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Abstract: Asthma is a prevalent disease that around 300 million worldwide, resulting in substantial morbidity,
mortality, and economic burden on a global scale. New clinical and laboratory research has shed light on the
immunology causing asthma. Asthma is now recognized as a heterogeneous disease. A personalized medicine
is based on the classification of asthma by endotype by linking observable characteristics to immunological
mechanisms. Identifying endotype mechanisms is essential for better characterizing patients and personalizing
therapeutic approaches with novel biological agents that target specific immune pathways. This article
provides a summary of the major immunological mechanisms involved in the pathogenesis and emergence of
the disease's phenotypic features, as well as the individualized treatment for severe asthma subtypes.
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1. Introduction

Now it is understood that asthma is a diverse illness influenced by interactions between
environmental exposure and epigenetic regulation. Asthma is widely recognized to be a
heterogeneous syndrome which involves airway hyperreactivity in response to multiple triggers that
have distinct pathobiology [1], which clinically manifests as cough, wheezing, and shortness of
breath. The most common and therefore the better understood prototype is the disease associated
with T helper type 2 (Th2) cell-mediated allergic sensitization, now known as the Type 2 (T2)-asthma
[2]. Advances in the management of T2 asthma has identified the subset of “difficult-to-control” or
“severe” asthma that is poorly responsive to currently available therapies, which are most effective
against T2 pattern of inflammation. [2-5] Thus, heterogeneity in disease presentation in the advent of
personalized medicine has again placed the spotlight on the need for more holistic definition of
asthma. In this review, we discuss recent advances in our knowledge of the pathobiology of asthma,
as well as the phenotypes and endotypes of asthma and their relationship to the clinical efficacy of
targeted therapies used to treat severe uncontrolled asthma.

Asthma is caused by a pathogenesis involving both the innate and adaptive immune systems
and epithelial cells: mucus overproduction, airway remodeling, and bronchial blockage and
hyperreactivity are the primary clinical symptoms [6]. The different ways that asthma manifests in
the various so-called "phenotypes" is explained by the intricate interactions between various immune
pathways [7]. The overexpression and activation of Th-2 cells have historically been associated with
asthma as an eosinophilic mediated illness. Additionally, research has shown that there is a subtype
of neutrophilic asthma that also involves T helper type 17 (Th-17) cells [8]; the ability of type 2 innate
lymphoid cells (ILC-2) and basophils to generate eosinophilic inflammation in subgroups of
asthmatic patients was an additional intriguing discovery [9]. It was important to remark this finding
since it revealed how irregularly diverse the asthma really is. This notion was supported by other
cytokine-targeted therapy clinical studies, which showed reduced symptoms in patients [10-15].
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Thus, our goal completely changed to get more knowledgeable about the many categories of illness
kinds to provide a safer, more accurate, and more potent course of treatment.

2. Pathogenetic Mechanism

In the past, asthmatic airway inflammation was only thought to be a component of the immune
system's adaptive response. However, the identification of innate lymphoid cells (ILCs) ILC-2 and
the possibility of their involvement in atopic illnesses [16] led to a clearer comprehension of the
crucial role played by innate immunity in determining the inflammatory response that distinguishes
the various asthma phenotypes [17].

