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Introduction: In asthma and chronic obstructive pulmonary disease (COPD),
the inflammation in the airways cannot always be controlled with
conventional therapies, such as inhaled corticosteroids. Addition of more
specific anti-inflammatory therapies, such as monoclonal antibodies, against
inflammation pathways might improve the disease outcome.

Areas covered: This review individually discusses the major inflammation
pathways and their potential blocking monoclonal antibodies in asthma
and COPD.

Expert opinion: The current use of omalizumab in asthma provides a good
example on the potential therapeutic role of monoclonal antibodies in both
asthma and COPD. There are many other monoclonal antibodies which are
currently investigated as possible therapies in these diseases. The identifica-
tion of the disease subsets in which such antibodies might exert the maximum
benefit opens the door for personalized medicine and for targeted biological
therapy in asthma and COPD.
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1. Introduction

Asthma and. chronic obstructive pulmonary disease (COPD) are both chronic
diseases of the airways with high prevalence and morbidity with distinct inflamma-
tory patterns and triggers and with common inflammation effectors. In most of the
cases, asthma is developed as a result of allergen exposure, whereas COPD is mainly
related to smoking or to exposure to other inhalatory fumes.

In asthma, the airways inflammation is driven mainly by the activated
Th2 lymphocytes and is the result of complex interactions and crosstalks among
various cytokines, chemokines and other proinflammatory mediators, whereas in
COPD several inflammatory cell populations such as neutrophils, macrophages
and CD8" lymphocytes, are involved [1].

Furthermore, in both diseases various studies demonstrated that some polymor-
phisms of certain inflammation mediators might make these molecules to play a
pivotal role in the disease pathogenesis [2].

Asthma manifests clinically with respiratory symptoms, such as dyspnea, or
cough, which are the result of the bronchospasm induced by the various
triggers including the allergens, and which in absence of a treatment can last
several hours, whereas in COPD similar symptoms are the result of chronic
exposure to the noxious inhalant and are progressive and aggravate during the
disease exacerbations.

In both asthma and COPD, inhaled corticosteroids are used as the main anti-
inflammatory therapy; in asthma it is used in any stage of persistent disease, whereas
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Article highlights.

e Asthma and COPD are chronic inflammatory diseases of
the airways with different triggers and different
inflammation patterns.

Inhaled corticosteroids are more effective in asthma and
of limited usefulness in COPD.

e There is an unmet therapeutic need in both asthma and
COPD, because inhaled corticosteroids are not always
able to achieve an acceptable disease control.
Monoclonal antibodies might represent appropriate
therapeutic options in severe asthma and in COPD.
Omalizumab is currently authorized to be used in
asthma and it is the most relevant example of the
plausibility of such therapies.

o These therapies can be given in a targeted manner in
populations in which the pathways to be blocked

are upregulated.

Such an approach opens the doors of personalized
medicine and requires the detection of the

therapeutic target.

This box summarizes key points contained in the article.

in COPD it is used only in more advanced stages. The
therapeutic efficacy of these drugs is more evident in asthma
and rather modest in COPD. In both diseases, there are
populations of patients with poor corticosteroid response
and severe forms of the disease. In such populations, other
anti-inflammatory therapies are needed to be used alone or
to be added to corticosteroids in order to achieve a better
disease control.

Both asthma and COPD are characterized by a heterogene-
ity of the airways inflammation and this leads to various
inflammatory phenotypes and endotypes [3].

Efforts to identify appropriate therapeutic targets and to
develop specific anti-inflammatory therapies were made
during the recent years and as a result, therapies, such as
omalizumab, were authorized to be used in asthma patients.
However, despite demonstrated efficacy and long-term safety,
omalizumab is not always able to reduce inflammation in all
patients with severe uncontrolled asthma. In COPD the
inhaled corticosteroids still remain the main anti-inflammatory
therapy and newer therapies such as roflumilast are also
efficacious only in certain populations.

