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advantages, and difficulties of Al in cancer imaging are highlighted in this review paper.
Applications of Al in lung, breast, and prostate cancers are discussed, along with the
potential to enhance evaluation, diagnosis, and treatment strategy; issues and constraints
with Al in cancer imaging; precision and prognostication; and the significance of
clinician education and training. Lastly, we explore future directions of Al in cancer
imaging, such as multimodality data and more transparent and interpretable Al

INTRODUCTION

Although our understanding of the molecular
causes of cancer has improved significantly,
patients, researchers, and doctors are still baffled
by this self-reliant and adaptable disease that
dynamically connect with its environment [1].
This makes it more challenging to correctly
distinguish between preneoplastic and neoplastic
lesions, predict infiltrative tumor margins during

surgical treatment, monitor tumor progression and
possible acquired resistance to treatments over
time, and assess tumor aggressiveness, metastatic
pattern, and recurrence [2]. These problems in
cancer monitoring, treatment, and detection may
be resolved by technological advancements in
minimally invasive biomarkers and medical
imaging. Yet, the processing of the enormous
amount of data produced by these innovations
poses several new possible challenges [3]. The
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daily lives of most individuals are influenced by
Al and ML. Indeed, digital health care is expected
to contribute significantly to disease diagnosis and
treatment in the future. The technology has
evolved such that independent diagnostic tools for
the illness have been designed according to the
need for humongous databases to enable them to
take care of issues related to future development in
the detection of human diseases, especially at the
initial stages of cancer disease [4]. The ability of
recent developments in artificial intelligence to
decode radiographic patterns automatically in
medical images has demonstrated remarkable
achievement. One particularly useful technique is
machine learning, a subfield of artificial
intelligence that has been demonstrated to perform
better than humans in task-specific applications
and can automatically learn feature representations
from example photos. Among other things, deep
learning has shown a notable level of robustness
against noise in the ground truth labels, even
though it requires vast data sets for training [5].
Examples of how Al's automated capabilities open
up new avenues for qualitative improvement of
clinical judgment include: conversion of subtleties
in intertumoral phenotype to consequences for
genotype, parallel monitoring of lesions, precision
tumor size volumetric demarcation with time, and
outcomes predicted by connecting each tumor to a
database of possibly infinitely similar instances
[6]. In addition, compared to other diseases and
imaging modalities, deep learning has great
promise for generalization, noise resilience, and
reduced inaccuracy. These factors will ultimately
lead to early interventions, which are critical for
enhancing diagnostics and therapeutic care.
Medical imaging uses these Al techniques to treat
prevalent tumors, including prostate, breast, lung,
and brain cancer [7]. We draw attention to the
clinical challenges associated with cancer
detection and treatment, how new advancements
attempt to address these challenges, and how these
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challenges may influence the potential future
course of artificial intelligence [8].

Artificial intelligence in medicine

Additionally, it has enabled computers and robots
to replicate human intelligence and behavior,
create medical statistical datasets, assist with
robotic surgery and clinical diagnostics, formulate
pharmaceuticals, and comprehend the molecular
makeup of human disorders like cancer. The
impact of Al on medicine is both tangible and
intangible [9]. In addition to helping the doctor
make wise judgments, the DL information
management technologies-reliant virtual
component has the ability to evaluate the
electronic health record information dataset. DL
enhances experience-based learning by using a
mathematical method. Nonetheless, the physical
system of Al may be useful for applications such
as tailored drug delivery through robotic surgery
and nano-robotic surgery [10]. Al has been
employed in robotic surgery for the correction of
heart valves, gynecological illnesses,
prostatectomy-related procedures, and is believed
to have an significant part in the future battle
against cancer. Al can already solve intricate
problems, including complicated biological ones
[11]. Medicine's potential ability to transform
healthcare through increased speed, accuracy, and
safety is offered by Al. To investigate the medical
consequences of artificial intelligence in
radiography for medical purposes, extensive
datasets have been developed and are frequently
updated [12]. Scotland's "National health service
based on the DL NHS 111 algorithm, is presently
undergoing medical evaluations to help the public
having a little health concern via telephone call at
home [13]. Semantic web technology is being used
by "Babylon Health,” another online healthcare
provider, to provide beneficial digital services that
improve clinical outcomes. Enabling machine