ILCs are lineage and antigen negative lymphocytes, indicating they lack the markers or receptors
observed on myeloid, dendritic, antigen-specific B or T cells. ILCs come in three unique varieties that
have been discovered thus far: group 1 ILCs (ILC-1) producing interferon-y (IFN-y), ILC-2 producing
cytokines traditionally linked to Th-2 cells (interleukin [IL] IL-4, IL-5, IL-13), and ILC-3 producing IL-
17 and/or IL-22 [5,18]. ILC-2 cells are essential to the rapid inflammatory response to helminthic and
viral infections [19]. Due to the absence of antigen-specific receptors on these cells, regardless of
atopic status, these cells play a crucial role in orchestrating airway inflammation in eosinophilic
phenotypes of asthma [16]. However, they respond to epithelium-derived signals mediated by
"alarmins" [thymic stromal lymphopoietin - (TSLP), IL-25 and IL-33] produced by epithelial cells [20].
The TSLP is a cytokine of the IL-2 family that is produced by a variety of cells, including lung
epithelial cells [21]. TSLP plays a vital role in mediating corticosteroid resistance associated with ILC-
2 airway inflammation and in triggering the upregulation of the adaptive immune response in
asthma [22]. TSLP binds to a heterodimer surface receptor expressed on a variety of cells including
T, B, natural killer (NK) cells, monocytes, basophils, eosinophils, ILC-2, dendritic cells, and epithelial
cells [23-25]. IL-33 is a member of the IL-1 family of proinflammatory cytokines and has an IL-1-like
domain on one of its end chains [26]. This is among the primary explanations why IL-33 can bind to
the ST2 receptor, also known as the IL-1 like receptor, a member of the Toll-like receptor family that
is expressed on numerous immune cells, including Th-2 and ILC-2 [27]. IL-25 is the third and final
target cytokine in the “alarmins” triad. This cytokine enhances the subsequent cascade of
proinflammatory mediators: IL-25 secretion is determined by epithelial cell damage, which in turn is
determined by protease exposure from exogenous antigens [28]. Moreover, IL-25 induces the NF-kB
signaling pathway by activating the signaling pathway. In response, the secretion of Th2 cytokines
IL-4, IL-5, and IL-13 activates the Type 2 inflammatory response [29] (Figure 1).
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Figure 1. The distinct asthma endotypes. The green and yellow backgrounds of type 2 (T2)
inflammation endotypes correspond to allergic asthma and non-allergic eosinophilic asthma,
respectively. Non-T2 variants have blue and pink backgrounds and refer to neutrophilic asthma and
asthma with minimal inflammation. Those phenotypes, the mechanism is associated with molecules
that promote the proliferation and activation of myofibroblasts and smooth muscle cells.
iNOS=inducible nitric oxide synthase, TSLP = stromal lymphopoietin thymic. GM-CSF = granulocyte
macrophage colony-stimulating factor, DC = dendritic cell, MC = mast cell. CXCL8 = C-X-C chemokine
ligand 8 motif. EGFR = EGF receptor; EGF = epidermal growth factor Eos = eosinophil, FeNO =
fractional exhaled nitric oxide; IL = interleukin. Neu = neutrophil, M@ = macrophage, NKT = natural
killer T cell. Adapted from Godar M. et al [17].

Historically, asthma immunopathology was described as a linear progression that distinguished
between innate and adaptive immunity. This theory led researchers to depart from the conventional
cascade, but it did permit them to distinguish between the innate and adaptive immunity-mediated
inflammatory response in asthma. Despite this, the pathogenesis of asthma follows a common
cascade, with signaling molecules shared by both forms of immunity [5,30]. Regarding the roles of
Th-2 and ILC-2 cells in the pathogenesis of asthma, the two immune cells share mechanistic features,
the most prominent of which is the upregulation of the transcription factor GATA-3, which promotes
the synthesis of type 2 cytokines and chemokine receptors [31,32]. Among these cytokines, IL-5 is
essential for the controlled maintenance of eosinophil development in bone marrow [33]. To influence
the underlying pathogenesis of airway eosinophilia, IL-5 signals eosinophil chemotaxis so that they
can survive and release subsequent cytokines. IL-5 and IL-13 induce other molecules, including
eosinophil cationic protein, major basic protein, tumor necrosis factor, and eicosanoid pathway
metabolites, in addition to priming bronchial hyper-reactivity. The IL-13 overexpression in the lung,
in conjunction with IL-4, influences the signaling of ICAM-1 and VCAM-1 [33,34]. Those are released
by Th-2 cells and causes perivascular and peribronchial infiltrates to penetrate the lung interstitium,
as well as bronchial smooth muscle hyperreactivity, chemokine induction, and epithelial injury.
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The immune recognition by environmental allergens is initiated by antigen presenting cells, such
as dendritic cells (DCs) (but also B lymphocytes and other cell types); these induce the maturation of
T-nave cells into Th-2 cells, which can produce cytokines such as IL-4, IL-5, and IL-13. [6,27]. Th-2
cells produce IL-4, & IL-13 which stimulates B cell differentiation into plasma cells and switches
antibody production to the IgE isotype [31]. Cross-linking between allergen specific IgE molecules,
the allergen, and effector cells such as mast cells and basophils determines the release of mediators
such as histamine, tryptase, leukotrienes, and prostaglandins, which can trigger asthma symptoms
[27]. In addition, IL-4 contributes to the polarization of T-naive cells towards Th2 cells, thereby
enhancing the entire Th-2-mediated inflammatory response [30,35]. Other relevant activities of IL-4
in the pathogenesis of asthma include the induction of VCAM-1 expression, which leads the
migration of eosinophils, basophils, monocytes, and T cells to the site of allergic inflammation, and
the induction of mucin gene expression, resulting in higher airway mucus production [36,37];
intriguingly, nonallergic asthmatics with eosinophilic airway inflammation had elevated IL-5 levels
(as do allergic patients), suggesting that IL-5 plays a crucial role in determining eosinophilic airway
inflammation even in the absence of an allergic stimulus[38]. More recently, a second mechanism
of mast cell upregulation has been described; it involves the synthesis of IL-9 by both Th-2 and ILC-
2 cells [5,39].