Therefore, other anti-inflammatory therapies are needed
for these two diseases, and currently, various approaches,
such as monoclonal antibodies or antisense oligonucleotides,
are evaluated for their therapeutic potential. Monoclonal anti-
bodies are currently used in many other chronic inflammatory
diseases based on their potent anti-inflammatory effects and
might also represent a good therapeutic option in selected
populations with severe/uncontrolled asthma or COPD
(Table 1).

This review discusses the data on the pathogenic role of
various mediators in asthma and COPD and of the effects
of their blockade with monoclonal antibodies.

2. Monoclonal antibodies for asthma

In asthma allergen exposure activates Th2 lymphocytes, which
in turn stimulate eosinophil infileration in the airways. Th2
lymphocyte-driven inflammation mediated via complex
mechanisms involving cytokines, such as interleukin (IL)-4,
-5, -13, represents the pathogenic hallmark of the disease.
Other cytokines, such as IL-2, IL-9 or tumor necrosis
factor-alpha (TNF-), or other proinflammatory molecules
also play a role in the amplification of the inflammation.
Monoclonal antibodies can specifically inhibit inflamma-
tion and omalizumab is the most relevant example of an

available therapy of this kind.

2.1 T cells
CD4"(Th2) lymphocytes play a pivotal role in the develop-
ment and perpetuation of asthma inflammatory response.
They are activated via their CD4 receptor, as a consequence
of a complex crosstalk of various cytokines, and are involved
in eosinophil recruitment, survival and activation in the air-
ways [4]. Therefore the blockade of these cell effectors has a
significant therapeutic potential and might be associated
with a sustained suppression of the airways inflammation.
Keliximab is a monoclonal immunoglobulin G1 (IgG1)
antibody against CD4-receptor which was evaluated in a
clinical study performed in patients with steroid-dependent
asthma: a dose-dependent improvement in lung function as
well as a transient depletion of the Th2 CD4" lymphocytes
in blood was reported [5].

2.2 Antibodies targeting cytokine pathways

2.2.1 Interleukin

In asthma, there are various inflammatory pathways which
lead to the activation of Th2 lymphocytes, and one such
pathway is represented by the IL-2. This cytokine acts via an
IL-2 receptor with three subunits, 0fy: the o subunit is also
called CD25 which is activated by other proinflammatory
molecules, such as NF-xB, whereas the y subunit is also
found in the structure of other Th2-derived cytokines,
such as IL-4 or IL-9 [67]. In subjects with severe asthma,
an increased expression of the IL-2R was detected on
peripheral blood cells, and this was found to regress under
anti-inflammatory therapy [s].

Daclizumab is a humanized monoclonal IgG1 antibody
against CD25 which is currently approved as a prophylaxis
for transplant therapy. This was also evaluated as a potential
therapy in asthma in a randomized trial enrolling patients
with steroid-dependent asthma: when added to a stable dose
of corticosteroids, it improved the lung function and blood
eosinophilia [9].

2.2.2 Interleukin-5

IL-5 is expressed and produced by various inflammatory
cell populations including Th2-lymphocytes, eosinophils,
mast cells, basophils and their CD34" progenitor cells and
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is a major pathogenic cytokine in allergic diseases, such as
asthma [10]. Its specific receptor (IL-5R) can be found on sur-
faces eosinophil, mast cells or their bone marrow precursors
and consists of a specific o chain containing the binding site
and having no signal transducing function and of the com-
mon cytokine [ chain which is involved in signal transduction
and is shared in common with other cytokine receptors, such
as IL-3 or granulocyte-macrophage colony stimulating
factor (GM-CSF) 11]. In asthma, it was found that IL-5 is
involved in eosinophil differentiation, migration and survival,
which clinically translate in sputum eosinophilia and airway
hyperresponsiveness (AHR) [12-14].

Inhibitory approaches against IL-5 are currently under
investigation and include monoclonal antibodies against the
IL-5 and its receptor, antisense oligonucleotides, other receptor
antagonists, small interfering RNAs or anti IL-5 vaccines [15,16].
Monoclonal antibodies against IL-5/IL-5R are the most inves-
tigated class in asthma and compounds such as mepolizumab,
reslizumab or benralizumab were investigated in clinical studies
in healthy volunteers and in various asthma subpopulations.

