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Introduction

Cancer is one of the world’s leading causes
of deaths creating a worldwide health challenge (1).
The number of cancer deaths is rising, presenting a
formidable and concerning challenge in healthcare.
Cancer involves the uncontrolled proliferation of
abnormal cells, disrupting the body's normal growth
regulation. Moreover, the immune system, which
typically acts as a defense against such abnormalities,
may falter, leading to the evasion of cancerous cells
from detection and elimination (1). Among the various
types of cancer, the most frequently diagnosed ones
include lung cancer (accounting for 12.7% of cases),
breast cancer (10.9% of cases), colorectal cancer
(9.7% of cases), and gastric cancer (7.81% of cases)
(2). Over the years from 1991 to 2018, cancer-related
mortality has shown a steady decline of 31%,
primarily attributed to advancements in early
detection, treatment, and reductions in smoking (3).
Despite this positive trend, cancer continues to be a
significant contributor to global mortality rates.
Anticipated data for the year 2023 reveals a projected
1,958,310 new cancer cases, accompanied by 609,820
cancer-related deaths across the United States (4).
During the period from 2014 to 2019, prostate cancer
experienced a concerning annual increase of 3% in
incidence, leading to the diagnosis of approximately
99,000 additional cases. Conversely, other cancer
incidence trends demonstrated a more favorable
outlook in men when compared to women, further
emphasizing the importance of ongoing research and
targeted interventions to address these disparities.
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Additionally, recent findings highlight a concerning
increase in early onset cancer incidence among
younger individuals, while overall rates remain stable
or decline; unfortunately, younger cancer patients are
often diagnosed at more advanced stages, significantly
impacting their chances of successful treatment and
cure (5). Despite significant advancements in cancer
research and treatment, the disease remains
challenging to cure completely. Consequently, the
pressing need for alternative approaches becomes
paramount, especially to offer effective solutions for
high-risk patients. Therefore, cancer research will
undoubtedly remain at the forefront in the years to
come, driven by a resolute commitment to saving lives
and pioneering groundbreaking advancements.

Artificial intelligence (Al) is a dynamic and
evolving field of research that involves the application
of computer systems to replicate and simulate human
intelligence (6). With the aid of advanced algorithms,
Al strives to emulate cognitive functions, enabling
computers to analyze data, recognize patterns, make
decisions, and learn from experiences, much like the
human mind. Machine learning and deep learning are
the major constituents of artificial intelligence (Figure
1). Machine learning represents a fascinating scientific
discipline centered around the art of computer systems
learning from data (7). It emerges from the confluence
of statistics, which delves into deciphering
relationships from data, and computer science, with its
core focus on devising efficient computing algorithms.
The seamless integration of mathematics and
computer science in machine learning emerges as a
result of the complex computational intricacies
required to construct statistical models from extensive
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datasets, which can consist of billions or even trillions
of data points (8). Deep learning utilizes multi-layered
computational models to learn data representations
with multiple levels of abstraction (9). By employing
the backpropagation algorithm, machines adjust their
internal parameters, computing representations in each
layer based on the previous layer's representation (10).
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Figure 1: Relationship between artificial
intelligence (Al), machine learning (ML), and
deep learning (DL). Created with BioRender.com

The surge in artificial intelligent systems has
generated significant interest in their applications
within the medical domain (11). Recent times have
witnessed a swift integration of Al into medical
practices, driven by the goal of augmenting patient
care through swifter procedures and enhanced
precision, thereby laying the foundation for elevated
healthcare standards. This development marks a
pivotal stride towards healthcare advancement. Al's
seamless integration into the medical landscape
encompasses a broad spectrum of informatics
techniques, spanning from the intricacies of deep
learning-driven information management to the
comprehensive oversight of health management
systems, notably electronic health records (12). This
comprehensive expansion extends to the domain of
clinical decision-making, offering valuable guidance
to physicians, while also embracing the innovative
deployment of robots to assist both elderly patients
and attending surgeons. Within this transformative
framework, machine learning assumes a prominent
role, actively engaging in the assessment of
radiological images, pathology slides, and electronic
medical records (EMR) of patients. This concerted
endeavor enhances diagnostic and treatment
paradigms, amplifying physician capabilities, and
significantly contributing to the overall advancement
of healthcare quality (13). This paper meticulously
examines the major applications of artificial
intelligence in the field of cancer medicine. Ranging
from its role in imaging enhancement to its prowess in
predictive analytics, these applications showcase Al's
multifaceted potential in transforming cancer care.
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Current Challenges in Cancer Care

Despite remarkable progress in cancer care
over the years, the field continues to grapple with
certain challenges that demand attention and
innovative solutions. These challenges underscore the
importance of ongoing research and collaborative
efforts to further enhance cancer treatment and patient
outcomes.

