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ABSTRACT

Currently, the prevalence of bronchial asthma (BA) is steadily increasing worldwide. Official statistics show that
severe BA accounts for 5-10% of cases in the severity profile of this disease, and when treated with high doses
of corticosteroids, uncontrolled symptoms persist in most people, which significantly reduces their quality of life.
This supports the relevance of finding new strategies for the treatment of severe BA. The aim of the review was to
analyze and summarize published data on modern approaches to the diagnosis and treatment of severe BA.

Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines,
3,177 sources were found. Excluding publications that were unavailable for viewing allowed us to leave 578
sources, of which 120 papers were relevant to the study topic to some extent. Of these, 63 sources were selected
that contained the information necessary for the study and met the selection criteria for the studies: 28 of them were
review articles and 35 were original studies (randomized controlled, cohort, and case-control studies). The work
presents a description of phenotypes and endotypes, as well as characteristics of modern biomarkers of severe BA.

Particular attention is paid to a new approach to the treatment of severe BA. The conducted studies, systematized
in this article, indicate that a detailed description of asthma phenotypes and endotypes can help identify new
biomarkers and therapeutic targets specific to each endotype. Profound knowledge of the patient’s phenotype and
endotype can determine a personalized approach to the treatment of severe BA.
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PE3IOME

B Hacrosmiee BpeMs pacpoCTpaHEHHOCTh OpoHXxuanbHOH acTMbI (BA) Bo BceM Mupe HEYKIOHHO pacTeT. JlaHHbIe
oummanTbHON CTATUCTHKY CBUACTENBCTBYIOT, 94TO OT 5 10 10% ciydaeB B CTPyKType TSDKECTH JaHHOTO 3a00i1eBa-
HHS COCTaBIIET TsDKenast BA ¥ npu ee JieYeHHH BBICOKMMH JI03aMH HHTIISIIMOHHBIMEU KopTHKOcTepounoB (MKC)
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COXpPaHAIOTCA HeKOHTpOJ’lI/IpyeMbIe CHUMIITOMBI y 6OJ'II;L[II/IHCTBa moneﬁ, YTO 3HAYUTCIBbHO CHMXKACT KAa4YC€CTBO HUX
KU3HH. DTO MOJJICPIKUBACT aKTYaJbHOCTh MOMCKA HOBBIX CTpaTeruii jeueHus Tsoxenoit BA. Llens o63opa 3akiro-
yajlacb B IPOBEACHUHU aHaIN3a U O606LU,CHPII/I OHyGHHKOBaHHbIX JIAHHBIX O COBPEMEHHBIX MOAXO0AaxX JUArHOCTUKHU
U JISYCHHUS TsDKeIon BA.

Hcnone3yst pekomennanuu «IIpearnodruresbHbIe JIEMEHTHl OTYSTHOCTH IS CHCTEMaTHYeCKUX 0030pOB M Me-
ta-aHanmm3oB» (PRISMA), 6sum o6Hapysxensl 3177 ucrounukoB. Mckimouenne myOaukanuii, HEOCTYHBIX IS
IIPOCMOTPA, IO3BOJIMIIO OCTaBUTH 578 UCTOUYHUKOB, U3 KOTOPBIX TEME UCCIECIOBAHUS B TOM WM UHOH cTeneHu
coorBercTBoBanu 120 pabot. M3 Hux otoOpaHsl 63 HCTOYHHKA, COAEpIKaIINe HEOOXOANMYO HH(OPMAIHIIO U CO-
OTBETCTBYIOIIIUE KPUTEPHAM 0TOOpa uccienoBanus. 3 Hux 28 0030pHBIX U 35 OpUTHHAIBHBIX HCCIICIOBAHUI
(paHIOMH3UPOBAHHBIE KOHTPOJIMPYEMBIE, KOTOPTHBIE M HCCIIENOBAHUS «CIydail — KOHTpousb»). IIpencraBieHo
omnucaHue (peHOTUIIOB 1 SHIOTHIIOB, a TAKXKE XapaKTEPUCTHKA COBPEMEHHBIX OnomapkepoB Tsbkesol BA. Ocoboe
BHUMAHUE yJIeJI1€TCA HOBBIM IIOIXO0M JeUCHUs Tsxenoi BA.