Reslizumab (CTX55700, SCH55700) is a humanized anti-
human IL-5 monoclonal antibody (IgG) which in animal
studies demonstrated its inhibitory effects on pulmonary
eosinophilia and on AHR [1721]. In the initial clinical study
evaluating single doses of reslizumab, significant reduction
of the blood eosinophilia and improvement in lung function
were reported [22]. A more recent Phase II study evaluating
the efficacy and safety found that reslizumab improved the
disease control over baseline and the lung function (FEV1
0.18 L with reslizumab vs -0.08 L with placebo, p = 0.002)
and found that the maximum efficacy on the ACQ scores
was exhibited in a subpopulation of asthma patients with
nasal polyps. Reslizumab had no influence on exacerbation,
rate and was well tolerated, and the most commonly
detected adverse events being nasopharyngitis, fatigue and
pharyngolaryngeal pain [23].

Mepolizumab (SB-240563) is another anti IL-5 humanized
monoclonal antibody which was assessed for its therapeutic
potential in diseases, such as asthma or hypereosinophilic
syndromes. In preclinical studies performed on monkey
asthma model, single dosing was associated with a potent
reduction in eosinophil chemotaxis to the lung, and in blood
eosinophilia, but failed to impact on the early asthma
response, whereas chronic dosing reduced both systemic and
pulmonary eosinophil load with no effects on bone marrow
precursors [24].

In a clinical study on milder asthma, a single mepolizumab
dose of 2.5 to 10 mg/kg reduced sputum and blood eosinophil
count, and their increases after allergen challenge and the effect
was found to persist up to 4 weeks from dosing. Mepolizumab
had no impact on late asthma response [25]. Another study
performed again in subjects with milder asthma, mepolizumab
given over three months failed to improve lung function or
AHR but reduced airways remodeling by reducing collagen
deposition in the airways [26,27]. Similar effects were found in

subjects with more severe asthma, uncontrolled with
inhaled corticosteroids, with no influence on quality of life,
asthma symptoms or use of rescue medication [28]. Chronic
mepolizumab administration was however found to reduce
airways 1L-4 and IL-13 levels and asthma exacerbations rate
in various asthma subsets including therapeutic refractoriness
or steroid dependence [29-31].

Most recently, a one year placebo-controlled study in subjects
with severe eosinophilic asthma and frequent exacerbations
found a reduction of the exacerbations rates — the most
prominent effect being detected with the highest dosage (32.

Benralizumab (MEDI-563) is a humanized monoclonal
antibody against IL-5Rot which was found to exert a potent
antibody-mediated cell cytotoxicity (33]. In a clinical study
performed in subjects with mild atopic asthma and evaluating
the safety and pharmacokinetics of MEDI-563, the antibody
induced a sustained peripheral eosinopenia lasting up to
12 weeks, reduced the levels of eosinophilic cationic protein
and exhibited a dose-proportional pharmacokinetic profile.
The most common adverse events were transient increases in
C-reactive protein, IL-6 and leukopenia [34]. In a Phase II
study benralizumab was assessed for its efficacy and safety
in patients with acute severe asthma: a single intravenous
infusion of benralizumab added to the standard of care in
these patients was associated with a significant reduction in
the risk of subsequent hospitalizations for asthma attacks as
compared to placebo (0.65 vs 1.62, p = 0.022) [35).

2.2.3 Interleukin-4, interleukin-13 and their

common pathway

Both IL-4 and IL-13 were known for their major role in
allergy and atopy. They exert such activities both individually
and in common, due to the common fact that they share in
some receptor structures [36-38].

IL-4 contributes to the development of an allergic response
in the airways by upregulating the mucin gene and inducing
mucus hypersecretion, by triggering the IgE-induced mast
cells degranulation, and by stimulating the IgE production
by the B lymphocytes [39]. In asthma pathogenesis, IL-4 is
also involved in airways remodeling by stimulating the
production and release of various profibrogenic mediators,
such as eotaxin PDGF or bFGF [40]. IL-4 exerts its effects
via a specific IL-4 receptor (type I IL-4R), a heterodimer
composed of an o and a common 7Y which activates
STATG signaling pathway in various hematopoietic cell lines
including eosinophils and mast cells, and can also bind to a
type II IL-4 receptor, shared in common with IL-13, having
the structure IL-4Ra/IL-13R0ul and being most commonly
expressed in non-hematopoietic cell lines, such as Th2 [39.41].

