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Abstract

Asthma remains a global health challenge, affecting over 300 million individuals. While inhaled
corticosteroids (ICS) and short-acting B:-agonists (SABAs) form the cornerstone of therapy, emerging
biologic agents and personalized approaches are revolutionizing care. This review explores recent
advancements in biologic therapies targeting specific inflammatory pathways, the role of biomarkers in
precision medicine, and the evolving impact of COVID-19 on asthma management. We also evaluate
barriers to control, such as poor adherence and phenotypic heterogeneity, and propose strategies to
integrate novel therapies into clinical practice. By synthesizing evidence from key trials and
epidemiological studies, this work underscores the importance of tailored treatment algorithms to reduce
morbidity and mortality.

Introduction

Asthma is a chronic respiratory disorder characterized by reversible airflow limitation, inflammation, and
airway hyperresponsiveness. According to the Global Initiative for Asthma (GINA), over 339 million
individuals worldwide suffer from asthma, making it one of the most prevalent non-communicable
diseases.

Despite advancements in treatment, asthma remains a major cause of morbidity and healthcare costs, with
exacerbations leading to millions of emergency department visits annually.

The economic burden is immense, with direct costs including hospitalization and medication expenses,
and indirect costs arising from lost productivity and disability.

Asthma care has evolved significantly over the past few decades. From non-specific bronchodilators to
highly targeted biologics, the field has transitioned towards precision medicine.

Personalized approaches, driven by biomarkers, genetics, and inflammatory phenotypes, are improving
treatment efficacy.

However, disparities in asthma care persist, particularly in low-income countries where access to advanced
therapies is limited.

This review explores recent advancements in biologic therapies, precision medicine, and lessons from the
COVID-19 pandemic that have influenced asthma management.
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Pathophysiology Updates

Asthma pathophysiology involves dynamic interactions between genetic predisposition, environmental
triggers, and immune dysregulation. Key mechanisms include:

1. Type 2 Inflammation: Driven by IL-4, IL-5, and IL-13, leading to eosinophil recruitment and IgE
production.

2. Non-Type 2 Pathways: Neutrophilic or paucigranulocytic inflammation mediated by IL-17 and TNF-
Q.

3. Airway Remodeling: Persistent inflammation results in subepithelial fibrosis and smooth muscle
hypertrophy, contributing to irreversible obstruction.

Epigenetics and Environmental Influences:

Environmental pollutants, viral infections, and maternal smoking have been linked to asthma through
epigenetic modifications.

The gut-lung axis is an emerging area of interest, with dysbiosis in gut microbiota contributing to immune
dysregulation in asthma.

Understanding these mechanisms has led to the development of targeted biologics and biomarker-driven
therapies.

Precision medicine is revolutionizing asthma treatment by leveraging biomarkers, genetic profiling, and
Al-driven models.

Recent Advancements in Biologic Therapies

Biologics have transformed severe asthma management by targeting specific inflammatory mediators
(Table 1).

Table 1: Biologic Therapies for Severe Asthma*

Target Drug Mechanism Key trials

IgE Omalizumab Binds IgE, preventing | INNOVATE (2005) [1]
mast cell degranulation

IL-5/IL-5R Mepolizumab Depletes eosinophils | MENSA (2014) [2],

Benralizumab SIROCCO (2016) [3]

IL-4Ra Dupilumab Blocks;IL-4/IL-13 QUEST (2018) [4]
signaling

TSLP Tezepelumab Inhibits epithelial | NAVIGATOR  (2021)
alarmin TSLP [5]

Key Insights:

Tezepelumab: First biologic effective in both Type 2 and non-Type 2 asthma, reducing exacerbations by
56% [5].

Dupilumab: Improves lung function in moderate-to-severe asthma with comorbid atopic dermatitis [4].
Real-World Efficacy: Biologics reduce exacerbations by 40-60% and oral corticosteroid use by 50% [6].
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Personalized Medicine in Asthma

Precision medicine leverages biomarkers to tailor therapies:

1. Biomarker-Guided Therapy:

Blood Eosinophils: >300 cells/pL predicts response to anti-IL-5 agents [7].

FeNO: >50 ppb indicates ICS responsiveness and guides anti-IgE use [8].

Periostin: Serum levels correlate with Th2 inflammation and omalizumab efticacy [9].

2. Genetic Profiling:

ADRB2 Polymorphisms: Arg/Arg genotype at position 16 reduces P2-agonist response [10].
Genome-wide association studies (GWAS) are identifying novel susceptibility genes for asthma
phenotypes

RTh2 Antagonists: Under investigation for prostaglandin-driven asthma [11].

3. Treatable Traits Approach:

Focuses on modifiable characteristics (e.g., eosinophilia, smoking) rather than diagnostic labels [12].

4. Al and Machine Learning in Asthma Care:

Al-driven decision-support tools analyze electronic health records and biomarker data to predict treatment
response.

Digital health technologies, such as smart inhalers, enhance adherence monitoring and early exacerbation
detection.

Impact of COVID-19 on Asthma Management

The pandemic reshaped asthma care through:

e Risk Stratification:

o Early fears linked ICS and biologics to COVID-19 susceptibility, but subsequent studies found no
increased risk in well-controlled asthma [13].

o Poorly controlled asthma (FEV: <60%) correlated with severe COVID-19 outcomes [14].

e Telemedicine Adoption:

o Virtual visits improved adherence monitoring and reduced exacerbations in 30% of patients [15].

e Exacerbation Trends:

o Global reductions in asthma hospitalizations (40-50%) during lockdowns, attributed to reduced air
pollution and viral exposure [16].

e Vaccination Guidance:

o GINA recommends asthma patients prioritize COVID-19 vaccination, with no contraindications for
biologics [17].

Barriers to Asthma Control

Cost and Access to Biologics:

e Biologic therapies cost between $25,000 and $40,000 per year, limiting accessibility.

e Healthcare policies must address cost-effectiveness and reimbursement models. [18]

Inhaler Technique and Adherence:

e Studies show 40-60% of asthma patients misuse inhalers, reducing treatment efficacy.

e Educational interventions and smart inhalers improve adherence rates.

Health Disparities:

e Socioeconomic factors, race, and geographic disparities contribute to unequal asthma outcomes.
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e Policy efforts must focus on reducing disparities through targeted public health interventions.
e Phenotypic Complexity: Non-Type 2 asthma lacks targeted therapies.

Future Directions

1. Novel Biologics: Anti-IL-33 (itepekimab) and anti-TSLP (tezepelumab) in Phase III trials [20].

2. Digital Tools: Smart inhalers (e.g., Propeller Health) improve adherence via real-time tracking [21].
3. Climate Change: Mitigating air pollution and allergens may reduce exacerbations [22].

Conclusion

The asthma treatment landscape is evolving rapidly, driven by biologics, personalized approaches, and
pandemic-driven innovations. Integrating biomarker-guided strategies and addressing socioeconomic
disparities are critical to achieving global control. Future research must prioritize cost-effective biologics,
non-Type 2 therapies, and climate-resilient care models.
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