levels. Super-responder also reported
better control of comorbidities such as nasal polyps, rhinosinusitis
and atopic dermatitis. After 2 years of treatment, the most com-
mon residual disease manifestations included impaired lung func-
tion (59%), uncontrolled sinus disease (58%) and unstable asthma
symptoms (48%). Super-responder predictors were as follows: re-
cent and adult-onset asthma, higher FEV1, and tended to be asso-
ciated with the absence of CRSWNP and lower BMI, encouraging
an early start of treatment in order to improve the benefits of an-
ti-IL5/IL5R mAbs.

As previously mentioned, eosinophils blood ranges have been
explored to evaluate which threshold may be indicative of a less re-
sponse to reslizumab. In a phase 3 trial, a cut-off value of eosinophils
blood count of <400 cells/pl was also correlated to a lower response
to reslizumab, without any improvement in asthma outcomes such as
lung function or symptoms control.®®

Other biomarkers, such as FeNO levels, have been investigated
to better understand the response to mepolizumab. A post hoc anal-
ysis of the DREAM trial explored the predictive power of combining
FeNO and blood eosinophils levels.?® The study reports that in pa-
tients with severe eosinophilic asthma, high blood eosinophil counts
and high FeNO, who were treated with placebo, the rate of severe
exacerbations requiring oral corticosteroid treatment was increased
when compared to the placebo group with low or discordant FeNO
and eosinophils. These results may be of additional value to the tra-
ditional risk assessment.

Additionally, IL-5 has been considered a potential molecular
biomarker for prediction of response to therapy. In a small study
with only preliminary results, the concentration of systemic IL-5
was evaluated in patients treated with mepolizumab, and it was
shown that non-responders had increased IL-5 levels compared
with responders. Non-response was assessed considering the
need for a high corticosteroids dosage and high frequency of

exacerbations.%?

5 | DISCUSSION

The introduction of new anti-IL-5/IL-5R drugs in severe eosino-
philic asthmatics requires possible factors that can be predictive
of response to treatment. This manuscript focussed on studies ad-
dressed on the identification and the search of new variables that
will provide clinicians more instruments to find the correct treat-
ment target among different biologics nowadays available. A new
theoretical model for the action of biologics shows that the target
molecule is part of a causal network of different inflammatory and
non-inflammatory markers that influence reciprocally.®? Therefore,
many factors may contribute to mAbs response or non-response in
patients with severe eosinophilic asthma, but with the studies cur-
rently available, there are still pitfalls that need further investiga-
tions to find out whether patients will receive more or less benefits

from the biological therapy.

5.1 | Heterogeneous definition of
response and non-response

The evaluation of efficient treatment strategies is still a challenge
and key points remain to be addressed, such as the heterogeneous
definition of response and non-response among studies and the
underrepresentation of children and adolescents in clinical trials.
A European experts consensus statement®® defined “a traffic light
system” as the process to assess response after 4 months of treat-
ment with anti-eosinophilic therapies and then after a year, with the
purpose to guide clinicians’ decisions to stop or continue treatments.

Clearly, a 4-6-month period appears to be the current consen-
sus for evaluating optimal or suboptimal response and consider the
possibility of switching between biologicals. However, defining the
main clinical characteristics of responders or partial/non-responders
is still considered an open challenge in the clinical field. In this re-
gard, the National Institute for health and Care Excellence (NICE)
suggested the interesting approach to target overall systemic ste-
roid exposure.® Recently, an “algorithm” which describes the cur-
rent common sense, prioritizing patients’ preferences in real-life has
been proposed according to previous findings,65 but real-life stud-
ies and registries, in which well-defined severe asthma patients are
followed prospectively, are still needed better define new specific
characteristics.

5.2 | The overlap among endotypes

Response may be influenced by the fact that the underlying mo-
lecular mechanisms (also referred to as endotypes) of eosinophilic
pathways, which are addressed by anti-IL5/IL5R therapies, overlap
with other asthma endotypes.®® This condition is one of the reasons
that possibly explain the switch to other biological therapies if the
optimal therapeutic effect is not obtained with the first choice. A
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consistent overlap among eosinophilic and atopic asthma has been
investigated, showing that a proportion of patients with eosinophilic
asthma can also be classified as atopic, especially for those patients
who report a higher blood eosinophil cut-off. Conversely, a lower
proportion of atopic asthma can be classified as eosinophilic.®” Even
though there are no guidelines available that provide the efficacy
and safety profile of switching among different monoclonal anti-

bodies, a recent review of Papaioannou et al. %8

provides a general
overview of different possibilities of switching. Thereby taking into
account a summary of clinical, functional and laboratory biomarkers
now available, in order to guide clinicians to choose to switch biolog-

ics when it is needed and obtain a more efficient response.

5.3 | The need of new biomarkers

Clinical, functional and inflammatory predictors have been analysed
in several studies in order to identify possible predictors of a better
response to treatment. All these studies have primarily focussed on
treatment efficacy and safety, but there is still a lack of information
regarding the potential mechanisms behind non-response to anti-
IL5/IL5R monoclonal antibodies therapies. Additionally, long-term
response will need to be further explored considering that biomark-
ers, which guide clinicians to the best treatment options, may also
vary over time.

To date, blood eosinophils levels seem to represent the most in-
dicative biomarker in determining response to anti-IL5/IL5R mAbs
even though there is still a debate of its role in real-life studies.®’
Higher eosinophils levels, the presence of late-onset asthma, history
of nasal polyposis and frequent exacerbations might further increase
the chance of good response.*® Nonetheless, further studies are still
needed to validate selected biomarkers of treatment response to
provide information to clinicians in order to choose the right biolog-
ical among different anti-IL5 mAbs.