ITpoBeneHHBIE NCCITENOBAHNS, CHCTEMaTH3NPOBAHHBIE B JAHHOH CTAaThe, CBHAETEILCTBYIOT O TOM, UTO ITOJPOOHOE
omucaHne (PEHOTHUIOB M YHIAOTUIIOB BA MOXkeT MOMOUYb BBISIBUTH HOBBIE OHOMAapKEpPhI M TePaeBTHIECKHE MUIIIe-
HH, CIeI(IIHbIE TS KaXKI0T0 3HA0THIIA. [ ITyGokoe 3HaHwe ()eHOTHIIA M SHIOTHIIA TAI[MEeHTa MOXKET ONPEIeIUTh
MepCOHAIM3UPOBAHHBINA OJXO0/ K Tepanuu Tsokenoi BA.

KuroueBsble ciioBa: Tspkesas OpoHXHaIbHAs aCTMa, TapreTHast Tepamus, QEeHOTUIIbI, SHIOTHIIBI, OHOMapKepPbI

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HACTOSIIECH CTaThH.

Hcrounuk punancupoBanms. VccnenoBaHue BHIIONHEHO pH noepxkke Poccuiickoro HayuHoro gonmaa («Pas-
paboTKa TEeXHOJIOTHIi IePCOHATM3UPOBAHHON HEMHBA3HBHON THArHOCTUKY ISl SHIOTHIIMPOBAHUS OPOHXHAIBHOM
aCTMBI C HCIIOJIB30BAHUEM BBICOKOIPOU3BOAUTEIBHON XpOMaTO-Macc-CIeKTPOMETPUN», Jorosop ot 29.05.2025,
Ne 25-15-00576).

Jast uutupoBanus: FOnuna E.O., MenentreBa A.I1., lllesenes U.1O., Oroponosa JI.M., ®enoposa O.C. Cope-
MEHHBIC METOJIbI JTUATHOCTHKH U JICUCHUsI OPOHXUAIBHOI aCTMBI(CHCTEMAaTHUECKI 0030p). browiemens cubup-

cxoui meouyunsl. 2025;24(4):204-212. https://doi.org/10.20538/1682-0363-2025-4-204-212.

INTRODUCTION

Bronchial asthma (BA) is a chronic inflammatory
disease of the airways, the mechanisms of which are
associated with the influence of many factors, including
genetic predisposition, environmental exposure, and
regulation of the immune system [1]. The prevalence
of BA increased sharply in the late 20th century, and
despite the advent of biological drugs, in 2019, the
WHO recorded that the incidence of BA reached 260
million cases, and the mortality rate was 450 thousand
per year [2]. Allergic BA is associated with increased
sensitivity to allergens, and their repeated exposure
to the airways leads to the activation of antigen-
presenting cells [3]. The developing inflammation
can be characterized by a T2 or non-T2 immune
response (endotype) [4], and each of them can lead to
a severe uncontrolled course of the disease. However,
the non-T2 endotype is more often associated with
uncontrolled asthma [5] and ineffectiveness of step-
down therapy with glucocorticoids (GSs) [6, 7]. It
is necessary to develop new therapeutic strategies
for severe BA based on modern scientific data on
inflammation and biotargets.

The aim of the work was to present modern data
on the study of biotargets to improve the effectiveness
of targeted therapy based on the analysis of scientific
publications, including recommendations for the use
of biomarkers for the diagnosis of phenotypes and
endotypes of bronchial asthma.

