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Abstract: Asthma is a chronic inflammatory disorder of the airways with variable clinical
severity from very mild and occasional symptoms to recurrent critical exacerbations, at risk of
fatal or near-fatal outcome, in a small percentage of patients. Within the different inflammatory
cascades involved in asthma, eosinophils play a central role in the pathogenesis and largely influ-
ence disease severity. Interleukin-5 (IL-5) is the main cytokine controlling eosinophil activity
and proliferation at the site of inflammation. Mepolizumab was the first biological humanized
anti-IL-5 monoclonal antibody tested in randomized clinical trials on eosinophilic asthma and
other eosinophilic diseases. On the basis of several positive clinical efficacy data, it has recently
been approved by the US Food and Drug Administration for the treatment of severe eosinophilic
asthma. Unfortunately, high costs are at present a critical issue. Future studies will probably
help in the correct selection of a potential “responder phenotype”, allowing the prescription of
this promising therapy to appropriate patients and best define cost-effectiveness issues.
Keywords: asthma, mepolizumab, phenotype, IL-5, effectiveness, biomarkers

Introduction

Asthma is a chronic inflammatory disorder of the airways with a large range of
clinical severity from very mild and occasional symptoms to critical exacerbations in
a small percentage of patients, at risk of fatal or near-fatal outcome. Severe asthma
is often associated with persisting daily symptoms, poor quality of life, and high risk
of exacerbations despite regular treatment with high doses of inhaled steroids and
best usual care.

The prevalence of a severe form of the disorder affects less than 10% of patients
but is associated with significant morbidity and mortality and a large proportion of
the health care costs for the disease.'

Within the different inflammatory pathways involved in asthma, eosinophils play
a central role in the pathogenesis and largely influence disease severity. For more than
a decade, research has tried to identify specific cytokines or other biological markers
to guide the pharmacological therapy of subjects with severe asthma. Indeed, these
patients require complex treatment, including in 30%-40% of cases who regularly use
oral glucocorticoids to control symptoms and exacerbations, potentially inducing**®
serious and frequently irreversible side effects.” Safe glucocorticoid-sparing treatments
would actually imply a large benefit in managing severe asthma.?

Asthma is not a unique disease but a syndrome with a heterogeneity of phenotypes
or endotypes, with distinct cellular and biomolecular mechanisms. The prevalence of
eosinophilic inflammation identifies one phenotype of asthma sustained by the biological
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activity of interleukin-5 (IL-5). As a consequence, IL-5
antagonists have become an obvious target for therapy in
this phenotype.

In this review, we will report the latest evidence on
mepolizumab, a new and promising biological agent that
binds to and inactivates IL-5, reducing the incidence of
asthma exacerbations, even in patients with severe disease
already on oral corticosteroids (OCS).>!° The US Food and
Drug Administration (FDA) has recently approved mepoli-
zumab specifically for the treatment of severe eosinophilic
refractory asthma.

Eosinophils, IL-5, and asthma
Eosinophils represent 1%—6% of the circulating white blood
cells. They are important for protection against parasitic infes-
tations and as mediators of allergic inflammatory responses.
Different chronic disorders of the airways arise as a result
of an inflammatory pathogenesis, in which eosinophils play
a significant role and influence the degree of severity.'-'> In
bronchial asthma tissue, eosinophilia is present in 40%—60%
of cases; in the eosinophilic phenotype, blood and sputum
eosinophils correlate with the severity of disease.'>'* The total
amount of airway eosinophils in asthma can be reduced and
controlled in most patients with the help of regular inhaled
corticosteroids.'®

However, even high doses of inhaled corticosteroids
do not succeed in modifying persistent airway eosino-
philia and reduce exacerbation incidence in about 50% of
patients with severe asthma, who represent 5%—10% of all
asthmatics.31617

Eosinophils have IgE receptors and are able to internal-
ize the antigen—antibody complexes, release inflammatory
mediators (like major basic protein), and kill microbial
agents. Their granules also contain mediators typical of
allergic reactions, such as histaminase and arylsulfatase.
A second important activity of eosinophils is the secretion
of leukotrienes, which play a role in the pathophysiology of
asthma by inducing bronchoconstriction and mucus hyper-
secretion (Figure 1).!

