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Abstract. Bronchial asthma is a major public health problem in the world. A considerable proportion of patients
suffer from severe asthma, which is manifested by a decrease in the quality of life, an increase in the frequency
of exacerbations, hospitalisations, and mortality. The ineffectiveness of conventional therapy in such patients
contributes to the development of biological treatment methods with higher specificity, aimed at the pathogenetic
links of the disease. The purpose of the study was to analyse the effectiveness of the treatment of severe bronchial
asthma with monoclonal antibodies based on literature data. The study examines publications over the past 5 years
that are available on the Internet. The following terms were used for the search: monoclonal antibodies, endotype,
phenotype. Five monoclonal antibody biological agents targeting IgE, IL-5, IL-4, and IL-13, which are approved
for use in patients with severe asthma, were analysed: omalizumab, mepolizumab, reslizumab, benralizumab, and
dupilumab. The use of these medications has led to progress in the treatment of bronchial asthma. It was found that
determining disease endotypes based on the assessment of biomarkers such as eosinophil count in blood and sputum,
fractional exhaled nitric oxide, and serum periostin contributes to the greater effectiveness of biological therapy.
It was investigated that monoclonal antibody treatment improves lung function, reduces exacerbation frequency,
and decreases the need for additional medications. Many other biological agents, particularly those targeting key
cytokines, are in the clinical development stage. Approved monoclonal antibodies targeting IgE, IL-5, and IL-4/IL-
13 demonstrate high efficacy in the treatment of severe bronchial asthma. The use of these agents in patients with
severe asthma and high Th2 levels considerably improves lung function, symptom control, and reduces the frequency
of disease exacerbations
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INTRODUCTION

Bronchial asthma (BA) is one of the current healthcare
challenges worldwide due to the prevalence of this disease
and its negative impact on the quality of life of people of
all ages in all parts of the world. BA is a frequent cause
of temporary work disability and impairment at any age.
Despite the available treatment methods, severe bronchi-
al asthma remains a problem for many patients who do
not experience sufficient relief from symptoms. Biologi-
cal therapy, which utilises specific agents to modulate the
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immune response, shows potential for improving disease
control and enhancing the quality of life for patients.
According to the Global Initiative for Asthma (GINA)
in 2022, it affected 262 million people. The main goal of
modern treatment of asthma patients is to achieve and
maintain complete control over the symptoms for a long
time, minimising the risks of future exacerbations, fixed
bronchial obstruction, and undesirable side effects [1, 2].
In the majority of patients, high control of the disease can
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be achieved using standard inhalation treatment meth-
ods. However, up to 10% of patients suffer from severe
asthma, which is characterised by a decrease in quality
of life, increased frequency of exacerbations, hospitalisa-
tions, and mortality [3].

I. Sulaiman et al. [4] note that unsatisfactory control of
the disease is due to non-compliance with the prescribed
treatment and incorrect technique of using a pocket in-
haler. However, other studies indicate that many patients
have daily symptoms and frequent exacerbations, despite
maximum inhaled glucocorticosteroid (IGCS) therapy and
high adherence to treatment. They often require mainte-
nance therapy with systemic glucocorticosteroids (SGS) to
avoid life-threatening conditions [5]. Although SGS remain
important for exacerbation treatment, several studies high-
light that their repeated or continuous use is associated with
an increased risk of osteoporosis, infections, and type 2 dia-
betes. The use of SGS in patients with BA is more frequent-
ly linked to kidney function impairment, sleep apnea, and
weight gain. It has also been established that the use of these
drugs in the treatment of BA leads to an increase in the use
of health system resources in the future. For these reasons,
the priority is to reduce the use of SGS in such patients [6-8].

A. Rask-Andersen et al. [9] investigated the negative
effects of BA on emotional and mental health. Insomnia
symptoms in asthma have been found to be associated
with poor disease control and exposure to characteristic
comorbidities such as chronic rhinosinusitis, gastroesoph-
ageal reflux, obesity, anxiety, and depression. Other studies
show that the disease complicates the family and work life
of patients. BA symptoms have been shown to negatively
affect daily physical activity and limit social opportuni-
ties [10-12]. The ineffectiveness of step-by-step treatment
approaches in such patients indicates the heterogeneity of
severe asthma and requires alternative methods of therapy
with higher specificity aimed at the pathogenetic links of
the disease. W.W. Busse [13] notes that advances in under-
standing the etiopathological mechanisms of various phe-
notypes and endotypes of severe asthma have contributed
to the development of new biological treatments and per-
sonalised therapies for this group of patients.