In the airways of subjects with asthma, IL-4 was detected at
significantly higher levels compared to healthy controls and its
nebulization in asthma subjects resulted in a prompt increase
in mucus hypersecretion and sputum eosinophil count [42-44].

IL-13 is also an allergenic cytokine which is released by
Th2 lymphocytes, eosinophils or other inflammatory cells,
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and has proinflammatory effects which are similar with those of
IL-4. These effects are exerted only via the common IL-4Rov/
IL-13Ral, because the specific 1L-13 receptor, IL-13Ra2 is
rather a decoy structure which captures IL-13 and suppresses
its related proinflammatory effects (3841.45]. The IL-13 was
also found to be upregulated in the airways of asthma subjects
following allergen challenge [46,47).

IL-4 pathway suppression with specific monoclonal
antibodies directed against the cytokine or against its receptor
was attempted in both preclinical and clinical studies, but the
overall efficacy of the approach was found to be rather modest
due to the fact that IL-13 pathway remains uninhibited.
Pascolizumab is a humanized anti-IL-4 monoclonal antibody
which in preclinical studies demonstrated potent blocking
effects, whereas in a Phase II clinical study it failed to
meet the endpoints of efficacy [4s]. IL-4R blockade with
monoclonal antibodies was only experimented in preclinical
studies [49,50].

Vaccines directed against IL-4, such as conjugate 1L-4/
hepatitis B virus, were also experimented as approaches to
actively induce the blocking antibodies production but their
development was not advanced further [51].

IL-13 pathway blockade with monoclonal antibodies was
found to be more effective in both preclinical and clinical
studies. Anrukinzumab (IMA-638) is a humanized anti-IL-13
antibody binding on the IL-13 epitope that attaches to
IL-4Ro/IL-13Roul, which was evaluated in a primate model
of parasite-induced AHR and was found to reduce airways
inflammatory cell count and BAL eotaxin levels as well as the
amplitude of the early asthma response [52.53]. Furthermore,
anrukinzumab was also found to exert its blocking effects
without interfering with the effects of IL-13R0t1/2 (54]. In a
Phase II study performed in subjects with mild atopic asthma,
IMA-638 given subcutancously twice at a dosage of 2 mg/kg
subcutaneously at 1 week interval was found to significantly
attenuate both the early and the late asthma responses after
14 days but not after 35 days and had no effect on AHR [s].
Another Phase II study was performed in subjects with persis-
tent asthma, but their results are not available 48). IMA-026 is
another and IL-13 antibody which binds to the IL-13 epitope
specific for the IL-13Ral/IL-13R02 and which was investi-
gated in parallel with IMA-638: unlike the latter, IMA-026
was found to interfere with the neutralizing effects of the
specific receptor and probably this was one of the reasons for
which its efficacy was found to be more modest in patients
with asthma [48,54].

CAT-354 (tralokinumab) is a humanized IgG4 anti IL-13
antibody which is in clinical development for uncontrolled
asthma: 77 vitro it was found to block the IL-13 without
blocking the IL-4, in vivo in animal models of asthma it was
found to reduce AHR and eosinophil count [56. CAT-354
was evaluated in a Phase Ila study over 24 weeks in which it
was found to increase the lung function in a sustained manner
without significantly influencing the quality of life; further-
more, it was found to exhibit the maximum therapeutic

Monoclonal antibodies for asthma and COPD

benefit in subjects with the heaviest eosinophil load in the
airways [57]. Tralokinumab is currently investigated in a
Phase IIb study.

Lebrikizumab is another humanized anti IL-13 monoclonal
antibody of IgG4 which is also under development as an
asthma therapy and which was found to improve lung
function over placebo, the maximum therapeutic benefit
being found in a subset of patients characterized by a high
periostin level [58].