Interestingly, Mukherjee et al.’” recently demonstrated that the
currently approved indications for anti-IL5 mAbs are not a sufficient
indication to prove an optimal response in real-life clinical practice
that other factors, like the developing of autoimmune phenomena,
may be relevant and requires attention.

The need to recognize the clinical relevance of phenotypes and
biomarkers, both those currently available and those to be expected,
is one of the main debates in the evaluation of treatment response.

5.4 | Real-life cohorts
Because of the heterogeneity and complexity of the disease, there
is the need of a different approach from the current practice to the
disease management, accounting for the variability of multiple fac-
tors involved in the development of this disease.

For example, an accurate evaluation of patients’ characteristics
in clinical trials may help with the selection of patients that could
benefit from the treatment. A large proportion of patients, in a

real-life setting, is currently treated with protocols based on clinical
trials for which they would have not been eligible.”® This proportion
increases in elderly patients with comorbidities,”* whether age can
influence response to monoclonal antibodies is still controversial.
A recent meta-analysis’?> shows how clinical factors, such as age,
do not influence the efficacy of anti-IL-5/IL-5R, which highlights
how these medications could be effective and safe also within the
geriatric population, even if less represented.”® In some studies, it
is reported how age may directly be a positive response predictor,
but further studies are needed to prove its reliability as a clinical
marker and what this means for response in the paediatric popu-
lation. Given the different clinical needs and different underlying
mechanisms driving the disease in adults and children, it is crucial to
design trials for children.”* Due to the challenge to recruit sufficient
study participants, there is a need for real-life studies and interna-
tional consortia (such as SPACE and PERMEABLE and SHARP).”>”"7
Treatments targeting IL-5/IL-5R have not been investigated in
younger patients (<6 years) with severe asthma. Prolonged effec-
tiveness and the impact of such treatments on the natural history
of the disease should also be studied. The possibility to prevent the
evolution of severe asthma in children has been also considered as
a point of interest. Currently, the preventing asthma in high risk kids
(PARK) study is the first to attempt to answer such a research ques-
tion. This study aims to explore whether a two-year treatment with
omalizumab (anti-IgE) of pre-schoolchildren aged 2-3 years at high

risk for asthma will prevent the progression to childhood asthma.

5.5 | The new frontier of “omic sciences”

Understanding the impact of different asthma endotypes in treat-
ment response may help physicians with choosing a personalized
treatment, even if limited data are available for biomarkers pre-
diction of treatment response to biologicals in severe asthma.”8-80
Especially for children, it is important to develop non-invasive
techniques to phenotype paediatric patients and guide treatment
at an early phase. New frontiers labelled as “omics sciences” such
as genomics, transcriptomics, proteomics, pharmacogenomics and
metabolomics (which includes breathomics), are fascinating cutting-
edge technique that needs to be further explored in severe asthma,
considered promising tools for the identification of novel predictive
biomarkers related to good or poor response. Over the past 3 years,
the number of independent asthma-associated genetic loci has in-
creased to 128 according to well-powered genetic studies.®? In a post
hoc analysis of the DREAM and MENSA study, genetic markers were
tested in patients with severe asthma and found no genetic associa-
tions related to response to mepolizumab, even though it cannot be
excluded the possibility of the existence of rare genetic variants not
yet explored predictive of response.®® Further studies are needed to
establish the functional significance of gene variants associated with
asthma and potential genetic biomarkers indicators of response to
anti-IL5/IL5R mAbs still need to be explored. The inclusion of omic
sciences to understand the mechanisms of biologic therapies may
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be improved using big data consortium and harmonizing biobanking
procedures; an analysis of the European U-BIOPRED network evalu-
ated urinary eicosanoids metabolites to phenotype T2 asthma using
a non-invasive approach, but little is known regarding its potential
role specifically for severe asthmatics under anti-1L5/IL5R mAbs.82
Recent studies have also considered the role of airway dysbiosis
and microbial colonization in severe asthmatic patients.8%* The
association of specific microbiota that may modulate inflammatory
processes in patients with severe asthma may be considered an ad-
ditional feature during the phenotyping process. However, further
understanding of how microbiota functionally mediates asthma de-
velopment will require better integration of advanced scientific and
analytic tools and well-designed clinical studies.

The analysis of exhaled breath can be focussed on the study of
breath patterns and compositions of volatile organic compounds
(VOCs), seems attractive for the purpose of diagnoses and mon-
itoring of asthma and other respiratory diseases. Exhaled breath
samples can be obtained using a non-invasive and easy to use tool,
the electronic nose (eNose), which has already proven to be pre-
dictive of loss of asthma control®® and distinguish between asthma
and other chronic pulmonary diseases.8¢ Although it seems to be a
promising method and a group of severe asthma experts defined it
as one of the most important potential biomarkers for the future,®’
larger studies including breath samples are needed to confirm these
findings. Considering how it is important for the paediatric asthma
patients to develop non-invasive techniques to guide treatment and
to characterize different asthma phenotypes, the analyses of ex-
haled breath may be promising also for severe asthmatic children.

This review summarizes the current state of knowledge on an-
ti-IL5/IL5R« targeted therapies in severe asthma. Although these
studies provide some insights, there are several topics that still need
to be elucidated and will require additional evidence. Extended stud-
ies that include real-world data and big data prospective studies are
needed. Moreover, new tools to identify predictive biomarkers may
be considered valuable in the future. Harmonization of data process-
ing and collection of specimens may definitely improve biomarkers
identification and reliability. The correct choice of biological thera-
pies in severe asthma is still challenging, and the importance of find-
ing parameters to predict response stays an open issue that needs

to be further explored.
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