IL-17 (IL-17A and IL-7F) is the central cytokine in another adaptive immune system mechanism
implicated in the pathogenesis of asthma, particularly neutrophilic phenotypes [40]. Th-17 cells,
other T cells, NK cells, ILC-3, and mast cells produce this cytokine. With an abundance of IL-17A and
IL-17F, the neutrophil influx is partially regulated by the stimulation of airway epithelial cell and
stromal cell cytokine production, which influences neutrophil chemotaxis to the scene. IL-17 is the
predominant signaling molecule that induces the activation of its receptor in the pathogenesis of
neutrophilic asthma, and it is expressed on smooth muscle cells, leading to hypertrophy of smooth
muscle cells [41]. In addition to being expressed on epithelial fibroblasts, macrophages, and
endothelial cells, the IL-17 receptor is also expressed on epithelial fibroblasts, which helps to explain
the potential function of IL-17 in airway remodeling [42]. Researchers believe that neutrophil-
released cytokines, such as IL-6, TGF-beta, IL-1beta, TNF-alpha, IL-21, and IL-23, can activate key
transcription factors such as STAT3 and RORC2 to promote the differentiation of naive CD4+ T cells
into Th-17cells [43].

Over sixty genetic loci have been linked to asthma, and some of these loci have been linked to
severe asthma. Genome-wide association studies (GWAS) in children and adults identified 5 loci
associated with severe exacerbations and implicated multiple genes involved in immune responses,
including IL33, ILIRL1, and CDHR3[44]. GWAS identified 24 loci associated with moderate-to-severe
asthma [44,45]. Several studies have investigated gene expression in asthma that is persistent and
severe. These investigations have been conducted on a variety of cell types, including airway
epithelial cells, whole blood, sputum, and bronchioalveolar lavage, and it is essential to understand
that gene expression is tissue-specific [46-49]. Moreover, some studies [50,51] have compared
differences in gene expression response to specific interventions. Multiple patterns of gene expression
have, not surprisingly, been identified, and these signatures suggest that multiple mechanisms
contribute to persistent and severe asthma. Numerous of these mechanisms are linked to altered
immune responses. Although sputum proteomics is a relatively new field of study in asthma, few
studies have examined proteomics and epigenetics in severe asthma [52-55].

3. Clinical and Molecular Phenotypes of Asthma

Numerous multicenter studies have been conducted to identify the different asthma phenotypes
[56-59]. The cohorts that have been studied, the illness characteristics that have been used in each
clustering study, the computational methods, and the number of clusters that have been identified
during the research all vary considerably. Despite these differences, the results of all studies indicate
that there are approximately four major phenotypes or endotypes of asthma in adults. These include
early-onset mild allergic asthma, early-onset moderate-to-severe allergic remodeling asthma, late-
onset allergic no eosinophilic asthma, and late-onset allergic eosinophilic asthma [60]. In contrast,
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using an unsupervised cluster analysis of the clinical and physiological characteristics of the
condition [56] research has found 5 dominant phenotypes in adult patients: mild early-onset allergic
disease, moderate early-onset allergic disease, late-onset eosinophilic nonallergic disease, severe
early-onset eosinophilic allergic disease, and late-onset nonallergic neutrophilic severe asthma with
fixed airflow obstruction. However, the heterogeneity of asthma is not limited to endotypes; clinical
and inflammatory features (phenotypes) may also be variable; patients with similar clinical and
inflammatory features can be classified as belonging to a specific "phenotype" of asthma [4,7,61,62].
Comorbidities directly impacting asthma severity [63—66] or nutritional factors (e.g., iron or vitamin
D deficiency) [67] further complicate and increase the heterogeneity of asthma clinical presentation.
Studies refer to a “endotypic range”, classified as complex type 2 high or low, with one end of the
spectrum being eosinophilic and the other end being neutrophilic [68]. The existence of a “mixed”
endotype as a potential presentation in inpatients has also been documented [69-71]. A “mixed”
endotype may represent a confluence between these syndromes (Figure 2).

