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Abstract

Precision medicine is transforming cancer therapy by enabling treatments tailored to the molecular and
genetic characteristics of individual patients. Advances in artificial intelligence (Al) and multi-omics
integration have improved the ability to analyze tumor heterogeneity, identify biomarkers, and predict
therapeutic outcomes. This review summarizes evidence from 2015 onward on the application of Al-
based genomic analysis and multi-omics approaches in cancer therapy. Al-driven genomics allows
rapid interpretation of genetic variants and prioritization of therapeutic options, while multi-omics
provides comprehensive biological insights to guide diagnosis and treatment decisions. Challenges
include complex data integration, computational limitations, ethical concerns, and the need for clinical
validation. Continued research and standardization are essential for translating these technologies into
routine oncology practice.
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oncolo
Introduction &
Cancer is a complex disease driven by genetic, o
epigenetic, and molecular changes. Standard Objectlves
therapies often fail to account for individual
tumor differences, leading to variable * Evaluate the role of Al-driven
responses and outcomes. Precision medicine genomics in cancer therapy.

seeks to customize treatment based on each
patient’s  molecular  profile, improving
therapeutic efficacy while minimizing side
effects V. Genomic profiling identifies driver
mutations and potential therapeutic targets,
while  multi-omics approaches integrate

genomic, transcriptomic, proteomic, and e Identify challenges and future

epigenomic data to provide a more complete directions in precision cancer care.
understanding of tumor biology @. Al and

machine learning help analyze large, complex

e Assess the contribution of multi-omics
integration to personalized oncology.

e Compare Al-based genomic and multi-
omics approaches in guiding treatment

datasets, enabling predictive modeling, Methodology
biomarker  discovery, , and  personalized A literature search was conducted in PubMed,
treatment strategies ). Together, these Google Scholar, and Scopus for articles

technologies form the foundation of precision
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https://www.nature.com/articles/s41591-018-0300-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4308663/
https://www.nature.com/articles/nature21056

published from 2015 to 2025. Keywords
included “precision medicine cancer therapy,”

Randomized controlled trials, systematic
reviews, narrative reviews, and translational

“art‘lﬁc?al 1nt§:111gence genomics,” “rr‘1u'1t1- research studies were included. Non-English
omics integration cancer,” and “Al precision oL .
oncology.” publ!catlons, case reports, and studies
published before 2015 were excluded.
Review of Literature Table
Author Study Populatio | Interventio | Key Conclusion
& Year Desig n/ n Outcomes
n Context / Focus
Topol (2019) | Review Oncology Alin Enhances Al is pivotal
informatics medicine diagnostic for precision
and decision | oncology
support
Kourouetal. | Review Cancer omics | ML for Improves Supports
(2015) data prognosis prediction precision
and diagnostics
classification
Estevaetal. | Review Healthcare Al | Deep Accurate Advances
(2017) learning disease personalized
classification | medicine
Vamathevan | Review Drug Al in drug Accelerates Improves
etal. (2019) discovery development | target therapy
identification | optimization
Chaudhary et | Cohort Liver cancer | Multi-omics | Better Aids risk
al. (2018) integration survival stratification
prediction
Huang et al. Review Precision Al + Predicts Supports
(2017) oncology genomics therapy personalized
response therapy
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Discussion
Al-Driven Genomics in Cancer Therapy

Genomic profiling identifies actionable
mutations and therapeutic targets. Al-
driven  analysis  allows  rapid
interpretation of these variants and
prioritization of treatment options,
improving  patient-specific  therapy
selection ©. Al models also facilitate
biomarker  discovery and  risk
prediction, enhancing early detection
and clinical decision-making @@,

Multi-Omics Integration

Multi-omics integrates genomic,
transcriptomic, proteomic, and epigenomic
data, offering a complete molecular profile of
tumors. Studies show that multi-omics
improves survival

prediction, tumor classification, and
patient stratification compared to single-
omics approaches ®7). Al helps harmonize
diverse datasets, increasing the accuracy of
predictive models and

supporting clinical decisions ©.

Comparative Insights

Al-driven genomics focuses on
variant interpretation and therapeutic
prioritization, whereas multi-omics
provides comprehensive biological
context. Combined, these approaches
offer

superior diagnostic and prognostic capabilities,

enabling more precise treatment strategies @
(10)

Challenges and Ethical

Considerations

Challenges  include integrating  large,
heterogeneous datasets, computational
demands, model interpretability, and potential
algorithmic bias. Ethical concerns such as
patient privacy, data

security, and informed consent must also be
addressed to implement these technologies
safely in clinical practice ©.

