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Anti-Inflammatory Treatment of Asthma
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ABSTRACT

Bronchial asthma is an inflammatory disease of the airways affecting individuals of all
ages. Pharmacotherapy relies on bronchodilator drugs, usually in combination with inhaled
corticosteroids, with the clinical aim to reduce symptoms, improve lung function, and
prevent exacerbations. While these principle approaches, together with measures of allergen
avoidance and secondary prevention, improve and control the disease in a majority of
patients, a significant number of asthmatics remain symptomatic, especially in severe disease.
Furthermore, there is increased recognition of a large variability of asthma phenotypes, with
different clinical course but also with a variety of distinct inflammatory mechanisms. This
has led to the development of novel anti-inflammatory medicines, some of which target
specific inflammatory pathways in asthma with high selectivity. These novel drugs will
hopefully benefit those patients with more severe disease and underlying inflammation

that is not adequately responding to standard asthma therapies. @r rev. 2016:2:56-68)
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INTRODUCTION

Asthma is an important chronic disease, affect-
ing more than 300 million individuals of all
ages!. In recent years, the views on the immu-
nology of asthma have changed considerably.
Once believed to be predominantly a T help-
er type 2 (Th2) inflammatory disease of the
airways, it is now becoming clear that various
endotypes of this disease exist, giving way to
the development of novel anti-inflammatory
drugs that target this disease heterogeneity
specifically?.

Conventional management of asthma accord-
ing to guidelines involves non-pharmacologi-
cal approaches, such as allergen avoidance, and
pharmacotherapy®. Regular inhaled cortico-
steroids (ICS) combined with long-acting £,
agonists (LABA) are the mainstay of asthma
treatment for a vast majority of patients and for
most severity grades. Patients who are not suf-
ficiently controlled on this combination therapy
might be tried on other controller drugs such
as leukotriene-receptor antagonists, theophyl-
line, and the addition of long-acting anticho-
linergics has been advocated for more severe
disease. Regular treatment with oral cortico-
steroids can be advisable in some patients with
severe disease, while treatment with the mono-
clonal anti-immunoglobulin E (anti-IgE) anti-
body omalizumab may be indicated if there is
an obvious allergic background in the clinical
presentation. It is estimated that 5-10% of asth-
ma patients are in need of such high-level
treatments? in the context of severe asthma®®.

This review will explicitly not reiterate data
that form the basis of conventional therapy in
clinical practice guidelines, but aims to high-
light novel developments based on our current

understanding of (severe) asthma pathophys-
iology”. This paper will focus on the role of a
number of small proteins that drive the in-
flammatory processes and pathophysiological
mechanisms of asthma. Most of the relevant
proteins in asthma inflammation are inter-
leukins (IL) or cytokines, and most of the
novel anti-inflammatory therapies for severe
asthma try to block the pathways involved.
The development of some of such novel ther-
apeutic agents has provided additional in-
sights into the diversity of the inflammatory
process in severe asthma and has helped de-
fine phenotypes that will specifically respond
to specifically targeted treatment.

AIRWAY INFLAMMATION
AND ASTHMA TODAY

The chronic inflammatory process in the air-
ways of asthmatics is characterised by infil-
tration of the airway submucosa by a range
of cells, including eosinophils, basophils, mast
cells, and CD4 T-helper cells. The initiating
components of this inflammation involve the
airway epithelium, dendritic cells, and air-
way macrophages, responding to external en-
vironmental factors such as allergens, pollut-
ants, and infectious (viral) triggers. These
early events lead to the activation of further
cells such as T-cells, B-cells, and mast cells,
which in turn activate airway structural cells
such as airway smooth muscle cells, mucus
goblet cells, and fibroblasts®. Several cyto-
kines have been described as promoters of
chronic airway inflammation and remodel-
ling”1, either directly or by affecting and pro-
moting cell-cell interactions!'!2. T-helper-2
(Th2) cells and, more lately, type 2 innate lym-
phoid cells (ILC2) have been recognised as
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Ficure 1. Type 2 immune response in asthma. Release of epithelial cell cytokines, such as interleukin-33 and thymic stromal
lymphopoeitin, induce the expression of 0X40 ligand (also known as TNFSF4) on dendritic cells to promote their mobilization to local o
draining lymph nodes. Interleukin-4-competent T-cells in the lymph nodes migrate to B-cell zones where they differentiate into T follicular
helper cells and move into the circulation to complete maturation as T helper 2 cells. The T helper 2 cells that migrate to the airway 3
epithelium and to the sub-epithelial mucosa secrete interleukin-5 and -13 to mediate inflammatory and remodelling changes in the airway
mucosa that predispose an individual to asthma and to asthma exacerbations (adapted with permission from Fahy').

