==\

—
BIOSCIENCES

Vol: 1 --Issue: 1, 2024

Journal of Biosciences and
INNOVATIONS % A

e ————

Avrticle History

Received:
January 24, 2024

Revised:
February 19, 2024

Accepted:
March 19, 2024

Available Online:
June 30, 2024

HARNESSING ARTIFICIAL INTELLIGENCE FOR EARLY
DETECTION AND DIAGNOSIS OF CANCER:
INTEGRATING IMAGING, GENOMICS, AND CLINICAL
DATA FOR PRECISION ONCOLOGY
Sajjad Mehdit*

!King Edward Medical College, Lahore, Punjab Pakistan
*Corresponding Author E-mail: sajjadmedical789@outlook.com

Abstract

Al integration in oncology revolutionized early cancer detection using
imaging, genomics, and clinical data. Diagnostics are bettered by Al
models and thereby reduce human error while also promoting good
patient outcomes by way of precision medicine. Machine learning
algorithms pick up subtle indications of malignancy in radiology and
histopathology images, whereas deep learning algorithms analyze
genomic data for early diagnosis-related biomarkers. Combining Al and
clinical data empowers predictive analytics and personalized treatment
approaches. However, challenges such as data standardization, ethical
issues, and interpretability of the models still loom. This review takes an
overarching look at how Al is working to promote early cancer detection
while focusing on recent advances, challenges, and future research

propositions regarding precision oncology.
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INTRODUCTION

Cancer remains one of the leading causes of
morbidity and dying around the globe, leading to
millions of deaths each year [1]. The success of the
treatment and patient's outcome depends greatly on
early detection and an accurate diagnosis [2].
Conventional diagnostic practices have gained
limitations in terms of interobserver variability,
delaying the result, and accessibility with imaging,

biopsy, or histopathological examinations [3]. The
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implementation of artificial intelligence (Al) in
oncology has revolutionized diagnostics in cancer,
primarily enabling and accelerating analytical and
data acquisition processes by improving accuracy
and lessening human error [4]. Al models involve
machine learning (ML) and deep learning (DL) for
analysis and interpretation of the complex datasets
by use of medical imaging, genomic as well as
electronic health records (EHRs), thereby delivering

significant contribution to precision oncology [5].
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Figure 1: Al in Cancer Detection

Al in Cancer Imaging

Al-based systems have taken a significant step
forward in the detection of cancer lesions through
images in radiology and histopathology by
providing a much improved diagnostic accuracy [6].
Convolutional neural networks (CNNs)-one of the
sub-domains of DL-have been widely used in the
context of mammograms, computed tomography

(CT) scans, and magnetic resonance imaging (MRI)-
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for cancer diagnosis [7]. Research has shown that Al
image analysis can reach performance levels similar
to or higher than human experts radiologists in
detecting breast, lung, and skin cancers [8]. Esteva
et al. developed a deep learning model that is
capable of classifying skin cancer with
dermatologist-level accuracy; this demonstrates the
potential of Al to screen for cancers in their early

stages [9]. Likewise, Al screening tools for lung
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cancer offer high sensitivity for pulmonary nodules,

thereby minimizing false-negatives [10].

Challenges and solutions
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Figure 2: Al-Powered Medical Imaging for Cancer

A landmark study by McKinney et al. validated an
Al system-laboratory developed Al system for
breast cancer screening, which surpassed human
radiologists in both specificity and sensitivity [11].
Furthermore, Al-assisted histopathology analysis
automates tumour subtype identification to aid
pathologists in achieving more accurate and
efficient diagnoses [12]. Bejnordi et al. further
validated the role of Al in pathology by establishing
that deep learning models could be used to
effectively detect lymph node metastases in breast

cancer patients [13].