The purpose of the study was to analyse and compare
the effectiveness of the treatment of severe BA with mon-
oclonal antibody preparations based on literature data.

PHENOTYPING AND DETERMINATION
OF ENDOTYPES IN THE TREATMENT
OF SEVERE BA
Recently, the use of biological therapy has led to progress
in the treatment of BA. The advantage of this method is
its selective effect on the immune system without con-
siderable systemic effects on the body [13]. The use of
biological methods in the treatment of severe BA that is
resistant to standard therapy requires the use of pheno-
typing and determination of disease endotypes [14, 15].
The concept of “phenotype” characterises the clinical
manifestations of the disease without considering the
pathophysiological mechanisms. Severe asthma includes
several clinical phenotypes that differ in the age of onset,
presence or absence of other allergic conditions, degree
of airflow limitation, frequency of exacerbations, and re-
sponse to treatment [16].

The establishment of the BA endotype is based on the
cellular and molecular mechanisms of airway inflamma-
tion, considering biomarkers. Their determination and dy-
namic assessment contribute to a better understanding of
the pathological process, allow for individualised patient
treatment, and help predict the course of the disease and
response to therapy [17]. There are two main endotypes of
BA: with high and low levels of T helper 2 (Th2) [18].

Asthma with a high Th2 level is characterised by eo-
sinophilic airway inflammation with the secretion of in-
terleukin-4 (IL-4), interleukin-5 (IL-5), and interleukin-13
(IL-13) and is determined using the following biomarkers:
eosinophil count in blood and sputum, fractional exhaled
nitric oxide (FeNO), and serum periostin [17]. M.R. Edwards
et al. [18] found that patients with this endotype are more
likely to develop virus-induced exacerbations of BA. Recent
data indicate that this susceptibility to viruses may be sec-
ondary to insufficient interferon production. Approximate-
ly 50% of mild to moderate asthma and a large proportion
of severe asthma cases have been shown to be character-
ised by inflammation with high Th2 levels [19]. Depending
on the age of onset of the disease, the presence or absence
of other allergic conditions, and additional clinical char-
acteristics, the following asthma phenotypes belonging to
this endotype are distinguished: allergic asthma, late-on-
set asthma, and aspirin-induced respiratory disease [20].

Allergic BA is characterised by early onset, positive
skin allergy tests, and elevated IgE levels in the blood. It is
important to note that only the presence of elevated total
or specific IgE is a biomarker for this asthma phenotype,
as allergy skin tests can be positive in 50% of the general
population [21].

The main characteristics of late-onset asthma include
significant blood and sputum eosinophilia, resistance
to treatment with inhaled and systemic corticosteroids,
frequent exacerbations, and a severe clinical course with
fixed airflow obstruction. The vast majority of these pa-
tients have comorbid chronic rhinosinusitis, which usual-
ly precedes the development of BA. High FeNO levels and
normal or elevated serum total IgE levels are also detected
in these individuals. Determination of this phenotype may
be an indication of an earlier escalation of therapy [22].

Aspirin-exacerbated respiratory disease (AERD) is
caused by non-allergic hypersensitivity to nonsteroidal
anti-inflammatory drugs such as aspirin, which inhibit cy-
clooxygenase, a synthetic enzyme of prostaglandins. The
most important clinical characteristic of AERD is eosino-
philic rhinosinusitis with nasal polyps, which often leads
to hyposmia. The majority of patients with this phenotype
suffer from a severe disease course, and they typically de-
velop persistent airflow obstruction that minimally im-
proves after inhalation of $2-agonists. Only 10% of people
with aspirin-induced asthma have mild symptoms [23].

The low Th2 asthma endotype is characterised by neu-
trophilic and paucigranulocytic inflammation. Unlike eo-
sinophilic asthma, the specific biomarkers for neutrophil
asthma that would help determine it have not yet been
clearly defined. As noted by A. Matucci et al. [24], sputum
neutrophils can serve as the only biomarker of this en-
dotype. The mechanisms underlying neutrophilic airway
inflammation are still understudied. Severe neutrophilic
asthma has been linked to chronic infection caused by
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atypical bacteria, obesity, smoking, and smooth muscle ab-
normalities. BA with low Th2 levels includes the following
phenotypes: non-allergic asthma and asthma associated
with obesity [25].