DC: dendritic cell; igE immunoglobulin E; IL: interleukin; ILC2: group 2 innate lymphoid cell; 0X40L: 0X40 ligand; Tth: T follicular helper cell;
Th2: T helper 2 cell; TSLP: thymic stromal lymphopoeitin; TSLPR: TSLP receptor.
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increase in IgE production and eosinophilic also reflected through different inflammato- -
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kines such as IL-1, IL-25, and IL-33, and thy- have been recognised as an important part of
mic stromal lymphopoietin (TSLP) released asthmatic inflammation, and “Th2-high asth-
from airway epithelial cells can also activate ma” has been defined by use of genes expressed
both Th2 cells or ILC2 cells (Fig. 1)°. in airway epithelial brushings, consisting of a

o x BARCELONA
A - RESPIRATORY
“NETWORK

Collaborative research




Klaus F. Rabe: Anti-Inflammatory Treatment of Asthma

T,2 cell cytokine mm == N R
gene expression
in the airways
Healthy
reference
group

T,2-high
asthma

T,2-low
asthma

— More severe asthma
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— Lack of responsiveness to glucocorticoids
— Lack of responsiveness to inhibitors
of type 2 inflammation

Ficure 2. Asthma can be divided into T helper cell type 2 low and high subgroups (adapted with permission from Fahy™).

Th2: T helper cell type 2

set of IL-13-inducible genes'®. However, just half
of a group of patients with mild-to-moderate
asthma had a Th2-high asthma phenotype that
was characterised by a greater degree of bron-
chial hyper-responsiveness, higher serum IgE
concentrations, and increased blood and air-
way eosinophilia. This seminal finding has
led to the distinction of a Th2-high and a
Th2-low endotype (Fig. 2)'®.

This categorisation theoretically has implica-
tions for testing new compounds that target
specific molecular pathways in the clinic, par-
ticularly in identifying patients most likely to
respond to these treatments'. In early trials
the anti-IL-5 antibody mepolizumab appeared
ineffective in patients with asthma recruited
solely according to severity?’; only when pa-
tients with severe asthma and with a history
of frequent exacerbations and eosinophilia in
sputum or blood were investigated did the
drug show a relevant reduction in exacerba-
tions compared with placebo?!.

ANTI-INFLAMMATORY THERAPIES
IN ASTHMA: BEYOND STEROIDS

The T helper cell type 2 pathway

Activation of the Th2 pathway is a complex
interaction between the innate and adaptive
immune responses. It involves the differentia-
tion of Th2 cells from uncommitted T-cells, and
the action of co-stimulatory molecules and cy-
tokines expressed by dendritic cells and in-
flammatory cells. Synthesis of cytokines, such
as TSLP, IL-25, and IL-33 from the epitheli-
um?®, can be induced by external stimuli such
as lipopolysaccharide, pollutants, and virus-
es? to activate of Th2 cells. The Th2 cells in
turn release IL-4, IL-5, and IL-13, orchestrat-
ing inflammation in the airway mucosa of
patients with asthma. Interestingly, II-5 and
IL-13 can also be produced by ILC2, which
require globin transcription factor (GATA)-bind-
ing protein-3 (GATA-3) for their development
and function (Fig. 3).
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Ficure 3. Relative roles of T helper type 2 cells and type 2 innate lymphoid cells in two forms of eosinophilic asthma. In atopic asthma
(left), eosinophilic airway inflammation and bronchial hyper-responsiveness are driven by adaptive T helper 2 cells that are stimulated by
dendritic cells to produce interleukin-5, -13 and -4, the latter driving immunoglobulin E synthesis. In non-atopic or intrinsic asthma (right),
which is not dependent on adaptive immunity, type 2 innate lymphoid cells produce interleukin-5 and -13 and thus cause eosinophilia and
bronchial hyper-responsiveness (reproduced with permission from Lambrecht et al.?).

