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Recent changes in the drug treatment of allergic asthma

David Gibeon and Andrew Menzies-Gow

ABSTRACT - Asthma is a heterogeneous condition with mul-
tiple phenotypes that respond to treatments in different ways.
Allergic asthma is an important phenotype and although cur-
rently available treatments are effective, about 5% of affected
patients have severe, treatment-refractory disease. Despite
advances in our understanding of the disease, there remains
an unmet need in this group of patients. The most recent and
significantadvanceintreatmenthasbeen anti-immunoglobulin
E (IgE) therapy, which improves symptoms and quality of life
in patients with severe allergic asthma. Clinical trials are
ongoing with novel biologic agents that demonstrate poten-
tial efficacy; determining the subsets of patients for which
they are suitable will be crucial to ensure cost effectiveness.
Personalised medicine and targeted therapies may hold the
key to long-term control in this group of patients.
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Background

More than 300 million people have asthma globally, and this
figure is expected to increase by a further 100 million by 2025.!
More than 5 million people in the UK are receiving medication
for asthma, with total costs to the National Health Service
(NHS) of about £1 billion per year, which equates to about 1%
of the total NHS budget.? Although most cases of asthma have
the potential to be well controlled using inhaled corticosteroids
(ICS) and long-acting 3, agonists (LABAs), about 5% of patients
have severe, refractory disease.® Patients in this group are often
difficult to treat, require significant attention and utilise 50% of
the available NHS resources for asthma. Despite significant
advances in therapy in recent years, almost 80,000 hospital
admissions and 1,200 deaths each year in the UK are directly
attributable to asthma.?

What is allergic asthma?

Asthma represents a spectrum of disorders produced by a variety
of overlapping clinical phenotypes and characterised by variable
airways obstruction and inflammation. The main features
include hyper-responsiveness of the airways to a wide variety of
exogenous and endogenous stimuli and a specific pattern of
mucosal inflammation involving activated mast cells, eosi-
nophils and T lymphocytes. This is associated with altered
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responses of structural cells in the airway, including epithelial
cells.*

Asthma can be divided into intrinsic asthma (non-atopic),
extrinsic asthma (atopic or allergic) and occupational asthma.
Allergic asthma is the most common form, is associated with
atopy and usually develops in childhood or early adulthood.
Atopy is defined as a genetic predisposition to produce immu-
noglobulin E (IgE) against common environmental aeroaller-
gens such as dust mites, moulds, pollens and animal dander.
About 80% of patients with asthma are atopic compared with
30% of the general population.®

Individuals with allergic asthma are initially sensitised to aller-
gens and subsequently develop symptoms on re-exposure.®
Immunoglobulin E binds to the surface of mast cells and
basophils and is cross-linked by allergens, which leads to the
release of mediators such as histamine, prostaglandins, leuko-
trienes, chemokines and cytokines.” These mediators are respon-
sible for many of the features associated with asthma, including
bronchoconstriction. Continued expression of these mediators
leads to an inflammatory response, which manifests as persistent
symptoms, airway hyper-responsiveness and bronchospasm.

Current treatment for allergic asthma

The treatment pathway for asthma is set out in the joint guide-
lines of the British Thoracic Society (BTS) and Scottish
Intercollegiate Guidelines Network (SIGN).® Current thera-
peutic options initially focus on bronchodilators and anti-
inflammatory inhaled corticosteroids (ICS). If symptoms persist,
a trial of other therapies such as a leukotriene receptor antago-
nist (LTRA) or oral theophylline may be beneficial alongside
increasing doses of ICS. At this stage, some patients with asthma
may require maintenance systemic corticosteroids to control or
partially control their symptoms. These patients experience
decreased quality of life, miss a substantial number of days from
work or school and are at risk from the many and potentially
serious side effects of long-term corticosteroid therapy. In
patients with severe allergic asthma, the current options include
anti-IgE therapy, steroid-sparing immunosuppressive drugs (eg
methotrexate, ciclosporin, mycophenolate mofetil and azathio-
prine) or participating in trials with novel biological agents.