Vaccination to induce production of anti IL-13 antibodies
was experimented in murine model of asthma and was found
to mount an effective IgG production, but no data on clinical
efficacy exist yet [51].

Other antibodies, such as QAX-576 or R1671, are also

under investigation in clinical studies in asthma [48].

2.2.3.1 Common IL-4/IL-13 pathway

Common IL-4/IL-13 pathway exerts its downstream effects
via the type II IL-4 receptor and is a major factor contributing
to the amplification of allergen-induced Th2-driven
inflammatory response in the airways. AMG-317 is a human
IgG2 antibody blocking the IL-4Ro. and consequently the
IL4/IL-13Ra0 function. In a Phase II study, AMG-317
exhibited a rather modest efficacy, which however was more
significant in patients with a more impaired disease control
at the time of randomization [59].

2.2.4 Interleukin-9

IL-9 is another Th2-related cytokine which was found to be
involved in asthma pathogenesis: in a transgenic mice model,
IL-9 overexpression was found to be associated with atopic
asthma phenotype traits, such as airways eosinophilia, mucus
hypersecretion and AHR [60].

Therapeutic blocking approaches for this cytokine are
represented mainly by the MEDI-528 [61]. This is a humanized
IgG1x monoclonal antibody which in two phase Ila clinical
studies was found to exert a linear pharmacokinetic profile
and to improve non-significantly lung function. One of the
studies had to be stopped due to the fact that a serious adverse
event was found in a patient [62].

2.2.5 Tumor necrosis factor-alpha

TNF-o is a proinflammatory cytokine with demonstrated
pathogenic roles in various chronic diseases, including
rheumatoid arthritis, psoriasis or chronic airways diseases. In
asthma for example, it was demonstrated that TNF-o. was
upregulated in the airways mostly in the patients with severe
steroid-dependent asthma who demonstrated the largest
TNF-o. mRNA expression in bronchioloalveolar lavage fluid
(BAL) as well as the highest number of TNF-o-producing
mast cells in the airways [63].

TNF-a. blockade was attempted in asthma with fusion
proteins, such as etanercept, or with humanized monoclonal
antibodies, such as infliximab or golimumab. Infliximab was
evaluated in a clinical study in patients with moderate asthma
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and was found to reduce the diurnal lung function variability
and the risk of exacerbations, whereas golimumab was
assessed in patients with severe asthma but the study was
prematurely discontinued due to an unfavorable risk:benefit
ratio [64,65).

2.2.6 Other cytokines: IL-17 and IL-25
IL-17 is a cytokine related to autoimmunity contributing to
migration and activation of neutrophils. In asthma, IL-17
was recently highlighted as a pathogenic cytokine involved
in a subset of severe asthma characterized by heavy neutro-
philic inflammation in the airways. Brodalumab is a human-
ized anti IL-17 antibody which is currently evaluated in
other autoimmune diseases, such as psoriasis, demonstrating
good efficacy and safety [66]. It is currently tested in asthma.
IL-25 was also found to exert proinflammatory effects in
the airways by binding to the IL-17R and activating
Th2 lymphocytes, eosinophils and mucus hypersecretion [67].
Similar to IL-17, IL-25 is involved in the pathogenesis of the
steroid refractory asthma [68]. Monoclonal IL-25 antibodies
are currently evaluated in other autoimmune conditions,
such as ulcerative colitis.

2.3 Immunoglobulin E

Immunoglobulin E (IgE) was earlier demonstrated to be
involved in the early atopic asthma response as a result of its
interaction with FceR T and II expressed on mast cells,
basophils or dendritic cells and drew the attention on them
as a potential therapeutic target [69]. Its neutralization with
monoclonal antibodies was tested in preclinical models and
in many clinical studies in subjects with atopic asthma, and
as a result, omalizumab a humanized anti IgE antibody which
binds to this antibody and prevents its binding to FceR T was
the first of the kind therapy authorized for this condition. In
patients with severe asthma, in particular, omalizumab was
found to reduce the exacerbations risk and severity and was
associated with steroid dose tapering [70,71].