A rich scientific literature supports eosinophils to be pleio-
tropic multifunctional leukocytes involved in the “innate”
immune response against foreign agents in the airways
and in the modulation of the “adaptive” immunity cascade,
maintaining local immunity and inflammation. At the same
time, the release of granule proteins, free oxygen radicals,
and cysteinyl leukotrienes can cause tissue damage.

The full life cycle of eosinophils from production in the
bone marrow to reaching the site of inflammation, from
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Figure | IL-5 and eotaxin role in recruitment, survival, and function of eosinophils.
Abbreviation: IL-5, interleukin-5.

production to recruitment, from activation to apoptosis, is
strictly modulated by IL-5 and its specific receptor (IL-5R)
on target cells.!” There is evidence that differentiation of
eosinophils occurs mainly in bone marrow but also in tissues
undergoing an allergic response, such as in the bronchial
mucosa of atopic asthma.!'*?!

The molecular structure of IL-5R is composed of a
unique o-chain (IL-5R0/CD125) and the common cytokine
B-chain (Bc/CD131). The IL-5Ra. binds specifically only to
IL-5, while the -chain can also bind IL-3 and granulocyte-
macrophage colony-stimulating factor through an extracel-
lular domain.

Given these premises, an approach to anti-IL-5 therapy
would seem to add significant value to usual therapy and help
obtain a positive clinical response in eosinophilic asthma.
Eotaxin 1/CCL11 is a related chemokine that can stimulate
migration of eosinophil CD34* progenitor cells in a dose-
dependent manner. The interaction between eotaxin 1 and
its receptor CCR3 seems to be involved in the survival and
activity of eosinophils in the airways independently of IL-5,
influencing clinical symptoms and probably acting as an
important driver of tissue events in asthma. The involvement
of different cytokines in asthma may explain, at least in part,
the discrepancy between eosinophil targeting and clinical
response. One study demonstrated a decrease in blood and
sputum eosinophils but no effect on late asthmatic response
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or airway hyperresponsiveness after administration of an
anti-IL-5 antibody, thereby questioning the central role of
eosinophils. Although several studies in vitro or on animal
models and also in clinical trials have confirmed IL-5 inhi-
bition as a potential effective approach for the treatment of
severe asthma, clinical pharmacology has to take into account
the emerging evidence on the interaction between eotaxin 1
and its receptor in developing new therapeutic approaches
targeting the IL-5 pathway.?> 2

Mepolizumab features

Mepolizumab is a humanized monoclonal antibody (mAb)
antagonizing IL-5. Through a selective inhibition of eosino-
philic inflammation,””*® the agent reduces the number of
eosinophils in sputum and blood, with important clinical
outcomes such as a reduction of asthma exacerbations and
a need for systemic glucocorticoids. %2

Mepolizumab (SB-240563; GlaxoSmithKline, Research
Triangle Park, NC, USA) was the first biological anti-IL-5
drug tested in randomized clinical trials (RCTs) on eosino-
philic asthma and other eosinophilic diseases.

From a molecular point of view, mepolizumab is a
humanized mAb IgG1 ¥, which is N-glycosylated, and it is
formed by two light chains and two heavy chains bound by a
disulfide bridge, with a global molecular weight of 149 kDa
(including 3 kDa carbohydrate residues).*

After the initial studies on asthma, mepolizumab was
licensed with the name Bosatria® for compassionate use in
patients with eosinophil-related disorders —and in particular,
the hypereosinophilic syndrome. The primary end point of
lowering the prednisone dose (=10 mg/d) was achieved in
84% of the patients treated with mepolizumab compared to
43% in those receiving placebo (P<<0.001). In the treatment
group, the eosinophil count was normalized in 95% of sub-
jects versus 45% of patients on placebo (P<<0.001).!

