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Keywords: ABSTRACT: Artificial intelligence (Al) has recently gained significant
attention as a decision-support system used in cancer diagnosis and
treatment planning. Deep learning (DL) and machine learning (ML)
methods make it possible to analyze and process complex and

heterogeneous medical information, such as imaging, histopathology,
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genomics, and electronic health records. These methods have shown
promise in the area of enhancing early detection, classification of tumors,
prognosis, and the choice of therapy. Nevertheless, even with the fast
development, the majority of Al systems are still at the experimental or
initial validation phase. Among the main issues, there is a lack of
generalizability, interpretability, relying on large, high-quality data sets,
and a deficiency of prospective clinical validation. Also, there are
regulatory, ethical, and workflow integration obstacles which impede
routine clinical adoption. This review critically assesses the existing
applications of Al in oncology, distinguishing between experimental,
validated, and implemented systems. Primary evidence, clinical
translation, and regulatory considerations are emphasized. Further
directions such as explainable Al, multimodal integration, and real-world
validation are also discussed to contribute to safe, reliable, and equitable
implementation in oncology practice.

E-mail: suryavardhansingh2000@gmail.com

INTRODUCTION: Cancer continues to be a
primary cause of illness and death globally,
presenting a significant public health issue *. The
epidemiological evidence is used to illustrate how
there is an increasing incidence of cancer partly due
to the population growth, ageing of the population,
behavioural  shifts and the environmental
determinants.
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Despite major developments in the field of
biomedical research, cancer remains a large burden
to the healthcare infrastructure, especially in the
low- and middle-income countries where delays in
the diagnosis process and the lack of access to
sophisticated treatment approaches are widespread
Consequently, early detection and precise
treatment planning are essential for enhancing
patient survival rates and overall quality of life.

Conventional approaches to cancer diagnosis,
including imaging, histopathological tests, and lab
tests, have been the staple of oncological practice.
Similarly, traditional treatment planning is highly
dependent on the knowledge and experience of the
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clinician, standardized procedures or guidelines
based on the population statistics. However, these
traditional methods are marred by many
shortcomings. The accuracy of diagnosis is also
varies depending on the experience of the operator,
interpretive bias of the operator, and the amount of
work >,

Interpatient variation, tumour heterogeneity and
multifaceted clinical data together make it
challenging to create truly personalized treatment
regimens in the framework of treatment planning.
These barriers have the potential to generate delays
in diagnosis, inappropriate treatment choices, and
unequal clinical results .

Artificial Intelligence (Al) is a useful tool in
overcoming obstacles in oncology in recent years °.
Artificial intelligence, especially machine learning
and deep learning processes, has shown significant
potential in working with large and complex data,
including medical images, pathological slides,
genomic data, and electronic health records °.

With the ability to reveal latent patterns and
predictive characteristics beyond human ability, Al
systems can help clinicians enhance the accuracy of
diagnostic testing, optimize treatment protocols and
facilitate personalized cancer care . The
introduction of Al in cancer diagnosis and
treatment planning is a new era in oncology and it
promises to advance clinical decision-making,
overall patient outcomes, and transform the future
of cancer management altogether ®.
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Review Methodology: A systematic literature
search was carried out in databases such as
PubMed, Scopus, and Web of Science to conduct
this review. Publications published between 2015
and 2026 were screened using keywords, which
included: artificial intelligence, cancer diagnosis,
treatment planning, and clinical decision support
system. Primary research studies, clinical
validation studies and regulatory reports were given
priority. Selective inclusion of review articles was
aimed at adding context. Evidence was classified
into experimental, validated and clinically deployed
applications to provide clarity in evidence
interpretation.

Overview of Artificial Intelligence in
Healthcare: Artificial Intelligence (Al) is the
ability of computer systems to perform tasks that
typically require human cognitive abilities such as
learning, inference, pattern recognition and
decision making °. In the medical field, Al aims to
replicate cognitive functions to help clinicians to
clarify the complex medical records and enhance
clinical outcomes. The idea of Al emerged in the
middle of the 20th century; however, the use of Al
in medicine was impeded due to the lack of
computer resources and medical data availability *°
Over the past few years, advancements in
computing technology, growth of detailed datasets
of healthcare, improvement of algorithms, have
increased the integration of Al into various areas of
medicine, with a particular focus on oncology ™
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FIG. 1: THIS FIGURE SHOWS THE PROCESS OF ARTIFICIAL INTELLIGENCE IN CANCER DIAGNOSIS. THE
DATA IS ACQUIRED BY MEANS OF IMAGING, PATHOLOGY, AND GENOMICS, AND THEN IT IS
PREPROCESSED TO CLEAN AND ORGANIZE DATA. THE DATA IS THEN TRAINED IN Al MODELS
WHEREBY MACHINE LEARNING ALGORITHMS ARE LEARNT WITH RESPECT TO CANCER DETECTION.
THE TRAINED MODEL GENERATES A PRODUCT OF DIAGNOSIS THAT ASSISTS IN DETERMINING THE
OCCURRENCE OF CANCER. LASTLY, THE CLINICIAN VALIDATION WILL BE USED TO VERIFY THE
RESULTS OF THE AI-GENERATED INFORMATION BY MEDICAL PRACTITIONERS TO PROVIDE PROPER

