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Purpose of review

There is considerable evidence that implicates eosinophils as important effector cells in the inflammation
characteristic of eosinophilic asthma. IL-5 is central to eosinophil maturation and release from the bone
marrow, their subsequent accumulation, activation and persistence in the tissues. IL-5 therefore represents
an attractive target to prevent or blunt eosinophil-mediated inflammation resulting in the development of
humanized anti-IL-5 monoclonal antibody such as mepolizumab. This review is an update of the evidence
demonstrating the effectiveness of mepolizumab treatment of patients with asthma.

Recent findings

Although early clinical trials with mepolizumab in patients with asthma gave disappointing clinical
outcomes, it is becoming apparent that significant clinical effects with this biologic are more likely in
carefully selected patient populations that take the eosinophilic asthma phenotype into account. A number
of recent studies have reported significant effects by mepolizumab on reductions in exacerbations together
with a significant glucocorticoid-sparing effect.

Summary

Mepolizumab is a potentially important and well tolerated therapy in carefully selected populations of
patients with asthma.
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INTRODUCTION

Asthma is a major cause of ill-health worldwide [1]
and is characterized by a complex, heterogeneous
mixture of syndromes that can be subdivided into
several phenotypes on the basis of clinical, physio-
logical and inflammatory markers that in turn can
result in variable responses to treatment [2,3].
Inhaled glucocorticoids remain the anti-inflamma-
tory therapy of choice for the majority of asthmatic
patients primarily reducing airway hyperreactivity
and exacerbations while improving lung function
and quality of life [4]. However, they have well
documented side-effects [5] and compliance to glu-
cocorticoid therapy remains an issue [6] whereas
variations in the clinical response of asthmatic
patients to inhaled glucocorticoid therapy are com-
mon [7,8]. Furthermore, patients with severe disease
and the refractory eosinophilic asthma phenotype
often suffer frequent asthma exacerbations that may
require intensive treatment with daily oral cortico-
steroids in a hospital setting with attendant side-
effects, quality of life and healthcare cost issues [9].
Increased knowledge of the different patterns of
inflammation involving diverse infiltrating and
structural cell types [10] has driven the development
of biological therapies that target the cytokines,
© 2015 Wolters Kluwer 
important in asthma pathobiology [11]. However,
the realization that mechanisms other than classic
allergic TH2-driven inflammation can contribute to
asthma disease manifestations has complicated the
picture. In the case of biologics targeted at TH2
cytokines such as IL-4, IL-5 and IL-13, a necessary
prerequisite is the identification of the presence of
eosinophilic inflammation in the airways to
increase the likelihood of their efficacy in this asth-
matic subgroup [12]. This review updates on an
earlier one [13] and is based on the English-language
original articles in PubMed or MEDLINE that
reported significant clinical findings published
during the last year on the current status, thera-
peutic potential and potential problems of mepoli-
zumab as asthma therapy.
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KEY POINTS

� Anti-IL-5 treatment appears effective in well defined
patients with eosinophilic asthma through
exacerbation prevention.

� In some studies anti-IL-5, treatment is associated with a
glucocorticoid-sparing effect.

� Mepolizumab, reslizumab and benralizumab all exhibit
good safety profiles.
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EOSINOPHILS

Eosinophil involvement in inflammatory conditions
affecting the skin, gastrointestinal tract and upper
and lower airways is well documented [14]. Eosino-
phils are normally absent in healthy lungs but their
accumulation is a well defined feature of eosinophilic
asthma where they release their potent proinflamma-
tory diverse arsenal that includes granule-derived
basic proteins, lipid mediators, cytokines and chemo-
kines. These mediators potentiate airway inflam-
mation and contribute to lung tissue remodelling
that includes airway thickening, fibrosis and angio-
genesis together with a significant contribution to
asthma exacerbations [15]. More recent findings
emphasize the immunomodulatory functions of eosi-
nophils and their role they play in promoting homeo-
stasis [16]. For example, in addition to their role as
degranulating effector cells, eosinophils have the
capacity to act as antigen-presenting cells resulting
in T-cell proliferation and activation thereby propa-
gating inflammatory responses [17].

It is long established that the TH2-derived cyto-
kine IL-5 is crucial to bone marrow development of
eosinophils; it enhances their extravasation, acti-
vation, secretion and prolonged survival in the tis-
sues through apoptosis inhibition [18]. These potent
effects led to the development of humanized anti-
IL-5 monoclonal antibody (mAb) such as mepolizu-
mab [19], reslizumab [20] or benralizumab, a mAb
against the human IL-5Ra [21,22].