The main signs of non-allergic asthma are the ab-
sence of allergic sensitisation, detection of neutrophils in
sputum, and onset in adulthood. This phenotype is found
in 10-33% of patients with BA, is more common in wom-
en, and has a later onset than allergic BA. In many cases,
non-allergic asthma is more severe than allergic asthma
and may be less susceptible to standard therapy [26].

The pathophysiological mechanisms of BA associated
with obesity are complex and multifaceted, but most stud-
ies suggest non-eosinophilic inflammatory changes at the
molecular level. This phenotype is characterised by both
early and late onset and severity of clinical symptoms with
moderately preserved lung function [27]. These patients
have worse asthma control, lower quality of life, and resist-
ance to IGCS therapy. The mechanisms of the inadequate
response to standard therapy are associated with increased
production of inflammatory cytokines in obesity [28].

Assessing clinical symptoms, disease severity, deter-
mining biomarkers, and establishing phenotypes help se-
lect the most appropriate biologic agent for individualised
treatment in each patient.

BIOLOGICAL PREPARATIONS
AND THEIR MAIN CHARAC-TERISTICS
Five biologic therapy drugs belonging to different mono-
clonal antibody groups are officially approved for use in
patients with severe asthma: omalizumab, mepolizumab,
reslizumab, benralizumab, and dupilumab [29].

Omalizumab was the first biologic therapy drug ap-
proved for asthma treatment, receiving approval for use
in the United States in 2003 and in European countries in
2005. It is a representative of humanised anti-IgE mono-
clonal antibodies. Its action aims to block and neutralise
IgE in the blood, thus preventing the activation of mast
cells, the release of pro-inflammatory cytokines and leu-
kotrienes, and the development of eosinophilic inflamma-
tion [30]. Omalizumab is approved for subcutaneous ad-
ministration to individuals over 6 years of age who have
been diagnosed with severe allergic asthma, the symptoms
of which are not controlled by IGCS. S. Rojo-Tolosa et al.
note that a pronounced clinical effect of anti-IgE mono-
clonal antibodies is observed in patients with high levels
of FeNO, peripheral blood eosinophils, and periostin [31].
Clinical studies have shown that the use of omalizumab
improves lung function and reduces the need for addition-
al medications. Moreover, when combined with inhaled
corticosteroid and long-acting beta-agonist therapy, omal-
izumab reduces the frequency of exacerbations by 25% [32].
Arevolution in the treatment of severe eosinophilic BA was
caused by the use of monoclonal antibodies to block IL-5,
which is responsible for cell differentiation, maturation,
and activation of eosinophils [33].

Mepolizumab is a humanised anti-IL-5 monoclonal
antibody of the IgG1/x isotype. Studies have shown that
its use in BA patients with eosinophilia notably reduces
the eosinophil count in the blood, bronchoalveolar lav-
age fluid, and bone marrow, and reduces the frequency
of exacerbations and the use of SGS in these individuals

by approximately 50%. Therapy with this drug has been
shown to improve patients’ quality of life and control of
disease symptoms [34].

Another biological agent targeting IL-5 is reslizum-
ab, a humanised monoclonal antibody of murine origin.
Its clinical effects have been demonstrated in several ran-
domised trials. The impact of this medication on reducing
eosinophil counts in sputum, improving lung function, and
increasing forced expiratory volume in 1 second (FEV1) has
been examined in patients with severe refractory eosino-
philic asthma, particularly with late-onset disease [35].

Benralizumab - another anti-IL-5 monoclonal an-
tibody that induces eosinophil apoptosis through anti-
body-dependent cellular cytotoxicity, leading to deeper
and faster eosinophil depletion. This agent is approved as
an add-on therapy for inadequately controlled severe asth-
ma with eosinophilia in patients aged 12 and older [36].
Overall, studies on IL-5-targeted monoclonal antibodies
demonstrate clinical improvement in over half of patients
with refractory asthma and eosinophilia. Recent data
have shown better efficacy of benralizumab in patients
previously treated with omalizumab and mepolizumab,
attributed to its unique mechanism of action compared
to other anti-IL-5 agents [37, 38]. Key components of BA
pathogenesis are also IL-4 and IL-13, which regulate cell
proliferation, apoptosis, and expression of lymphocytes,
macrophages, fibroblasts, epithelial and endothelial cells,
and are involved in the regulation of Th2 functions and the
synthesis of IgE with B lymphocytes [39].