The interplay of rapid urbanization, lifestyle
choices, and rising life expectancy stands as a
significant driving force behind the changing
landscape of cancer incidence rates. According to
GLOBOCAN predictions, the number of cancer cases
is expected to reach 28.4 million by 2040 (14).
Globally, female breast cancer has now surpassed lung
cancer as the most prevalent cancer (11.7%), closely
followed by lung (11.4%), colorectal (10.0%), prostate
(7.3%), and stomach (5.6%) cancers. Lung cancer
stands as the leading cause for death, accounting for
1.8 million deaths (18%), followed by colorectal
(9.4%), liver (8.3%), stomach (7.7%), and female
breast (6.9%) cancers. Among men, lung, prostate, and
colorectal cancers are the most prevalent, while breast,
colorectal, and lung cancers are the leading types
among women. In fact, cancer cases are expected to
rise significantly in lower-resource settings and
countries with a low Human Development Index
(HDI), while the burden decreases with higher
national HDI levels (15). In many high-income
countries (HICs), cancer-screening programs like
mammography for breast cancer, low-dose CT scan
for lung cancer and colonoscopy for colorectal cancer
are challenging to implement in low- and middle-
income countries (LMICs) due to limited resources
and insufficient trained personnel. This calls for the
development of technology-driven, cost-effective, and
user-friendly point-of-care screening and diagnostic
tools (16).

Cancer immunotherapy is a well-established
and crucially important approach in the treatment of
cancer patients. Over the past decade, therapeutic
advancements in cancer immunotherapy (CIT) have
swiftly emerged, underscoring the vital interplay
between the human immune system and cancer.
However, it is essential to acknowledge that only a
minority of patients experience sustainable life-
changing survival outcomes. Cancer immunotherapy
faces several challenges, including uncertainties in
effectively translating preclinical findings into
successful clinical applications and identifying the
best combinations of immune-based therapies
personalized to each patient's needs (17). Additionally,
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despite substantial advancements, small-molecule
targeted anti-cancer drugs still confront several
hurdles, such as low response rates and the
development of drug resistance (18). Efforts to address
these challenges are critical to further improve cancer
treatment outcomes and advancing the frontier of
cancer care.

These challenges really highlight the urgent
need for better treatment and prediction methods in
cancer care. Therefore, prioritizing Al-driven
innovative approaches in technology-based, cost-
effective, and user-friendly point-of-care screening
and diagnostics can bridge cancer care gaps globally.
Addressing disparities and strategic healthcare
resource allocation are essential in combating the
growing burden in vulnerable regions.

Role of Artificial Intelligence in Cancer Care

The potential of Al applications is immense,
as they can enhance clinician decision-making,
optimize clinical care processes, improve patient
outcomes, and lead to reduced healthcare costs (19).
The rapid expansion of artificial intelligence (Al)
within the healthcare sector has been remarkable over
the past decade. Al applications have demonstrated
their potential in transforming healthcare by
leveraging clinical data to uncover valuable
information (Figure 2). Through aiding healthcare
providers in various critical tasks, such as disease
diagnosis, patient triage, risk analysis, and surgical
procedures, Al has become an indispensable tool in
enhancing overall clinical care and patient outcomes
(20). Al has achieved prominence as a widely adopted
technology with a diverse array of multifaceted
applications across various fields—which will be gone
over in the following paragraphs. Al has rapidly
become an integral component in various healthcare
applications, spanning drug discovery, remote patient
monitoring, medical diagnostics and imaging, risk
management, wearables, virtual assistants, and
hospital management (21). Its diverse and ever-
expanding utilization in these areas showcases the
transformative potential of Al technology in
revolutionizing the healthcare landscape. As Al
continues to evolve and intertwine with healthcare
practices, it holds the promise of enhancing efficiency,
accuracy, and overall patient care, ushering in a new
era of medical innovation.
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Figure 2: Applications of Al in oncology to solve
healthcare issues and predict optimal treatment
outcomes. Created with BioRender.com
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Al's remarkable ability to identify intricate
patterns in medical images revolutionizes image
interpretation, making it a quantifiable and
reproducible process. Additionally, Al uncovers
information imperceptible to human eyes, enhancing
clinical decision-making (22). Conventional machine
learning and deep learning techniques are used for
lesion detection and classification, aiming to reduce
reading time and enhance accuracy in differentiating
between benign and malignant cases (23). By
integrating  diverse data streams, including
radiographic images, genomics, pathology, electronic
health records, and social networks, Al empowers the
development of powerful diagnostic systems with far-
reaching potential. Advancements in computer
programs have led to the development and approval of
clinical tools such as computer-aided detection (CAD)
or computer-assisted detection, assisting radiologists
in detecting potential abnormalities on diagnostic
radiology exams, thereby reducing false negative rates
(24). By incorporating CAD into clinical practice, the
accuracy and reliability of diagnostic radiology are
enhanced, leading to improved patient outcomes and
more effective care. Radiology traditionally relies on
skilled physicians' visual assessments, but this
approach can be subjective, influenced by their
education and experience. In contrast, Al excels in
recognizing intricate patterns within imaging data,
enabling an objective and automated quantitative
assessment (21). Integrating Al as a supportive tool
enhances radiology assessments, advancing patient
care and outcomes. This collaborative approach,
combining human expertise and Al-driven precision,
elevates radiological practices to new heights of
efficiency and effectiveness (25). As Al continues to
evolve in radiology, its role as an invaluable ally in
disease detection, characterization, and monitoring
becomes increasingly evident, promising a future of
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precision and excellence in medical imaging and
diagnosis.