Type 2 No Type 2

Late onset Grom en)

Childhood Adult Adult

Figure 2. By applying statistical analyses to clinical, physiological, and laboratory characteristics, new
sub phenotypes and associated causal pathways, or endotypes, of asthma are being discovered.
AERD= Aspirin- exacerbated respiratory disease. Adapted from Wenzel, S. E. Nat. Med [62].

3.1. Mild-Early onset, allergic asthma

First, allergic asthma is related to other disorders such as atopic dermatitis and allergic rhinitis,
which are characterized by Th2 cell responses that are linked to allergic asthma and frequently begin
in childhood. This type of asthma is caused by early-life exposure to environmental allergens such as
house dust mite, pollen, cockroach, or animal dander; however, it can also develop later in life when
a novel allergen, such as one from the workplace, is encountered. IL-4, IL-5, IL-9, and IL-13 are
cytokines of type 2 that are produced by allergen-specific Th2 cells upon allergen recognition [72].
These cytokines cause an accumulation of numerous eosinophils in the airway wall, excessive mucus
production, and the production of IgE by allergen-specific B cells, which can be identified in the
serum or through a positive skin test. However, early infancy is a critical time for the immune system
and lung structural development, and this is when the disease first manifests. Neonatal development
shapes both lifelong homeostasis and vulnerability to immune-mediated illnesses like asthma. As a
result, changes in the pulmonary environment during this "window of opportunity" may result in
immune cell and organ behavior changes that last long after the initial trigger has passed [73,74].
Early-onset eosinophilic asthma is frequently associated with a family history of atopy and has a well-
defined steroid-sensitive prognosis [72]. However, an allergic severe asthma phenotype that doesn't
respond well to corticosteroids has been described and seems to be one of the most common severe
asthma phenotypes [75,76].
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3.2. Late onset eosinophilic asthma

Non-allergic asthma, in contrast to allergic asthma, typically manifests later in life, is more
prevalent in obese and female patients, and can be extremely challenging to treat [77]. The two
categories used for categorizing late-onset asthma phenotypes were T2 and non-T2. The non-T2
variant is commonly associated with smoking, advancing age, and obesity. The T2-associated type
may be accompanied by elevated airway eosinophil counts, recurrent and chronic rhinosinusitis with
nasal polyps (CRSwNP), aspirin sensitivity, and other symptoms [78]. Asthma endotypes such as T2
(mostly eosinophilic) and non-T2 (non-eosinophilic, occasionally neutrophilic, and metabolic) [79];
have emerged from the categorization of asthma phenotypes in recent years.

Patients with late-onset asthma are frequently characterized by persistent airway eosinophilia
and inadequate corticosteroid treatment responsiveness [72,80]. Although the mechanism of disease
progression in adult-onset eosinophilic asthma is not fully understood, this phenotype typically
exhibits ILC-2-driven inflammation mediated by cytokines such as IL-5 and IL-13[81]; the result is
intense eosinophilic airway and systemic inflammation.

3.2.1. Non-steroidal anti-inflammatory drugs exacerbated respiratory disease (N-ERD)

Also known as Aspirin-exacerbated respiratory disease (AERD), is a prominent adult-onset
severe asthma phenotype [82]. N-ERD is frequently associated with polymorphisms in the genes
encoding prostaglandin E2 receptor 2 and cysteine leukotriene receptor 1[83]. Pathological pathways
demonstrate an increase in Cys-LTs production, indicating a dysregulated arachidonic acid
metabolism that likely promotes disease progression [82,83]. As a T2 airway inflammatory disease, it
is characterized by increased peripheral and sputum eosinophilia, high prevalence of CRSWNP as a
comorbidity, and non-steroidal anti-inflammatory drug hypersensitivity®2. Indicative biomarkers for
N-ERD include an elevated blood and sputum eosinophil count, possibly associated with elevated
serum IgE levels, and most crucially, an elevated leukotriene E4 (LTE4)[72].