DIAGNOSIS AND TREATMENT PLANNING
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Machine Learning (ML) is a subset of artificial
intelligence facilitating computational systems to
gain knowledge based on data without the need for
explicit programming. ML algorithms discover
trends in datasets and exploit these trends in the
predictive modelling and classification. ML
methods have been used extensively in the medical
field to predict disease risk, provide a diagnosis of
diagnostic images, and predict clinical outcomes.
Deep Learning (DL), which is a more sophisticated
branch of ML, is a method that uses neural
networks with several hidden layers to handle large
and complicated datasets *2. Due to the ability to
automatically extract features from raw data, DL
has excelled in areas like medical imaging,
pathology and genomics since it has minimized use
of manual feature selection. The impact of artificial
intelligence on modern medical decision-making
has grown significantly during the last few years *.
The systems based on Al can combine the
information obtained using multiple sources, such
as medical imaging, electronic health records,
laboratory reports, and genomic data, to aid in
making clinical decisions *. These systems assist
medical practitioners by improving diagnostic
accuracy disease progression prediction, and the
provision of personalized treatment schemes.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Instead of replacing the clinicians, Al can be
considered a decision-support tool that enhances
human expertise, reduces diagnostic variability,
and boosts efficiency in clinical processes.
Revitalized in oncology, Al-based decision-making
can be used to enhance the early detection of
cancer, optimize the treatment strategy, and
promote precision medicine, a significant paradigm
shift in cancer treatment *°.

Artificial Intelligence in Cancer Diagnosis:
Timely and accurate diagnosis is critical in setting
the prognosis of cancer and treatment outcome.
Although useful, traditional diagnostic tools have
been noted to face several issues, including
subjective interpretation, inter-observer
inconsistency, and a increasing clinical workload
16 Artificial Intelligence (Al) has become one of
the outstanding resources in diagnosing cancers,
where automated analysis through the large base of
clinical data can be performed with impressive
rapidity and accuracy °. Through applying machine
learning and deep learning models, Al systems can
help healthcare providers to detect cancers in the
initial stages, classify types of tumors, and enhance
a consistent and uniform diagnostic pattern across
various healthcare environments *'.
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FIG. 2: THIS FIGURE IS A TOPICAL WORKFLOW OF ARTIFICIAL INTELLIGENCE IN PERSONALIZED
CANCER TREATMENT. IT BEGINS WITH A STAGE OF PATIENT DATA INTEGRATION WHERE THE
CLINICAL RECORDS, IMAGING AND GENOMIC DATA ARE AGGREGATED INTO A SINGLE DATASET.
THIS INFORMATION IS EMPLOYED IN PREDICTIVE MODELING WHERE Al ALGORITHMS ARE USED TO
ANALYZE TRENDS TO COMPREHEND DISEASE PROGRESSION. THE MODEL THEN CARRIES OUT
OUTCOME PREDICTION WHICH ESTIMATES THE RESPONSE OF THE TREATMENT AND THE CHANCES
OF SURVIVAL. ACCORDING TO THESE PREDICTIONS, THE OPTIMIZATION OF THE THERAPEUTIC
PROCESS IS CONDUCTED TO CHOOSE THE MOST EFFECTIVE AND INDIVIDUAL TREATMENT PLAN. THE
FINDINGS ARE FED BACK INTO THE SYSTEM CONTINUOUSLY FORMING A CLOSED LOOP OF
FEEDBACK THAT ENHANCES ACCURACY AND HELPS IN MAKING MORE EFFECTIVE CLINICAL
DECISIONS
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TABLE 1: Al APPLICATIONS IN CANCER DIAGNOSIS

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Al Application Methodology  Data Type Clinical Utility Validation Level  Study Type
Tumor detection CNNs, DL CT, MRI Early detection Validated Retrospective
Histopathological grading CNNs Whole-slide Classification Experimental/Vali  Retrospective
images dated
Biomarker identification ML Genomics Molecular diagnosis Experimental Preclinical
Cancer subtype classification ML, DL Multi-omics Precision diagnosis Validated Retrospective
Al in Medical Imaging: Medical imaging cannot magnetic resonance imaging (MRI), Positron

be replaced in the detection, staging and monitoring
of cancer. The latest developments in the field of
artificial intelligence and, more specifically, deep
learning have dramatically improved medical
image analysis by providing automated extraction
of features and detection of patterns '®. Al based
imaging systems are increasingly being integrated
into clinical processes in order to help radiologists
perform more accurate and timely diagnoses *°.