Finally, in November 2015, the FDA committee approved
mepolizumab with the brand name Nucala® (GlaxoSmith-
Kline) for use in patients older than 18 years with severe
eosinophilic asthma at the dose of 100 mg to be administered
subcutaneously once every 4 weeks.* In December 2015, the
European Medicines Agency approved a marketing autho-
rization valid throughout the European Union as “medicine
under additional monitoring”.*

Mepolizumab in clinical practice:

importance of asthma phenotypes
Atthe beginning of experimental development, the most suit-
able asthma phenotype for treatment with mepolizumab was

not clear. The results of the first studies were unsatisfactory,
probably because of improper identification of potential
responders, leading to doubts about the real effectiveness of
this new molecule. Leckie et al* were the first research group
to test mepolizumab in an RCT on human subjects (Table 1).
Unfortunately, the authors did not observe significant improve-
ments in terms of airway hyperreactivity, peak expiratory
flow, and forced expiratory volume in 1 second (FEV)
in spite of a decreased airway and blood eosinophilia after
4 and 16 weeks.”

In a subsequent RCT, 362 patients with uncontrolled
asthma despite inhaled corticosteroid therapy were evalu-
ated to assess the clinical efficacy of intravenous (IV)
administration at the dose of 250 or 750 mg every 30 days.
The administration of anti-IL5 mAb was related to a dramatic
reduction of eosinophil levels in blood and sputum in both
treatment groups. Unfortunately, clinical end points were not
achieved; in particular, there was no significant decrease in
exacerbation rates. One reason was probably that the authors
did not consider the baseline level of airways eosinophilic
inflammation as an important criterion.?’

Actually, far more interesting results were achieved
administering anti-IL-5 agents in patient groups with
eosinophilic-related diseases. Nair et al® assessed mepoli-
zumab in a group of patients with significant sputum eosino-
philia and uncontrolled asthma despite high-dose inhaled
corticosteroids and OCS as standard treatment. The primary
end point was the evaluation of the steroid-sparing effect
of mepolizumab. In this regard in the mepolizumab group,
a significant decrease (P=0.04) was detected in the dose of
prednisone, with an average reduction from 11.9 to 3.9 mg
in the treatment arm and a reduction from 10.7 to 6.4 mg in
the placebo group. There was also a significant reduction of
eosinophils in blood and sputum, related to improvements in
asthma control, with particular regard to scores on the Juniper
Asthma Control Questionnaire (ACQ) and modest increase
in FEV  that were maintained for a period of 8 weeks. More-
over, in patients receiving mepolizumab, the median time to
exacerbation was 20 weeks as compared to 12 weeks in the
placebo group (P=0.003). The authors showed a prednisone-
sparing effect in the mepolizumab treatment group, but there
were no significant differences of OCS doses between the
two subpopulations on study.

These data have underlined the need to identify reliable
biomarkers able to predict the response to this therapy.?

A new study performed by Haldar et al® on subjects with
eosinophilic asthma (sputum eosinophilia >3%) and a his-
tory of severe recurrent exacerbations brought new data to
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Reduction of number of blood and sputum eosinophils and prednisone-sparing in
patients who had asthma with sputum eosinophilia despite prednisone treatment
Reduction of exacerbations and improving AQLQ scores in patients with

Decrease blood eosinophils for up to |6 weeks and sputum eosinophils at
Mepolizumab treatment does not appear to add significant clinical benefit
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Double-blind randomized placebo-
Randomized, double-blind, placebo-

controlled parallel-group trial

20 persistent sputum eosinophilia Randomized, double-blind parallel-group 750 mg IV

750 mg IV

61 refractory eosinophilic asthma Randomized, double-blind, placebo-

Haldar et al’

refractory eosinophilic asthma
75, 250, and 750 mg IV Mepolizumab is an effective and well-tolerated treatment that reduces the risk

controlled parallel-group study
Multicenter, double-blind
placebo-controlled trial

621 severe eosinophilic asthma

Pavord et al'®

of asthma exacerbations in patients with severe eosinophilic asthma

Randomized, double-blind double-dummy 75 mg IV or 100 mg SC  Mepolizumab administered either intravenously or subcutaneously significantly