MATERIALS AND METHODS

The study material included publications in
scientific journals that to some extent touched upon
the topic of the study. The search was carried out
in the scientific electronic library Elibrary.ru. In the
advanced search, using the keyword combination
“severe bronchial asthma”, 3,177 sources were found.
Further limitation by the writing time from 2015 to
present and exclusion of any forms of manuscripts
except for articles in scientific journals narrowed the
search to 2,269 sources. Exclusion of publications
unavailable for viewing allowed us to leave 578
sources. A search was also carried out in the PubMed
database, where 1,094 sources were found in the
advanced search using the keyword combination
“severe Dbronchial asthma”. The keywords for
selecting articles were: biological therapy or targeted
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therapy or asthma biomarkers or asthma biotargets.
Of these, 120 works corresponded to the research
topic to one degree or another, of which 63 sources
were selected containing the information necessary
for the study and meeting the study selection criteria.
Twenty-eight of them were review studies and 35 —
original articles (randomized controlled, cohort and
case-control studies). References of the found articles
also contained less than 10% of sources published in
1998-2014.

PHENOTYPES AND ENDOTYPES OF
BRONCHIAL ASTHMA

The 2024 Clinical Guidelines for Bronchial
Asthma contain a section devoted to the characteristics
of clinical phenotypes. In particular, allergic
(atopic) and non-allergic (including aspirin-induced,
including occupational) asthma are distinguished,
as well as late-onset asthma, asthma with fixed
airflow obstruction, and asthma in obese patients.
This approach to diagnosis is widely used in clinical
practice when determining a treatment program for
most patients [8].

However, patients with severe BA symptoms
require personalized treatment using biological /
targeted therapy, when it is necessary to determine a
specific biotarget and diagnose it using biomarkers.
In this regard, a classification of BA is currently
proposed based on information on the molecular and
cellular mechanisms of inflammation, which makes it
possible to distinguish endotypes and inflammatory
phenotypes of the disease. This is a fairly new area for
clinical science, where data are rapidly accumulating,
allowing for more accurate selection of targeted drugs
and development of new medications, but many
questions remain unanswered [9, 10].

Currently, two endotypes of BA are recognized
based on the type of immune response — T2 and
non-T2. The T2 endotype is based on the dominance
of the CD4+ T cell response, providing eosinophilic
inflammation. However, evidence has recently been
obtained about type 2 innate lymphoid cells (ILC-
2) as the primary regulators of the type 2 immune
response. ILC-2 express the main transcription factor
GATA 3, which, in turn, regulates the production of
type 2 cytokines. Thus, biomarkers of the T2 endotype
include eosinophilia, high levels of IL-4, IL-5, and
IL-13 in the blood and sputum, the presence of ILC2
in the blood and respiratory tissues, high levels of
total immunoglobulin E (IgE) in the blood, increased
levels of fractional exhaled nitric oxide (FeNO), and

a good response to inhaled corticosteroids (ICS) and
biological therapy [11, 15].

The non-T2 endotype is not clearly defined. This is
an endotype without signs of T2 inflammation: there
is no eosinophilia. Severe symptoms of the disease
and resistance to ICS are more often recorded, and
IL-6, IL-1b, IL-8, and IL-17A are involved in the
immune response [16, 17]. Along with endotypes, four
inflammatory phenotypes of BA are distinguished:
eosinophilic  (EA), neutrophilic (NA), mixed
granulocytic (MG), and paucigranulocytic (PG). The
gold standard for diagnosing phenotypes is the results
of an induced sputum analysis of patients [18].

In the work by A. Plavsic et al., based on the
study of induced sputum in 80 patients, 17 of whom
received biological therapy, it was shown that EA and
MG phenotypes were more common than others [13].
In the same work, the characteristics of phenotypes
were presented with and without biological therapy.
Thus, patients with NA were characterized by the
highest level of 1L-8 compared to patients with EA,
MG, and PG phenotypes (p = 0.002, p = 0.031, p =
0.021, respectively).

Patients with an EA phenotype have significantly
higher IL-17A levels in the blood compared to others
(p = 0.004). During biological therapy, these patients
have lower IL-5 levels compared to untreated patients
(p=0.043).

Patients with a MG phenotype after targeted
therapy are characterized by lower lymphocyte and
neutrophil counts than before treatment (p = 0.003).
In contrast, IL-5, IL-6, and IL-8 levels after treatment
are higher than baseline values (»p = 0.012, p = 0.032,
p = 0.038, respectively).

The lack of reduction in some inflammation indices
during targeted therapy in the MG phenotype in this
study, according to the author’s comment, indicates
the need for search for another biological target in
such patients.