935 | Page



Neha Chavan, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 4, 934-946 | Review

reading of online data is the goal of the semantic
web. Create clinical LDGs (Linked Data Graphs)

biomedical data and employ Al-based medical
services [14].
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Figure 1: Approaches for Cancer Research using AI

Al's current function in radiology

Traditional artificial intelligence (Al), a type of
machine learning, was introduced in the 1980s to
diagnostic imaging. The users are required to
predefine first the specific characteristics and
features of the imaging using their knowledge
[15]. Considering the number of data entries
available, training typically employs part of them,
and testing employs the rest. A specific learning
algorithm is chosen to learn the features for the
training process. These algorithms are CNN,
SVM, PCA, etc. The trained algorithm must
identify the attributes and classify a given test
image [ 16]. The fact that the user must identify the
characteristics that specify the class to which the
image belongs is one of the challenges with
machine learning. This might, however, ignore
some of the relevant elements. To identify a lung
tumor, for example, the user needs to be able to
segment the tumor's location as structural parts
[17]. In order to gradually extract higher level
information from raw image input, deep learning
employs numerous layers. It identifies the features
that can boost performance and aids in deciphering
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the abstractions [18]. It has only gained relevance
in the past ten years due to advancements in
hardware, specifically graphics processing units
(GPU), and the creation of thousands of medical
images. However, machine learning and its
importance increased over time, and even the GPU
was partly overtaken. But as the day went on,
machine learning and its significance grew, and
even the GPU was somewhat surpassed [19].

Current role of Al in radiation oncology

Al has been applied to radiation oncology imaging
studies. in image registration, segmenting organs
and lesions, fiducial radiomics, markers
identification, etc. Like imaging, it began with
Using deep learning and conventional Al. In the
current edition of the journal Medical Physics
(May 2019, Volume 46) 5, 16 of 51 imaging-
related studies were based on machine learning
studies. As we all know, medical imaging is only
one area of radiation oncology research. The
majority of the the quantity of released research
articles on deep learning imaging demonstrates the
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significant contribution artificial intelligence is
making to the subject [20].

Personalized

medicine and
therapies

BENEFITS
OF Al IN
ONCOLOGY

Reduction in
false positives
and negatives

Figure 2: Benefits of AT in Oncology

Automatically dividing the organs at danger in
order to plan therapy is the main goal of organ and
lesion segmentation. Deep learning methods have
been used to divide the brain, lung, prostate,
kidney, pelvis, and head and neck organs. The
rectum, lymph nodes, brain, liver, lung, bone, head
and neck are among the areas where lesion
segmentation is used. The data collection, deep
learning methods, segmentation object, and related
performance have all been compiled by Sahiner et
al. [21]. One often used algorithm was U-net.
Unlike classical Al, U-nets consist of several
convolution layers, deconvolution layers, and
links between the opposing convolution and
deconvolution components. As a result, the
network may provide segmentation likelihood
maps quickly by looking at the complete image
during training [22].

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

When receiving radiation therapy, a patient must
go through a number of steps, such as
immobilization and positioning, CT acquisition
planning, radiation (i.e., figuring out the best dose,
time, and fractionation regimen), beam position
optimization with the best dose coverage and
preservation of healthy tissues, radiation delivery,
and follow-up after therapy. Al solutions are
specifically made to support and enhance this
approach. It has been suggested that machine
learning be used for automatic organ
segmentation, error avoidance, and therapy
preparation [23].