Dupilumab, a human monoclonal antibody, specifical-
ly recognises and blocks the a-subunit of the IL-4 receptor,
thus suppressing the biological activity of both IL-4 and
IL-13. Treatment with dupilumab without maintenance
therapy provides long-term symptom control, significant
improvement in lung function, and reduction in Th2-relat-
ed biomarkers [40]. Significant reduction in sinusitis symp-
toms and improvement in olfaction have been observed
with the use of this medication in patients with aspirin-ex-
acerbated asthma [41].

In addition to these agents already available in clin-
ical practice, many other biological therapies are in vari-
ous stages of clinical development. One area of the studies
focuses on alarmins, key cytokines involved in the mech-
anisms of airway inflammation in asthma, such as thym-
ic stromal lymphopoietin (TSLP), IL-33, and IL-25. These
molecules are released by the respiratory tract epithelium
against the harmful effects of microbes, pollutants, aller-
gens, and cigarette smoke. Studies are being conducted
that evaluate various drugs targeting these cytokines [42].

Tezepelumab is a monoclonal antibody that targets
TSLP, an epithelial alarmin that plays a significant role
in asthma pathogenesis. In the presence of tezepelumab,
TSLP is unable to bind to its receptor. A number of studies
have clearly shown that patients with severe uncontrolled
BA treated with tezepelumab experienced a reduction in
the frequency of exacerbations, increased asthma control,
improved lung function, and health-related quality of life.
Regarding the safety profile of this medication, no anaphy-
lacticreactions associated with tezepelumab or the develop-
ment of neutralising antibodies have been reported [43, 44].

Ipetekimab is a monoclonal antibody targeting IL-33,
which leads to the activation of the high Th2 inflammatory
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pathway in asthma. Phase 2 trials of this biological agent
are ongoing, but preliminary results have shown a reduction
in blood eosinophils in patients with severe asthma [45].

As for potential molecular targets in the biological
treatment of low Th2 asthma, current research focuses
on the pathogenic link connecting IL-1p, IL-23, and IL-
17. Medications such as canakinumab, secukinumab, and
brodalumab are under investigation in clinical trials [46].

Canakinumab is a humanised monoclonal antibody
that can induce prolonged and selective blockade of IL-1p,
thereby interrupting the inflammatory cascade in certain
autoimmune diseases. A randomised double-blind clini-
cal study evaluating the safety and tolerability of canaki-
numab in patients with mild allergic asthma, assessing its
anti-inflammatory action on the late asthmatic response
after allergen inhalation, showed symptom improvement
compared to the pre-treatment state [47]. Despite these
encouraging findings, there are no further studies of this
asthma medication. Secukinumab is a monoclonal anti-
body targeting IL-17A, which has demonstrated symptom
reduction in other diseases such as psoriasis and rheuma-
toid arthritis. Phase II clinical trials involving patients with
uncontrolled asthma have been completed, but results are
not yet available. Brodalumab, a monoclonal antibody drug
directed against IL-17RA, has also recently been tested in
Phase II clinical trials for patients with moderate to severe
asthma. The results showed no differences in the dynamics
of asthma control between those who received brodalumab
and those who received placebo, but there was a clinically
significant improvement in lung function [48].

These data indicate that advances in understanding
the pathophysiological mechanisms underlying different
asthma phenotypes and endotypes have contributed to the
development of effective monoclonal antibody therapies.
The practical application of phenotyping and biomarker
identification allows for individualised treatment of pa-
tients and improves therapy response.