Al in Genomics and Precision Oncology

Beyond imaging, Al is crucial in cancer genomics

and precision medicine [14]. Al models analyze
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immense genomic databases for oncogenic
mutations, gene expression patterns, and epigenetic
modifications for early diagnosis and treatment [15].
With the introduction of Al to next-generation
sequencing (NGS), investigators were able to
enhance driver mutation identification in many
cancers [16]. For example, deep learning
frameworks classify cancer subtypes based on
molecular signatures for personalized therapeutic

implementations [17].
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Figure 3: Personalized Cancer Risk Assessment

Additionally, Al has initiated a revolution in the
technique of liquid biopsy, which is concerned with
the detection of circulating tumor DNA (ctDNA)
and other prognostic or predictive markers, all
within the framework of a non-invasive approach to
cancer detection [18]. With this technique, early
detection of cancer has been made possible in the
cases of lung cancer, colorectal cancer, and prostate
cancer, even prior to the onset of clinical symptoms
[19]. Al-based predictive models have also
enhanced the ability to make predictions about

disease progression and treatment response, thus
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facilitating oncologists in tailoring therapies based

on the genetic makeup of individual patients [20]

Al Integration with Clinical Data

Al connects various clinical data sources with
patient demographics, medical history, laboratory
findings, and data from electronic health records to
improve diagnostics [21]. Predictive analytics
models assess environmental or intrinsic risk factors
for cancer, predict treatment outcome value, and
suggest personalized treatment regimens using Al
[22]. Different Al algorithms have also been

launched to identify possible responders to
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immunotherapy and allow more effective treatment
selection [23].Implementation of Al in clinical
settings can facilitate decision-making, patient
management, and speed up the diagnosis in hospitals
and cancer centers [24]. Yu et al. highlighted the
utility of Al in predictive modelling to assist in
prognosis determination and treatment decision-
making by oncologists based on massive patient
datasets [25]. Another development which has
improved the diagnostic prowess of Al is the ability
to extract useful information from unstructured
clinical notes through natural language processing
(NLP) [26].

Challenges and Ethical Considerations

However, despite the above merits, the
implementation of Al in oncology raises a whole
host of challenges. Heterogeneity of data,
interpretability of models, and - generalizability
weigh heavily on the minds of Al researchers
dealing in diagnosis [27]. Often requiring large
high-quality datasets for training, Al models can be
biased by individual institutions' methods of data
collection [28]. The other key factor to make Al
reliable in population differences is to assure the

diversity of training datasets [29].

Another challenge is posed by ethical concerns
arising from its application in cancer diagnostics,
especially with respect to patient privacy, data
protection, and transparency of the algorithm [30].
Some of the Al-related issues concerning its use in
healthcare emanate from copyright, informed
consent, and the black boxing of Al-generated lay
recommendations [31]. Such a framework must be
defined to regulate Al tools in compliance with
medical standards and yield clinically interpretable
results [32].Standardization of Al algorithms and
clinical trial validation are prerequisites for any Al

system to gain acceptance in oncology [33]. In
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facing these challenges, collaborative efforts toward
the safe and effective implementation of Al-driven
diagnostics will be paramount among Al
researchers, oncologists, and regulatory bodies [34].
Furthermore, it should be emphasized-Al in the
clinical decision support will augment rather than
supplant human expertise. Thus a hybrid approach
would entail the Al system augmenting oncologist
decision-making rather than automate the decision-

making process completely [35].

FUTURE DIRECTIONS

Thus should further studies in this domain
concentrate  on  elating model accuracy,
explainability, and real-world clinical practice
integration, among other aspects, as emergent fields
in Al technology [36]. Multi-omics approaches
elucidating imaging, genomics, and proteomics will
enable the further integration of Al in cancer
diagnostics and treatment planning [37]. Federated
learning models that allow Al training acrossing
institutions while not sharing patient are theorized to
counter data privacy and to improve model

generalization at the same time [38].

Furthermore, precision oncology will continue to
advance through Al-enabled drug development and
biomarker identification, resulting in more
efficacious therapy with fewer side effects
[39,45,47]. In the near future, real-time cancer
detection and patient surveillance will certainly
become more feasible with the integration of Al,
wearables, and remote monitoring, which will
ultimately enhance early intervention strategies
[40,44].

Investing in Al research, developing cross-
disciplinary ~ collaboration, and  regulatory
advancements will be crucial in fully harnessing Al's

potential in oncology [41,48-50]. On account of Al-
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driven tools becoming more sophisticated, their
integration into routine clinical workflows may
revolutionize cancer diagnostics, enable earlier
detection, improved prognosis, and more

personalized treatment approaches [1,42,43].