576 severe eosinophilic asthma

Ortega et al*®

reduced asthma exacerbations and was associated with improvements in

study

markers of asthma control

Significant glucocorticoid-sparing effect of mepolizumab, reduction of

100 mg SC

135 severe eosinophilic asthma Randomized double-blind trial

Bel et al’’

exacerbations, and improving control of asthma symptoms

Study is ongoing, but not recruiting participants

100 or 300 mg SC

Multicentered, randomized, placebo-

ClinicalTrials.gov  Severe COPD subjects

Identifier

controlled, double-blind parallel-group

trial

NCT02105961%

Abbreviations: COPD, chronic obstructive pulmonary disease; AQLQ, asthma quality of life questionnaire; IV, intravenous; SC, subcutaneous.

support these considerations. In this study, the primary end
point was the rate of severe exacerbation during treatment.
Secondary outcome measures were improvement in asthma
symptoms, Asthma Quality of Life Questionnaire score,
postbronchodilator FEV , airway hyperresponsiveness,
and number of blood and sputum eosinophils. As expected,
there was a significant reduction of eosinophils in blood
and sputum. Over a 50-week period, patients enrolled in the
mepolizumab treatment group had significantly fewer asthma
exacerbations compared with the placebo group.’

A big step toward the understanding of the real thera-
peutic potential of mepolizumab was the “Dose Ranging
Efficacy And safety with Mepolizumab” (DREAM) trial
performed by Pavord et al,' a multicenter, double-blind
placebo-controlled study on patients with severe asthma
presenting with one of the following features: either a spu-
tum eosinophil count >3%, a fractional exhaled nitric oxide
(FeNO) concentration =50 ppb, peripheral blood eosinophil
count =300 cells/uL, or rapid deterioration of asthma con-
trol after a reduction of 25% or less of regular inhaled or
oral steroids.!® Treatment was carried out with one of three
different doses of IV mepolizumab, 75, 250, and 750 mg, or
matched placebo (100 mL 0.9% NaCl). Among participants,
616 completed the trial with 13 infusions at 4-week intervals.
The primary outcome of the study was the rate of “clinically
significant asthma exacerbations” in the 52 weeks of treat-
ment and in the following 4 weeks. The definition adopted for
clinically significant exacerbations was “worsening of asthma
requiring the use of oral corticosteroids for 3 or more days,
admission, or a visit to the emergency department”. Also in
this study, blood and sputum eosinophils were diminished
in the active treatment group, but there were dose-related
differences in the effect on sputum (but not blood) eosino-
phils. The lowest dose of mepolizumab, ie, 75 mg IV every
month, decreased exacerbations by 48% during the course
of treatment. No additional significant gains in reducing
asthma exacerbations were observed with 250 and 750 mg
of mepolizumab. The relation between mepolizumab and
blood and sputum eosinophil counts indicates that the low-
est dose has the best dose—response profile. No significant
differences of FeNO values among the three subgroups were
detected, confirming circulating eosinophils as the best bio-
marker of clinical response available at present. There are
two other possible explanations. First, a number of exacerba-
tions might not be eosinophil dependent, even if occurring
in patients with high levels of eosinophils. Alternatively,
mepolizumab is not able to fully control airway eosinophilia.
It can be speculated that survival and activation of tissue
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eosinophils can be modulated by granulocyte-macrophage
colony-stimulating factor or IL-3 as an alternative to IL-5-
dependent pathway.**** Effects on FEV, and ACQ scores
were only small and not statistically significant. The authors
hypothesize that day-to-day symptoms may be distinct
from exacerbations associated with severe asthma, and may
“require different management strategies”.

In the “Mepolizumab Treatment in Patients with Severe
Eosinophilic Asthma” trial, Ortega et al*® randomized
576 patients with recurrent asthma exacerbations and eosino-
philic inflammation despite high-dose inhaled corticosteroids,
into one of three groups: 75 mg IV mepolizumab, 100 mg
subcutaneous (SC) mepolizumab, or placebo. Exacerbation
rates were reduced by both IV and SC mepolizumab (47%
and 53%, respectively) as compared to placebo. Emergency
department visits for a severe exacerbation were decreased
by 32% in the IV group and 61% in the SC group. FEV  and
Asthma Quality of Life Questionnaire scores improved in both
groups treated with IV and SC mepolizumab as compared to
placebo.* Blood eosinophil values were similar in the three
groups at baseline, with an average of 295 cells/uL; eosino-
phil reduction started after 4 weeks from the administration,
reaching the best result at Week 12. In a subgroup analysis,
subjects with a blood eosinophil count =500 cells/mm?
showed better results than the other patients.

