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INTRODUCTION

Molecular oncology has revolutionized the way cancer is treated, providing oncologists with the 
ability to identify specific genetic and molecular alterations in tumors to better tailor therapies 
for individual patients.[1] Artificial intelligence (AI) systems, such as ChatGPT, are poised to play 
a significant role in the analysis, interpretation, and application of molecular oncology data to 
optimize patient care. This review will explore how AI can help oncologists find the best possible 
treatment for advanced cancer patients utilizing molecular oncology.

ROLE OF MOLECULAR ONCOLOGY IN CANCER TREATMENT

The primary aim of molecular oncology is to identify and understand the molecular alterations 
that drive cancer development and progression. This information can be used to develop 
targeted therapies, which are drugs that specifically inhibit these oncogenic pathways, offering 
more effective and less toxic treatments than traditional chemotherapy.[2] Examples of targeted 
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therapies include imatinib for chronic myeloid leukemia[3] 
and trastuzumab for human epidermal growth factor 
receptor 2-positive breast cancer.[4] Molecular oncology has 
also advanced the field of immunotherapy, which harnesses 
the patient’s immune system to fight cancer.[5]

ROLE OF AI IN MOLECULAR ONCOLOGY

Data analysis and interpretation

One of the most significant challenges in molecular oncology 
is the vast amount of data generated from next-generation 
sequencing and other high-throughput technologies 
[Table 1]. AI can help oncologists navigate this data by rapidly 
analyzing and interpreting molecular profiles.[6] This includes 
the identification of actionable mutations, gene fusions, and 
copy number alterations that may guide treatment decisions.

Treatment recommendations

Based on the molecular profile of a tumor, AI can provide 
oncologists with treatment recommendations, including U.S. 
Food and Drug Administration-approved targeted therapies, 
off-label drug use, and clinical trial options.[7] The AI system 
can also provide up-to-date information on the efficacy and 
safety of these therapies, helping oncologists make more 
informed decisions.

Predictive modeling

AI can use machine learning algorithms to predict treatment 
response and patient outcomes based on molecular data. This 
information can help oncologists identify which patients are 
likely to benefit from specific therapies and aid in treatment 
planning.[8]

Continuous learning

As new research and clinical data become available, AI 
can continuously update its knowledge base to provide 
oncologists with the most current and relevant information 
for clinical decision-making.[9]

Patient communication

AI can be used as a tool for patient education and 
communication, providing accessible explanations of 
complex molecular findings and treatment options.[10] This 
can help patients better understand their diagnosis and make 
more informed decisions about their care.

The integration of AI into the field of molecular oncology 
has the potential to significantly improve the way advanced 
cancer is treated. By providing oncologists with rapid data 
analysis, up-to-date treatment recommendations, and 

predictive modeling, AI can help oncologists optimize 
therapy selection and ultimately improve patient outcomes.

Multidisciplinary team collaboration

AI can facilitate collaboration among oncologists, 
pathologists, radiologists, and other healthcare professionals 
by providing a centralized platform for data sharing and 
discussion.[11] This can enhance the decision-making 
process, ensuring that all relevant experts contribute to the 
determination of the most effective treatment plan.

Personalized medicine and pharmacogenomics

AI can also be used to analyze pharmacogenomic data, 
which is the study of how an individual’s genetic makeup 
affects their response to drugs. This can help oncologists 
identify optimal drug dosages and combinations based on a 
patient’s specific genetic profile, minimizing side effects and 
improving treatment efficacy.[12]

Monitoring treatment response and resistance

AI can be utilized to analyze longitudinal molecular data to 
monitor treatment response and detect the emergence of resistance 
mechanisms. This information can help oncologists adjust treatment 
strategies in real-time, potentially improving patient outcomes.[13]

Educational resource for oncologists

As a continuously updated knowledge base, AI can serve as a 
valuable resource for oncologists seeking to stay current with the 
latest research and treatment advances in molecular oncology.[14]