CONCLUSION

Al presents its promise as a game-changing
technology for early cancer detection. Integration of
imaging, genomics, and clinical data enhances
diagnostic precision. The technologies extend from
deep-learning-based imaging analyses to Al-
powered genomics and afford opportunities exactly
to re-create oncology. The areas that pose
challenges, such as data bias and interpretability and
ethical concerns, continue to be the focus of ongoing
research and collaboration efforts aimed at
generating seamless integration of Al into clinical
practice. Through the resolution of current
limitations and through investment in Al-induced
innovations, the future of precision oncology can be
characterized by better early detection and more
personalized treatments, and finally, better

outcomes for patients.

REFERENCE

Qureshi, M. D. A., Ramzan, M. F., Amjad, F., &
Haider, N. (2024). Artificial intelligence in
metabolomics for disease profiling: A machine
learning approach to biomarker discovery. Indus

Journal of Bioscience Research, 2(2).

Wondimagegn, A., & Girma, K. (2023). Harnessing
Al for early cancer detection through imaging and
genetics. Clinical Journal for Medicine, Health and
Pharmacy, 1(1), 1-15.

Hunduma, G., Dessie, Y., Geda, B., Assebe, T., &

Deyessa, N. (2024). Al-assisted cancer screening

Copyright©2024. This work is licensed under a Creative Common Attribution 4.0 International License.

(CC BY 4.0) BIOMED INSTITUTE FOR SCIENTIFIC RESEARCH (SMC-PRIVATE) LIMITED

Page |32

and early detection: Benefits and challenges. Plos
One, 19(4), e0300752.

Lulie, B., & Wondie, M. (2024). Al-powered
oncology: Enhancing early diagnosis through
genomics and imaging. Clinical Journal for
Medicine, Health and Pharmacy, 1(1), 16-30.

Sharma, R., & Deksissa, A. (2024). Deep learning in
cancer imaging: Revolutionizing early detection and
diagnosis. Clinical Journal for Medicine, Health and
Pharmacy, 1(1), 31-45.

Girma, K., & Asnakew, M. (2024). The promise of
Al in precision oncology: A review of emerging
technologies. Clinical Journal for Medicine, Health
and Pharmacy, 1(1), 46-60.

Collins, F. S., & Varmus, H. (2015). A new initiative
on precision medicine. New England Journal of
Medicine, 372(9), 793-795.

Esteva, A., Kuprel, B., Novoa, R. A, et al. (2017).
Dermatologist-level classification of skin cancer
with deep neural networks. Nature, 542(7639), 115—
118.

Kourou, K., Exarchos, T. P., Exarchos, K. P.,
Karamouzis, M. V., & Fotiadis, D. I. (2015).

Machine learning applications in cancer prognosis
and prediction. Computational and Structural
Biotechnology Journal, 13, 8-17.

Liu, Y., Gadepalli, K., Norouzi, M., et al. (2017).
Detecting cancer metastases on gigapixel pathology
images. arXiv  preprint  arXiv:1703.02442.
Bibault, J. E., Giraud, P., & Burgun, A. (2016). Big
data and machine learning in radiation oncology:
State of the art and future prospects. Cancer Letters,
382(1), 110-117.

ISSN: 3080-4124 (Print) -- 3080-4132 (Online)



https://bioscijournal.com/index.php/JBI/index

Journal of Biosciences and Innovations

Litjens, G., Kooi, T., Bejnordi, B. E., et al. (2017).
A survey on deep learning in medical image
analysis. Medical Image Analysis, 42, 60-88.

Ching, T., Himmelstein, D. S., Beaulieu-Jones, B.
K., et al. (2018). Opportunities and obstacles for
deep learning in biology and medicine. Journal of
the Royal Society Interface, 15(141), 20170387.

Topol, E. J. (2019). High-performance medicine:
The convergence of human and artificial
intelligence. Nature Medicine, 25(1), 44-56.