MEPOLIZUMAB

Early clinical trials with the anti-IL-5 humanized
mAb mepolizumab (GlaxoSmithKline, Brentford,
UK) in patients with mild-to-severe asthma reported
disappointing results as participants were recruited
on the basis of clinical and physiological character-
istics that did not specify the presence of eosino-
philic airway inflammation [16]. Two proof-of-
concept, randomized, double-blind, placebo-con-
trolled, parallel-group studies [23,24] in patients
who manifested eosinophilic asthma demonstrated
that mepolizumab not only reduced eosinophil
 Copyright © 2015 Wolters Kluwe
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numbers in the blood and sputum but also resulted
in a significant reduction in asthma exacerbations.
These findings were confirmed in a larger multi-
centre randomized placebo-controlled study
(DREAM – Dose Ranging Efficacy And safety with
Mepolizumab in severe asthma) [25] of 616 patients
with poorly controlled asthma with two or more
asthma exacerbations requiring oral glucocorticoid
treatment in the preceding year. Compared with
placebo, mepolizumab reduced the rate of clinically
significant asthma exacerbations but there were no
consistent improvements in symptoms or lung
function. Such a marked dissociation between
clinical and functional measurements and exacer-
bations suggests that they represent different aspects
of the disease, with separate underlying pathophysi-
ology. One interesting aspect was the use of a peri-
pheral blood eosinophil count of more than
0.3�109/l for study inclusion. The use of a peri-
pheral blood eosinophilia is an important step for-
ward as it simplifies the identification of asthmatic
patients likely to respond to mepolizumab, rather
than the use of a sputum eosinophilia, a technique
only available in highly specialized centres requir-
ing a high degree of technical and interpretative
expertise. A meta-analysis on seven randomized
placebo-controlled trials examined the effect of
intravenous infusion of mepolizumab on clinical
outcomes in patients with asthma found that this
biologic reduced the risk of exacerbations and
improved the quality of life in patients with eosi-
nophilic asthma, but no significant improvements
in lung function outcomes were observed [26]. In a
more recent randomized placebo-controlled study,
patients with recurrent asthma exacerbations and
evidence of eosinophilic inflammation who were
treated with high-dose inhaled steroid treatment
received mepolizumab (75-mg intravenously dose
or 100-mg subcutaneously) or placebo. As in earlier
studies there were significant reductions in exacer-
bations in both the subcutaneous group and the
intravenous group (32%) compared with placebo.
Of interest was the fact that the exacerbation rate
among the patients recruited to this study was con-
sidered high at a mean of 3.6 per year, suggesting
that inhaled glucocorticoids and long-acting bron-
chodilators had not been optimized [27]. Although
the rate of exacerbations declined by approximately
50% in the placebo treatment group, the decline in
exacerbation rate was significantly greater in both
mepolizumab treatment groups (1.75 exacerbations
per year with placebo; 0.93 per year with 75-mg
intravenous mepolizumab and 0.81 per year with
100-mg subcutaneous mepolizumab). This obser-
vation does emphasize that even in well character-
ized asthma patients poor adherence to therapy
r Health, Inc. All rights reserved.
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most commonly leads to loss of symptom control
[9], providing one explanation for the improvement
in symptoms seen in the placebo group in this and
other trials with biologics.

Bel et al. [28
&

] conducted a double-blind trial
that looked at the effect of subcutaneous mepolizu-
mab (100 mg every 4 weeks for 20 weeks) compared
with placebo on reduction in oral glucocorticoid
dose in 135 patients with severe eosinophilic asthma
who required daily oral glucocorticoid therapy to
maintain asthma control. There was a significant
glucocorticoid-sparing effect of 50% in the mepoli-
zumab group compared with placebo, together with
reductions in exacerbations and improved asthma
symptom control. However, the proportion of
patients who had a reduction in glucocorticoid dose
(54%) was lower than in an earlier study [25] in
which higher doses of mepolizumab (750 mg) given
intravenously resulted in an 87% glucocorticoid
dose reduction in all of the patients in the active
study arm. A larger study examined the effect of
75 mg intravenous mepolizumab or 100 mg subcu-
taneous mepolizumab on exacerbation rates in 576
patients with evidence of eosinophilic inflam-
mation despite receiving high doses of inhaled glu-
cocorticoids. Compared with placebo intravenous
mepolizumab reduced exacerbation rates by 47%
compared with a 53% reduction in those receiving
subcutaneous mepolizumab [29

&&

]. The authors also
reported a modest mean increase in baseline forced
expiratory volume in 1 s (FEV1) of 100 ml in the
treatment groups compared with placebo. Signifi-
cant improvements in markers of asthma control as
assessed by the St George’s Respiratory Question-
naire were seen together with a near-significant
improvement in the Asthma Control Questionnaire
scores. Table 1 [28

&

,29
&&

] summarizes the main find-
ings of both studies.