BIOMARKERS OF SEVERE BRONCHIAL
ASTHMA

The use of biological markers for the selection of
targeted drugs depending on the nature of inflammation
(phenotype/endotype of BA) has significantly
expanded the possibilities of achieving control over
BA symptoms. Along with this, the effectiveness
of severe BA treatment still remains a therapeutic
problem. Therefore, the search for biotargets for the
treatment of severe BA is an urgent research and
clinical task [11-15].
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The results of studies in recent years indicate
possible expansion of a list of new biotargets, as
well as biomarkers of already known biotargets.
In particular, the following are discussed [11, 12,
20]: eosinophil peroxidase (EP) in the respiratory
tract (sputum) [12-21], eosinophil cationic protein
(ECP), eosinophil-derived neurotoxin (EDN) [11],
exhaled breath condensate (EBC), urine metabolites,
microRNA, Charcot — Leyden crystals, dipeptidyl
peptidase, osteopontin [11, 12, 21].

In general, the analysis of biomarkers is regularly
updated in publications. In this article, we will focus
on those that are valid for severe BA.

1. Blood / serum biomarkers.

1.1. Eosinophilia.

Eosinophils play a key role in the development of
type T2 BA [14-16]. Currently, the determination of
the number of eosinophils in the blood is used as a
biomarker for BA and the choice of targeted therapy.
The most important in the context of inflammation
are activated eosinophils. They release mediators that
damage bronchial epithelium, cause overproduction
of mucus, edema, and bronchospasm, which leads to
frequent exacerbations in patients [17].

1.2. Eosinophil-derived neurotoxin and eosinophil
cationic protein.

The results of the study of EDN and ECP were
published in the work of by T. Tsuda et al. It was
shown that their level increased after the activation of
eosinophils by cytokines (including IL-5, IL-1b, and
IL-33), and the level of EDN in the blood serum of
patients with severe BA was significantly higher [11,
12, 20, 26, 27]. Probably, the determination of the level
of EDN in the blood serum can help in assessing the
severity of the disease [12].

1.3. Eosinophil peroxidase.

Eosinophils have a unique set of enzymes that
allow them to produce reactive oxidants that damage
the respiratory tract [13]. One of these oxidants is EP,
the level of which was higher in patients with severe
BA than in the control group. It is proposed to use EP
as a biomarker of eosinophilic inflammation in severe
BA with the EA phenotype [14, 15, 28].

1.4. Periostin.

Periostin is a matricellular protein that is produced
by epithelial cells and fibroblasts in response to
stimulation by IL-4, -5, -13. The association of
periostin levels with eosinophilic inflammation of
the airways has been shown in a large number of
studies. The relationship between periostin levels and
lung function parameters and asthma characteristics

(severity, exacerbation frequency) indicates the
potential applicability of this biomarker to identify
patients with severe forms of the disease [15, 28-33].
However, there are limitations to using periostin as a
prognostic biomarker in children due to bone growth
and its constant high levels [34].

2. Sputum biomarkers.

The number of eosinophils in sputum reflects
the degree of inflammation in the airways and,
therefore, is a sensitive and specific non-invasive
diagnostic biomarker [35-38], which is used as the
gold standard for diagnosing asthma phenotypes [39].
The eosinophilic inflammatory phenotype is the most
common. It is diagnosed when 3% or more eosinophils
are detected in sputum.

Normalization of sputum eosinophils is associated
with better asthma control, reduced hospitalizations,
and exacerbations.

4. Exhaled breath condensate.

EBC is a noninvasive method for studying the
respiratory tract. In adult patients with BA, the
concentration of hydrogen ions in exhaled air, nitric
oxide breakdown products, hydrogen peroxide, and
8-isoprostanoids is increased and is associated with
poorer lung function compared to healthy individuals
[40]. Recently, there has been growing interest in
metabolomic analysis of EBC [41-51].