The Mepolizumab Treatment in Patients with Severe
Eosinophilic Asthma study showed no difference in the clinical
efficacy of 100 mg SC and 75 mg IV, and the DREAM
study showed no difference in the effects of 75, 250, and
750 mg IV.10:3¢

According to these two studies, different dosing regi-
mens and routes of administration produce similar clinical
outcomes.

In the SIRIUS study by Bel et al,*” 135 subjects with a
history of at least 6 months of maintenance therapy with OCS
(5-35 mg/d of prednisone or equivalent) were randomized
to receive 100 mg mepolizumab SC or placebo; the primary
outcome was to assess the OCS-sparing effect of the active
treatment. The mepolizumab group showed a decrease in
the rate of exacerbations, and the relevant administration of
systemic corticosteroids was reduced by 50%, compared to
no reduction in the placebo group.*’

Inaposthocanalysis of the DREAM study, a subpopulation
of 188 OCS-dependent patients were enrolled. These subjects
had received maintenance OCS (5-35 mg/d) for =6 months
and previous treatment with omalizumab without efficacy.
In these subjects, mepolizumab showed a significant reduc-
tion in OCS use in the non-OCS and OCS groups and was

able to reduce blood eosinophils and exacerbation rate during
the 52-week treatment period. The reduction was higher in
the OCS group.**

At present, a multicenter, double-blind, placebo-
controlled parallel-group trial is underway, with the aim
of evaluating the clinical effect of mepolizumab on health-
related quality of life (HRQoL), other measures of asthma
control, and main lung function parameters in a population
with severe eosinophilic asthma.®

It is difficult to assess from the current literature to draw
firm conclusions about the clinical role of mepolizumab in
the real life of patients with asthma. Different studies provide
demonstration that mepolizumab can improve HRQoL and
reduce exacerbations in severe eosinophilic asthma.

A recent Cochrane systematic review?® evaluated whether
mepolizumab treatment is better than placebo for patients
with severe asthma. The authors compared eight studies
that enrolled 1,707 patients with asthma. Six of these stud-
ies included only adults. Data analysis showed that patients
with severe asthma and high levels of eosinophils had
benefits from taking mepolizumab in terms of improved
quality of life and reduced number of asthma exacerbations.
Unfortunately, there was no improvement of lung function.
In addition, according to the authors, some important aspects
need further clarification and research, in particular, the
dosage and length of treatment as well as the definition of
which subgroups of patients can receive the best advantage
from this treatment.

Another problem is that there are few studies on children
and adolescents, so it is difficult to give indications in these
subpopulations. An RCT regarding this is now recruiting
6—11-year-old patients with severe eosinophilic asthma with
the aim to evaluate pharmacokinetics and pharmacodynamics
of SC mepolizumab.*

Toward tailored medicine

Conventional asthma management is usually based on symp-
toms and lung function tests to evaluate airway obstruction
and airway hyperresponsiveness. Following the development
of new biological therapies, there is a growing interest in the
identification of biomarkers useful in the diagnosis and man-
agement of asthma to be used in combination with clinical
and functional data, which have no definite correlation with
airways inflammation. Bronchoscopy with biopsies and
bronchoalveolar lavage have been considered the gold stan-
dard until now (Table 2) to assess airway inflammation, but
they have the disadvantage of being invasive and not always
applicable in real-life settings.*!
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Table 2 Standard and new potential biomarkers useful for asthma diagnosis and management

Procedure/type of sample Advantage

Disadvantage

Bronchoscopy with biopsies and BAL
Eosinophils in induced sputum
Peripheral eosinophilia

Expired FeNO

Serum periostin

Present gold standard
Easy blood sample collection

Easy blood sample collection

Specific biomarker of airway inflammation

Easily measurable with available device

Invasive procedure not very applicable in real-life setting
Sample not practical to collect

Subestimates value

Interpretation of results still controversial

Data still controversial

Abbreviations: BAL, bronchoalveolar lavage; FeNO, fractional exhaled nitric oxide.