OTHER ANTI-IL-5 mAb
Other anti-IL-5 mAb include reslizumab (Cinquil;
Teva Pharmaceuticals, Petah Tikva, Israel; formerly
SCH-55700) and benralizumab (AstraZeneca, Cam-
bridge, UK) a humanized afucosylated IgG1k mAb
 Copyright © 2015 Wolters Kluwer 

Table 1. Primary findings of the studies

Study Number/period Clinical endpoints

Bel et al. [28&]
(phase III)

135/32 weeks Significant glucocorticoid-sp
reductions in exacerbatio
asthma symptom control

Ortega et al. [29&&]
(phase III)

576/20 weeks Significant reduction in exa
with improved FEV1 and
life (AQLQ)

AQLQ, Asthma Quality of Life Questionnaire; FEV1, forced expiratory volume in 1 s
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indicated for the potential treatment of asthma that
binds to a distinct epitope within the extracellular
domain of recombinant human IL-5Ra [20–22].
Several recent studies [30–32] suggest that both resli-
zumab and benralizumab are also effective in reduc-
ing exacerbations in patients with eosinophilic
asthma, signifying that efficacy is associated with
efficiently targeting IL-5 or IL-5 receptor bearing cells
rather than being confined to a given biologic.

SAFETY
Mepolizumab has now been studied in several
randomized placebo-controlled clinical trials. The
majority of these reported adverse events that were
either not clinically relevant or that were not
attributable to treatment [33

&

]. In the more recent
studies researchers blinded for the treatment did
report more adverse events for mepolizumab
(30%) than for placebo (18%) [28

&

] whereas Ortega
et al. [29

&&

] reported a similar safety profile to that of
placebo. Benralizumab has been characterized by a
favourable safety profile whereas more studies are
required for reslizumab to support its safety profile.
Overall, anti-IL-5 treatment appears to have an
acceptable safety record for clinical use [33

&

].

CONCLUSION
Despite the availability of inhaled glucocorticoids
together with leukotriene antagonists, long-acting
bronchodilators and the anti-IgE monoclonal anti-
body omalizumab, patients with glucocorticoid-
refractory eosinophilic asthma represent a clear
and pressing unmet medical need. The development
of discriminatory biomarkers and genetic profiling
may identify patients with particular subpheno-
types of asthma to guide the use of biologic therapy
in carefully selected patient populations most likely
to benefit. However, issues remain with regard to the
cost of these biologics, determination of the most
effective biomarkers to select responsive patients
and whether treatment with mepolizumab and ot-
her biologics should be confined to specialist
asthma centres [19]. Although treatment with
mepolizumab and other biologics have obvious cost
Health, Inc. All rights reserved.

Biomarkers Safety profile

aring effect with
ns with improved

Significant reductions in
blood and sputum
eosinophils

Similar safety
profile to placebo

cerbation rate,
quality of

Significant reductions in
blood and sputum
eosinophils

Similar safety
profile to placebo

.
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implications, patients with severe eosinophilic
asthma account for the majority of the asthma-
related healthcare costs together with significant
quality-of-life issues due in part due to the side-
effects of high-dose systemic glucocorticoid treat-
ment. These patients are likely to be greatly bene-
fited from drugs that can control asthma
exacerbations with minimal side-effects and the
prevention of frequent hospitalization of these
patients may justify the relatively high cost of bio-
logic-based therapy [33

