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Abstract- This paper will present a comprehensive overview of cancer biology, including its causes, progression,
and global statistical trends. It will further examine conventional diagnostic and treatment practices, highlighting
their limitations in terms of accuracy, time consumption, and dependency on clinical expertise. The study will then
explore how Al technologies, such as Machine Learning (ML), Deep Learning (DL), Natural Language Processing
(NLP), and Computer Vision, will enhance the efficiency and reliability of cancer diagnosis and prognosis. In
addition, this paper will analyze various cancer data repositories, including radiographic, genomic, pathological,
and clinical datasets, which will serve as the foundation for Al-based systems. It will also discuss the emerging
applications of Al in oncology, such as early cancer prediction, automated diagnosis, precision medicine, and drug
discovery. Furthermore, the research will address key technical challenges, including data scarcity, model
interpretability, and generalizability, along with ethical concerns such as data privacy, bias, and accountability in
Al-driven decisions. Finally, the paper will emphasize the future potential of Al in transforming cancer healthcare
by enabling faster, more accurate, and personalized treatment strategies, thereby improving overall patient
outcomes.
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I. INTRODUCTION

lymphatic system, a process known as metastasis.
Cancer can broadly be classified into benign and

Cancer will continue to remain one of the leading
causes of mortality worldwide, characterized by
uncontrolled cell proliferation and the ability to
metastasize to distant organs. Early diagnosis and
effective treatment will play a crucial role in
improving patient survival rates and reducing
disease burden. With the rapid advancement of
Artificial Intelligence (Al), significant improvements
are expected to be achieved in cancer detection,
prediction, and personalized treatment planning.
Cancer is a highly complex and multifactorial disease
characterized by abnormal and uncontrolled cell
division, primarily resulting from genetic mutations
and epigenetic alterations. Under normal
physiological conditions, cells grow, divide, and die
in a regulated manner through processes such as
mitosis and programmed cell death (apoptosis).
However, disruption in these regulatory mechanisms
leads to uncontrolled proliferation, ultimately
forming tumors. These tumors may further acquire
the ability to invade surrounding tissues and spread
to distant organs through the bloodstream or

malignant tumors. Benign tumours are non-invasive,
localized, and generally less harmful, whereas
malignant tumors are aggressive, invasive, and
capable of metastasis, posing a significant threat to
life. With more than 500 genes implicated in cancer
development, the disease is recognized as highly
heterogeneous, involving complex interactions
between genetic, environmental, and lifestyle
factors. Due to this complexity, early detection
remains one of the most critical factors in improving
survival rates and treatment outcomes, making it a
central focus in modern oncology research.

In recent years, Artificial Intelligence (Al) has
emerged as a transformative tool in healthcare,
particularly in oncology. Al technologies, including
Machine Learning (ML) and Deep Learning (DL),
enable the analysis of vast and complex datasets that
exceed human analytical capabilities. These systems
are increasingly being used to detect patterns,
predict disease progression, assist in early diagnosis,
and support clinical decision-making, thereby

© 2026 Ms. Meenakshi, This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly credited.



Ms. Meenakshi, International Journal of Science, Engineering and Technology,

2026, 14:2

enhancing both accuracy and efficiency in cancer
management.

Il. CANCER STATISTICS

Cancer continues to represent a major global health
burden, with its incidence and mortality rates rising
steadily worldwide. According to global estimates,
approximately 10 million deaths were attributed to
cancer in 2020, highlighting its position as one of the
leading causes of death. It is estimated that nearly
one in five individuals will develop cancer at some
point in their lifetime, underscoring its widespread
impact.Among various cancer types, breast cancer
has emerged as the most commonly diagnosed
cancer in women, while lung cancer remains both the
most frequently diagnosed and the deadliest cancer
among men. Other significant contributors to cancer
mortality include colorectal, liver, stomach, and
breast cancers. In terms of newly diagnosed cases,
breast and lung cancers account for the highest
numbers globally, followed by colorectal, prostate,
and non-melanoma skin cancers. These statistics
emphasize the urgent need for improved screening,
early detection strategies, and advanced treatment
methodologies to reduce the global cancer burden.