Computed Tomography (CT): Computed
tomography (CT) finds extensive use in the
detection and staging of several malignancies such
as pulmonary, colorectal as well as abdominal
tumours 2°. The artificial intelligence algorithms,
specifically convolutional neural networks (CNNS),
have proven to have a high level of accuracy in
identifying suspicious lesions, tumour margins, and
metastatic spread on CT scans. These technologies
provide high-volume scan processing in seconds,
lower the rate of false-positives, and provide an
increased number of early oncological detection
glspecially in the lung cancer screening programmes

Magnetic Resonance Imaging (MRI): Magnetic
resonance imaging MRI provides superior soft-
tissue contrast and has regular use in the diagnostic
work-up of malignancies in the brain, breast,
prostate, and musculoskeletal system . The
application of artificial-intelligence-based MRI
analytics enables the automated segmentation of
the tumor, classification, and evaluation of tumour
malignancy *%. Deep-learning procedures have
proven to be effective in the differentiation
between benign and malignant lesions and in
assisting healthcare professionals by lowering the
time of interpretation without compromising the
diagnostics *.

Positron Emission Tomography (PET): As a
functional imaging modality that is regularly used
in combination with computed tomography (CT) or
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Emission Tomography (PET) is used to evaluate
the level of tumor metabolic activity . Techniques
based on artificial intelligence can improve the
analysis of PET results by enhancing lesion
identification, the measurement of metabolic
functions of tumors and response prediction.
Through the combination of metabolic and
anatomical datasets, Al technologies can support
more accurate oncologic staging and improve
clinical decision-making .

Mammography and Ultrasound: Mammaography
and ultrasound play a crucial role in the screening
and diagnosis of breast cancer. Al technologies
applied in mammography have shown considerable
advancements in identifying early-stage breast
cancer and minimizing false-negative outcomes .
In the realm of ultrasound imaging, Al aids in the
characterization of lesions and risk assessment by
evaluating the texture and shape of images. These
innovations enhance the capabilities of radiologists,
boosting diagnostic confidence and decreasing the
need for unnecessary biopsies %'.

Al in Histopathology and Digital Pathology:
Histopathological examination remains the ultimate
criterion in positive cancer diagnosis and its
information is invaluable in terms of tumour
classification, grading and  aggressiveness.
Traditionally, the method has been based on the
manual microscopic analysis of the tissue
specimens by the pathologist, which is both time-
consuming and prone to inter-observer variability
28 The increasing use of whole-slide imaging has
triggered the movement toward the digitisation of
histopathological slides, as a result of which the
implementation of Artificial Intelligence (Al) in the
field of digital pathology is possible .

Automated Tumor Detection: Algorithms based
on artificial intelligence (especially, convolutional
neural networks) have shown considerable promise
in the automated detection of neoplasm in digitized

2610



Singh et al., IJPSR, 2026; Vol. 17(9): 2607-2621.

histopathological slides *. These systems are able
to examine high-resolution images to localize
tumorous areas, distinguish between neoplastic and
normal tissue and emphasize areas of diagnostic
interest **. Tumour detection through automation
minimises the chances of those lesions that go
undiagnosed, increases the consistency of
diagnostic outcomes, and assists pathologists with
highlighting areas that may require further
examination. Besides, Al-enhanced protocols have
unique benefits in the high-throughput pathology
lab, where the high workload and time constraints
can lead to diagnostic errors *°.

Grading and Classification of Cancer: Accurate
grading and classification are essential for
prognostic evaluation and treatment planning and
classification of cancer. Digital pathology systems
powered by Al can analyze the architecture of
cells, tissue and nuclear properties to obtain correct
classification ~ of  neoplastic  objects and
identification of tumour grade *2. These models
have shown promising results in the range of
malignancies such as breast, prostate, colorectal,
and lung cancers. Al reduces grading subjectivity
and enhances standardized reporting by providing
objective and reproducible ratings *. Moreover, the
Al-based classification systems may combine
histopathological data with molecular and clinical
data, thus, providing a more in-depth insight into
tumour biology and enabling personalized
oncologic care *.

Al-Based Biomarker and Genomic Analysis:
Recent discoveries of molecular biomarkers and
genomic changes are critical in understanding the
biology of cancer, predicting the disease course,
and guiding individualized treatment strategies *.
Over the last few years, high-throughput
technologies, such as next-generation sequencing
and proteomics, have produced vast amounts of
molecular data that may be complex and hard to
analyse with traditional methods of analysis *. One
of the powerful technologies that have come up to
process these large data sets is Artificial
Intelligence, which enables the generation of
valuable insights which help in cancer diagnosis
and can help in clinical decision-making *'.

Molecular Profiling: Molecular profiling involves
the systematic study of the genetic, epigenetic,
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transcriptomic and proteomic characteristics of
neoplastic tissues with the view to defining
biomarkers that are specifically linked with the
oncogenesis and progression of the disease .
Algorithms based on artificial intelligence can
analyse high-dimensional datasets of molecules and
as a result explain intricate patterns, gene-
expression signatures, and pathway changes that
would otherwise have been hidden by traditional
statistical techniques . Machine-learning models
have been used to categorize tumor subtypes,
forecast therapeutic targets and identify biomarkers
of therapeutic response. Using molecular profiling
in conjunction with clinical and histopathological
information, the artificial-intelligence systems are
advancing the holistic approach to the diagnosis of
tumours and are supporting the progress in
precision oncology .