An ideal biomarker should be cheap, readily available,
reproducible, minimally invasive, and clinically predictive,
but unfortunately, none of the many molecules tested share
all those characteristics.

The main parameters assessed so far in eosinophilic
asthma were the level of eosinophils in sputum and blood.
Induced sputum is not easy to obtain routinely, while
circulating eosinophilia has only limited value in predicting
airway pathology. In the DREAM study, blood eosinophil
counts correlated with the response to mepolizumab, but the
same did not happen with sputum eosinophilia.'® A post hoc
analysis showed that a single peripheral blood eosinophil
count =150 cells/mL at screening was a good predictor of
response in patients with unstable asthma and numerous
exacerbations.*> On the contrary, those subjects with baseline
eosinophil count <150 cells/mL had a limited reduction of
asthma exacerbations. Since blood eosinophil levels can
show spontaneous variations over time, a single measure-
ment might not be sufficient to evaluate patients accurately,
although this study has shown that a single analysis can be
acceptable in RCTs. Another frequently used option is the
expired FeNO, whose levels have a close correlation with
airway eosinophils as confirmed in several studies.” Data
are still controversial, because according to some authors,
FeNO* correlates well with sputum eosinophils, whereas in
another study, FeNO is correlated with sputum eosinophilia
in only 78% of patients.* These discrepancies have increased
the uncertainties on the use of this biomarker in the manage-
ment of IL-5 antagonizing agents.*

In recent years, an increasing interest has focused on
serum periostin (or osteoblast-specific factor 2), a matrix
protein secreted by bronchial epithelial cells after 1L-13
stimulation. Periostin was originally identified in mesen-
chymal cells as osteoblasts, osteoblast-derived cells, and
periosteum. Unfortunately, this serum protein does not
correlate with sputum eosinophilia and eosinophilic airway
inflammation.*’ So far, it has been shown mainly to predict
response to lebrikizumab (an anti-IL-13 mAb).* Also in this
case, current data are contradictory, because one study iden-
tified serum periostin levels as the best predictor of airway

eosinophilia,* whereas according to other authors, periostin
and total IgE were not able to discriminate eosinophilic from
non-eosinophilic asthma.*>4¢

At the moment, no ideal biomarker is applicable to the
treatment with mepolizumab.

Anti-IL-5 mAbs beyond

mepolizumab

In the last 15 years, anti-IL-5 mAbs other than mepolizumab
were tested in clinical trials on asthma, in particular resli-
zumab and benralizumab.

Reslizumab is a humanized anti-IL-5 mAb (IgG4/x)
binding circulating IL-5 with a high affinity, thus preventing
the activation of its specific receptor.*’ A preclinical study
(Sch 55700) on animal models (allergic mice, monkeys, and
rabbits) showed a long-term effect in reducing pulmonary
eosinophilia and airway hyperresponsiveness.*

Like mepolizumab, the first RCTs in patients with
severe uncontrolled asthma on standard treatment were
quite disappointing, in terms of FEV  or symptom improve-
ments, despite a significant reduction in circulating and
sputum eosinophils.* The clinical outcomes have shown
an improving trend only once a specific hypereosinophilic
asthmatic phenotype (sputum eosinophils >3% and/or blood
eosinophils 400 cells/uL) has been selected for treatment.
In a Phase II trial on asthmatic patients with nasal polyposis,
asthma symptoms improved significantly (P=0.012) along
with a slight amelioration in clinical control as measured by
ACQ.%" In subsequent Phase 111 RCTs, significant improve-
ments in FEV and ACQ score were found,* particularly in
the subgroup with nasal polyposis.™

