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ABSTRACT

Lung diseases, encompassing conditions such as chronic obstructive pulmonary 
disease (COPD), asthma, lung cancer, and interstitial lung diseases, present com-
plex clinical challenges due to heterogeneous pathophysiological mechanisms. 
Integrative omics approaches—genomics, transcriptomics, proteomics, metabolo-
mics, and epigenomics—have revealed multilayered insights into disease etiology 
and progression. However, translating this multidimensional data into predictive 
models for therapeutic outcomes remains elusive. Artificial Intelligence (AI), par-
ticularly through deep learning and integrative data frameworks, has emerged as 
a powerful paradigm for unifying disparate omics layers to predict patient-​specific 
treatment responses. This chapter delineates the architecture and utility of AI-​
powered integrative omics models in lung diseases, highlighting advances in data 
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fusion, interpretability, and precision medicine. We conclude by discussing current 
limitations, ethical considerations, and future directions for scalable deployment 
in clinical settings.

INTRODUCTION

Lung diseases, such as chronic obstructive pulmonary disease(COPD), asthma, 
and interstitial lung disease, are among the top causes of morbidity and mortality 
globally. Clinical management is difficult because of the heterogeneous and dynamic 
characteristics of these disorders, where patients with similar clinical presentations 
can have completely different therapeutic outcomes, (Ramón et al., 2020). Although 
traditional biomarkers can provide important information, they fail to capture the 
complete range of molecular reactions responsible for disease initiation, propagation, 
and therapeutic resistance. The development of high-​throughput omics technologies 
has made available a large volume of multidimensional data that can help decipher 
the multi layered biology of pulmonary pathology, (Morabito et al., 2025). However, 
data formats and experimental artifacts pose significant challenges for integrative 
analysis. Conventional methods suffer from the curse of dimensionality, whereas 
there is a straightforward concatenation of the heterogeneous omics layers that 
threatens to conceal important cross-​modal relationships, (Ballard et al., 2024).

Artificial Intelligence (AI) and Deep Learning have been widely used for multi-​
omics integration, (Ali, 2023). Methods such as deep canonical correlation analysis, 
graph neural networks on molecular interaction graphs, and transformer-​based 
cross-​modal attention permit the learning of high-​dimensional latent representations 
that can help encode both intra-​ and inter-​omics patterns. Furthermore, the latest 
advancements in explainable AI and clinical interpretability have further helped 
take an important step towards clinical trust and regulatory endorsement.

In this chapter, we provide a complete overview of AI-​driven integrative omics 
analysis for lung diseases. We have explored the three basic core areas of AI meth-
odology for multi-​omics integration: data fusion strategies, neural model architec-
tures, and multi-​task learning paradigms implemented on omics data. Lastly, we 
have addressed the key considerations for clinical deployment, including federated 
learning under privacy limitations and ethical considerations, with an emphasis on 
future directions for large-​scale AI-​based precision medicine in pulmonary medicine.



 

 

18 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/ai-powered-integrative-omics-analysis-

for-predicting-therapeutic-outcomes-in-lung-diseases/393260

Related Content

Facilitating and Augmenting Collaboration in the Biomedical Domain
Nikos Karacapilidis, Manolis Tzagarakis, Spyros Christodoulouand Georgia Tsiliki

(2012). International Journal of Systems Biology and Biomedical Technologies (pp.

52-65).

www.irma-international.org/article/facilitating-augmenting-collaboration-biomedical-

domain/63046

Brain Machine Interface: The Accurate Interpretation of Neurotransmitter

Signals Targeting Muscles
Rinat Galiautdinov (2020). International Journal of Applied Research in Bioinformatics

(pp. 26-36).

www.irma-international.org/article/brain-machine-interface/260824

Mining Frequent Boolean Expressions: Application to Gene Expression and

Regulatory Modeling
Mohammed J. Zaki, Naren Ramakrishnanand Lizhuang Zhao (2010). International

Journal of Knowledge Discovery in Bioinformatics (pp. 68-96).

www.irma-international.org/article/mining-frequent-boolean-expressions/47097

Neuronal Transcytosis of WGA Conjugated Protein: A New Approach to

Amyloid-ß In Vivo
Yoshiki Takeuchi, Yoshiki Matsumoto, Takanori Miki, Katsuhiko Warita, Zhi-Yu Wang,

Tomiko Yakuraand Jun-Qian Liu (2013). Bioinformatics: Concepts, Methodologies,

Tools, and Applications  (pp. 432-437).

www.irma-international.org/chapter/neuronal-transcytosis-wga-conjugated-protein/76077

Machine Learning Applications for Classification Emergency and Non-

Emergency Patients
Zeynel Abidin Çiland Abdullah Caliskan (2024). Research Anthology on

Bioinformatics, Genomics, and Computational Biology (pp. 1090-1103).

www.irma-international.org/chapter/machine-learning-applications-classification-

emergency/342564

http://www.igi-global.com/chapter/ai-powered-integrative-omics-analysis-for-predicting-therapeutic-outcomes-in-lung-diseases/393260
http://www.igi-global.com/chapter/ai-powered-integrative-omics-analysis-for-predicting-therapeutic-outcomes-in-lung-diseases/393260
http://www.igi-global.com/chapter/ai-powered-integrative-omics-analysis-for-predicting-therapeutic-outcomes-in-lung-diseases/393260
http://www.irma-international.org/article/facilitating-augmenting-collaboration-biomedical-domain/63046
http://www.irma-international.org/article/facilitating-augmenting-collaboration-biomedical-domain/63046
http://www.irma-international.org/article/brain-machine-interface/260824
http://www.irma-international.org/article/mining-frequent-boolean-expressions/47097
http://www.irma-international.org/chapter/neuronal-transcytosis-wga-conjugated-protein/76077
http://www.irma-international.org/chapter/machine-learning-applications-classification-emergency/342564
http://www.irma-international.org/chapter/machine-learning-applications-classification-emergency/342564