Artificial Intelligence-Driven Precision Medicine

The integration of artificial intelligence (Al)
and precision medicine stands poised to catalyze a
profound transformation within the healthcare
landscape. Precision medicine introduces a paradigm
shift, aiming to advance the healthcare model where
diagnostics, prevention, and treatment strategies are
meticulously tailored to an individual's unique genetic,
environmental, and lifestyle attributes (26). This
approach is instrumental in discerning distinctive
patient phenotypes marked by uncommon treatment
responses and specific healthcare requirements.
Leveraging intricate computational capabilities, Al
serves as a catalyst, enabling sophisticated reasoning,
learning, and augmented intelligence, thus
empowering clinical decision-makers to navigate
complex healthcare scenarios and deliver personalized
care with heightened efficacy. The discovery potential
inherent in precision medicine augments our
understanding of unexplored therapeutic avenues,
extending the boundaries of healthcare possibilities
(27). Critical to the personalization of medical care are
the diverse data collection and analytical technologies
that underpin precision medicine's core principles
(28). Real-time treatment recommendations hinge
upon the precision of machine-learning algorithms
that anticipate patients' potential medication
requirements based on their genomic profiles. At the
heart of tailored drug administration lies preemptive
patient genotyping, ensuring optimal therapeutic
interventions (29). This paradigm underscores a
seminal example of Al and precision medicine
synergy, manifesting in the seamless convergence of
Al techniques with the meticulous interpretation of
high-throughput genomic data (30).

Predictive Analytics and Prognosis

Artificial Intelligence (Al) is increasingly
utilized to develop cancer prediction models (31).
Various methods, including statistical, machine
learning, and deep learning approaches, have been
employed to enhance prediction accuracy (32-33).
Machine Learning (ML) algorithms can leverage
extensive screening data to develop robust models that
can predict drug responses in cancer patients (34). The
incorporation of various data types demands more
resources than analyzing individual data types alone,
requiring modeling algorithms  capable  of
comprehending vast amounts of intricate features (35).
As a result, Al-driven algorithms are increasingly
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employed to automate cancer prediction by identifying
the development of cancer and even characterizing it
(36). A study that was conducted showed the
proficiency of these machine-learning approaches in
cancer prediction (36). In this study, differences in
clinicopathological characteristics were observed
between the two datasets, with a specific dataset
showing superior survival rates. In predicting 5-year
survival, the machine learning model employing light
gradient boosting surpassed conventional staging
methods. Notably, age, examined lymph nodes, and
tumor size emerged as pivotal factors shaping the
model's performance. The validation set further
provided sensitivity and positive predictive values for
survival prediction. This underscores the ML-based
model's  remarkable advancement, surpassing
conventional staging techniques in providing highly
precise individualized survival estimations (37). In
addition to machine learning techniques, two primary
factors contribute to the attractiveness of deep learning
in computational biology (38). First and foremost, this
potent model class has the capacity to approximate
virtually any input-to-output mapping with sufficient
data. For instance, when predicting transcription factor
binding locations, there is no necessity to confine the
model's expressivity to a single sequence motif (39).
Notably, deep learning models have been harnessed
for prediction purposes in a conducted study (40). A
deep learning model (DeepDR) was made to forecast
drug responses in cancer cells and tumors. DeepDR
seamlessly integrates mutation and expression data,
comprising three pivotal components: one for
mutation comprehension, another for expression
analysis, and a final component for drug response
prediction. Its predictive prowess extends to 265
drugs, envisaging their efficacy grounded in genetic
and expression profiles. Rigorously tested on 622
cancer cell lines, DeepDR showcased remarkable
performance, surpassing existing methods in drug
response prediction. Demonstrating its breadth, the
model further predicted drug responses across 9059
tumors spanning 33 cancer types. In doing so, it
unveiled known efficacious drugs and unearthed novel
candidates, shedding light on drug mechanisms,
resistance patterns, and proposing a promising
therapeutic avenue for gliomas and blood cancers.