3.2.2. Exercise-Induced Bronchoconstriction (EIB)

As a defining characteristic of the conventional conception of asthma. Excessive exercise induces
an evaporative force on epithelial cells, which results in water loss and the release of pro-
inflammatory mediators into the interstitium, which stimulates mast cell degranulation [84]. The
secretion of cytokines and signaling molecules by mast cells induces hyperreactivity and remodeling
of the airways. In addition, proinflammatory mediators released by epithelial cells cause
bronchoconstriction [85]. Symptoms of EIB are intermittently exacerbated throughout the duration
of exercise which has been studied with particular emphasis on preschool and school population.
This phenotype in the pediatric population has been shown to have a genetic predisposition due to a
polymorphic loss of aquaporin channel function. The tissues become dehydrated as a result. EIB is a
component of the Th-2 cytokine-induced pathway, along with the arachidonic acid metabolism
pathway dysregulation [86-88].

3.3. Non-eosinophilic neutrophilic asthma phenotypes

Clinicians have identified two forms of a phenotype that share a genetic and molecular
mechanism of pathogenesis. The first type of non-atopic neutrophilic asthma is the paucigranulocytic
asthma [89], which is typically a benign form of asthma in which there is no airway inflammation.
Patients with an elevated neutrophil count represent the second type: the so-called "non-atopic
neutrophilic asthma" phenotype, which typically manifests in adults with variable disease severity
[90,91]. The phenotype is believed to be mediated by the immune cell Th-17, polymorphic changes in
altered mRNA expression of the NLRP3 gene that produces cryopyrin, an inflammasome, and an
increase in the expression of IL-1 beta [91], in bronchoalveolar lavage with increased concentration
of matrix metalloproteinase-9 which is a regulatory protein for neutrophil trans endothelial migration
is indicative of non-atopic neutrophilic asthma.
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Smoking, obesity, and age are typical clinical conditions associated with neutrophilic
inflammation in asthma [72]. Asthma in smokers is characterized by a mixed inflammatory form,
with a greater tendency toward neutrophilia than eosinophilia, in which the Th-17-driven
neutrophilic inflammation is characterized by oxidative stress, which induces extensive airway
remodeling®2. This phenotype is characterized by a cascade of oxidative stressor-induced pathways
as well as elevated levels of leptin as well [93].

Neutrophilic asthma in the elderly is a steroid-resistant form of the disease that is categorized as
an immunosenescent inflammatory disorder mediated by Th-17 cells [94,95]. Even though the
disease's pathological mechanisms are unknown, research suggests that the respiratory system has a
diminished function due to inflammation-induced airway remodeling [72,94,96].

3.3.1. Obesity related asthma

Several variations in genes associated with obesity-related asthma have been identified in
research studies (ADIPOQ [97,98], retinoid-related orphan receptor C, IL17A [99], TNF-a [100-102],
beta-2 adrenergic receptor [103], IL-6[104]). Obesity-related asthma is a gender-determined
phenotype that is more prevalent in females. Compared to other phenotypes, this one is associated
with heightened activation of the innate immune system, specifically the immune pathways of ILC-
2 cells [105]. Increased IL-6, an endogenous neutrophil pro-inflammatory cytokine, correlates with
an increase in neutrophil count in obesity-related asthma [104,106]; similarly, it has been observed
that in obese patients with asthma have decreased levels of adiponectin [93] and a correlation with
poor results in lung function [107,108]. Consequently, an elevated serum IL-6 level may be a potential
biomarker for obesity-related asthma [72].

Obesity-related asthma can be more challenging to manage than asthma in non-obese patients,
including children [109]. The excess weight can make it difficult for medications to reach the airways
effectively [110], potentially reducing the effectiveness of inhaled medications [111]. Additionally,
obese individuals may require higher doses of medications to achieve adequate control of asthma
symptoms. Managing obesity-related asthma involves addressing both the obesity and asthma
components [112]. The treatment typically includes a combination of lifestyle modifications, such as
weight management, regular physical activity, and a healthy diet, along with appropriate asthma
medications [111]. Early intervention, education, and support are major concerns for children in
managing obesity-related asthma effectively [111]. By addressing both obesity and asthma
simultaneously, it is possible to improve asthma control, reduce symptoms, and enhance the overall
well-being of affected patients [112].