Inhaled corticosteroids, long-acting 3, agonists and
muscarinic receptor antagonists

Inhalers combining ICS and LABA and ‘as-required” use of an
additional short-acting B, agonist (SABA) are commonly pre-
scribed to achieve asthma control. Previous studies have noted
increased mortality when LABAs are used in isolation,” but the
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addition of LABAs to lower doses of ICS is associated with
greater anti-inflammatory activity and improved asthma
control.>10

Recently, the Single inhaler Maintenance And Reliever Therapy
(SMART) approach has been introduced for patients at step 3
of the BTS/SIGN guideline.® Patients are able to use the
budesonide—formoterol combination according to symptoms,
potentially resulting in a reduction in the risk of exacerbations
and lower overall exposure to ICS.!!

Muscarinic receptor antagonists are widely used in patients
with chronic obstructive pulmonary disease (COPD) but have
been less popular in patients with asthma, largely due to their
slower onset of action as a reliever medication compared with
inhaled B, agonists. Recent trials in patients with poorly con-
trolled asthma receiving ICS/LABA found that the addition of
tiotropium, a long-acting muscarinic receptor antagonist
(LAMA), was associated with modest improvements in forced
expiratory volume in one second (FEV,) and significantly
increased time to a first exacerbation, with an overall 21% reduc-
tion in the risk of a severe exacerbation.!?

Success with SMART therapy and muscarinic receptor
antagonists requires careful selection of suitable patients and
monitored trials of therapy to assess response. A number of
different inhaler combinations in development may benefit
patients with allergic asthma, including LABA/LAMA and
once-daily ICS/LABA combinations. However, the exact place
for these new inhalers in the current stepwise approach is
unclear at present.

Anti-IgE therapy

Omalizumab is a recombinant humanised monoclonal anti-IgE
antibody that was licensed as an add-on therapy to improve
asthma control in patients with severe allergic asthma. It binds
to free IgE in the serum, forming small biologically inert IgE—
anti-IgE complexes.!’> Omalizumab cannot interact with IgE
already bound to cells, which prevents the development of ana-
phylaxis. Following administration of omalizumab, total serum
IgE levels increase but levels of free IgE in serum decrease rapidly
to <5% of baseline. However, clinical efficacy takes longer to
emerge as the IgE bound to mast cells and basophils takes several
weeks to be downregulated.

The efficacy and safety of omalizumab as add-on therapy for
patients with severe allergic asthma has been extensively evalu-
ated. The INvestigatioN of Omalizumab in seVere Asthma
TrEatment (INNOVATE) randomised, double-blind, multi-
centre study enrolled 419 patients aged 12—75 years with severe
allergic asthma.!* The patients were randomised to receive oma-
lizumab or placebo for 28 weeks. Patients treated with omali-
zumab had significantly reduced rates of severe exacerbations
(0.24 vs 0.48, p=0.002) and emergency visits (0.24 vs 0.43,
p=0.038). In addition, patients receiving omalizumab demon-
strated improved asthma-related quality of life, morning peak
expiratory flow and asthma symptom scores. Both groups had a
similar incidence of adverse events.
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The PERSIST study was a prospective, open label, observa-
tional, open-centre study in 158 patients with severe persistent
allergic asthma. The effectiveness of omalizumab as add-on
therapy was evaluated after 16 and 52 weeks of treatment and
compared to the year prior to starting therapy. Patients had
better physician-rated effectiveness, greater improvements in
quality of life, greater reductions in exacerbation rates and
greater reductions in healthcare utilisation than previously
reported in efficacy studies.!

The potential benefits of omalizumab thus include improved
asthma control, with the possibility of a reduction in the use of
oral corticosteroids, fewer presentations to emergency care,
reduced exacerbations and improved quality of life.

Between 1,500 and 1,600 patients are currently being treated
with omalizumab in the UK and more than 155,000 patients
have been treated worldwide since its launch. The drug is admin-
istered subcutaneously on a 2—4 weekly basis, with the dose
based on total IgE levels and weight. However, patients must
fulfil certain criteria to be eligible and cost, dosing criteria and
the absence of allergic factors in about 40% of patients with
severe asthma'® limit its use.