Subsequently other monoclonal antibodies against other
components of the IgE pathway were developed: lumiliximab,
for example, was an anti FceRII antibody which was planned
to be developed for asthma was tested in preclinical studies on
peripheral mononuclear cells from atopic asthma subjects
where it suppressed the allergen-induced activation of
Th2 lymphocytes, but subsequently it was developed for
chronic leukemia [72. CGP51901 is another monoclonal
anti IgE antibody which binds the free IgE and the IgE bound
on the surface of B cells, which after being initially tested in
asthma subjects was subsequently discontinued in favor of
omalizumab [48]. Other monoclonal antibodies targeting the
IgE pathway, such as HAEl or MEDI-4212, were also
planned to be developed for asthma but were subsequently
discontinued [48]. The most novel approach is represented
by a monoclonal antibody directed against an amino acid
fragment expressed only by B lymphocytes-bound IgE and
called ‘M1’ and which has the potential to reduce an allergic

response by depleting the IgE producing cells (73]
MEMP1972A is such an antibody which in Phase I studies
performed in patients with allergic rhinitis was found to exert
a sustained depletive effect on IgE, whereas in Phase II proof
of concept study in asthma, it was found to blunt both early
and late asthma responses and reduce the levels of
membrane-bound IgE (74,75].

2.4 Chemokine pathways and their targeting
monoclonal antibodies
2.4.1 C-C chemokine receptor 4
C-C chemokines are involved in maturation, tissue migration
and homing of various populations of lymphocytes, including
Th2. C-C chemokine receptor 4 (CCR4) is expressed on the
surface of several cell populations, including Th2 lymphocytes
or mast cells, and under physiological conditions they
maintain the balance among various lymphocyte subsets.
CCR4 was found to be overexpressed in T lymphocyte
malignancies as well as in asthma. Its blockade with a
nonbiological agent was found to be associated with a
significant reduction of airways allergy in a preclinical
study (76). Mogamulizumab, a humanized monoclonal
antibody against CCR4 was found to exert potent suppressing
effects in T cell lymphoma/leukemia and is also planned to be
evaluated in asthma [77].

2.4.2 C-C chemokine receptor 3

CCR3 is expressed on the surface of the eosinophil cells and
in asthma, along with its ligand, eotaxin is involved in
migration in the airways [78]. Furthermore, CCR3 levels
were found to correlate with the AHR severity and with
asthma severity [79,80]. CAT-213 is a human monoclonal
IgG4 antibody against CCR3 which previously was evaluated
for its neutralizing affinity ex vivo in sputum from asthma
patients, but was no longer subsequently developed for
this disease [80].

2.5 Other pathogenic pathways and targeting
monoclonal antibodies: TSLP, OX40L, kalikrein
Thymic stromal lymphopoietin (TSLP) is also upregulated
in atopic asthma as a result of the injury of the airways
epithelium by various allergens and it promotes the Th2
inflammation at bronchial level [81,82]. It was also incrimi-
nated in asthma development in patients with atopic
dermatitis and was also found to be upregulated in a subset
of patients with severe asthma characterized by poor steroid
sensitivity [83,84]. An experimental study using monoclonal
anti-TSLP antibodies found that the inflammation blockade
they induced in the airways might be worth being further
investigated for its therapeutic potential [85].

0OX40 is a member of TNF receptors family expressed on
the surface of dendritic cells and along with its ligand
OX40L is involved in maturation of Th2 cells [sel.
OX40 has been found to be exert a proinflammatory effect
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in asthma: in the OX40-/- transgenic mice ovalbumine
sensitization is found to induce modest asthmatic traits
compared to wild type mice, whereas OX40L blockade with
monoclonal antibodies significantly reduces eosinophilic
infiltration in the lungs [87).