CRTH2: chemoattractant receptor-homologous molecule expressed on Th2 cells; DC: dendritic cell; GATA: globin transcription factor;

IL: interleukin; ILC2: type 2 innate lymphoid cell; MHCII: major histocompatibility complex class 2; NK: natural killer; PGD: prostaglandin;
ROR: retinoid-related orphan receptor; TCR: T-cell receptor; TSLP: thymic stromal lymphopoietin.

Immunoglobulin E (IgE) has a central role in
allergic inflammation and is a result of the
effect of IL-4 and IL-13 switching in immuno-
globulin synthesis towards IgE from B-cells.
The IgE-activated mast cells secrete interleukins,
such as IL-3, IL-4, and IL-5, and granulocyte
macrophage colony stimulation factor, which
recruit or activate eosinophils.

Targeting GATA-3

GATA-3 is an important transcription factor
in the Th2 pathway and has recently been tar-
geted with SB010, a novel DNA enzyme?®?. In
this first small placebo-controlled trial, sub-
jects inhaled the DNA enzyme and were chal-
lenged with allergen. The SB010 attenuated
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both the early and late allergen response. Fur-
thermore, the analysis of biomarkers revealed
an attenuation of Th2-regulated inflammatory
responses. As yet, no further clinical data have
been released.

Targeting immunoglobulin E

Omalizumab is a humanised antibody that
binds to the Ce3 domain of the free circulat-
ing IgE, resulting in a reduction in IgE avail-
able for binding to high-affinity IgE receptors
(FceR1) and also a reduction in high-affinity
FceR1 receptors present on mast cells and ba-
sophils®. This interrupts the allergic cascade
and prevents mast cell degranulation and re-
duces eosinophilic inflammation®3. Clinical-
ly, omalizumab decreases early and late asth-
matic responses, sputum and tissue eosinophil
counts, and submucosal cells positive for IgE
and FceR1*. The drug improved asthma-relat-
ed quality of life measures and reduced exac-
erbation rates; improvements in forced expira-
tory volume in one second (FEV,) in patients
with moderate-to-severe asthma are small,
however*32. Omalizumab is recommended for
severe persistent allergic asthma as an add-on
therapy as it decreased clinically significant
asthma exacerbations by 26% compared with
placebo. A trial of omalizumab in both adults
and children with severe allergic asthma is
recommended if conventional treatment fails?,
and therapeutic efficacy for omalizumab in re-
ducing exacerbations seems related to high
concentrations of nitric oxide* in exhaled
breath and high blood eosinophil counts®.

QGEO031 (Novartis, Basel, Switzerland) is a hu-
manised anti-IgE antibody with a 50-fold high-
er affinity for IgE than omalizumab®. QGE031

reduced circulating concentrations of IgE,
FceR1, surface IgE, and skin-prick responses
to aeroallergens to a greater extent than omal-
izumab in allergic patients with well-controlled
asthma, but the drug is not commercially
available yet>.

Targeting interleukins 4 and 13

ANTI-INTERLEUKIN-4 RECEPTOR ALPHA
ANTIBODY

Both IL-4 and IL-13 bind to the same receptor,
a heterodimer of the al chain of the IL-13
receptor (IL-13Ral) and the o chain of the
IL-4 receptor (IL-4Ral)™®.

Interleukin-4 and -13 have important roles in
Th2-cell differentiation from naive T-cells,
isotype class-switching of B-cells towards IgE
synthesis mast cell recruitment. Interleukin-4
also up-regulates high-affinity IgE receptors on
mast cells, and low-affinity receptors on B-cells
and mononuclear phagocytic cells, while both
interleukins up-regulate vascular cell adhe-
sion molecules on endothelial cells, thus facil-
itating transmigration of eosinophils, T lym-
phocytes, monocytes, and basophils.

Interleukin-13 shares 30% homology with
IL-4 and in asthma the effects of IL-13 include
increases in goblet cell differentiation, activa-
tion of fibroblasts, and an increase in bron-
chial hyper-responsiveness3®.