I1l. CONVENTIONAL PRACTICES FOR
CANCER DIAGNOSIS AND TREATMENT

Diagnosis Process

The conventional approach to cancer diagnosis
involves a multi-step clinical process designed to
identify the presence and stage of the disease. It
typically begins with a detailed evaluation of the
patient’s clinical history, followed by screening tests
aimed at detecting early signs of abnormality.
Medical imaging techniques such as Computed
Tomography (CT), Magnetic Resonance Imaging
(MRI), and X-rays are widely used to visualize internal
structures and identify potential tumours. Definitive
diagnosis is often achieved through biopsy and
laboratory analysis, where tissue samples are
examined microscopically to confirm the presence of
cancerous cells. Despite their widespread use, these
diagnostic methods have several limitations. They
are highly dependent on the expertise and
experience of clinicians, which can introduce

variability in interpretation. Additionally, these
procedures can be time-consuming and resource-
intensive, often leading to delays in diagnosis. There
is also a risk of false-positive and false-negative
results, which can either cause unnecessary anxiety
and treatment or delay critical medical intervention.

Treatment Methods

Traditional cancer treatment strategies primarily
include surgery, chemotherapy, radiotherapy,
immunotherapy, and hormone therapy, each
targeting cancer through different mechanisms.
Surgical intervention involves the physical removal
of tumours and is often the first line of treatment for
localized cancers. Chemotherapy uses cytotoxic
drugs to destroy rapidly dividing cancer cells, while
radiotherapy employs high-energy radiation to
damage the DNA of cancer cells, thereby inhibiting
their growth. In recent years, immunotherapy has
gained prominence as it enhances the body's
immune system to recognize and attack cancer cells
more effectively. Hormone therapy is particularly
useful in hormone-sensitive cancers such as breast
and prostate cancer, where it works by blocking or
reducing hormone levels that fuel cancer growth.

However, despite their effectiveness, these
conventional treatments are associated with several
limitations. They often cause significant side effects
due to damage to healthy cells, leading to reduced
quality of life for patients. Additionally, the high cost
of treatment poses a financial burden, especially in
developing countries. There is also a persistent risk
of cancer recurrence, and most traditional
approaches lack personalization, as treatments are
not always tailored to the individual genetic and
molecular profile of patients. These challenges
highlight the need for more advanced, precise, and
patient-specific treatment approaches, where
emerging technologies like Al can play a crucial role.

IV. ROLE OF ARTIFICIAL INTELLIGENCE
IN CANCER DETECTION AND
TREATMENT

Artificial Intelligence (Al) is rapidly transforming the
field of oncology by enabling faster, more accurate,
and data-driven approaches to cancer detection,

2



Ms. Meenakshi, International Journal of Science, Engineering and Technology,

2026, 14:2
diagnosis, and treatment. With the increasing
availability of large-scale medical datasets—

including imaging, genomic, and clinical data—Al
techniques are being widely adopted to improve
clinical outcomes and reduce human error. Al
systems can process vast amounts of complex
information, identify hidden patterns, and generate
predictive insights that are often beyond human
capability.

Al in Cancer Detection and Diagnosis

Al plays a critical role in early cancer detection, which

is essential for improving survival rates. Machine

Learning (ML) and Deep Learning (DL) models,

particularly Convolutional Neural Networks (CNNs),

are extensively used in medical imaging analysis.

These models can analyze images from CT scans,

MRI, mammograms, and histopathology slides to

detect abnormalities with high accuracy.