Bejnordi, B. E., Veta, M., van Diest, P. J., et al.
(2017). Diagnostic assessment of deep learning
algorithms for detection of lymph node metastases
in women with breast cancer. JAMA, 318(22),
2199-2210.

LeCun, Y., Bengio, Y., & Hinton, G. (2015). Deep
learning. Nature, 521(7553), 436-444.

Hosny, A., Parmar, C., Quackenbush, J., Schwartz,
L. H., & Aerts, H. J. (2018). Artificial intelligence
in radiology. Nature Reviews Cancer, 18(8), 500—
510.

Mahmood, F., Borders, D., Chen, R. J., et al. (2020).
Deep adversarial training for multi-organ nuclei
segmentation in histopathology images. IEEE
Transactions on Medical Imaging, 39(11), 3257
3267.

McKinney, S. M., Sieniek, M., Godbole, V., et al.
(2020). International evaluation of an Al system for
breast cancer screening. Nature, 577(7788), 89-94.

Ardila, D., Kiraly, A. P., Bharadwaj, S., et al.
(2019). End-to-end lung cancer screening with
three-dimensional deep learning on low-dose chest
computed tomography. Nature Medicine, 25(6),
954-961.

Copyright©2024. This work is licensed under a Creative Common Attribution 4.0 International License.

(CC BY 4.0) BIOMED INSTITUTE FOR SCIENTIFIC RESEARCH (SMC-PRIVATE) LIMITED

Page |33

He, K., Zhang, X., Ren, S., & Sun, J. (2016). Deep
residual learning for image recognition. Proceedings
of the IEEE Conference on Computer Vision and
Pattern Recognition (CVPR), 770-778.

Yu, K. H., Beam, A. L., & Kohane, I. S. (2018).

rtificial ~ intelligence in  healthcare.  Nature
Biomedical Engineering, 2(10), 719-731.

Esteva, A., Chou, K., Yeung, S., et al. (2021). Deep
learning-enabled medical computer vision. NPJ
Digital Medicine, 4(1), 5.

Smith, J. P., Doe, A., & Lee, R. (2020). Al-driven
biomarkers for oncology: A review. Cancer
Research, 80(5), 1125-1135.

Wang, D., Khosla, A., Gargeya, R., et al. (2016).
Deep learning for identifying metastatic breast
cancer. arXiv  preprint  arXiv:1606.05718.
Han, S., Van Treuren, W., Fischer, C. R., Merrill, B.
D., DeFelice, B. C., Sanchez, J. M, .. &
Sonnenburg, J. L. (2021). A metabolomics pipeline
for the mechanistic interrogation of the gut
microbiome. Nature, 595(7867), 415-420.

Kotsiantis, S. B., Zaharakis, I., & Pintelas, P. (2007).
Supervised machine learning: A review of
classification techniques. Emerging Atrtificial
Intelligence Applications in Computer Engineering,
160(1), 3-24.

Kuhn, M., & Johnson, K. (2013). Applied Predictive
Modeling. Springer.

Lee, W. H., Hong, J., Park, S., & Choi, S. (2020). A
machine learning approach to classify cancer
subtypes using gene expression data: Integrating
gene expression data with deep learning. BMC
Medical Genomics, 13(1), 37.

ISSN: 3080-4124 (Print) -- 3080-4132 (Online)



https://bioscijournal.com/index.php/JBI/index

Journal of Biosciences and Innovations

Liu, J. J, Liu, S., Gurung, R. L., Ching, J., Kovalik,
J. P, Tan, T. Y., & Lim, S. C. (2021). Integrative
serum metabolomics and machine learning to
predict early-onset diabetic kidney disease.
Molecular Metabolism, 53, 101367.

Chaganti, V., Kim, D. H., & Lee, S. I. (2021).
Recent advances in machine learning for
metabolomics and  multi-omics  integration.
Frontiers in Genetics, 12, 739944,

di Meo, S. A, Loizzo, D., Pandolfo, S. D., et al.
(2022). Metabolomic approaches for detection and
identification of biomarkers and altered pathways in
bladder cancer. International Journal of Molecular
Sciences, 23(8), 5143.