Pitrakinra is a mutated form of human IL-4,
with a high affinity for the IL-4 receptor, and
acts as a competitive antagonist. In phase II
trials, the drug attenuated the late-phase asth-
matic response to allergen challenge in patients

#% ¥ BARCELONA
_d__» RESPIRATORY
L1+ NETWORK

Collaborative research



BRN Rev. 2016;2

with mild atopic asthma¥. No further devel-
opment of pitrakinra in asthma was reported,
maybe because a reduction in exacerbation
frequency during withdrawal of ICS was re-
ported only in specific subgroups of patients
with eosinophilic asthma and raised exhaled
nitric oxide concentrations, with a specific
IL-4 receptor polymorphism?®.

AMG 317 (Amgen, US), a human monoclonal
antibody against IL-4Ra that blocks both IL-4
and IL-13 pathways, did not show efficacy in
patients with moderate-to-severe asthma. AMG
317 did not change Asthma Control Ques-
tionnaire (ACQ) scores from baseline and had
no effect on exacerbations®.

Dupilumab (Regeneron, US) is a human mono-
clonal antibody that binds to IL-4Ro. It re-
duced asthma exacerbations and improved
asthma control and lung function compared
with placebo when LABA was discontinued
and ICS dose reduced and stopped® in pa-
tients with moderate asthma and with evi-
dence of either sputum or blood eosinophilia.
There was also an associated reduction in
Th2-associated inflammatory markers, such
as CCL17 (TARC), CCL26 (eotaxin-3) and IgE.
In another phase II study of adults with uncon-
trolled asthma on medium-to-high dose ICS/
LABA, dupilumab improved FEV, at week 12
in patients with raised blood eosinophil counts,
although depending on the dosing scheme®!.

ANTI-INTERLEUKIN-4 ANTIBODY

Unlike the IL-4/13 receptor antagonists, in-
haled recombinant human soluble IL-4 recep-
tor has been used to antagonise IL-4. Curi-
ously, a single nebulised dose was shown to

be effective in moderate asthma and was as-
sociated with improvement in FEV, and im-
proved asthma control®. In a 12-week dosing
study, there was significant effect in prevent-
ing reduction in FEV,, but not on exacerba-
tion rates following reduction of maintenance
doses of ICS in moderate persistent asthma®”
and benefits were reported in subsequent clin-
ical trials. Development of this soluble IL-4
receptor for asthma apparently has stopped.

ANTI-INTERLEUKIN-13 ANTIBODY

Lebrikizumab (Genentech, US) is an IgG4 hu-
manised monoclonal antibody that blocks
binding of IL-13 to the IL-4Ra and IL-13Ral
heterodimer. In patients with mild asthma,
lebrikizumab did not statistically affect allergen
responses, although numerically, a reduction of
the late asthmatic response was noted compared
with placebo*?. In patients with uncontrolled
asthma despite use of ICS/LABA, treatment
with lebrikizumab improved FEV, slightly
above baseline in patients with a high concen-
tration of serum periostin®. Patients with a low
concentration of serum periostin did not bene-
fit¥’, a finding which is in contrast to Noonan
et al.®® who saw no improvement in FEV, with
lebrikizumab in individuals with a high concen-
tration of serum periostin and only a minor in-
crease in those with low periostin concentration.

In two trials where exacerbations were a pri-
mary endpoint, lebrikizumab reduced the
rate of asthma exacerbations in patients with
uncontrolled asthma despite daily use of
high-dose ICS and a second asthma control-
ler. Again, in patients with high periostin ex-
pression, efficacy on exacerbations and lung
function was increased*®. There was also an

4% ¥ BARCELONA
—d_ -+ RESPIRATORY
LF NETWORK

Collaborative research



Klaus F. Rabe: Anti-Inflammatory Treatment of Asthma

improvement in FEV, in patients with high
periostin expression who were treated with leb-
rikizumab. However, due to a problem with the
study, treatment was discontinued and only
treatment of 24 weeks could be analysed®.