&

]. Another important con-
sideration is that the placebo group in trials of
biologics in asthma often exhibit a marked improve-
ment in symptoms, which may reduce the likeli-
hood of significant findings being observed for the
test compound most likely as a result of the close
monitoring of participants under trial ensuring
greater compliance in adherence to their normal
anti-inflammatory therapy. Furthermore, the use
of currently available therapies guided by sputum
cell counts leads to substantial reductions in exacer-
bations, decreases that are clinically comparable to
those reported for biologic therapies [34]. This does
emphasize the importance of first ensuring patient
compliance and correct inhaler technique with cur-
rent glucocorticoid-based therapy to control symp-
toms rather than moving unnecessarily to expensive
biologic-based therapies. Dual targeting of IL-4/13
by biologics such as dupilumab [35] appears very
promising, but large trials with longer duration in
carefully selected patients are required to fully assess
the utility of such an approach. Increased under-
standing of the role that the innate immune
response plays in asthma also provided potential
therapeutic targets beyond the TH2 pathway
[36,37]. Such an approach may lead to asthma treat-
ments that are truly disease modifying rather than
the symptomatic medications currently available.

Acknowledgements

None.

Financial support and sponsorship

None.

Conflicts of interest

There are no conflicts of interest.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Anandan C, Nurmatov U, van Schayck OC, Sheikh A. Is the prevalence of
asthma declining? Systematic review of epidemiological studies. Allergy
2010; 65:152–167.
 Copyright © 2015 Wolters Kluwe

1528-4050 Copyright � 2015 Wolters Kluwer Health, Inc. All rights rese
2. Lockey RF. Asthma phenotypes: an approach to the diagnosis and treatment
of asthma. J Allergy Clin Immunol Pract 2014; 2:682–685.

3. Ray A, Oriss TB, Wenzel SE. Emerging molecular phenotypes of asthma. Am J
Physiol Lung Cell Mol Physiol 2015; 308:L130–L140.

4. Barnes PJ, Adcock IM, Ito K. Histone acetylation and deacetylation: impor-
tance in inflammatory lung diseases. Eur Respir J 2005; 25:552–563.

5. Kandeel M, Balaha M, Inagaki N, Kitade Y. Current and future asthma
therapies. Drugs Today (Barc) 2013; 49:325–339.

6. Gamble J, Stevenson M, McClean E, Heaney LG. The prevalence of non-
adherence in difficult asthma. Am J Respir Crit Care Med 2009; 180:817–
822.

7. Berger WE. New approaches to managing asthma: a US perspective. Ther
Clin Risk Manag 2008; 4:363–379.

8. Matsumura Y. Inflammatory cellular phenotypes and molecular mechanisms of
glucocorticoid resistance in patients with bronchial asthma. Antiinflamm
Antiallergy Agents Med Chem 2013; 12:189–200.

9. Shaw DE, Green RH, Bradding P. Asthma exacerbations: prevention is better
than cure. Ther Clin Risk Manag 2005; 1:273–277.

10. Holgate ST. A look at the pathogenesis of asthma: the need for a change in
direction. Discov Med 2010; 9:439–447.

11. Pelaia G, Vatrella A, Maselli R. The potential of biologics for the treatment of
asthma. Nat Rev Drug Discov 2012; 11:958–972.

12. Nair P. What is an ‘eosinophilic phenotype’ of asthma? J Allergy Clin Immunol
2013; 132:81–83.

13. Walsh GM. Therapeutic potential of targeting interleukin 5 in asthma. Bio-
Drugs 2013; 27:559–5630.

14. Blanchard C, Rothenberg ME. Biology of the eosinophil. Adv Immunol 2009;
101:81–121.

15. Nissim Ben Efraim AH, Levi-Schaffer F. Tissue remodeling and angiogen-
esis in asthma: the role of the eosinophil. Ther Adv Respir Dis 2008;
2:163–171.

16. Rosenberg HF, Dyer KD, Foster PS. Eosinophils: changing perspectives in
health and disease. Nat Rev Immunol 2013; 13:9–22.

17. Lacy P, Rosenberg HF, Walsh GM. Eosinophil overview: structure, biological
properties, and key functions. Methods Mol Biol 2014; 1178:1–12.

18. Walsh GM. Advances in the immunobiology of eosinophils and their role in
disease. Crit Rev Clin Lab Sci 1999; 36:453–496.

19. Robinson DS. Mepolizumab for severe eosinophilic asthma. Expert Rev Respir
Med 2013; 7:13–17.

20. Walsh GM. Profile of reslizumab in eosinophilic disease and its potential in the
treatment of poorly controlled eosinophilic asthma. Biologics 2013; 7:7–11.