Th2 response

T cells are the main source of cytokines, including interleukins,
and play an important role in driving the inflammatory changes
in asthma. T helper (Th) 1 (Thl) and Th2 cells are subsets of
cells that develop from the same precursor cells and produce
specific cytokines. Th1 cells mediate macrophage activation and
phagocytic-dependent inflammation through the production of
interferon gamma (IFN-7y). In contrast to normal airways, which
are Thl predominant, the airways in allergic asthma have an
increased number of Th2 cells.!” Th2-cell differentiation is
stimulated by interleukin (IL) 4 and results in the production of
interleukins such as IL-4, IL-5, IL-9 and IL-13 (Fig 1), which are
linked to airway inflammation and hyper-responsiveness
(AHR).!® Gene-expression profiling of bronchial biopsies taken
from patients with asthma has led to the formation of a “Th2
signature’ and dichotomisation into Th2-high and Th2-low sub-
phenotypes. These sub-phenotypes display patterns in airway
remodelling and mucus composition and exhibit important dif-
ferences in terms of their response to treatment with ICS, with
improved lung function in Th2-high patients.!” This supports
previous in vitro studies that have shown an association between
Th1/Th2 cytokine imbalance and steroid insensitivity.2%2!

Overall, evidence suggests that specific patterns of cytokine
expression can identify patients who may respond better to
targeted therapies and that their modulation may result in fewer
exacerbations, an enhanced response to treatment with ICS and
improved asthma control.

Potential Th2 targets in allergic asthma

Interleukin 5 promotes the proliferation, differentiation, recruit-
ment and survival of eosinophils?? and is a key inflammatory cell
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mediator in the pathogenesis of asthma. High

Allergen
eosinophil counts in sputum are associated oo
with poor asthma control, can predict future 0 -:0
exacerbations and can help direct medication - °<3
changes,?>?* which make IL-5 an attractive

target in allergic asthma.

Early studies using mepolizumab and resli-
zumab, monoclonal antibodies directed against
IL-5, failed to show efficacy, but recent trials
have been promising. Mepolizumab has been @
associated with a significant decrease in asthma J
exacerbations in patients with severe eosi-
nophilic asthma?® and reslizumab has demon-
strated improvements in airway function and a
trend towards greater asthma control.?®
Benralizumab, a monoclonal antibody that tar-
gets the o chain of the IL-5 receptor, has shown
promise in phase 2 trials.?”

Interleukin 4 and IL-13 are functionally and
structurally related. Both induce B cells to pro-
duce IgE, highlighting their role in allergic
asthma and the potential to augment their
expression. Lebrikizumab is an IL-13 mono-
clonal antibody that has been associated with ~ Normal airway
improvements in lung function.?® Particular
benefits were noted in subjects with high levels
of serum periostin — a protein first identified in
osteoblasts and produced by bronchial epithe-
lial cells. Periostin seems to be a systemic

biomarker of Th2-high asthma and airway
eosinophilia and correlates with a Dbetter
response to treatment with ICS.?° This suggests
that lebrikizumab may be useful for a specific
group of patients with allergic asthma, and
results from phase 3 trials are awaited.
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Fig 1. Inflammatory pathways of interleukins currently involved in asthma clinical trials.
Inhaled allergens (such as pollen, dust mites and animal dander) can activate mast cells and
basophils. This can trigger an acute inflammatory response in sensitive individuals, resulting

in airway inflammation and airways hyper-responsiveness. Allergens are recognised and
processed by dendritic cells, which drive T helper (Th) 2 differentiation and secretion of

Immunotherapy

multiple cytokines, including interleukin 4 (IL-4), IL-5, IL-9, IL-13 and IL-17. IL-4 and IL-13

induce B cells to produce immunoglobulin E (IgE), IL-13 induces epithelial cells to secrete

Allergen-specific
sensitisation therapy) involves the gradual

immunotherapy (hypo-

administration of a specific allergen at
increasing amounts, with the aim of inducing
systemic tolerance. The mechanism of action
remains incompletely understood, but it may relate to skewing
of the Th2 immunity seen in allergic asthma towards a Thl
response. It is the only treatment of allergic asthma that targets
one of the underlying mechanisms.*® Although immuno-
therapy has been used for more than 100 years, there have been
recent advances and increasing interest in new allergen prepa-
rations, including allergen-antibody complexes and new
delivery modalities.