Tissue kallikrein-1 (KLK1) is a serin protease which was
also found to be potent proinflammatory mediators by
activating kinins, such as bradykinine, the latter being
demonstrated to cause bronchospasm and mucus hypersecre-
tion upon inhalation in subjects with asthma but not in
healthy subjects (8s]. KLK was also found to be present at
high levels in the BAL from asthma subjects, thus further
increasing after allergen challenge [891. DX-2300 is a human
monoclonal antibody which is currently in preclinical devel-
opment as a potential asthma therapy. In a study performed
in sheep model of ascaris-induced asthma, DX-2300 given
via either inhalatory or intravenous routes was found to
block the late asthma response, to reduce the neutrophil
influx in the airways and to minimize the amplitude of the
kininogen-induced bronchospasm [90).

3. Monoclonal antibodies for COPD

In COPD, the airways inflammation is mainly related to
smoking exposure and its pattern is different from that found
in asthma. The most prominent feature of this inflammation
is represented by the reduced responsiveness to corticoste-
roids, and this explains why the efficacy of such therapy is
limited in COPD compared to asthma. Therefore, there is a
significant unmet therapeutic need as far as the anti-
inflammatory therapies are concerned. Roflumilast, an oral
phosphodiesterase 4 inhibitor was also recently authorized to
be used in patients with more advanced disease, but there is
still a need for more anti-inflammatory therapies with
different mechanisms of action and able to tackle the complex
inflammation in COPD.

3.1 Tumor necrosis factor-alpha

TNEF-o is a proinflammatory cytokine which was also found
to be involved in COPD pathogenesis. Previous studies
demonstrated that this mediator is involved in the persistence
of the neutrophil inflammation in the airways, and in lung
parenchyma also produces weight loss [91]. In fact, in COPD
subjects with cachexia, the serum TNF-o levels were
found to be significantly higher than in noncachectic
homologues [921. TNF-0. expression might also correlate
with the disease severity because in one study circulating
TNF-a. levels were found to correlate directly with dyspnea
severity and inversely with paO, [93.94.

The first evidence of usefulness of TNF-o. blockade in
COPD came not as might be expected from the direct efficacy
data from a clinical trial but from indirect observation of a
significant reduction of hospitalization risks in patients with
COPD receiving TNF-o. inhibitors for comorbid diseases,
such as rheumartoid arthritis [95]. Subsequently, clinical studies

Monoclonal antibodies for asthma and COPD

evaluating the effects of TNF-o blockade were evaluated
using infliximab. This is a humanized IgG1l anti-TNF-o
antibody which is currently authorized for the therapy of
rheumatoid arthritis, psoriatic arthritis or other degenerative
diseases. The initial short-term small sample study in which
sputum neutrophilia was the primary endpoint yielded no
robust efficacy results, and a similar modest efficacy was
reported in a 24-week randomized study in which, however,
a post-hoc analysis demonstrated a significant efficacy of
infliximab in a COPD subset of cachectic subjects [96,97].

3.2 Interleukin-1p

IL-1B is a proinflammatory cytokine with prominent role in
various autoimmune diseases in being released by various
cell populations, including macrophages, mast cells or
epithelial cells. Canakinumab (ACZ885) is a human
anti-IL-1 B antibody, which is currently authorized as an
orphan drug for some rare inflammatory syndromes, such as
cryopirin-associated periodic syndrome, and is investigated
in a Phase /Il study in COPD [98]. Another similar antibody
MEDI-8968 is currently investigated in a clinical study [99].

3.3 Interleukin-8 monoclonal antibody

IL-8 is produced by various cells, such as macrophages,
epithelial cells or endothelial cells, and in COPD is found
to be upregulated in the airways. ABX-IL8 is a human
IgG2 monoclonal antibody which when tested in COPD
patients produced an improvement in dyspnea severity [100].

3.4 Interleukin-6

IL-6 plays a major pathogenic role in COPD, in both stable
state and during exacerbations and is released as a result of
IL-17 action. In COPD, some IL-6 gene polymorphisms
were found to be associated with accelerated lung function
decline, whereas in healthy smokers these were associated
with a higher risk of COPD development (2. Anti-IL-6
monoclonal antibodies are currently under investigation
for their anti-inflammatory efficacy in preclinical models

of COPD r101].