21. Corren J. Inhibition of interleukin-5 for the treatment of eosinophilic diseases.
Discovery Med 2012; 13:305–312.

22. Ghazi A, Trikha A, Calhoun WJ. Benralizumab – a humanized mAb to IL-5Ra

with enhanced antibody-dependent cell-mediated cytotoxicity – a novel
approach for the treatment of asthma. Expert Opin Biol Ther 2012;
12:113–118.

23. Haldar P, Brightling CE, Hargadon B, et al. Mepolizumab and exacerba-
tions of refractory eosinophilic asthma. N Engl J Med 2009; 360:973–
984.

24. Nair P, Pizzichini MM, Kjarsgaard M, et al. Mepolizumab for prednisone-
dependent asthma with sputum eosinophilia. N Engl J Med 2009; 360:985–
993.

25. Pavord ID, Korn S, Howarth P, et al. Mepolizumab for severe eosinophilic
asthma (DREAM): a multicentre, double-blind, placebo-controlled trial. Lancet
2012; 380:651–659.

26. Liu Y, Zhang S, Li DW, Jiang SJ. Efficacy of antiinterleukin-5 therapy with
mepolizumab in patients with asthma: a meta-analysis of randomized placebo-
controlled trials. PLoS One 2013; 8:e59872.

27. Nair P. Antiinterleukin-5 monoclonal antibody to treat severe eosinophilic
asthma. N Engl J Med 2014; 371:1249–1251.

28.
&

Bel EH, Wenzel SE, Thompson PJ, et al. Pavord ID; SIRIUS Investigators. Oral
glucocorticoid-sparing effect of mepolizumab in eosinophilic asthma. N Engl J
Med 2014; 371:1189–1197.

This study demonstrated that mepolizumab had a significant glucocorticoid-spar-
ing effect in patients with eosinophilic asthma in addition to reductions in exacer-
bations and improved asthma symptom control.
29.
&&

Ortega HG, Liu MC, Pavord ID, et al., MENSA Investigators. Mepolizumab
treatment in patients with severe eosinophilic asthma. N Engl J Med 2014;
371:1198–1207.

This large well performed study demonstrated clear effects on clinically significant
outcome measures, such as exacerbation rate, FEV1 and markers of asthma
control.
30. Castro M, Wenzel SE, Bleecker ER, et al. Benralizumab, an antiinterleukin 5

receptor a monoclonal antibody, versus placebo for uncontrolled eosinophilic
asthma: a phase 2b randomised dose-ranging study. Lancet Respir Med
2014; 2:879–890.

31. Nowak RM, Parker JM, Silverman RA, et al. A randomized trial of benralizumab,
an antiinterleukin 5 receptor a monoclonal antibody, after acute asthma. Am J
Emerg Med 2015; 33:14–20.

32. Castro M, Zangrilli J, Wechsler ME, et al. Reslizumab for inadequately
controlled asthma with elevated blood eosinophil counts: results from two
multicentre, parallel, double-blind, randomised, placebo-controlled, phase 3
trials. Lancet Respir Med 2015; 3:355–366.
r Health, Inc. All rights reserved.

rved. www.co-allergy.com 395



Pharmacotherapy and evidence based medicine
33.
&

Hilvering B, Xue L, Pavord ID. Evidence for the efficacy and safety of
antiinterleukin-5 treatment in the management of refractory eosinophilic
asthma. Ther Adv Respir Dis 2015; pii: 1753465815581279. [Epub ahead
of print]

Excellent up-to-date review on the rational of targeting IL-5 and the efficacy and
safety of anti-IL-5 biologics in refractory eosinophilic asthma.
34. Jayaram L, Pizzichini MM, Cook RJ, et al. Determining asthma treatment by

monitoring sputum cell counts: effect on exacerbations. Eur Respir J 2006;
27:483–494.
 Copyright © 2015 Wolters Kluwer 

396 www.co-allergy.com
35. Wenzel S, Ford L, Pearlman D, et al. Dupilumab in persistent asthma
with elevated eosinophil levels. N Engl J Med 2013; 368:2455–
2466.

36. Holgate ST. Innate and adaptive immune responses in asthma. Nat Med
2012; 18:673–683.

37. Aryan Z, Holgate ST, Radzioch D, Rezaei N. A new era of targeting the
ancient gatekeepers of the immune system: toll-like agonists in the treat-
ment of allergic rhinitis and asthma. Int Arch Allergy Immunol 2014;
164:46–63.
Health, Inc. All rights reserved.

Volume 15 � Number 4 � August 2015