Drug Discovery and Development

Artificial intelligence (Al) presents a
transformative potential in reshaping both drug design
strategies and patient treatment paradigms. The
challenges encompassing drug design, including time
constraints, production costs, inefficient target
delivery, and imprecise dosing, have propelled the
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exploration of Al-driven solutions (41). Traditional
drug development barriers, underscored by intricacies
in big data handling, have found resolution through Al
integration, transcending conventional computational
approaches (42). This synergy has yielded expedited
drug candidate development, fostering cost-effective
and structured solutions within notably reduced
timeframes (43). Complementing this, emerging
machine learning techniques, notably deep learning,
have harnessed vast data reservoirs to predict
molecular  structures, in-vivo  vs.  in-vitro
characteristics, and outcomes, streamlining drug
discovery without compromising efficiency (44). Al's
potential extends to revolutionary platforms like the
quadratic phenotypic optimization platform (QPOP),
which, unlike conventional methods, tailors drug
combinations to specific disease models or patient
profiles based on empirical data, transcending
preconceived mechanistic assumptions (45). In
parallel, Al models, spanning patient stratification,
pathophysiological casualties, drug candidate design,
and virtual patient predictions, hold paramount
significance (46-47). Notably, Al's prowess in
delineating structure-activity relationships (SAR) and
exploiting massive sequencing data, such as next-
generation sequencing (NGS), illuminates novel drug
target identification, augmenting drug discovery
pathways (48). Within the Al arsenal, artificial neural
networks, deep neural networks, support vector
machines, classification and regression techniques,
generative adversarial networks, symbolic learning,
and meta-learning algorithms have been harnessed to
elevate drug design and discovery (49). The
culmination of individual patient attributes and
extensive drug candidate predictions within these
models fosters a new era of personalized and
optimized treatment strategies, revolutionizing disease
management practices (50-51). As Al continues to
reshape drug design and patient-oriented approaches,
the potential for personalized and precision medicine
stands poised for unprecedented advancement.

Challenges and Limitations of Artificial
Intelligence in Cancer Care

While Al holds promise in bolstering the
healthcare sector and improving cancer care,
apprehensions arise about the potential difficulty in
validating and questioning Al-mediated decisions,
which might lead to unconventional outcomes (52).
The instances of Al integration in healthcare serve as
pivotal examples, highlighting the significance of
assessing both the benefits and risks associated with
emerging Al-driven systems (53). The primary hurdle
in advancing clinical Al applications in oncology, and
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healthcare in general, lies in data constraints,
encompassing both quality and quantity aspects.
Pertinent challenges encompass data curation,
aggregation  transparency, potential bias, and
reliability concerns (54). The deployment of deep
learning in precision oncology faces obstacles such as
scarce phenotypically rich data and the imperative for
more interpretable deep learning models (55). Ethical,
copyright, transparency, and legal issues, alongside
the risk of biases, plagiarism, inaccuracies, limited
knowledge, incorrect citations, and cybersecurity
vulnerabilities, underscore Al's limitations (56).

The issues of Al model interpretability, trust,
reproducibility, and generalizability have garnered
substantial attention, with growing recognition of
biases in demographic factors like sex and ethnicity
(57). For instance, an Al tool for using 129,450 images
for detecting skin cancer displayed parity with
dermatologists but faced criticism for
underrepresentation of darker skin tones, raising
concerns about reproducibility and applicability (58-
59). Additionally, the meticulous curation and storage
of data for machine learning models, along with
evolving data stewardship expectations, further
complicate Al advancement (60). Fostering Al
applications in cancer care demands a focus on clinical
validity, utility, and usability. Achieving this entails a
patient-centric, clinical decision-oriented approach to
model development and assessment (61).