5. Urine biomarkers.

The composition of urine metabolites changes
significantly during different periods of BA.
Research results indicate an increase in the content of
alkanes, aldehydes, and amino acids in urine during
an exacerbation episode [41]. The most studied
metabolite is the amino acid bromotyrosine, high
levels of which are associated with the eosinophilic
phenotype of BA. In the work by A. Tiotiu et al., it
was shown that its content decreased during the use
of GCs in severe BA. The author suggested using
bromotyrosine as a biomarker of the response to
steroid treatment [42-44].

6.OMICS technologies.

Based on the analysis of the sputum transcriptome
in patients with BA, three molecular phenotypes are
distinguished. The first (TAC1) is associated with the
T2 endotype and is characterized by eosinophilia and
high levels of I1L-13 and ILC2. The second (TAC2)
and third (TAC3) are not associated with the T2
endotype. TAC2 is characterized by high levels
of INFy, TNFa, as well as increased expression of
the NLRP3, caspase-1, and IL-1b genes in sputum
macrophages in patients with NA phenotype of BA.
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TAC3 is characterized by increased expression of
genes associated with paucigranulocytic inflammation
[45-49].

7.MicroRNA (miRNA).

MicroRNAs are short sequences of single-stranded
RNA (19-24 nucleotides) that, by complementary
binding to the 3’-untranslated end of messenger RNA
(miRNA), can interfere with the proper function of a
particular gene. Recent studies have shown that miR-
28-3p, -16-2-3p, -210-3p, -185, -125b, -338-3p, and
-125b are markers of severe BA [49-51]. MicroRNAs
can also be used to predict the response to targeted
therapy. Thus, in a study by J.A. Cafiaset et al., miR-
1246, miR-5100, and miR-338-3p were shown to be
potential biomarkers for predicting the response to
benralizumab [53]. In the study by M. Gil-Martinezet
et al. [54], which examined changes in microRNA
expression in patients with severe BA depending on
systemic GC therapy, significant differences were
found in the expression of eight microRNAs: hsa-
miR-148b-3p, -221-5p, -618, -941, -769-5p, -144-3p,
-144-5p, and -451a (the first five were determined
in serum, the last three — in lung tissue). MicroRNA
profiling can be used to search for new biomarkers of
severe BA and predict the effectiveness of biological
therapy [51].

MODERN METHODS FOR TREATING
SEVERE BRONCHIAL ASTHMA

The strategy of modern asthma therapy is based
on achieving and maintaining control over symptoms
of the disease and reducing the risk of exacerbations.
For this purpose, a stepwise approach is used, which
involves the possibility of increasing or decreasing
the volume of therapy in the patient. Genetically
engineered biological drugs are currently used to
achieve control over severe BA symptoms.

According to the 2024 clinical guidelines,
monoclonal antibodies against T2 cytokines are
used to treat patients with severe BA: omalizumab
is a monoclonal body against IgE, mepolizumab and
reslizumab - against IL-5, benralizumab — against
the IL-5 receptor, dupilumab — against IL-4Ra, and
tezepelumab — against thymic stromal lymphopoietin
[55, 56].

Despite the obvious clinical effect in patients with
severe BA taking biological drugs, questions remain
open regarding the insufficiency of biomarkers for
the selection and prognosis of the effectiveness of
biological therapy and phenotype variability during
the natural course of the disease. In some patients,

there is no association between the clinical effect and
the positive dynamics of biomarkers [8, 57-62].

Publications of recent years contain a large number
of studies devoted to the analysis of biomarkers and
their suitability for use in the process of biological
therapy for BA [8, 57-62].

Thus, in a retrospective study, M. Lampalo et al.
compared the effect of therapy with omalizumab,
reslizumab, benralizumab, and mepolizumab in
patients with severe BA (n = 74). The patients were
followed up for 24 months. The response to therapy was
assessed using the asthma control test (AST), forced
expiratory volume in 1 second (FEV1), forced vital
capacity (FVC), FeNO, the number of eosinophils and
IgE in the blood, the number of exacerbations, and the
need for GCs. The results showed that treatment with
both anti-IgE and anti-IL-5 monoclonal antibodies
can reduce the frequency of exacerbations and the
volume of GC therapy and increase AST values. At
the same time, the authors point out the insufficient
information on the dynamics of inflammation against
the background of the applied therapy and associate
this with the lack of prognostic biomarkers of an
individual response to treatment [57].