4. Therapeutic targets in the era of personalized medicine

Standard anti-inflammatory (mostly inhaled corticosteroids, [ICS]) and bronchodilator drugs,
which are still the main ways to treat asthma, don't consider the different types of asthma traits and
endotypes [113,114] and it's recommended by several guidelines [76,115-119]. This "one size fits all"
strategy may work for most patients, but about 5-10% of asthmatics don't reach clinical and
functional control even with high doses of ICS plus other controllers and/or with long-term use of
oral corticosteroids (OCS). These patients are called severe asthmatics [120], and they deserve a more
personalized and precision therapeutic approach based on the identification of phenotypes and
endotypes and targeting specific endotypes. Here, we list the most important ways to treat asthma
based on its endotypes [61,121].

4.1. Therapeutic strategies for anti-IgE

Omalizumab, an anti-IgE monoclonal antibody used to treat severe allergic asthma, was the first
biologically targeted treatment for asthma [122]. Mechanistically, the drug bonds to IgE and inhibits
its interaction with downstream receptors, thereby limiting its activity. Omalizumab, is
subcutaneously administered and in variable doses (ranging from 75 to 375 mg) based on the patient's
pretreatment serum IgE level [123]. Primarily, a reduction in airway inflammation is caused by the
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inhibition of IgE, an increase in eosinophil apoptosis, and a decrease in IgE receptors on basophils
and mast cells, which reduce the mediator’s release. Inhibition of IgE, prevents airway remodeling
by reducing growth factor secretion from epithelial and smooth muscle cells in the airway [124].
Lastly, anti-IgE inhibits T cell maturation, causing plasma cells to produce less IgE [125]. Omalizumab
has been the only biological drug marketed for the treatment of asthma for more than a decade,
demonstrating its efficacy primarily in the severe allergic phenotype of asthma by reducing the
exacerbation rate and enhancing the quality of life in patients [122].

Several studies of real-world experience with omalizumab have been developed after eighteen
years of experience with the drug [126] in which omalizumab has been shown to significantly
decrease the rate of exacerbations and prevent their occurrence [127-131]. Improves asthma control
by reducing daily symptoms, activity limitations [129], and the need for rescue medications [130,132].
The utilization of health resources, such as visits to the emergency room and hospitalizations for lung
function, has also been reported to improve [130,133-135].

4.2. Therapeutic strategies involving anti-IL5

The IL-5 is determining in maintaining the eosinophilic inflammation in all Type 2 phenotypes
of asthma. In recent times, novel biological medications targeting this cytokine have emerged as a
therapeutic option for patients with severe eosinophilic asthma [33]. Mepolizumab is a monoclonal
antibody that inhibits the proliferation, maturation, and survival of circulating eosinophils [136]. It
has been demonstrated to be effective in preventing asthma exacerbations [10], enhancing asthma-
related quality of life [137], and decreasing the need for OCS treatment [138], with a potential
reduction in the risk of OCS-related adverse events [139,140]. Mepolizumab is subcutaneously
administered every four weeks at a fixed dose of 300 milligrams. Currently, its use is indicated for
patients with severe eosinophilic asthma and blood eosinophil counts greater than 300/mcc [136,141].
Reslizumab is another monoclonal antibody directed against IL-5; however, unlike Mepolizumab, it
is administered intravenously and in variable doses (ranging from 100 to 575 mg) based on the
patient's weight [142]. The reduction in asthmatic patients’ risk of exacerbations has a positive impact
on their overall quality of life [143]. The third biological target, the IL-5 cascade, is characterized by a
distinct mode of action: Benralizumab is an IL5-receptor alpha-targeting monoclonal antibody [144].
The inhibition of IL5-R alpha induces an Antibody-Dependent Cellular Cytotoxicity (ADCC)
mechanism mediated by NK cells against eosinophils and basophils [144,145]. Also, in the case of
Benralizumab, the primary outcomes attained in treated patients were a reduction in asthma
exacerbations [12] and OCS use, as well as an enhancement in quality of life [146,147].

4.3. Therapeutic strategies for anti-IL4-receptor alpha

Dupilumab is an IgG4 monoclonal antibody that targets the IL-4R alpha chain, which is part of
a shared receptor for the pro-inflammatory cytokines IL-4 and IL-13. This dual activity inhibits type
2 cytokine-driven asthmatic inflammation [148]. The drug is currently approved for the treatment of
atopic dermatitis [149-151], as an add-on maintenance therapy in patients with moderate-to-severe
asthma aged 6 years and older with an eosinophilic phenotype or oral corticosteroid-dependent
asthma [152,153], for CRSWNP [154,155] and for eosinophilic esophagitis [156,157]. Clinical trials of
dupilumab for asthma demonstrated a reduction in asthmatic exacerbation rates [14], which can be
attributed to a very significant improvement in lung function and favorable tolerability with
glucocorticoid withdrawal [153,158,159]. Recent data demonstrating a positive effect of dupilumab
on CRSWNP outcomes make this biological an effective option for treating patients with type 2
diseases concomitantly [160]. Due to its consistent efficacy and safety across all age groups, even in
pediatric patients [161-164], this biologic has received the most approvals from regulatory agencies
for use in pediatrics.