Subcutaneous injection immunotherapy (SCIT) and sublin-
gual immunotherapy (SLIT) have both been used. Early trials
produced mixed results, and treatment was associated with a risk
of severe and occasionally fatal anaphylaxis. A Cochrane review
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periostin (a biomarker of airway eosinophilia) and IL-5 promotes the proliferation,
differentiation, recruitment and survival of eosinophils. FceR = Fc receptors for
immunoglobulin E; IG = immunoglobulin; IL = interleukin; Treg cell = regulatory T cell.
Reproduced with permission from Gibeon and Menzies-Gow (2012).18

of 88 randomised controlled trials using SCIT for asthma noted
a significant overall reduction in symptoms of asthma and use of
medications, with improvements in bronchial hyper-reactivity
following immunotherapy. However, one in 16 patients would
be expected to develop a local adverse reaction and one in nine
a systemic reaction.’! Sublingual immunotherapy was intro-
duced in the 1990s, has a better safety profile than SCIT and is
suitable for regular self-administration of allergen extract. A
meta-analysis of 25 studies with 1,706 patients using SLIT found
a small beneficial effect.’> Despite being well tolerated, SLIT is
associated with local side effects, including mild lip swelling and
itching, in 40-85% of patients.*®
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Table 1. Targets and drugs in allergic asthma.

Target Source Receptor
IgE B cells FceR1 and FceR2
IL-4 T cells IL-4Ror/IL-13Ral
Mast cells
IL-5 T cells IL-5R
Mast cells
IL-13 Th2 cells IL-4Rot/IL-13Roid
Immunotherapy

Role in asthma Current status in drug development

AHR In use
Inflammation — Omalizumab (Xolair)
Phase 2
— MEMP 1972A
B-cell proliferation Phase 2B

IgE production — Pitrakinra (IL-4/I1L-13 combination)
AHR

Airway remodelling

Phase 2

— Mepolizumab

— Benralizumab (MEDI 563)
Phase 3

— Reslizumab

Eosinophil proliferation
AHR

Phase 3
— Lebrikizumab
Phase 2B
— Pitrakinra (IL-4/I1L-13 combination)

Similar to IL-4

Inducing tolerance to Phase 1/2

specific allergens

AHR = airways hyper-responsiveness; FceR = Fc receptors for immunoglobulin E; IgE = immunoglobulin E; IL = interleukin; IL-13R = interleukin 13 receptor; IL-4R = interleukin

4 receptor; IL-5R = interleukin 5 receptor; Th =T helper.

Immunotherapy can potentially provide lasting relief in allergic
asthma, and both SCIT and SLIT have trial data for supporting
their use. However, other studies have failed to find a benefit and
its role in treating allergic asthma remains unclear.*

Conclusion

Significant advances have been made in our understanding of severe
allergic asthma in recent years and greater comprehension of the
underlying immunology has led to the identification of attractive
targets for drug development. However, the only targeted medication
that has made it to clinical practice is anti-IgE therapy (omalizumab).
This limited success is due to a combination of factors. These include
the selection of the wrong patient group for trials, cytokine interac-
tions in what is essentially a complex and convoluted system with
built-in immunological redundancy, difficulty translating animal
models of asthma to humans, individual patient responses to therapy
and side effects to novel biologic agents (Table 1).13

Many patients with allergic asthma continue to experience
symptoms despite maximal appropriate therapy and there
remains an unmet need in this group. At present, active phase
2/3 trials are investigating the effectiveness of modulating IL-5,
IL-4 and IL-13, but the drugs under investigation are still several
years away from potential clinical use. Future treatment will
focus on personalised medicine to determine the exact pheno-
type underlying an individual’s allergic asthma, allowing the
correct targeted therapy to be used at their first presentation.
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