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Abstract

Despite optimal treatment according to GINA guidelines, some patients with asthma have an
uncontrolled, severe disease with significantly reduced lung function, an increased risk of ex-
acerbations and disproportionate use of asthma-related health resources. The identification
of specific phenotypes of asthma with unique pathophysiologic mechanisms such as T2-high
and T2-low immunological pathways and clinical characteristics enabled the discovery of new

and more effective treatments for severe asthma. The emergence of novel biologic treatments,
including monoclonal antibodies as anti-IgE, anti IL-5/anti IL-5Ra and anti IL.-4/IL-13 are
has led to an enhanced understanding of the pathogenesis of asthma and highlighted the im-
portance of patient-specific treatment dependent on phenotypic characteristics.
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More than 300 million people worldwide
suffer from asthma and it is estimated that
400 million people will suffer from asth-
ma by 2025. It is present in all regions of the
world regardless of their socioeconomic lev-
el, although its prevalence varies. In the Unit-
ed States, the prevalence of asthma is 7.6%
and 8.4% for adults and children, respective-
ly; in the European Union the prevalence is
about 8.2% and 9.4%, respectively.””” Most
patients can achieve good disease control
and a satisfactory quality of life with conven-
tional treatment according to international
guidelines such as the Global Asthma Initi-

ative (GINA)’.

How Common is Severe Asthma?
Despite optimal treatment, some patients
with asthma have uncontrolled severe asthma
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with an increased risk of exacerbations and
overuse of asthma-related health resourc-
es including frequent hospital care and sig-
nificantly reduced lung function with a risk
of further deterioration over time.’ In this
group of patients, it is necessary to identi-
fy those who manifest uncontrolled asthma
and in whom accurate diagnosis or adequate
treatment will significantly improve the cur-
rent control of the disease (“difficult-to-treat
asthma”). It is estimated that about 24% of
asthma patients have GINA treatment of 4"
or 5" step, 17% of all asthma patients have
“difficult to treat asthma”, while 3.7% of
asthma patients have severe asthma.”. The
systematic review of 195 articles reporting
on severe asthma studies found the preva-
lence of severe uncontrolled asthma to be as

high as 87.4%.
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Evolving Concepts of Severe Asthma:
Personalized Asthma Management
Asthma is a complex respiratory disorder
characterized by pronounced heterogenei-
ty in disease triggers and individual respons-
es to therapy. It is a heterogenecous disease
with different phenotypic characteristics that
arise from the complex interrelationship of
genotypic characteristics and environmen-
tal factors. Therefore, a standard therapeutic
approach is not as effective as unique patho-
physiological mechanisms underlying a par-
ticular disease subtype which alter the re-
sponse to conventional therapy.*™

Severe asthma is defined as an asthma
thatrequires treatment of level 4 or 5 according
to GINA guidelines (high doses of ICS/LABA
and/or tiotropium, leukotrienes or theophyl-
line) in the previous year or treatment with
systemic corticosteroids (CS) 50% of the pre-
vious year to prevent the development of “un-
controlled” disease or it remains uncontrolled
despite this therapy. The next therapeutic step
is to consider the indication for biological ther-
apy, while oral corticosteroids according to the
latest GINA guidelines revision are a backup
therapeutic option to consider.”

Treating asthma with biological agents
is the first step towards personalized thera-
pY- Such approach is made possible by an in-
crease in the understanding of the pathophys-
1ological pathways in asthma and paved the
way for new asthma treatments based mainly
on T2-high pathway cytokines and associated
certain phenotypes of severe asthma. There-
fore, with the help of better identification of
asthma phenotypes, we can select an effective
targeted therapy (biological) that will allow
us to achieve disease control in patients with
severe asthma, in whom standard therapy has
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not been effective.