CONCLUSIONS
Inmost patients,asthma control canbe achieved with stand-
ard therapy. However, some individuals experience severe
and persistent symptoms despite appropriate treatment.
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AHoTauif. BpoHxianbHa acTMa € BaskIMBOIO ITPO6IeMOI0 OXOPOHM 30POB’S B CBiTi. 3HaUHA YaCcTKa XBOPUX CTPAKAAIOTH
Bil BaXKOi acTMu, sika MPOSIBIASIETHCS 3HAUHMM 3HIDKEHHSM SIKOCTi XUTTS, 36ibII€HHSIM YaCTOTU 3arocTpeHb,
rocriTtasnisaiiit Ta cMepTHOCTi. HeeekTMBHICTh CTaHZAPTHOI Tepartii y TaKUX XBOPUX CIIPUSIE PO3POOILi 6GiomoTiuHMX
MEeTO/IiB JIIKyBaHHS 3 Gi/IbIIl BUCOKOIO celM(iuHiCcTIO, CIIPSIMOBAaHNX Ha MATOT€HETUYHI JIJAHKM 3aXBOPIOBaHHS. MeToI0
IOCTiKeHHST Oylo TpoaHamizyBaTv e(QeKTUBHICTh JIIKYBAaHHSI BaskKOi OPOHXiaJIbHOI acTMM MOHOKIOHATbHUMMU
AQHTUTIIaMM Ha OCHOBi HAHMX JiTepaTypu. Y HOCIiIKeHHi OMpanboBaHO HAYKOBi Mmy6uikallii 3a ocTaHHi 5 pokiB, sKi
IOCTYIHI y Mepexi «IHTepHeT». [IJ1s1 MOIIyKy 6y/I0 BUKOPUCTAHO TepMiHM aHIIiFIChKOI0 MOBOIO: monoclonal antibodies,
endotype, phenotype. Byjo poaHasizoBaHo I’aTh 6i0JOTIYHMX IperapaTiB MOHOKIOHATbHMUX aHTUTIJ, CIIPSIMOBAHUX
Ha IgE, IJT-5, [JI-4 ta IJI- 13, siKi ;O3BOJIEeHi 1711 BUKOPVMCTAHHS MallieHTaM i3 BasKKOI0 aCTMOI0: oMaTizymab, Memnosizymas,
pecnisymab, eHpanisymab Ta mymisymab, 3acTOCYBaHHS SIKMX 3YMOBMJIO TIPOTPeC Y JiKyBaHHiI GpOHXiaJbHOI acTMU.
BusBneHo, mo 6inbmiiii edexkTuBHOCTI 6GionoriuHoi Tepamii crpuse BU3HAUEHHS EHJOTUIIIB 3aXBOPIOBaHHS, IO
6a3yeThCs Ha OLiHII Takux GiomMapKepiB, SIK: KiJIbKICTh €03MHOGINMIB B KPOBi Ta XapKOTMHHI, Gpakilis OKCUAy a30Ty
Yy BUAMXYBAaHOMY IIOBITpPi Ta CMpPOBATKOBUII mepiocTMH. Byno mociimkeHo, 1O JIiIKyBaHHS MOHOKJIOHAJIbHUMMU
aHTUTIIaMU MOKpallye QyHKILiIo TereHb, 3HWKYE YaCTOTY 3aTOCTPeHb Ta 3MeHIye OTpeby B JOAATKOBUX JTiKaAPChKUX
3acob6ax. BcraHoB/IeHO, 1m0 6arato iHIIMX GiOJOTiYHMX IIperapaTiB, 30KpeMa CIPSIMOBAaHMX Ha KIIOUOBI LIUTOKIHM,
3HAXOMSThCS Ha CTaAii KIiHiYHOT po3po6Ku. CxBaseHi 10 BUKOPUCTAHHS B CBiTi, aHTU-IGE, anTn-1JI-5, antu-1J1-4/1J1-13
MOHOK/IOHQ/IbHI aHTUTIIA MOKA3YIOTh BUCOKY e(eKTUBHICTb Y JTIIKyBaHHI BaskKOi 6POHXiaabHOI acTMMU. 3aCTOCYBaHHS
LIMX TIperapariB y MalieHTiB 3 BAXXKOI aCTMOIO Ta BUCOKMM piBHeM Th2 3HauHO moKpaiiye QyHKIIiI0 JIereHb, KOHTPOIb
HaJi CUMIITOMaMM Ta 3HUKYE YaCTOTY 3arOCTPeHb 3aXBOPIOBAHHS

KniouoBi cnoea: 6iojoriuni npemnapaTit; MOHOK/IOHA/IbHI aHTUTIIA; eHAOTUIT; (eHOTHUIT; GiomapKepu
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