Early Cancer Detection and Risk Prediction:
Early detection of malignancies plays an important
role in improving the therapeutic outcomes and
increasing the survival rate of patients. There has
been a lot of potential in artificial intelligence-
based models to identify incipient molecular
perturbations and subtle genomic variations that are
predictive of cancer susceptibility, which can be
detected by artificial intelligence-based modeling
methods “°. Through the examination of biomarkers
of blood, tissue, or other biological samples, these
Al systems can detect early signs of malignancy
gnd assess the personal risk of cancer development

These predictive systems can be used to stratify
risks, conduct special screening programs, and
support prevention programs, especially among
high-risk populations. Moreover, risk prediction Al
tools support clinicians to develop evidence-based
surveillance guidelines and tailor-made patient-
centered care **.

Artificial Intelligence in Cancer Treatment
Planning: Treatment planning has become a
central component of cancer management with a
direct impact on the effectiveness of the treatment
and patient safety. Traditional forms of treatment
planning are based on the experience of clinicians,
on the guidelines, and on the manual interpretation
of complicated clinical and imaging data

Nevertheless, interobserver inconsistency, time
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limits and the growing complexity of therapeutic
choices can undermine the accuracy of these
conventional methods. Artificial Intelligence (Al)
has become one of the pivotal assets in the sphere
of cancer treatment planning as it allows

E-ISSN: 0975-8232; P-ISSN: 2320-5148

developing data-oriented, personalized treatment
plans. Al can enhance the precision, efficiency, and
individualization of oncology care by combining
clinical, imaging, and molecular data *°.

TABLE 2: Al APPLICATIONS IN CANCER TREATMENT PLANNING

Application Al Technique Clinical Role Validation Level Clinical Readiness
Prognosis prediction ML models Risk stratification Validated Medium
Therapy recommendation ML, CDSS Personalized therapy Experimental/Validated Low—Medium
Radiotherapy planning DL Dose optimization Validated Medium-High
Drug discovery ML models New therapeutics Experimental Low

Al in Radiotherapy Planning: Radiotherapy is
one of the most commonly used therapeutic
modalities in oncology, and it needs careful
planning to ensure maximum tumour control and
minimal collateral damage done to the surrounding
healthy tissue is caused **. There has been a
significant potential of artificial intelligence-based

approaches to improve different steps of
radiotherapy planning, especially in tumour
delineation and dose-optimisation .

Tumor Segmentation: In defining tumour

volumes and organs at risk during the radiotherapy
planning, the segmentation of the tumor has to be
precise. The conventional manual system is labour
intensive and is susceptible to inter-observer
variation “*°. Autonomous marking Tumours and the
surrounding healthy tissues on a medical image
may be performed using segmentation models
based on artificial intelligence, in particular
convolutional neural networks. Such technologies
enhance consistency, decrease the planning time
and increase the point of detection of tumour
boundaries. Segmentation of tumours using
computers assists in controlling the precise dose of
radiation and also lowers the chances of geographic
miss.

There are also several Al-based auto-segmentation
systems, including Varian Ethos, RayStation, and
Mirada Al-based contouring tools, which have
been given regulatory approval, and are
increasingly being integrated into regular clinical
radiotherapy processes, proving their practical
applicability in the modern oncology practice *’.

Dose Optimization and Delivery: The artificial
intelligence  algorithms  are  important  in
maximizing the radiation dose distribution by
examining the individual anatomical and tumor
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features of the individual patient. Machine-learning
can be used to predict the best dose regimens that
cover the entire tumour but have minimal exposure
to normal tissues surrounding the target *°. The use
of Al in dose optimization enhances the efficiency
of treatment, minimizes toxicity, and improves
overall treatment outcomes.

Additionally, Al can be used to create adaptive

radiotherapy, which is a treatment plan is
adaptively changed in response to real-time
variations experienced in tumor size, patient

anatomy, or treatment response leading to more
personalized and effective therapy *°. Here, Al-
based planning systems that are approved by
regulators also enable real-time dose optimization
and adaptive delivery of treatment, which is
reflective of the increased clinical use of Al-
assisted radiotherapy technologies *°.

Clinical Trials: Research has been more clinical in
assessing the efficacy of artificial intelligence in
radiotherapy  planning.  Retrospective  and
prospective studies have shown that Al-assisted
contouring does not only reduce the planning time
but also does not compromise or even decrease the
accuracy of the contouring process compared to the
manual method. Moreover, clinical evidence is that
there are enhanced dosimetric results, such as
enhanced target coverage and lower radiation dose
to at-risk organs. There are also studies which have
indicated a decrease in treatment-related toxicity.
Nevertheless, the promising results are still
accompanied by the lack of large-scale randomized
controlled trials, which would further justify the
need to conduct other clinical trials before
widespread standardization “.