Tralokinumab (MedImmune, UK) is an IgG4
monoclonal antibody that neutralises IL-13
and blocks the binding of IL-13 to IL-13Ral
and IL-13Ra2. Tralokinumab did not improve
symptoms in patients with moderate-to-se-
vere uncontrolled asthma, but improved the
FEV, marginally compared to placebo, with
greater effects in patients with detectable spu-
tum IL-13 concentrations*. In patients with
uncontrolled asthma on high-dose inhaled ICS
and LABA, tralokinumab had no effect on
exacerbation rates. Only subgroup analyses
showed a trend towards a reduction in exacer-
bations in selected subjects, with high serum
concentrations of periostin in particular®. Pa-
tient-related outcomes were only marginally
improved and effects were variable.

Finally, GSK679586 (GlaxoSmithKline, UK)
blocks the binding of IL-13 to IL-13Ral. Treat-
ment with GSK679586 during a three-month
period was disappointing and did not result in
clinically meaningful improvements in asth-
ma control, pulmonary function, or exacerba-
tions in patients with severe asthma compared
with placebo, according to a recent study?.

Targeting interleukin 5

ANTI-INTERLEUKIN-5 ANTIBODY
AND ANTI-INTERLEUKIN-5 RECEPTOR ANTIBODY

Interleukin-5 is produced by Th2 cells and
ILC2 and specifically targeted at eosinophils,

facilitating their terminal differentiation and
maturation. Interleukin-5 mobilises eosino-
phils and eosinophil precursors into the cir-
culation and primes eosinophils for increased
survival and increased cytotoxicity.

Mepolizumab (GlaxoSmithKline, UK) is a hu-
manised anti-IL-5 monoclonal IgG1 antibody.
In initial studies, mepolizumab reduced spu-
tum and blood eosinophil counts compared to
placebo®¥, but had no effect on response after
allergen challenge. In a cohort of adults with
moderately severe asthma recruited on the ba-
sis of asthma severity, mepolizumab showed
no efficacy on symptom control or exacerba-
tions®. In later studies and in specific cohorts
of patients with (i) severe asthma on a combi-
nation of ICS and LABA, and (ii) with a history
of exacerbations, and (iii) persistent sputum or
blood eosinophilia, mepolizumab showed effi-
cacy with decreased exacerbations in particu-
lar*®4% In a further phase II study in patients
with recurrent severe asthma exacerbations and
eosinophilic inflammation, mepolizumab was
effective in reducing exacerbation rates, but
did not improve FEV, or quality of life?!. In this
particular study, a blood eosinophil count of
> 150 cells/ul was associated with a reduction
in exacerbation rate of 72% compared with a
reduction of 30% in those with a blood eosin-
ophil count of < 150 cells/ul?.

In patients with recurrent exacerbations of
asthma (more than two exacerbations per year)
despite high-dose ICS and eosinophilic in-
flammation (> 300 cells/ul blood in the past
year), use of mepolizumab led to a substantial
reduction in exacerbations and improved
asthma control and lung function®**l. Addi-
tionally, in patients with severe eosinophilic
asthma on oral corticosteroid therapy, a median
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reduction in corticosteroid dose of 50% from
baseline in the mepolizumab group com-
pared with no reduction in the placebo group
was achieved. This reduction in corticosteroid
dose was accompanied by a reduction in the
rate of exacerbations and in asthma symp-
toms as measured on ACQ-5°!. However, not
all patients in this study responded to mepo-
lizumab, and 36% of patients treated with me-
polizumab could not reduce their oral corti-
costeroid dose.

Reslizumab (TEVA, US) is an IgG4k human-
ised monoclonal antibody against IL-5. In pa-
tients with severe asthma on ICS/LABA and
with sputum eosinophilia of more than 3%,
reslizumab improved asthma control and
FEV, with a trend towards fewer exacerba-
tions than in those receiving placebo®. The
phase III study program in patients inade-
quately controlled on ICS and with a blood
eosinophil count > 400 cells/ul and one or
more exacerbations in the previous year, resli-
zumab significantly reduced the frequency of
exacerbations compared with placebo®>* with
an accompanying improvement in lung func-
tion and symptomes.