3.5 Interleukin-17

IL-17 is another cytokine which was more recently found to
contribute to neutrophilic inflammation in COPD and
the blocking antibodies which are currently evaluated as
experimental therapies were found to reduce this population
of inflammatory cells [102].

3.6 Interleukin-18

IL-18 was found to be involved in the inflammation found
in COPD: in a study performed on transgenic mice with
inducible IL-18, emphysema lesions, mucus cells metaplasia,
pulmonary hypertension, airways remodeling as well as
airways infiltrates with CD4", CD8" and CDI19" were
found [103). MEDI-2338, a humanized monoclonal antibody
against IL-18, is currently under investigation as a potential
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therapy in COPD. When tested in preclinical studies, it
demonstrated a high binding affinity and potent anti-
inflammatory effects in vitro. MEDI-2338 was also assessed
in a Phase I study in subjects with COPD, but the results
are not yet available [104].

4. Expert opinion

Asthma and COPD are both chronic inflammatory diseases
with different etiologies and pathogenesis. The difference in
their inflammation pattern in the airways is also reflected on
the therapeutic response to conventional anti-inflammatory
therapies, such as corticosteroids. In asthma, disease control
can be achieved with inhaled corticosteroids, whereas in
COPD such therapies are usually only able to reduce the
risk of exacerbations in patients with severe or very severe
disease stage.

However, in both diseases, there are patients subsets in
which such therapies are not able to reduce the airways
inflammation in a sustained and significant manner, and in
such patients the disease has clinical features of severity, of
rapid progress or is associated with a high lethal risk.

Such patients might benefit by a more aggressive anti-
inflammatory therapy regimen, obtained by adding a more
specific compound capable of inhibiting the inflammation
pathway not adequately tackled by corticosteroids, to
the latter.

However, this requires two issues to be addressed. The first
one is represented by the detection of inflammatory pathway
which is abnormally upregulated and which confer a poor
prognosis to the underlying disease. There are a number of
studies which were able to document the association between
cytokine gene polymorphisms leading to an amplified inflam-
mation, and severe clinical phenotypes in asthma and in
COPD. Other studies were able to validate indirect bio-
markers of abnormal cytokine expression. Such results might
be the basis for the development of a cytokine gene battery
test which should become commercially available and could
assist the physicians in characterizing the factors of disease
severity and further in diagnosing inflammation phenotypes,
such as, for example, ‘IL-9” phenotype in asthma or “TNF-o’
phenotype in COPD.

Such specific inflammation pathways can though be
upregulated constantly or during disease exacerbation.
However, little is known on this aspect and this should be better
documented because this dictates the necessity to additionally
treat during the stable state or only during exacerbations.

The second one is represented by the availability of therapies
that can specifically inhibit the overexpressed cytokine
pathway, and one of the most suitable therapeutic blockades
is represented by that produced with monoclonal antibodies.
In fact, a large range of monoclonal antibodies are currently
under investigation for asthma and COPD, and many are
currently investigated in clinical studies enrolling patients
who do not always belong to the severe subset and this might
explain in part, why the clinical efficacy of such therapeutic
candidates are lower than expected. A step ahead to detect the
disease population in which a certain monoclonal antibody
would exert the maximal therapeutic benefit was done recently
by two studies investigating two anti-IL-13 monoclonal
antibodies. In the clinical study evaluating lebrikizumab,
periostin was identified as its biomarker of efficacy, whereas
in the study on tralokinumab, the highest sputum eosinophil
count was associated with the most beneficial document.

Such examples demonstrate the plausibility and feasibility
of the approach which should be used in other clinical studies.

Furthermore, an adequate scheduling of such therapies
should be established based not only on their pharmacokinetic
profile but also on the persistence of the targeted inflammation
pathway: in some cases this might be found in the stable
disease, whereas in other cases this might be only an event
during exacerbations. Some clinical studies performed with
TNF-a. inhibitor etanercept in COPD exacerbations or with
monoclonal antibody benralizumab during acute asthma
attacks already support this.

More targeted diagnosis and therapy of inflammation in
asthma and COPD open the door for a personalized management
in specific disease subsets and this might represent the way
forward and the solution for a better disease control.
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