Multicenter Validation Studies: To determine the
strength and generalisability of Al models in
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radiotherapy, it is necessary to conduct multicenter
validation studies. A number of studies performed
in various institutions have shown that there is
consistency in  performance of  Al-based
segmentation and treatment planning tools across
different patient groups and imaging systems.
These publications affirm reproducibility and
reliability of Al applications in the real-world
clinical practice. However, issues such as
variability in imaging protocols, heterogeneity of
data, and possible bias in the algorithm remains
critical to consider, as additional large-scale
validation and standardization efforts are needed *.

Al in Chemotherapy and Targeted Therapy
Selection: The chemotherapy and targeted therapy
are crucial parts of oncologic care; however, the
reaction of patients to this treatment may be
critically different because of the heterogeneity of
the tumor, genetic variations, and patient-specific
clinical principles and phenomena *. Traditional
therapeutic choices are often based on clinical
guidelines and population-based evidence, which
might not be adequate to reflect patient-specific
heterogeneity *°. Avrtificial Intelligence (Al) has
become one of the key instruments to support the
selection of chemotherapeutic and targeted agents
through the use of data-driven and personalized
treatment decisions .

Drug Response Prediction: Models that use Al
allow interrogation of large and complex datasets,
such as genomic profiles, molecular biomarkers,
clinical phenotypes and treatment history, to
predict responses of individual patients to particular
anticancer agents The machine learning
approaches have been used to determine patterns
related to chemosensitivity and resistance that
guide the clinicians in the choice of the most
appropriate  chemotherapeutic  or  targeted
interventions *°. Artificial intelligence reduces the
trial-and-error nature of prescription practices,
reduces unjustified drug toxicity, and increases the
effectiveness of the therapy process by predicting
drug reactions in advance. This is most useful in
precision oncology where the treatment choices are
made based on the molecular composition of the
neoplasm °*.

Treatment Outcome Forecasting: Besides the
ability to predict drug responses, Al systems are
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also being utilized to determine the prognosis of the
treatment, which includes tumor regression, disease
progression, survival rates, and also possible side
effects *°. Combining longitudinal clinical data,
imaging results, and molecular profiles, Al models
can assess the treatment efficiency and risks related
to it at the individual level. These predictive
insights help clinicians in assessing a variety of
treatment options, altering treatment regimens, and
enhancing patient counselling Furthermore,
prognostication of the treatment outcomes aids
shared decision-making by offering evidence-based
predictions that streamline therapeutic treatments to
the unique objectives and clinical cases during the
management of patients >’

Al in Personalized and Precision Oncology:
Personalized and precision oncology focus on
individualizing cancer therapeutics, where the
intervention is customized to the unique features of
the individual such as tumour biology, genomic
profile, clinical status, and responses to therapeutic
interventions and therapies *®. Standardised
therapeutic regimens by contrast traditionally
adhere to standard protocols that might not reflect
the heterogeneity of patients in oncological disease.
Artificial intelligence (Al) has become one of the
key facilitators of  precision  oncology,
incorporating the heterogeneous sources of data to
shape the development of personalized treatment
courses *°.

Patient-Specific Treatment Strategies: Al-
powered technologies have the ability to assess
patient-related data, such as genomic mutations,
molecular biomarkers, imaging characteristics,
health history and previous treatment responses, to
design personalized therapeutic plans ®°. Machine-
learning algorithms identify trends that can be used
to predict the most effective treatment solutions to
particular  patients. The approach to the
methodology will help in choosing the best
combinations of treatment, dosage schedule, and
therapeutic  sequence  °%.  Taking  tumour
heterogeneity into consideration and considering
the unique aspects of each patient, Al-enhanced
treatment plans increase the efficiency of the
treatment process and reduce unnecessary toxicity,

which ultimately leads to better patient outcomes
62
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Clinical Decision Support Systems: Clinical
decision support systems (CDSS) are based on
Artificial Intelligence (Al) and help healthcare
organizations develop well-informed therapeutic
decisions by providing evidence-based
recommendations based on real-time patient data,
informed clinical guidelines, and predictive
analytics ®. In oncological practice, Al-enhanced
CDSS can suggest appropriate treatment options,
determine possible drug interactions, and predict
the risks of treatment, instead of replacing medical
professionals, such systems complement clinical
decision-making by lowering cognitive loads,
increasing the consistency of care, and promoting
interaction between providers and patients in the
decision-making process ** ¢

Clinical Benefits of Artificial Intelligence in
Oncology: Implementation of  Artificial
Intelligence (Al) in the field of oncology has
proven significant clinical benefits throughout the
cancer care continuum, including the identification
of cancer, planning of treatment, and monitoring of
treatment. Al helps clinicians make more specific,
efficient, and tailored decisions by applying
sophisticated computational methodological tools
to assess intricate and large volumes of data °. The
clinical value of Al in the field of oncology is not
limited to improvements in diagnostic quality; it
also includes increased workflow efficiency,
increased treatment accuracy, and a more
reasonable use of healthcare resources ®'.