Integration with electronic health records (EHRs)

By integrating AI with EHR systems, oncologists can 
streamline the process of accessing and interpreting 
molecular data, leading to more efficient clinical workflows 
and potentially reducing the time to treatment initiation.[15]

Streamlining clinical trial matching

Identifying and enrolling patients in appropriate clinical 
trials can be a complex and time-consuming process. AI 
can streamline this process by analyzing molecular data and 
matching patients with relevant trials based on their tumor 
profile, treatment history, and eligibility criteria.[16]

Facilitating precision oncology research

As a powerful tool for data analysis and interpretation, AI 
can assist researchers in identifying novel molecular targets, 
elucidating mechanisms of resistance, and uncovering new 
therapeutic strategies for cancer treatment.[17]
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Global collaboration and data sharing

AI can enable and promote global collaboration among 
oncologists and researchers by providing a platform for data 
sharing and communication. This can facilitate the exchange 
of molecular oncology knowledge and expertise, accelerating 
the development of new treatments and ultimately benefiting 
patients worldwide.[18]

Ethical considerations and patient privacy

AI systems, including ChatGPT, raise important ethical 
considerations regarding patient privacy and data security. It 
is essential to ensure that the use of AI in molecular oncology 
respects patient confidentiality and complies with relevant 
data protection regulations.[19]

CONCLUSION

The application of AI in molecular oncology has the potential 
to greatly impact the way advanced cancer is treated by assisting 
oncologists in various aspects of patient care. As AI technology 

continues to evolve and improve, it is anticipated that the role 
of ChatGPT and similar AI systems in oncology will expand, 
leading to better patient outcomes and more personalized care.
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Table 1:  Evidence on the benefits of artificial intelligence in molecular oncology.

Benefit Description References

Data analysis and interpretation AI can rapidly analyze and interpret complex molecular data, such as NGS 
results, aiding clinical decision-making

[6]

Treatment recommendations AI can suggest treatment options, including FDA-approved therapies, off-label 
drug use, and clinical trial options

[7]

Predictive modeling AI can predict treatment response and patient outcomes based on molecular 
data, guiding treatment planning

[8]

Continuous learning AI can continuously update its knowledge base with new research and clinical 
data to inform decision-making

[9]

Patient communication AI can provide accessible explanations of complex molecular findings and 
treatment options for patients

[10]

Multidisciplinary team collaboration AI can facilitate collaboration among healthcare professionals by providing a 
centralized platform for discussion

[11]

Personalized medicine and 
pharmacogenomics

AI can analyze pharmacogenomic data to optimize drug dosages and 
combinations based on a patient’s genetic profile

[12]

Monitoring treatment response and 
resistance

AI can analyze longitudinal molecular data to monitor treatment response and 
detect resistance mechanisms

[13]

Educational resource for oncologists AI can serve as a valuable resource for oncologists to stay current with the latest 
research and treatment advances

[14]

Integration with EHRs AI can streamline the process of accessing and interpreting molecular data in 
EHRs, improving clinical workflows

[15]

Streamlining clinical trial matching AI can match patients with relevant clinical trials based on their tumor profile, 
treatment history, and eligibility criteria

[16]

Facilitating precision oncology research AI can assist researchers in identifying novel molecular targets, elucidating 
resistance mechanisms, and uncovering new therapeutic strategies

[17]

Global collaboration and data sharing AI can enable and promote global collaboration among oncologists and 
researchers, facilitating knowledge exchange

[18]

Ethical considerations and patient 
privacy

AI can help address ethical considerations regarding patient privacy and data 
security in molecular oncology

[19]

AI: Artificial intelligence, NGS: Next-generation sequencing, EHRs: Electronic health records, FDA: U.S. Food and Drug Administration
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writing or editing of the manuscript and no images were 
manipulated using AI.