Benralizumab (MedImmune, UK) also targets
the IL-5 pathway, but this antibody is direct-
ed against the o chain of the IL-5 receptor
and there is some evidence for amplification
of eosinophil apoptosis with this drug®. In
patients with uncontrolled asthma using me-
dium-to-high-dose ICS, frequent exacerba-
tions, and with sputum eosinophilia, subcu-
taneous benralizumab at 20 or 100 mg doses
reduced asthma exacerbations by 36 and 41%°*.
Patients receiving benralizumab also had small
improvements in mean lung function and symp-
toms. This finding was supported by results

from a very recent study in which acutely sick
asthma patients received a single infusion of
benralizumab, resulting in a reduced asthma
exacerbation rate by 49% and exacerbation need-
ing hospital admission by 60%>°>¢°.

ANTI-THYMIC STROMAL~-DERIVED
LYMPHOPOIETIN ANTIBODY

Thymic stromal-derived lymphopoietin (TSLP)
is a cytokine secreted by airway epithelial
cells upon allergen and environmental expo-
sure® it activates dendritic cells which re-
cruit and activate Th2 cells, and is related to
IL-7%2. In patients with severe asthma, TSLPs
are increased in the airway epithelium®. The
TSLP is also potentially involved in airway
wall remodelling since it acts on fibroblasts®?.

AMG 157 (Amgen, US), a human anti-TSLP
monoclonal antibody, attenuated allergen-in-
duced early and late asthmatic responses in
mild allergic asthma and reduced blood and
sputum eosinophil counts before and after
the allergen challenge in one single recent
study so far. It also affected fractional exhaled
nitric oxide concentrations®.

ANTAGONISTS OF CHEMOATTRACTANT
RECEPTOR-HOMOLOGOUS MOLECULE
EXPRESSED ON T HELPER TYPE 2 CELLS

Prostaglandin D2 is released during allergen-in-
duced reactions in the airways. This prostanoid
activates a G-protein-coupled receptor, called
chemoattractant receptor-homologous molecule
expressed on Th2 cells (CRTH2 or DP2 recep-
tor) present on a variety of cells®. Production
of Th2-type cytokines by ILC2 is also stimulated
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by prostaglandin D2 via activation of its CRTH2
receptor* and also by leukotriene D4 (LTD4)>.

One CRTH2 antagonist, OC000459 (Oxagen,
UK), improved FEV,, asthma-related quality
of life scores, and night-time symptoms, with-
out affecting sputum eosinophil counts com-
pared with placebo in patients with moderate
persistent asthma not on ICS%. Another an-
tagonist, AMG 853 (Amgen, US), used as an
add-on to ICS therapy, did not show efficacy
in patients with uncontrolled moderate-to-se-
vere disease®, while the CRTH2 antagonist
BI671800 (Boehringer Ingelheim, Germany)
caused a small improvement in FEV, in rela-
tively mild patients without previous control-
ler use and in patients on ICS®. A phase Ila
study in mild-to-severe asthma with sputum
eosinophilia, treatment with the CRTH2 an-
tagonist QAW039 (Novartis, Switzerland) re-
sulted in a three to fivefold reduction in spu-
tum eosinophil count compared with placebo
and a two to threefold reduction in eosino-
phil count in bronchial biopsies” and a mild
symptomatic benefit.

Targeting non-T helper type 2-targets

The CD4 T-cells that express interleukin in its
different forms are termed Thl17 cells. They
mediate neutrophil activation via the produc-
tion of the chemokines CXCL1 and CXCLS8
from structural cells such as epithelial cells”!.
The Thl7-mediated airway inflammation in
asthma can be triggered by a variety of stim-
uli, including pollutants’>”3. Over-expression
of IL-17A and IL-17F can be found in the lungs
of patients with neutrophilic corticosteroid-re-
sistant disease, with expression levels cor-
relating with asthma severity”..

A human anti-IL-17RA monoclonal antibody
(Brodalumab; Amgen, US) did not affect asth-
ma control scores, symptom-free days, or lung
function in patients with inadequately con-
trolled moderate-to-severe asthma who were
on ICS therapy. Analysis of pre-specified pa-
tient subgroups seemed to show a high-re-
versibility responder subgroup™. A follow-up
phase IIb study with this phenotype was
stopped, however, because of a reported lack
of efficacy.