Al Applications in Cancer Imaging

Artificial intelligence is one of the several
advancements being employed to improve the
efficacy of therapeutic care. Clinical workflow
optimization and simplification are becoming
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more and more important due to the growing need
for medical care and the vast amounts of data
produced from multiple sources. Al has the
potential to make image interpretation less
subjective and qualitative and more quantitative
and reproducible due to its exceptional capacity to
identify intricate designs in images. Furthermore,
Al could improve clinical decision-making by
quantifying information from photographs that
humans are unable to detect [24]. Al is quite
beneficial in cancer imaging for three primary
clinical duties: tumor monitoring,
characterization, and detection. Computer-aided
detection (CADe) is the term used to describe the
localization of items of interest in radiography. Al-
based detection technologies can be employed as a
first line of defense against errors of omission and
to minimize observational oversights. In a pattern-
recognition context, the reader is shown areas with
dubious imaging features highlighted [25]. CADe
has been used to detect missed tumors in low-dose
CT screening, discovered microcalcification
clusters in screening mammography as an
indicator of early breast carcinoma, and more. It is
also used as an auxiliary aid to increase
radiological interpretation time while preserving
good detection sensitivity, identify brain

metastases in MRIs [26]. Apart from imaging, a
number of microsurgical biomarkers are created
for long-term illness monitoring and cancer
detection. Liquid biopsies, which analyze
circulating tumor DNA (ctDNA) released from
tumor cells, are especially notable because they
offer awindow into the real time and dynamic state
of a cancer, track the disease's progression, and
enable near real-time reporting for the emergence
of cancer mutations linked to resistance or
targetability [27]. Therefore, by enabling Real-
time disease monitoring and more precise
prognostic  evaluation  using  noninvasive
characterization of cancer biology for precision
medicine, the combination of liquid biopsies and
radiomics profiling may greatly enhance cancer
treatment [28]. It is expected that the
aforementioned Al treatments will complement
their existing standard-of-care equivalent in
clinical settings. In addition to giving physicians
helpful information, a number of projects have
shown the usefulness of Al in the medical
decision-making stages of the process. Al-
powered image-based analysis combined with
pathology and molecular data will enhance the
results' intelligence and ultimately lead to better
decision-making [29].
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Lung Cancer Imaging

Lung cancer is among the top killers of cancer
deaths in both women and men worldwide. Lung
cancer is lagging behind despite the advances in
survival over the last few decades made by other
forms of cancers. This is due primarily to the fact
that lung cancer tends to be advanced when it is
diagnosed, and at that point, there are not a lot of
options available. The late stage at diagnosis can
be the cause of the fact that the majority of people
suffering from lung cancer would die of their
disease [30] Medical diagnosis and artificial
intelligence are expected to greatly enhance the
early identification and description of lung cancer
by distinguishing between harmful and non-
cancerous nodules. The early stages are mostly
treatable, thereby significantly improving patient
outcome, reducing overtreatment, and saving lives
in some cases. Al will also add value to the
classification and staging of lung cancer for
treatment selection and treatment response
monitoring [31]. Among the leading causes of
death from cancer for both men and women
worldwide is lung cancer. However, over the last
few decades, progress has been seen in many
cancers, but lung cancer has lagged mostly
because the disease was detected quite late, and by
the time of discovery, no treatment has been
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available. It could be the one of the primary causes
death from malignant diseases is still lung cancer
[32]. From diagnosis to tracking response to
treatment, imaging is essential to the management
of lung cancer. Creation of imaging-related
artificial intelligence (Al) models may potentially
aid in personalized treatment planning and early
detection. The paradigm of early illness detection
through screening programs has shifted as a result
of computer-aided lung nodule detection. Al
models that combine imaging features with
clinical and laboratory data demonstrate extremely
encouraging outcomes in terms of forecasting
patient outcomes, response to certain treatments,
and the likelihood of hazardous reactions [33]. In
order to inform radiologists and clinicians about
the potential for the majority of patients to die from
lung cancer in very late-stage cases, the review
highlights the current work on major artificial
intelligence imaging tools developed in the field of
lung cancer screening, such as automated lesion
identification, characterization and segmentation,
and forecasting the result and reaction to treatment
[34].
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Figure 4: Lung Cancer Detection System Process