Two Different Pathways Lead

to Eosinophilic Airway Inflammation

in Asthma

In the same time as the recognition of pheno-
types of severe asthma, new knowledge about
the pathophysiological and inflammatory

mechanisms in asthma has advanced, which
has further contributed to the differentiation
of certain phenotypes and endotypes of asth-
ma.” Two separate pathophysiological path-
ways cause eosinophilic inflammation in asth-
ma:

1. In allergic asthma, dendritic cells af-
ter a contact with the allergen as well as
alarmins IL-25, I1.-33 and thymic stro-
mal lymphopoietin (TSLP) from ex-
posed epithelial cells of the airway mu-
cosa, present antigen to Th0-naive CD4
+ lymphocytes and induce their trans-
formation into activated Th2 cells,
which produce IL-4, IL-5 and IL. -13. In
this process, B lymphocytes were also ac-
tivated to produce IgE antibodies, air-
way eosinophilia, and hypersecretion of
mucus.”™

2. In nonallergic eosinophilic asthma, air
pollution, microbes, and glycolipids in-
duce the release of cytokines from epi-
thelial cells, including alarmins IL-25,
1L.-33 and TSLP, which activate naive
lymphoid cells (ILC2) in an antigen-in-
dependent manner. Activated ILC2 cells
produce high amounts of IL-5 and IL-13
causing cosinophilia, mucosal hyperse-
cretion and airway hyperreactivity. The
importance of Th2 lymphocytes in this
process was highlighted through the cy-
tokines IL.-4, IL-5 and IL.-13 involved in
eosinophilic inflammation and IgE pro-
duction, in an asthma phenotype called

T2-asthma (T2-high asthma).””"”

Thl17 cells with cytokines IL-17, IL-8
and growth factor participate in neutrophilic
inflammation in non-T2 asthma (T2-low
asthma).™

Implications of T2-High and T2-Low
Pathway on Asthma Phenotypes

Several strategies have been proposed for the
identification of severe asthma phenotypes,
based on different clinical characteristics or



in relation to the types of cellular airway in-
filtration. Although the stratification of asth-
ma phenotypes by blood eosinophils is rela-
tively easy, it does not allow a deeper/more
detailed identification of clinical phenotypes.
Therefore, cluster analysis is used to identify
groups of patients with asthma who share spe-
cific clinical characteristics, e.g., cluster anal-
ysis using clinical characteristics of patients
such as asthma onset age, lung function value,
bronchodilator reversibility and demograph-
ics. The Severe Asthma Research Program
(SARP) identified five clinical groups of asth-
ma in adults, in which four groups showed eo-
sinophilia of varying degrees."”

In order to identify severe asthma phe-
notypes, ADEPT study” was conducted
and identified four clusters of asthma, which
were also present in the UBIOPRED study.™
Three of these four asthma clusters were asso-
ciated with eosinophilia.

In the evolution of knowledge of clinical
phenotypes, Saly Wenzel and her co-workers
have made a definition as follows: early-on-
set allergic, late-onset eosinophilic and exer-
cise-induced phenotype, all identified by bio-
markers of Th2 asthma; and three phenotypes
of non-Th2 asthma, obesity- related, neutro-
philic and asthma in smokers. No biomarkers
of non-Th2 asthma have been identified so far
as a basis for new biologics and markers of a
positive response to that treatment.”" This is
due to the lack of knowledge of the non-12-
High (T2-Low) immune response associat-
ed with the activation of Thl and/or Th17
cells and IL-17, IL-8 cytokines and the mech-

anisms underlying the recruitment and main-

tenance of neutrophilic inflammation.™

Biological Agents Targeting Airway
Inflammation in Asthma:

The Rational Choice

Biomarkers can warn of the severity of the dis-
ease and predict the response to a particular
treatment. Some of the biomarkers, alone or
in combination, will be useful in identifying

patients for targeted type 2 asthma treatment.
Blood eosinophils due to its high predictive
value of >300/uL is used as an initial bio-
marker to predict treatment responses target-
ing IL-4, IL-5, and IL-13.%*

Consistent with its central role in the de-
velopment of allergic asthma, serum value
of IgE is a good biomarker of an atopic sta-
tus. Serum IgE levels are positively correlated
with the severity of asthma in adults and chil-
dren. Serum total IgE is used to predict re-
sponses to anti-IgE therapy, but is not useful
for monitoring responses.”**

The role of periostin and FENO 1in tai-
loring the biologic therapy targeting type 2
asthma is less clear. Periostin is an extracellu-
lar matrix protein secreted from IL.-4 and IL-
13-induced airway epithelial cells, but has not
been shown to be a good biomarker in routine
use. Changes in FENO after dupilumab ther-
apy (anti IL-13/IL-4) correlate well with im-
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provement in FEV1.