CXCLS8 (IL-8) is a chemokine involved in the
chemo-attraction and activation of neutro-
phils through the CXCR2 receptor. SCH527123
(Merck, US), a CXCR2 antagonist, inhibited
ozone-induced sputum neutrophilia in pa-
tients without asthma”. Its efficacy in severe
asthma was more variable, with a reduction
of sputum neutrophilia in adults, a modest
reduction in mild exacerbations only, and no
improvement in asthma control”™.

Tumour necrosis factor-a (TNF-a) is a pro-in-
flammatory Thl cytokine that has been im-
plicated in severe asthma through its effects
on airway inflammation, hyper-responsive-
ness, and mucus hypersecretion. In two small,
placebo-controlled, double-blind, crossover
studies of patients with corticosteroid-refrac-
tory asthma, treatment with etanercept (Pfiz-
er, US) (a soluble recombinant antibody) re-
sulted in some clinical improvements in
bronchial hyper-reactivity, quality of life
scores, lung function reductions and the use
of nebulised B, agonists””’®. However, a sub-
sequent larger study in adults with severe
persistent asthma with the anti-TNF-a anti-
body golimumab (Centocor, US) had no
overall beneficial effects”. Serious side ef-
fects included an increased frequency of
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infections and malignancies compared with
placebo, and the program was discontinued
for this indication.

CONCLUDING REMARKS
AND OUTLOOK

Anti-inflammatory treatment of asthma will
also in the future represent the core of asthma
management, largely irrespective of clinical se-
verity. Over the last couple of years a promising
number of truly novel anti-inflammatory med-
ications have emerged, enabling patient-specif-
ic pharmacotherapy based on molecular pheno-
typing or endotyping. Out of these, blockade of
the effects of IL-5 with monoclonal antibodies
directed towards IL-5 or its receptor, in patients
with severe asthma with eosinophilia in blood
or sputum, leads to a reduction in asthma ex-
acerbation rates and an improvement in lung
function and asthma control. Blocking the ef-
fects of IL-13 with anti-IL-13 antibody has been
shown to lead to an improvement in lung func-
tion, probably associated with elevated serum
concentration of periostin, but curiously, a re-
duction in exacerbations was only shown with
one antibody (lebrikizumab), but not with an-
other (tralokinumab). Dupilumab, which blocks
the effects of IL-4 and IL-13 at receptor level,
reduced exacerbations irrespective of baseline
eosinophil count, improved lung function in
patients with elevated blood eosinophil count,
and reduced serum IgE concentrations.

The European Medicine Agency (EMA) and
the US Food and Drug Administration (FDA)
recently have given positive recommendations
for use of mepolizumab as an add-on main-
tenance treatment in patients aged 18 years or
older with severe eosinophilic asthma. This

development will surely prompt further drug
applications for novel antibody based anti-in-
flammatory therapies for severe asthma.

Surely, future effectiveness of research will
have to unravel how these novel treatments
(including anti-IgE) should be used practical-
ly. So far, there are no direct comparisons of
the effects of one antibody treatment against
another, and a search for appropriate bio-
markers such as eosinophils, IgE, or periostin or
a combination of biomarkers that are available
clinically and predict outcomes are needed.

The relevance of non-Th2 or low-Th2 endotypes
remains at present unclear, primarily since
drug development for this type of asthmatic
inflammation has been considerably less suc-
cessful. Sputum neutrophilia seems to be an in-
dicator of a potentially diverse inflammatory
pathway which is not sufficiently endotyped at
present. Non-Th2 mechanisms seem linked to
corticosteroid insensitivity, and might be in-
duced by bacterial or viral infections but
could co-exist with Th2 mechanisms.

So far, targeting the Th2 pathway has made
antibody therapies against IL-4, IL-5, and IL-
13 a close reality, in particular for eosinophil-
ic inflammation in asthma. These develop-
ments are welcome and promising as they
might enable us to treat severe asthma in its
diversity more effectively. What remains is
the quest for a lead concept of how to treat
airway inflammation in the paucicellular mu-
cosa, the Th2 low asthmatic, and the patient
that does not promptly respond to steroids.
Hopefully, the imminent introduction of nov-
el successful antibody therapies will prompt
further research in some of these underserved
forms of asthma endotypes.
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