Improved Diagnostic Accuracy: There has been
an increased effectiveness of artificial intelligence-
based diagnostic systems in detecting oncologic
abnormalities compared to the conventional
modalities on their own. Through the combination
of medical imaging, histopathological slide, and
molecular data analysis, Al algorithms are able to
identify subtle patterns that can be overlooked in a
manual analysis process **. This will result in
increased sensitivity and specificity in the detection
of cancer, increased early diagnoses and decreased
inter-observer variability. A higher level of
diagnostic accuracy leads to timely clinical
ggeatment and, as a result, better patient outcomes

Time Efficiency and Workflow Optimization:
Image interpretation, pathology reporting and
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treatment planning are routinely part of workflows
in oncology, which are labour-intensive processes.
The application of Al-based automation has the
potential to make these processes significantly
lighter in terms of time, since they are analyzed in
large volumes in a short amount of time and
preliminary evaluations are produced. As a result,
clinicians will have an opportunity to dedicate a
greater focus on challenging clinical decision-
making and patient care. Increased efficiency in
workflow also helps in reducing the increasing
clinical workload and reduces delays in diagnosis
and the commencement of treatment ®°,

Enhanced Treatment Precision: Al can be used
to help plan treatment correctly through the
combination of personalized clinical, imaging, and
molecular data. In radiotherapy, Al is able to
increase the delineation of tumors and dose
distribution and in systemic therapy it is able to
help in the selection of personalized drugs and
prediction of the outcome . When treatment is
performed more accurately, collateral damage to
the healthy tissues is reduced, adverse effects are
minimized, and chances of a successful therapeutic
outcome are enhanced. Such precision-based
approach follows the objectives of customized and
precision oncology .

Cost-Effectiveness and Resource Utilization:
Artificial intelligence (Al) can be integrated into
the field of oncology to improve cost-efficiency
and maximize the use of healthcare resources. Al
has the potential to significantly reduce the total
treatment costs by mitigating diagnostic error,
restricting unnecessary treatment, and making the
treatment planning process more efficient *°. Also,
predictive models made with the help of Al can
help identify high-risk patients and allocate
resources more efficiently. These benefits are more
important in healthcare environments with limited
resources, where optimal utilization of the available
infrastructure is a prerequisite to high-quality
cancer care delivery .

Challenges and Limitations of Artificial
Intelligence in Cancer Care: Although the
opportunities that Artificial Intelligence (Al) has
when it comes to transforming the process of
cancer diagnosis and treatment planning have a lot
of potential, it is important to note that various risks
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and obstacles have to be overcome before it can be
used safely and widely in the clinical setting %
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ethical and regulatory issues. These barriers should
be identified and dealt with to allow the responsible

These problems include problems of data quality, —adoption of Al in the oncological practice .

algorithmic  performance, interpretability, and
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FIG. 3: THIS FIGURE IDENTIFIES THE KEY CONSTRAINTS AND THE SOLUTIONS TO THE CONSTRAINTS
OF ARTIFICIAL INTELLIGENCE IN THE DIAGNOSIS OF CANCER AND THE PLANNING OF THE
TREATMENT. THE EXISTING PROBLEMS ARE DATA BIAS, POTENTIALLY IMPACTING THE ACCURACY
OF THE MODEL, THE ABSENCE OF INTERPRETABILITY, AND THE FACT THAT Al DECISIONS ARE HARD
TO DECIPHER, AS WELL AS REGULATORY CHALLENGES CONNECTED TO SAFETY, ETHICS, AND
APPROVAL PROCEDURES. TO ADDRESS THESE DRAWBACKS, THE FUTURE STRATEGIES WILL
CONCENTRATE ON EXPLAINABLE Al TO MAKE TRANSPARENT DECISIONS, FEDERATED LEARNING TO
SHARE DATA SECURELY AND PRIVACY-CONSCIOUSLY, AND MULTIMODAL INTEGRATION, WHICH
INTEGRATES IMAGING, PATHOLOGY, AND GENOMIC DATA TO ENHANCE THE ACCURACY OF
DIAGNOSTIC INFORMATION. THE GOAL OF THESE DEVELOPMENTS IS TO MAKE Al SYSTEMS MORE

DEPENDABLE, ETHICAL, AND APPLICABLE IN HEALTHCARE NOWADAYS

TABLE 3: ADVANTAGES AND LIMITATIONS OF Al IN ONCOLOGY

Aspect Advantages Limitations
Accuracy Improved detection Data bias
Efficiency Faster workflows High computational cost

Personalization
Clinical adoption

Tailored therapy
Decision support

Limited adaptability
Interpretability issues

Data Quality and Availability: The artificial
intelligence systems require large, high-quality,
well-annotated datasets both to train and to
validate. In the field of oncology, data are often
incomplete, fragmented or heterogeneous because
of the difference in imaging protocols, laboratory
methods, and medical records between institutions
™ Poor access to representative and high-quality
data may negatively affect model performance and
reliability. Also, the question of privacy and
limitations to the sharing of data can also become
an extra impeding factor to the availability of
detailed datasets, especially in multi-centric and
global environments .