Allergic and Eosinophilic Asthma
Phenotype

The decision to choose biological therapy is
preceded by a process of asthma phenotyping
based on the identification of clinical charac-
teristics and driving mechanisms of inflam-
mation. Biomarkers help us in the rational
choice of biological and predict a positive re-
sponse of patients to the selected treatment:

1. The “Early-onset allergic asthma” phe-
notype usually begins before the age of
12. Triggers are allergens and other al-
lergic diseases, and/or a positive fam-
ily history is associated too. Specific
biomarkers are elevated total IgE, spe-
cific IgE and cytokines of T2 inflamma-
tion.””" ™

2. In the “Late-onset persistent eosinophil-
ic asthma” phenotype, symptoms begin
in adulthood, often are associated with
chronic sinusitis and nasal polyposis. Bi-
omarkers of this phenotype are elevat-
ed eosinophils of peripheral blood and
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sputum. In some patients, “aspirin exac-
erbated respiratory disease” is also pres-
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ent.

While IgE is involved early in the inflam-
matory cascade and can be considered a cause
of allergic asthma, eosinophilia can be con-
sidered a consequence of the whole process.
Hence the different roles of the IgE pathway
and the IL-5 eosinophil pathway in the path-
ogenic mechanisms of airway inflammation
occurring in asthma, and thus the reason for
choosing anti-IgE. monoclonal antibody or
anti-IL-5/IL-5Ra treatment.”

Mechanisms of Action of Anti-IgE

Treatment in Allergic Asthma Phenotype
Omalizumab i1s an anti-IgE treatment. It
binds to free IgE and thus reduces the bind-
ing of IgE to mast cells, basophils and eosin-
ophils. In addition, omalizumab reduces the
expression of high-affinity FceRI receptors
for IgE on these cells, thereby further reduc-
ing IgE binding to them. This reduces the
release of mediators from the cells, reduces
allergic inflammation, prevents the exacer-

bation of asthma and reduces symptoms.’**
Omalizumab is indicated for adults and chil-
dren over six years of age with uncontrolled
moderate to severe allergic asthma with ele-
vated total IgE antibodies, a positive skin al-
lergy test, or specific IgE antibodies to peren-
nial allergens.”"

Omalizumab statistically significantly
reduced daily symptoms, reduced exacerba-
tions, and the dose of inhaled corticosteroids.
Omalizumab has improved asthma control
and reduced the need for other asthma med-
ications. All these effects are visible after 12
weeks of therapy.”””*” In the STELLAIR
study, the rate of exacerbation reduction was
similar in patients with severe allergic asth-
ma with high (= 300 cells/uL) and low (<
300 cells/uL) eosinophils. Patients with high-

er serum IgE levels, shorter disease duration

and higher blood eosinophils may benefit

from delayed omalizumab therapy.””*

Mechanism of Action of Anti IL-5/Anti IL-
s5Ra and Anti IL-4/IL-13 Treatments

in Eosinophilic Asthma Phenotype

IL-5 is a key factor in the eosinophil matura-
tion, mediates eosinophil mobilisation, acti-
vation and survival. It achieves its effects by
binding to a specific subunit of the IL-5 re-
ceptor, which is IL-5Ra. The IL-5Ra subu-
nit binds only IL-5. Eosinophils express up to
three times more IL-5Ra on their cell mem-
brane than basophils. Th2 cells, mast cells,
innate lymphoid cells (ILC 2), CD34 + pro-
genitor cells, natural killer (NK) T cells and
eosinophils themselves are the main cellular
source of IL-5"" Therefore, targeting IL-5 or
IL-5Ra is a logical approach to treat patients
with severe eosinophilic asthma.