Breast Cancer Imaging

In the US, breast cancer is the second leading
cause of cancer-related death among women is
also the most prevalent malignant disease among
women. Since the 1980s, the five-year survival
rate for breast cancer has significantly improved,
in breast cancer treatment and greater use of
mammography screening [35]. Because breast
cancer is heterogeneous, each tumor has a different
source, prediction, and outcome to treatment. The
estrogen receptor's existence may establish
etiologic subgroups and is crucial for
responsiveness to particular treatments and for
prognostic outcomes that are worse for those with
ER-negative disease [36]. Lack of ER, PR, and
HER2 is a hallmark of triple-negative breast
cancer. They have lower five-year survival rates,
identified as interval and advanced cancers, and do
not exhibit the usual indicators of malignancy on
conventional mammography. Because of the rapid
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improvements in  computer and imaging
technologies, the usage of Al has become more
prevalent in breast imaging tasks like risk
assessment, detection, diagnosis, prognosis, and
therapeutic response dramatically [37].

Prostate Cancer Imaging

It helps to diagnosis around prostate cancer
manifestation, which characterizes highly the
aggressive biological phenotype of the disease
differing according to treatment options available.
Evaluation in clinics, TRUS or CT-based staging
of prostate cancer is significantly improved by
considering MRI since it displays simultaneous
involvement of pelvic, periprostatic, and prostate
architecture [38]. The location, size, and extent of
cancer can be more accurately assessed with MRI
or dynamic computer-enhanced MRI with MR
spectroscopic imaging as well as it provides
indications on aggression at clinical practice.
Implementation of minimally invasive, patient-
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specific therapy is dependent on pretreatment
understanding of these prognostic factors [39].
Treatment of prostate cancer remains plagued by
many challenges. Subclinical illness and clinically
severe prostate cancer cannot be distinguished by
screening testing, which is due to very early [40].
The whole idea of screening for prostate cancer on
an uninhibited population scale is yet to be the
subject of heated debate, even with evidence that
the vast majority of cancers (85% to 90% of all)
identified by prostate cancer screening programs
constitute genuinely clinically important disease
and not a harmless deviation from it and are being
identified at a more premature stage of disease.
Further, it is very expensive to screen all men
above 50 years, and the available funds for
healthcare cannot cover this expense. The second
barrier hinders planning for treatment[41]. The
capacity of currently available tumor prognostic
markers to distinguish between Indolent and
aggressive illness is limited. At the extremes,
tumor prognostic might be able to forecast how the
illness will behave [42]. However, prognostic
variables for most cancers may fall somewhere in
the center, making it very challenging to
distinguish between malignancies that are likely to
advance and those that are suited for surveillance.
The accuracy with which currently used tumor
prognostic variables can categorize the risks and
treatment strategy of such individuals is a topic of
intense discussion. [43]. Over the next ten years,
the main goals of prostate cancer imaging will be
to accurately characterize the illness by combining
anatomical, functional, and molecular imaging
data. There is no agreement on the evaluation of
primary prostate cancers using imaging [44].
Superparamagnetic nanoparticle magnetic
resonance imaging is limited to research settings
and has shown better sensitivity and specificity in
imaging lymph node metastases, despite the fact
that there are currently no published guidelines for
its application [45]. CT is especially useful to
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evaluate advanced illness. While its application in
evaluating primary disease is restricted, combined
PET/CT is becoming more widely accepted for
monitoring prostate cancer treatment outcomes
[46].