From challenges in training machine learning
systems to accountability uncertainties, the
incremental implementation of Al remains complex
(62). Moreover, physician comprehension of Al's
potential remains a significant aspect that needs to be
addressed (63). This domain undoubtedly holds
immense promise, yet it is marked by notable gaps and
ambiguities requiring attention. The primary hurdle
lies not in the rapid technological advancements,
which continually unveil new application areas, but
rather in the deficient legal framework. Inadequate
regulations, coupled with political, ethical, and
financial intricacies, underscore the challenge (64).
Hence, a collaborative effort among technologists,
policymakers, and ethicists becomes paramount. The
imperative is to establish a robust legal structure that
guides innovation while upholding ethical norms. This
harmonious convergence has the potential to unleash
the realm's possibilities, dissipating uncertainties and
nurturing responsible advancement.
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Ethical and Regulatory Considerations

Artificial intelligence (AD), while
transforming the medical landscape, raises significant
ethical considerations. While Al holds potential in
healthcare, its implementation necessitates careful
oversight akin to physician conduct. To ensure safe
utilization and assessment of Al technology,
regulatory frameworks are imperative, coupled with
research into its medical capabilities and constraints
(63). Given that patients interact with physicians
during vulnerable moments, maintaining sensitivity to
this fact is crucial (65). Protecting health data, which
encompasses private patient and caregiver details and
medical histories, is paramount. Breaches could lead
to personal repercussions such as bullying, higher
insurance premiums, and job loss (66-67). Security,
privacy, and trust are non-negotiable (68).

Al will not supplant human roles entirely, but
integration into physicians' routines can be pivotal
(68). Transitioning towards personalized, evidence-
based patient management warrants rigorous
evaluations of Al technologies, particularly in cancer
risk or management scenarios (68). Ethical concerns
include the opaque nature of Al decisions, its influence
on patient engagement and shared decision-making,
and the allocation of responsibility if Al predictions
falter (69). Other ethical issues encompass informed
data consent, safety, transparency, algorithmic
fairness, biases, and data privacy (65). With Al
gaining prominence in high-stakes contexts, ensuring
accountable, equitable, and transparent Al design and
governance is paramount (70). Transparency hinges
on accessible and comprehensible information (71).

Further interdisciplinary collaboration and
research hold potential to markedly enhance patient
care quality, rebalance clinician workloads, and
revolutionize medical practice (72). This dynamic
journey toward ethical Al integration demands
collective dedication and thoughtful navigation.

Conclusion and Discussion

The dynamic landscape of cancer care poses
challenges  that necessitate  innovative and
collaborative solutions. Factors like urbanization,
shifting lifestyles, and extended longevity contribute
to changing cancer rates, underlining the urgency of
targeted interventions and equitable healthcare access.
The complexities of cancer prevalence across regions
and demographics further underscore the need for
tailored approaches and resource allocation. However,
implementing  effective cancer screening and
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diagnostics remains particularly daunting in resource-
constrained settings, emphasizing the demand for
technology-driven and user-friendly solutions.
Challenges persist in immunotherapy and targeted
drug development, requiring solutions for issues such
as translation and resistance.

Artificial intelligence (Al) emerges as a
potent tool to address these challenges and reshape
cancer care paradigms. Integrating Al-driven
innovations into  point-of-care  screening and
diagnostics has the potential to bridge global cancer
care gaps, especially in resource-limited regions.
Beyond diagnosis and treatment, Al enhances
clinician  decision-making, streamlines clinical
processes, and drives cost reduction. The rapid growth
of Al across healthcare domains, from drug discovery
to medical imaging, underscores its transformative
impact. Al's proficiency in pattern recognition
catalyzes a revolution in radiology, enhancing precise
and efficient image interpretation and elevating patient
care. Moreover, Al's synergy with precision medicine
introduces a pivotal shift, enabling tailored treatments
grounded in individual genetic and environmental
variables.

Nonetheless, the substantial potential of Al
must be approached with ethical considerations and
vigilance. Prioritizing privacy, security, transparency,
and bias mitigation is pivotal to ensure Al's equitable
and responsible  deployment in healthcare.
Collaborative  efforts  among  technologists,
policymakers, and ethicists are essential to establish a
robust regulatory framework that guides Al innovation
while upholding ethical norms. Addressing concerns
about data quality, model interpretability, and
accountability remains imperative in Al's ongoing
evolution.

In light of these prospects and challenges, the
integration of Al into cancer care holds promise for
overcoming obstacles and reshaping patient outcomes.
By harnessing Al's capabilities and fostering
collaboration, the healthcare community can strive for
personalized, effective, and ethically sound cancer
care on a global scale. This transformative journey
demands a comprehensive approach, uniting
technological innovation, regulatory diligence, and
ethical contemplation. As we navigate this path, the
convergence of Al and cancer care stands as a beacon
of hope, promising a future marked by enhanced
patient well-being and advanced medical progress.
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