Two different anti-IL-5 monoclonal anti-
bodies, mepolizumab and reslizumab, bind to
different epitopes of IL-5 by interfering with
its binding to IL-5R expressed on the eosino-
phil membrane by reducing the IL-5 signal-
ing pathway that impairs eosinophil matura-
tion and survival.

Mepolizumab is a humanized monoclo-
nal IgG4 antibody, administered subcuta-
neously at a dose of 100 mg every 4 weeks.
Criteria for introducing mepolizumab into
treatment are: forced expiratory volume in
1 second (FEV1) less than 80% of predict-
ed value, at least two exacerbations of asth-
ma in the previous year treated with systemic
glucocorticoids while the patient was treat-
ed with high doses of inhaled corticosteroids
with a long-acting beta2-agonist, and at least
with an additional controller and an eosino-
phil count of at least 150 cells per microliter in
peripheral blood at screening or at least 300
cells per microliter at some point during the
previous year. Mepolizumab reduces the rate
of exacerbations by 53% compared to place-
bo (P<0.001), reduces exacerbations requir-
ing an emergency visit and hospitalization



by 61%. It also improves the quality of life
and lung function, which is reflected in the av-
erage increase in FEV1 compared to placebo
(P=0.03).77***

Reslizumab is also a humanized mono-
clonal IgG4 antibody, administered intrave-
nously at a dose of 3 mg/kg body weight every
four weeks. Reslizumab is indicated in pa-
tients with uncontrolled severe asthma despite
treatment with high doses of inhaled corticos-
teroids with a long-acting beta2-agonist, with
the addition of one or more controllers and/
or with additional OCS therapy. The blood
eosinophil counts of 2150 cells/uL at screen-
ing or = 300 cells/uL. within 12 months pri-
or to treatment of =300 cells/ul i had to be
present. Reslizumab reduces the incidence of
asthma exacerbations compared to those re-
ceiving placebo, In two studies of Castro et
al, patients receiving reslizumab had a signifi-
cant reduction in the frequency of asthma ex-
acerbations - in study 1. exacerbation rate was
reduced by 50%; in study 2 exacerbation rate
reduced by 59%; both p<0-0001) compared
with those receiving placebo. Lung function
(FEV1) , asthma control (ACQ) and quality
of life (AQLQ) have been improved over pla-

cebo.” ¥

Benralizumab has a dual effect: it is a
blocker of the IL-5Ra receptor on the eosin-
ophil membrane and thus prevents the bind-
ing of activated IL-5, while binding NK cells
that cause accelerated eosinophil apoptosis.
This effect is associated with a rapid reduc-
tion in eosinophilia in the blood. It is adminis-
tered subcutaneously at a dose of 30 mg every
four weeks for the first three doses and then
every cight weeks. Benralizumab significant-
ly reduced asthma exacerbations and conse-
quently progressively reduced daily OCS in-
take, improved ACT questionnaire value and
an increase in lung function.””**°. Benral-
izumab is indicated in patients 12 years or
older and in adults with severe eosinophilic
asthma inadequately controlled despite high-
dose inhaled corticosteroids plus long-acting

B-agonists, with baseline blood eosinophil
counts >300 cells/uL.

Dupilumab is the only biologic that has
dual inhibitory activity; inhibits the signa-
ling pathways of 1L.-4 and IL.-13 by block-
ing the alpha chain of the IL-4 receptor,
thus acting on two separate pathophysiolog-
ical pathways cause eosinophilic inflamma-
tion in asthma:allergic and non-alergic eosin-
ophilic patways. So, effects are not limited to
those patients who have eosinophilia*’. Dup-
ilumab improved lung function and reduced
severe exacerbations in patients with an un-
controlled severe asthma, regardless of the in-
itial number of eosinophils and had a favora-
ble safety profile, and therefore with inhaled
corticosteroids and long-term therapy with
B2-agonists could improve the life of patients
with uncontrolled asthma in standard treat-

ment.”"*"** Therefore, dupilumab is indicated
in adults and adolescents 12 years and older
with severe asthma characterised by blood co-
sinophil count of >150 cells/uL and/or raised
fraction of exhaled nitric oxide (FeNO) >25
ppb, inadequately controlled with high dose
ICS and one of more controlers.