Benralizumab (MEDI-563) is an IgG1 afucosylated anti-
IL-5Ra mAb that recognizes an epitope on IL-5Ra close to
the specific binding site for IL-5. In a preclinical study on pri-
mates, MEDI-563 induced antibody-dependent cell-mediated
cytotoxicity of eosinophils and basophils, depleting blood
eosinophils, and eosinophil precursors in the bone marrow.**
In Phase IIB RCTs on patients affected by severe asthma with
blood hypereosinophilia, ie, eosinophil counts >300 cell/uL,
20 and 100 mg SC benralizumab showed promising clinical
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results, in particular a significant reduction of exacerbation
rate in comparison with placebo.>%

The effects of benralizumab on eosinophil counts and
activity were evaluated in a very recent study on blood
samples collected from asthma patients enrolled in two clini-
cal Phase I and Phase Ila trials. A relevant anti-inflammatory
effect was underscored through a significant reduction and
amodulation of blood eosinophils, IL-5, eosinophil-derived
neurotoxin, and eosinophil cationic protein.’’

Monitoring and duration of

treatment

The recent introduction of mepolizumab and the conse-
quent lack of long-term studies does not allow to precisely
define the appropriate follow-up. To our knowledge, there
are only a few follow-up studies, not longer than 12 months.™

In our experience, evaluations useful for an effective and
practical monitoring are represented by blood and sputum
eosinophil counts, exacerbation rate, and score of HRQoL
questionnaires, such as Asthma Control Questionnaire or
Asthma Control Test. In clinical studies, no significant differ-
ences in FEV, or FeNO have ever been seen. The ideal timing
for clinical and laboratory monitoring could be initially after
4 weeks and then every 3 months, based on the pharmacoki-
netic and pharmacodynamic characteristics.’**

At present, there are no other biomarkers useful for the
follow-up of patients on mepolizumab treatment.

When to stop a therapy with mepolizumab or other biolog-
ics such as omalizumab is still a matter of debate. In a study
on eight patients affected by hypereosinophilic syndrome
and eosinophilic gastroenteritis, the withdrawal of anti-IL-5
treatment induced an increase of eosinophils to pretreatment
levels, associated with a rebound of symptoms.>

A more recent prospective study evaluated the effects
of the suspension of mepolizumab in a group of 27 subjects
treated with the agent in the previous 12 months.’® A progres-
sive increase of blood eosinophils to baseline counts over
6 months was found, along with a significant worsening in
the rate of severe exacerbations after 12 months.

An RCT is in progress to evaluate whether patients with
severe eosinophilic asthma who have received mepolizumab
for at least 3 years need to continue this treatment to maintain
clinical benefit.*

Pharmacoeconomic aspects

The significant progress in asthma therapy with the arrival
of omalizumab and use of the new biological drugs and
bronchial thermoplasty has increased the focus on the

economic aspects because of the huge potential growth in
direct costs related to those treatments.

Currently, there are still few data in literature due to the
short time interval since the introduction of mepolizumab.
Analysts and some early reports estimate a cost per year of
treatment from $10,000 to $15,000 per patient.®' After FDA
approval, the real price tag is $32,500 per year per patient and
approximately $2,700 for a single 4-week injection. To our
knowledge, the only real cost-effectiveness analysis was
recently conducted and published by the Institute for Clinical
and Economic Review Group and was based on a simula-
tion model of asthma outcomes and costs in a representative
population of suitable patients to mepolizumab therapy.*
The authors evaluated the incremental cost-effectiveness of
mepolizumab, applying drug costs obtained from current
prices, and estimates of reductions in asthma exacerbations
and OCS use from available clinical literature data. In a sce-
nario analysis, the price of mepolizumab was determined that
would produce cost-effectiveness results at willingness-to-pay
thresholds of $50,000 per quality-adjusted life year (QALY),
$100,000 per QALY, and $150,000 per QALY, respectively.
At the moment, based on current purchase prices, the cost-
effectiveness estimates are not affordable. To obtain a value
correlated to the clinical benefit a discount of two-thirds to
three-quarters from the current acquisition costs of mepoli-
zumab would be necessary. According to the authors of this
report, mepolizumab should have a value-based cost between
$7,800 and $12,000 a year, whereas the full list price per
patient in the USA is $32,500 a year. Other doubts arise from
the lack of clinical trials evaluating benefits in the long term.