REFERENCES

1. Hanahan D, Weinberg RA. Hallmarks of cancer: The next 
generation. Cell 2011;144:646-74.

2. Hyman DM, Taylor BS, Baselga J. Implementing genome-
driven oncology. Cell 2017;168:584-99.

3. Druker BJ, Topaz M, Rasta DJ, Pang B, Buchdunger E, Ford JM, 
et al. Efficacy and safety of a specific inhibitor of the BCR-ABL 
tyrosine kinase in chronic myeloid leukemia. N  Engl J Med 
2001;344:1031-7.

4. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, 
McGuire WL. Human breast cancer: Correlation of relapse 
and survival with amplification of the HER-2/neu oncogene. 
Science 1987;235:177-82.

5. Ribas A, Wolchok JD. Cancer immunotherapy using 
checkpoint blockade. Science 2018;359:1350-5.

6. Zou J, Huss M, Abid A, Mohammadi P, Torkamani A, 
Telenti A. A primer on deep learning in genomics. Nat Genet 
2019;51:12-8.

7. Chakravarty D, Gao J, Phillips SM, Kundra R, Zhang H, 
Wang J, et al. OncoKB: A precision oncology knowledge base. 
JCO Precis Oncol 2017;PO.17.00011.

8. Zhang T, Zhang D. Integrating omics data and protein 
interaction networks to prioritize driver genes in cancer. 
Oncotarget 2017;8:58050-60.

9. Topol EJ. High-performance medicine: The convergence of 
human and artificial intelligence. Nat Med 2019;25:44-56.

10. ElShafie RA, Bouzid R, Ghonimy A, AbdelAziz O, Safwat A. 
Artificial intelligence in oncology: A transformative paradigm 
shift in patient care. Future Oncol 2020;16:2415-28.

11. Hamamoto R, Koyama T, Kouno N, Yasuda T, Yui S, Sudo 
K, et al. Introducing AI to the molecular tumor board: One 

direction toward the establishment of precision medicine using 
large-scale cancer clinical and biological information. Exp 
Hematol Oncol 2022;11:82.

12. Evans WE, Relling MV. Pharmacogenomics: Translating 
functional genomics into rational therapeutics. Science 
1999;286:487-91.

13. Burrell RA, McGranahan N, Bartek J, Swanton C. The causes 
and consequences of genetic heterogeneity in cancer evolution. 
Nature 2013;501:338-45.

14. Gorniewicz J, Floyd M, Krishnan K, Bishop TW, Tudiver 
F, Lang F. Breaking bad news to patients with cancer: A 
randomized control trial of a brief communication skills 
training module incorporating the stories and preferences of 
actual patients. Patient Educ Couns 2017;100:655-66.

15. Adler-Milstein J, DesRoches CM, Furukawa MF, Worzala C, 
Charles D, Kralovec P, et al. More than half of US hospitals have 
at least a basic EHR, but stage 2 criteria remain challenging for 
most. Health Aff (Millwood) 2014;33:1664-71.

16. Uzilov AV, Ding W, Fink MY, Antipin Y, Brohl AS, Davis C, 
et al. Development and clinical application of an integrative 
genomic approach to personalized cancer therapy. Genome 
Med 2016;8:62.

17. Schork NJ. Personalized medicine: Time for one-person trials. 
Nature 2015;520:609-11.

18. Siu LL, Lawler M, Haussler D, Knoppers BM, Lewin J, Vis DJ, 
et al. Facilitating a culture of responsible and effective sharing 
of cancer genome data. Nat Med 2016;22:464-71.

19. Vayena E, Blasimme A, Cohen IG. Machine learning 
in medicine: Addressing ethical challenges. PLoS Med 
2018;15:e1002689.

How to cite this article: Kapoor A, Kapoor AR, Kumar A, Gupta A, 
Sansar  B, Gupta P, et al. Molecular oncology and the role of artificial 
intelligence in advancing cancer treatment. Int J Mol Immuno Oncol 
2023;8:89-92.