N. Contreras et al. published the results of an
18-month follow-up of adult patients with severe
BA (n = 67) during treatment with omalizumab (n
= 20) and mepolizumab (n = 36). The clinical effect
is confirmed by an increase in AST and FEV1 after
therapy and a decrease in the number of eosinophils
in the blood and the frequency of exacerbations.
Proteomic and metabolomic analysis revealed a group
of metabolites (arachidonic, oleic, palmitoleic, lactic
acids, propionyl L-carnitine, bilirubin, CCL11, and
TNFSF10) that changed in response to therapy with
mepolizumab alone, in association with a clinical
improvement. These results indicate different effects
of omalizumab and mepolizumab on the metabolomic
kinetics of inflammation in severe BA. Thus, the study
confirms the need to search for multiple biomarkers of
inflammation for biological therapy of BA [58].

R. Djukanovi¢ conducted a cross-sectional open
study, where the clinical efficacy of omalizumab was
assessed in patients with severe BA (n = 216) over
16 weeks. Using omics technologies, they studied
1,408 parameters of a number of eicosanoids and
volatile organic compounds in exhaled breath, as well
as proteins in sputum and urine. Following the use of
covariance or quantile regression models, the authors
established a list of biomarkers of volatile organic
compounds and blood lipids, the use of which is able
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to predict a decrease in the frequency of exacerbations
by more than 50% during treatment with omalizumab
(p <0.05). The inclusion of such markers as eosinophil
count in the blood and sputum, nitric oxide in exhaled
breath, and serum IgE in the regression model did not
confirm their prognostic value in this study [60].

The search for biotargets for adequate therapy
for severe BA is also carried out using genomic
technologies. Thus, the results of a 12-month
retrospective observational cohort study, including
patients with severe eosinophilic asthma (n = 72),
revealed that after treatment with mepolizumab and
benralizumab, the volume of GC therapy and the
frequency of exacerbations decreased, and FEV1
increased. An association was established between the
alleles ZNF415 rs1054485-T, ILIRL1 rs1420101-T,
and FCER1B rs569108-AA with severe BA.

At the same time, carriers of the ZNF415
rs1054485-T allele showed a decrease in the frequency
of exacerbations after completion of treatment with
mepolizumab (p = 0.042), and carriers of the ILIRL1
rs1420101-T allele exhibited an improvement in
FEV1 (p = 0.023).

The use of benralizumab led to a decrease in the
number of exacerbations in patients who were carriers
of the ZNF415 rs1054485-T allele (p = 0.073) and
FCERI1B rs569108-AA (p = 0.050) [61].

The publication by S. Harada et al. is devoted to the
study of changes in single nucleotide polymorphisms
when using benralizumab in patients with severe
BA (n = 72). The results of the work show that after
12 months of treatment with benralizumab, patients
showed positive clinical dynamics: FEV1 increased,
the volume of GC therapy and the frequency of
exacerbations decreased, and the expression of key
genes involved in non-T2 inflammation (IL-8, IL-
17RA, CXCR1, and CXCR2) decreased. An important
conclusion of the work was that benralizumab affects
T2 and non-T2 endotypes of BA. However, further
research in this area is needed to confirm the role
of pharmacogenetics in the search for prognostic
biomarkers of severe BA [62].

Biological therapy is widely used in severe BA
in pediatric practice, although the list of drugs for
children has age restrictions. According to the 2024
clinical guidelines, drugs such as omalizumab and
mepolizumab are approved for use in children aged
6 years, dupilumab — for children aged 12 years, and
reslizumab and benralizumab — for children aged 18
years [8]. Given the lack of research on prognostic
biomarkers in children, it is currently difficult to assess

the effectiveness of biological therapy in a pediatric
cohort [8, 34].

CONCLUSION

Biological therapy is an expensive treatment
strategy, so there is a high demand for personalized
approaches when prescribing targeted therapy for BA.
In this regard, new data on prognostic biomarkers and
disease biotargets are needed, which are an important
part of scientific research in pulmonology.
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