Another group of researchers® conducted a study with
the aim to evaluate the cost-effectiveness of newest strate-
gies for the treatment of severe refractory asthma, such as
biologic drugs (omalizumab and mepolizumab) and bronchial
thermoplasty. The authors used a theoretical model based on
the US health care perspective, with a cohort of 10,000 adult
patients affected by refractory asthma in an annual cycle and
10-year time horizon. The addition of bronchial thermoplasty
to biologic treatment in responder patients was found to be
not cost-effective. However, in biologic nonresponders,
bronchial thermoplasty remained a cost-effective option
as an add-on treatment. Mepolizumab without bronchial
thermoplasty was the most cost-effective option for biologic
responders, with a 10-year per-patient cost of $116,776 and
5.46 QALYs gained (Institute for Clinical and Economic
Review: $21,388). Bronchial thermoplasty is a cost-effective
treatment option only in the nonresponders group to biologic
treatment ($33,161 per QALY).
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A recent draft guidance of the National Institute for Health
and Care Excellence does not recommend mepolizumab as an
add-on treatment for severe refractory eosinophilic asthma.
This sharp conclusion is due to the fact that the costs of
mepolizumab compared with usual asthma treatments are
above the range usually considered to be a cost-effective use
of National Health Service resources.®'

In our opinion, as it occurred in the past for omalizumab,
the increase in the number of eligible patients evaluated in
clinical trials may dispel doubts about the real cost-effectiveness
ratio of mepolizumab in clinical practice.

Conclusion

The prevalent opinion is to consider asthma as a syndrome
composed of heterogeneous diseases; therefore, it has
become clear that diagnosis and treatment may often need
tailored approaches. Actually, if it is true that guideline-based
therapies work in the majority of patients, there are still some
with uncontrolled symptoms despite usual recommended
therapies.

At present, the only treatment options available for severe
uncontrolled asthma (Step 5 treatment of Global Initiative
for Asthma guidelines) are omalizumab and OCS. OCS are
often associated with several adverse effects, particularly
when used as long-term therapy.® A recent study found that
93% of subjects with severe asthma had one or more patho-
logic conditions related to systemic corticosteroids, such as
cataract, obesity, type II diabetes, osteoporosis, dyspeptic
disorders, hypertension, and so on, with a higher relative
risk in corticosteroid-dependent asthma.® The search for new
treatments must take into account as a priority the possibility
to reduce the use of systemic steroids.

With new lines of study on mAbs against IL-5 and its
receptor and on the recognition of specific biomarkers cor-
related with eosinophilia, mepolizumab has become a very
interesting option for the treatment of these patients. The recent
approval by the FDA advisory committee of the “real-life” use-
fulness of mepolizumab for patients with severe uncontrolled
eosinophilic asthma is a step in this direction and will allow
for the use of this therapy on a larger scale than now.

Among asthma phenotypes, the potential responders to
mepolizumab treatment are patients with persistent systemic
and airway eosinophilia (>0.3x10°/L in blood, >3% in
sputum), possibly steroid responsive, with a poor symptom
control, high dose of inhaled and systemic corticosteroids,
heavy impact on quality of life, and several asthma exac-
erbations. A better clinical response is present in patients
with eosinophilia >500 cells/uL.** However, a multimodal

approach taking clinical experience into account is neces-
sary since the precise identification of potential responders
needs further investigation. A correct selection of the eligible
population would maximize the clinical benefits and reduce
the need for systemic steroids.

There are many controversies about the optimal duration
of treatment with anti-IL-5 mAbs. The conclusion of ongoing
studies will probably allow a more precise answer to this and
other important matters of debate, but at the moment, the
available data would suggest to continue indefinitely.

Another major problem is the increase of direct costs
for biologics in severe asthma, including mepolizumab,
reslizumab, and benralizumab. Cost-effectiveness is a fun-
damental issue to better define the real-life usefulness of
these drugs and to establish their correct position in treatment
guidelines. Pharmacoeconomic studies carried out so far are
controversial, but probably it will be necessary to act for a
reduction of purchase costs to extend the availability of these
promising therapeutic options.
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