Conclusion

Al-driven  genomics and  multi-omics
integration are revolutionizing precision cancer
therapy by enabling personalized diagnostics,
prognostic modeling, and treatment selection.
Despite

significant potential, challenges remain in data
integration, ethical considerations, and clinical
validation. ~ Continued  research  and
standardization are necessary to fully
implement these technologies in routine
oncology care.

References

1. Topol EJ. High-
performance medicine:
the convergence of
human and artificial
intelligence. Nat Med.
2019;25(1):44-56.
Available from:

https://www.nature.com/articles/s41591
-018-0300-7

67 International Journal of Community Pharmacy, Vol. 6, No. 3


https://www.frontiersin.org/articles/10.3389/fgene.2017.00084/full
https://www.nature.com/articles/nature21056
https://www.nature.com/articles/s41573-019-0024-5
https://pubmed.ncbi.nlm.nih.gov/29242167/
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-017-1215-1
https://pmc.ncbi.nlm.nih.gov/articles/PMC7003173/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4308663/
https://www.mdpi.com/2072-6694/16/13/2448
https://arxiv.org/abs/1602.04938
https://www.nature.com/articles/s41591-018-0300-7
https://www.nature.com/articles/s41591-018-0300-7

2. Kourou K, Exarchos TP,
Exarchos KP, Karamouzis MV,
Fotiadis DI. Machine learning
applications in cancer prognosis
and prediction. Comput Struct
Biotechnol J. 2015;13:8-
17. Available from:
https://www.ncbi.nlm.nih.gov/pmc/artic
les/PMC4308663/

3. Esteva A, Kuprel B, Novoa RA,
et al. Dermatologist-level
classification of skin cancer
with deep neural networks.
Nature. 2017;542(7639):115—
118. Available from:
https://www.nature.com/articles/nature
21056

4. Vamathevan J, Clark D, Czodrowski P,
et al. Applications of machine learning
in drug discovery and development. Nat
Rev Drug Discov. 2019;18(6):463-477.
Available from:

https://www.nature.com/articles/s41573-
019-0024-5

5. Chaudhary K, Poirion OB, Lu L,
Garmire LX. Deep learning-based
multi-omics integration robustly
predicts survival in liver cancer. Clin
Cancer Res. 2018;24(6):1248— 1259.
Available from:
https://pubmed.ncbi.nim.nih.gov/2924
2167/

International Journal of Community Pharmacy, Vol. 6, No. 3


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4308663/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4308663/
https://www.nature.com/articles/nature21056
https://www.nature.com/articles/nature21056
https://www.nature.com/articles/s41573-019-0024-5
https://www.nature.com/articles/s41573-019-0024-5
https://pubmed.ncbi.nlm.nih.gov/29242167/
https://pubmed.ncbi.nlm.nih.gov/29242167/

69

6.

Huang S, Chaudhary K, Garmire
LX. More is better: recent progress
in multi-omics data integration
methods. Front Genet. 2017;8:84.
Available from:

https://www.frontiersin.org/articles/10.
3389/fgene.2017.00084/full

Hasin Y, Seldin M,
Lusis A. Multi-omics
approaches to disease.
Genome Biol.
2017;18(1):83.
Available from:
https://genomebiology.b
iomedcentral.com/articl
es/10.1186/513059-017-
1215-1

8. LiY,WuFX, NgomA. A
review on machine learning

10.

principles for multi-view

biological data integration. Brief
Bioinform. 2018;19(2):325-340.
Available from:
https://academic.oup.com/bib/article/19

12/325/2964696

Ribeiro MT, Singh S, Guestrin C.
“Why should 1 trust you?”
Explaining the predictions of any
classifier. KDD. 2016;1135-
1144. Available from:
https://arxiv.org/abs/1602.04938
Subramanian |, Verma S,

Kumar S, Jere A, Anamika K.
Multi-omics data integration,
interpretation, and its
application. Bioinform Biol
Insights. 2020;14:1-24.
Available from:

https://journals.sagepub.com/d
0i/10.1177/117793221989905
1

List of Abbreviations

Al — Atrtificial Intelligence

ML — Machine Learning

NGS — Next-Generation

Sequencing XAl — Explainable Artificial
Intelligence ctDNA —

Circulating Tumor DNA

PD — Precision Oncology
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