Al-based systems assist and

pathologists by:

e |dentifying tumors at early stages

e Differentiating between benign and malignant
lesions

e Reducing diagnostic errors and variability

e Automating repetitive analysis tasks

For example, Al models have shown high accuracy in

detecting breast cancer from mammograms and

lung cancer from CT scans, often matching or even

surpassing human experts in certain scenarios.

radiologists

Al in Cancer Prediction and Prognosis

Al is also widely used for predicting cancer risk and
disease progression. By analyzing patient data such
as medical history, lifestyle factors, genetic
information, and biomarkers, Al models can estimate

the likelihood of cancer development and
recurrence.

Predictive analytics helps in:

e Early risk assessment

e Survival rate prediction

e Disease progression modelling

e Treatment outcome forecasting

These capabilities enable clinicians to take

preventive measures and design more effective
treatment strategies tailored to individual patients.

Al in
Medicine)
One of the most significant contributions of Al in
oncology is in the field of precision medicine. Al
algorithms analyze genomic data and patient-
specific characteristics to recommend personalized
treatment plans.

Personalized Treatment (Precision

Al supports:

e Selection of optimal drugs based on genetic
profile

e Identification of targeted therapies

e Minimizing side effects through
treatment

e Improving treatment effectiveness

This personalized approach ensures that patients

receive treatments best suited to their unique

biological makeup, increasing the chances of

successful outcomes.

tailored

Al in Drug Discovery and Development

Al is accelerating the process of cancer drug
discovery, which traditionally takes years and
involves high costs. Al models can analyze molecular
structures, simulate drug interactions, and identify
potential drug candidates in a significantly shorter
time.

Applications include:

e Predicting drug efficacy and toxicity

o Identifying new therapeutic targets

e Repurposing existing drugs

e Reducing time and cost of clinical trials
This has opened new possibilities for
development of effective cancer therapies.

faster

Al in Clinical Decision Support Systems (CDSS)
Al-powered Clinical Decision Support Systems assist
doctors in making informed decisions by providing
evidence-based recommendations. These systems
integrate patient data, medical literature, and clinical
guidelines to suggest diagnosis and treatment
options.

Benefits include:

e Improved diagnostic accuracy
e Reduced human error

e Enhanced clinical efficiency
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e Support in complex decision-making

V. CHALLENGES AND ETHICAL
CONSIDERATIONS IN AI-BASED
CANCER HEALTHCARE

Despite its transformative potential, the integration
of Al in cancer healthcare faces several challenges.

Technical Challenges

e Data Scarcity: High-quality labeled medical data
is limited

e Model Interpretability: Al models (especially
deep learning) often act as “black boxes”

e Generalizability: Models trained on specific
datasets may not perform well across diverse
populations

Ethical and Legal Issues

e Data Privacy and Security: Protection of sensitive
patient information

e Biasin Al Models: Risk of unfair outcomes due to
biased training data

e Accountability: Responsibility for
decisions in clinical settings

Al-driven

Practical Limitations

e High implementation cost

e Lack of infrastructure in developing regions

e Resistance to adoption by healthcare
professionals

V1. CONCLUSIONS & FUTURE SCOPE

Artificial Intelligence is revolutionizing cancer
research by enhancing early detection, improving
diagnostic accuracy, and enabling personalized
treatment strategies. Despite its immense potential,
challenges such as data limitations, interpretability,
and ethical concerns must be addressed for
widespread clinical adoption. Future research should
focus on developing explainable, unbiased, and
scalable Al systems to ensure equitable and effective
cancer care globally.

The future of Al in oncology is highly promising.
Advancements in Explainable Al (XAl), federated

learning, and real-time data integration will further
enhance transparency, reliability, and accessibility of
Al systems. Integration with wearable devices and
loT-based health monitoring systems will enable
continuous  patient monitoring and early
intervention. In the coming years, Al is expected to
play a central role in achieving fully personalized
cancer care, improving early detection, reducing
mortality rates, and making healthcare more efficient
and accessible worldwide.
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