Looking into the Near Future:
Anti-epithelial Cytokine Antibodies

The epithelial cytokines: thymic stromal lym-
phopoietin (TSLP), IL-25 and IL-33 are re-
leased from the airway epithelium in response
to allergens, air pollution, and viruses trig-
gering an inflammatory cascade in asthma.
It has been hypothesized that the blockade
of these cytokines, compared with biological
agents aimed at T2-inflammation, could im-
prove severe asthma outcomes in a much wid-
er patient population. The results of recent
RCTs have shown the efficiency of tezepelum-
ab, a human monoclonal antibody which tar-
gets TSLP; itepekimab, an anti IL-33 human
monoclonal antibody; and astegolimab, a hu-
man monoclonal antibody with an IL.-33 re-
ceptor blockade effect in patients with severe
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asthma.
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In phase 3, RCT tezepelumab as add-
one therapy in uncontrolled severe asthma
at a dose of 230 mg administered subcutane-
ously every 4 weeks in adolescents and adults,
has reduced the annual exacerbation rate by
56%, and among patients with blood eosin-
ophil counts less than 300 cells/uL reduced
exacerbation rate by 41%. In addition, teze-
pelumab has improved lung function, asth-
ma control and the quality of life in the T2-
high asthma group, but also in the T2-low
asthma group. A rapid decline in blood eosin-
ophil counts, a decrease in FeNO, a gradual
reduction in serum total IgE and a reduction
in bronchial hyperreactivity were observed.
Safety profile of tezepelumab was similar to
placebo.**¢

Itepekimab (anti IL-33) in phase 2 RCT
at a dose of 300 mg sc every 2 weeks has re-
duced exacerbations and improved lung func-
tion in patients with moderate to severe un-

controlled asthma***", while astegolimab (anti

IL-33R) in phase 2 RCT was administered
subcutaneously every 4 weeks in patients with
severe asthma, including those with low pe-
ripheral blood eosinophils, reduced the rate of
exacerbations, but did not improve lung func-
tion.”** Positive results of phase 3 RCTs of
monoclonal antibodies efficacy against epi-
thelial cytokines are expected, especially for
T2-low asthma.

Numerous elements contribute to the re-
sponse to biologic treatment and individual
patient responses will vary. The monitoring
of lung function, the presence of symptoms,
number of exacerbations and quality of life
may help in early clinical assessment of re-
sponse to treatment. Identifying patients with
a therapeutic response and those who do not
respond to biologic therapy is not easy. Sug-
gested approach to the treatment of severe
asthma beyond standard therapies involves
the treatment omalizumab in case of elevat-
ed IgE and positive perennial antigen. Af-
ter 4-6 months, an assessment follows and if
treatment has no effect, switch to anti-IL-5

therapy in those patients with elevated eosin-
ophils while IgE is in the reference values. If
there is no effect of IL-5 therapy, bronchial
thermoplasty should be considered as in those
patients with low IgE and low eosinophils.”
Patients who have an intermediate response to
therapy either need to continue treatment for
one year to assess response or consider switch-
ing to alternative biologic therapy if a thera-
peutic effect is absent. Clinical experience and
new research may identify a panel of new bi-
omarkers that will better predict a positive re-
sponse to biological therapy and facilitate our
therapeutic option.”

Unfortunately, none of the biological
agents can meet the needs of patients whose
asthma is not mediated by a T2 response (T2-
low asthma). Due to our limited understand-
ing of the immune response of in T2 low asth-
ma, our therapeutic options are very limited
and are a reflection of unmet needs in severe

uncontrolled asthma.”**
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