Algorithm Bias and Generalizability: The
problem of algorithmic bias arises when materials
used to construct artificial intelligence models do
not represent a wide range of patient groups. This
bias may develop into lower predictive validity and
inconsistent  performance  between  different

International Journal of Pharmaceutical Sciences and Research

demographic groups, types of cancers, or in
different clinical contexts '®. This question of low
generalizability remains a concern because models
portraying a high level of performance when
operating in highly controlled settings or single
institutions do not necessarily continue to provide
the same levels of effectiveness when applied to the
more extensive setting of a regular clinical practice.
In order to reduce bias and enhance external
validity, it is essential to use heterogeneous, multi-
%entre datasets and do intensive external validation

Interpretability and Transparency Issues:
Various sophisticated artificial intelligence models
(especially the ones that are based on deep learning
algorithms) are black-box systems, thus making it
difficult to understand how individual predictions
or recommendations are produced "®. The lack of
interpretability may damage the trust of clinicians
and hinder the introduction of such technologies
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into clinical settings, which is why it is essential to
create transparent and explainable Al models that
would allow clinicians to interpret the results,
confirm judgments, and be accountable and
responsible in patient care. The improved model
explainability is one of the main research priorities
in the field of healthcare Al ®.

Ethical, Legal, and Regulatory Concerns: The
use of artificial intelligence in oncologic therapy
has significant ethical, legal, and regulatory issues.
The main issues are patient data protection,
informed consent, information ownership and
responsibility of Al-aided clinical judgment ™.
Regulations among Al-based medical devices are
being formulated, which requires the development
of specific guidelines to protect patients and
standardisation. In addition, ethical considerations
should focus on equity, openness, and equitable
access to Al technologies to avoid exacerbation of
health inequalities .

Current Clinical Applications and Ongoing
Research: The field of artificial intelligence (Al)
nowadays advances beyond its role as a research
tool to a more frequent application in clinical
oncology °. Although a considerable proportion of
Al systems are still in the validation stage some
have already become a part of everyday clinical
practice or are currently conducted in the controlled
trial stage. These advancements highlight the
disruptive role of Al in the area of oncologic
diagnostic investigations, the development of the
therapeutic strategy, and patient care ®*.

Al Maturity Classification
Category Description
Experimental Early-stage models (lab research)
Validated Retrospective/limited clinical validation
Clinical Regulatory-approved tools

Al Tools Approved for Clinical Use: A growing
number of Al-powered technologies have received
regulatory approval and are being integrated into
clinical practice especially in imaging diagnostics
and screening. Many Al/ML-enabled medical
devices have been approved by regulatory bodies
like the U.S. Food and Drug Administration (FDA)
most of which are radiology-based devices
specifically in the field of oncologic radiology
imaging analysis workflows and the like 8. Many
of such tools support cancer detection tasks such as
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automated mammography interpretation and
locating lesions and allow radiologists to work
more efficiently and reduce the workload
requirements ®. The implementation of these
devices into clinical settings underlines their ability
to optimize the standard cancer diagnostics and
integrate the imaging interpretation process of these
devices in a wide range of healthcare settings.
Sophisticated Al technologies are already deployed
in clinical practice in different specialties. As an
example, autonomous Al machines to detect skin
cancer are already used in hospitals to analyze
suspicious spots and aid in dermatologic screening
8 These applications demonstrate the usefulness
and practical effect of Al in accelerating diagnosis
and improving referrals .

Ongoing Clinical Trials and Validation Studies:
Despite improvements in regulatory approvals,
most Al applications in oncology have undergone
exhaustive clinical studies before receiving
approval in terms of their safety, efficacy, and
overallizability to other groups of people ¥
Clinical trials registration analyses indicate that
current studies in the field of oncology are actively
exploring Al tools at all stages of cancer care, such
as early cancer detection and diagnosis,
prognostication, treatment optimization, and
survivorship monitoring .

A survey of the United States clinical trial registries
has revealed numerous completed and ongoing
studies that use machine learning, computer vision,
and natural language processing to support cancer
control programs. The papers highlight a strong
desire to transfer Al between retrospective research
and prospective clinical studies ®. There are a
number of high-profile validation initiatives taking
place across the globe. Indeed, the multi-center
trials are evaluated on Al to detect prostate cancer,
and risk stratification by biopsy imaging, and the
final goal is to incorporate the Al-generated risk
measurement into clinical therapeutic decision-
making, potentially altering the management
decisions according to active surveillance or
systemic therapy .

Future Perspectives and Emerging Trends:
Artificial intelligence (Al) is an emerging
technology that is evolving at a fast pace and has
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significant potential to revolutionize the cancer care
process.