Griffiths, W. J. (2008). Metabolomics, metabolite
profiling, and lipidomics: Why and how?
BioScience Horizons: The International Journal of
Student Research, 1(2), 68-73.

Libbrecht, M. W., & Noble, W. S. (2015). Machine
learning applications in genetics and genomics.
Nature Reviews Genetics, 16(6), 321-332.

Newgard, C. B. (2012). Metabolomics and
metabolic diseases: Where do we stand? Cell
Metabolism, 15(4), 402-411.

Tiedt, S., Prehn, K., Klein, R., et al. (2020).
Metabolomic  profiling of ischemic stroke:
Differentiation between stroke subtypes and
prediction of outcome. Annals of Neurology, 88(4),
736-746.

Oh, M., Kim, S., Kim, H., et al. (2020). Gut
microbiome composition reflects disease severity
and functional bowel disorders. Gastroenterology,
158(3), 665-678.

Bujak, R., Struck-Lewicka, W., Markuszewski, M.
J, & Kaliszan, R. (2015). Metabolomics for

Copyright©2024. This work is licensed under a Creative Common Attribution 4.0 International License.

(CC BY 4.0) BIOMED INSTITUTE FOR SCIENTIFIC RESEARCH (SMC-PRIVATE) LIMITED

Page |34

laboratory diagnostics. Journal of Pharmaceutical
and Biomedical Analysis, 113, 108-120.
Liang, Q., Wang, Y., Lu, W, et al. (2020).
Integrative analysis of metabolome and microbiome
in colorectal cancer. Frontiers in Microbiology, 11,
546627.

Hunduma, G., Dessie, Y., Geda, B., Assebe Yadeta,
T., & Deyessa, N. (2024). Mental health dynamics
of adolescents: A one-year longitudinal study in
Harari, eastern Ethiopia. PLOS One, 19(4),
e0300752.

Caspersen, C., et al. (2005). Metabolomics in
Alzheimer’s  disease: Identifying  metabolic
biomarkers for early diagnosis. Journal of
Alzheimer's Disease, 8(4), 427-432.

Sampson, T. R., & Mazmanian, S. K. (2015).

ontrol of brain development, function, and behavior
by the microbiome. Cell Host & Microbe, 17, 565-
576.

Mayeux, R. (2004). Biomarkers: Potential uses and
limitations. NeuroRx, 1(2), 182-188.

Wondimagegn, A., & Ketema, G. (2023).

arnessing Al for early cancer detection through
imaging and genetics. Clinical Journal for Medicine,
Health and Pharmacy, 1(1), 1-12

Girma, E., & Lulie, M. (2024). Al-driven
approaches to early cancer detection: Opportunities
and challenges. Clinical Journal for Medicine,
Health and Pharmacy, 1(1), 13-22

Hunduma, G., et al. (2024). Al-powered medical
imaging for cancer detection. Clinical Journal for
Medicine, Health and Pharmacy, 1(1), 23-32

Girma, E., & Wondie, M. (2024). Leveraging Al and
genetics for early cancer detection. Clinical Journal
for Medicine, Health and Pharmacy, 1(1), 33-42

ISSN: 3080-4124 (Print) -- 3080-4132 (Online)



https://bioscijournal.com/index.php/JBI/index

Journal of Biosciences and Innovations Page |35

Loo, R. L., et al. (2013). Biomarker discovery in
cardiovascular diseases: The use of metabolomics in
clinical and translational research. Journal of
Biomedicine and Biotechnology, 2013, 826392.

Asnakew, B., et al. (2024). Ethical considerations in
Al-driven cancer detection. Clinical Journal for
Medicine, Health and Pharmacy, 1(1), 43-52
Zuker, C. S. (2015). Food for the brain. Cell, 161(1),
9-11

Copyright©2024. This work is licensed under a Creative Common Attribution 4.0 International License.

(CC BY 4.0) BIOMED INSTITUTE FOR SCIENTIFIC RESEARCH (SMC-PRIVATE) LIMITED ISSN' 3080_4124 (Prl nt) . 3080_4132 (Onllne)



https://bioscijournal.com/index.php/JBI/index