The trials evaluating the efficacy of dupilumab in asthma include placebo-controlled, phase 3 or
2b trials of 24-52 weeks' treatment duration in patients aged 12 years with moderate-to-severe asthma
[13,158]. In these studies, adding subcutaneous dupilumab (200 or 300 mg every 2 weeks) to
background therapy was generally well tolerated, decreased the rate of severe asthma exacerbations,
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improved lung function, asthma control, and, where specified, health-related quality of life, and
allowed OCS maintenance doses to be decreased without affecting asthma control. Dupilumab
demonstrated efficacy across multiple patient subgroups; however, those with elevated type 2
immune activity, such as elevated eosinophils and fractional exhaled nitric oxide, tended to
experience a more pronounced treatment advantage [148].

4.4. Therapeutic strategies against TSLP

Tezepelumab is an IgG monoclonal antibody with specificity for TSLP inhibition. It inhibits the
interaction between the TSLP protein and its receptor complex [25]. Consequently, [25,105] a
diminished effect on recruiting antigen-presenting cells to mature cells of adaptive immunity and an
overall suppression of type 2 inflammation result [165,166]. In recent clinical trials, administration of
Tezepelumab resulted in a decrease in blood eosinophil count, IgE, and FeNO levels compared to
initial levels [167,168]. Tezepelumab-treated asthmatic patients demonstrated a significant clinical
reduction in exacerbation episodes and OCS [168] hospitalizations and emergency department visits
[169], and improvement in lung function, and improving quality of life [165,170].

5. Tools that use machine learning to improve asthma care in the clinic

Now multi-omics datasets (genomic/epigenomic, transcriptomic, proteomic, metabolomic, and
lipidomic profiles) are now available to the public and come with clinical data that can be used to
learn more about molecular phenotypes and how they relate to asthma traits [30]. In some cases, these
genetic traits can become endotypes when they are linked to different disease results by treatment
methods that focus on specific pathways. Moving from genetic traits to endotypes needs to be
carefully tested, which hasn't been done yet. As has been shown, putting together the multi-omics
traits of the same person can show important things that can't be seen from just looking at one type
of data [171]. Consideration should be made to including (and unifying) clinical data as well, so that
it can also be examined with important factors in mind. There are different ways to think about multi-
omics merging with machine learning methods [30].

Also, deep learning methods have been hard to understand in the past, but new techniques like
backpropagation have made them easier to understand and open to inferences beyond prediction.
These methods can combine multi-omics datasets to find patterns of asthma molecular traits that can
be tested in hypothesis-driven studies and related perturbation systems to find endotypes [172].
Careful picking of an acceptable method that takes these things into account leads to more science
that can be repeated and used.

6. Conclusions

Asthma is a complicated, multi-factorial illness that manifests differently in distinct patient
subgroups and is brought on by the varied expression of inflammatory pathways involving both
innate and adaptive immune systems. The simplistic concept of asthma as a singular disease
characterized by chronic airway inflammation, bronchial hyperreactivity, airway obstruction, and
airway remodeling is therefore no longer applicable. In this context, a more personalized approach
to asthmatic patients, employing so-called precision medicine to better characterize patients into
phenotypes and endotypes and to select the most appropriate drug for everyone (a "tailored
treatment" approach) is now required, especially for patients with severe asthma.

The identification of phenotypes requires careful evaluation of any single clinical aspect (e.g.,
the presence of atopy, comorbidities, clinical presentations), of lung function patterns (e.g., the degree
of bronchial reversibility, the presence of fixed airway obstruction, the degree of airway
hyperreactivity), and of sputum and systemic inflammatory involvement (e.g., eosinophilic,
neutrophilic, mixed). The precision medicine approach to asthma is an entirely new paradigm, and
it will provide not only the opportunity to treat patients more effectively and appropriately, but also
new insights into those immunological aspects of asthma that require further study.
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