In addition to the existing uses in the planning of
diagnosis and treatment, future developments show
that Al will play a more significant role in
precision oncology, early cancer diagnosis and the
reduction of inequalities in healthcare systems
worldwide °°. Such potential developments are
indicative of a shift to a more connected, data-
driven and fairer way of oncologic care %.

Integration of Al with Genomics and Real-
World Data: The combination of Al with real-
world and genomic data is one of the most
promising future directions in the field of artificial
intelligence as applied to oncology, as it allows
gain deeper insights into cancer biology and apply
this insight to more personalized care. Genomic
data (e.g., DNA sequencing, transcriptomics, and
epigenomic profiles) holds useful information on
tumor heterogeneity and the biological forces of the
disease and Al algorithms are increasingly capable
of breaking down such complex data to identify
actionable biomarkers, predict treatment outcomes
and identify new therapeutic targets **. With the
help of genomic data and the clinical, imaging, and
lifestyle data collected in the real world, Al
systems are able to form more comprehensive
patient profiles and aid in the development of truly
individualized treatment plans *2. The integration
fine-tunes predictive modelling and helps in risk
stratification as well as deployment of adaptive
cancer therapies that are specific to the individual
molecular and clinical features of each patient *.

Al in Early Cancer Screening Programs: Timely
detection of cancers significantly enhances the
survival rates; however, traditional screening
programs are often faced by logistic and resource-
related challenges in a myriad of locations. Al has
the potential to transform the early screening of
cancer by accelerating the process, improving
accuracy, and making it scalable **. There is the
development of novel Al-based approaches that
include machine learning algorithms that can be
used to examine radiological and molecular data
and the design of affordable and point-of-care
screening solutions to identify early oncogenic
changes with exceptional precision *. Inclusion of
Al in screening procedures can also enhance a
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higher response rate by automating risk
stratification and targeted outreach, especially on a
community-wide basis. Indicatively, Al-powered
screening devices have been installed in
community health campaigns to identify breast and
cervical cancers at an early stage and thus offer
access to underserved communities %.

Potential Role in Low- and Middle-Income
Countries: Artificial intelligence has the potential
to enhance the quality of oncology care, and it is
especially relevant in low- and middle-income
countries (LMICs), where the supply of medical
services is limited, and cancer rates are increasing.
Addressing the lack of specialised clinicians may
be alleviated through artificial-intelligence
technologies, which may serve as automated
diagnostic assistance, informal treatment decision
support, and facilitate remote consultations *°. The
empirical evidence shows that Al systems have the
ability to minimize diagnostic delays, increase the
coverage of screening, and streamline the
distribution of resources by focusing on high-risk
individuals. However, Al needs to be implemented
in LMICs amid specific approaches that consider
infrastructural  limitations, issues of data
governance, and training requirements %'
Nonetheless, Al presents the possibility of closing
the gaps in the provision of oncology care by
providing scalable and cost-effective solutions to
those regions where conventional health-care
services are inaccessible *. In addition to tools
used in diagnostics, artificial intelligence is
explored to be applied in a variety of roles, such as
finding participants that fit the study perfectly,
optimising treatment procedures, and offering real-
time assistance in clinical decision-making *°. The
method of using Al to match patients with suitable
trials and customise treatment plans are already

being developed and are being evaluated,
indicating increasing relevance of Al in
personalised oncology research 1%.

Clinical Implications: It has some profound
consequences of artificial intelligence
implementation in the field of oncology as it
applies to patient care and healthcare systems. The
artificial intelligence tools may be used to help
clinicians to minimize errors in diagnosing,
decrease variability in observers, and enhance the
efficiency of workflow *’. In treatment planning
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and engineering, Al can be used to create treatment
plans tailored to the individual patient that increase
the accuracy of the treatment and reduce
unnecessary  toxicity. Additionally, decision
support systems made with the help of Al can help
to make informed clinical decisions and encourage
uniformity in delivering cancer care. Artificial
intelligence is not meant to replace clinical
expertise, but it can be used as a valuable
complement to enhance the abilities of clinicians
and increase the quality of care on the whole *®,

Future Directions:
Explainable Al: Improving transparency to
enhance clinician trust and accountability.

Multimodal Integration: Combining imaging,
genomic, and clinical data for comprehensive
analysis.

Prospective Clinical Validation: Large-scale trials
are essential for real-world adoption.

Global and Equitable Implementation:
Addressing disparities in healthcare access,
particularly in low-resource settings.

CONCLUSION: Artificial intelligence is a
promising development in the field of oncology,
and it has the potential to enhance the process of
cancer diagnosis and treatment planning.
Nevertheless, recent data show that the majority of
Al applications are at the development or early
validation phase. Routine clinical integration needs
strong prospective validation, enhanced
interpretability, seamless workflow integration and
clear regulation. Also, challenges associated with
bias, data quality, and fair access should be tackled.
Currently, Al can be viewed as an assistant
technology that can be utilized to supplement
clinical knowledge. Its future effects will be based
on strict validation, responsible practice, and long-
lasting interdisciplinary cooperation.
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