Challenges of Al in imaging

Before Al is widely utilized in clinical settings, a
number of restrictions and challenges must be
resolved, regardless of how much more acceptance
there is in the field of cancer imaging. Continuous
structures that generate data are presented by the
rising need for CT and MRI imaging [47]. The
application of CAD to enhance radiologists'
performance in lung and mammography imaging
has shown promise, but the high rate of false
positives still makes it difficult for the health
sector to adopt Al [48]. Errors in CAD software
often cause normal structures to appear odd.
Radiologists find it extremely difficult to
distinguish between these real aberrant lesions and
fictitious prompts, which hinders their effort in
terms of recall rates, throughput, and expenses.
CAD FPs range from roughly 1 to 2.2 each
mammography test and from 4.6 to 11 per chest
CT scan. In real-world situations, Such elevated
FP rates negatively affect patient recall rates and
make CAD initiatives unsustainable [49]. There
are more needless invasive treatments performed
when recall rates are higher. However, since false
positives are no longer an issue in the future,
improvements in study of CAD and image
processing during the last ten years have led to a
growing decrease in false positives. Such recent
advances illustrate the rapid evolution of the
algorithms and technology that Al is based on,
giving credence to the idea that the CAD
application will soon become easy and very
efficient [50]. Although Al is initial promising
medical imaging research, there are still hurdles to
cross before it is more dependable and common in
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the clinic. A shortcoming of Al is the paucity of
appropriately high-volume, high-quality
longitudinal outcomes information. The same
disease site may be photographed using the same
technique, but various imaging modalities and
scenarios are sometimes utilized in the clinic. A
specific set of images will be linked with a specific
clinical scenario [51]. It may become difficult for
anyone organization to utilize any type of Al
algorithm to deal with the various clinical
situations that could arise and the various parts of
labor that could be included in each picture.
Different patient cohorts are associated with
different clinics [52]. Every clinic operates
differently too. One of the largest challenges for
Al and medical imaging research is putting the
data generated by the wide variety of activities into
a consistent format. Medical imaging data sorting
could be a worth-while area of research [53].

The future of Al in Imaging

The Al program only has a high false positive rate,
which is fairly high but is gradually improving,
and it appears to be a suitable second reader. IBM
spent $1 billion on an algorithm called the Watson
Health Project currently undergoing testing for the
healthcare industry, is a clear sign of the
company's trust in the imaging Al future [54].
Watson will be able to learn from 30 billion images
thanks to this investment, which will permit its
algorithm to access the most extensive knowledge
source available. It will also benefit from patient
supporting data, such as medical histories, blood
tests, genetic sequences, and prior imaging [55] Al
events may recognize incidental findings that are
clinically significant, but conversely, may be
clinically insignificant. Unless properly put in the
right clinical context, they can cause significant
added patient anxiety, negative medical costs, and
at times unforeseen side effects from treatment
[56]. Most incidental findings, though, will
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normally be evaluated by humans on the
consideration of whether to treat them as being
clinically significant or not, as when they were
discovered by humans, in this initial stage of Al,
Human specialists will proceed to predominate
Al's output through responsible gatekeeping [57].
Like for primary lesions, such findings could have
given rise to the development of Al systems into
ordinary parts of data assessment and reporting
[58]. Moreover, imaging is not a reliable predictor
of disease on its own. More and more people are
realizing how cancer genetic fingerprints,
incorporating tumor, socioeconomic, and even
social network noninvasive blood biomarkers
affect the prognosis of cancer patients. Data
sources are also expanding rapidly outside of
direct medical testing [59]. These include data
from social media, smartphones, wearable
technologies, disorganized electronic health
records, as well as other elements of the virtual era.
Al is ideal to progressively combining biological,
demographic, and social data streams to enhance
patient outcome prediction models that are
assessed and communicated within the clinical
context of their patients [60]. As the strength and
potential of Al become clearer, there are several
ways its clinical application is expanding. To
displace clinician workflows with Al approaches
to imaging analysis, more work will be required to
enhance their predictive value and accuracy than
demonstrating they can generate output
comparable to or superior to human control in
well-controlled studies [61]. Certain conditions
hold promise initially, yet additional clinical utility
evidence from prospective research and education
for physicians, technologists, and physicists might
be required before they become generally
available [62]. Indeed, while looking at outcomes
produced by Al, there will always be this "black
box" from the perspective of the human expert.
Conversely, there are already many data
visualization tools available that will enable a
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basic understanding of how algorithms truly make
judgments [63].

CONCLUSION

By increasing the precision, speed, and
effectiveness of picture interpretation, Al's
application to cancer imaging holds the ability to
completely transform the industry. However,
several challenges and limitations must be
addressed, including data quality and availability,
algorithmic bias, regulatory frameworks, and
clinical validation. However, challenges regarding
data quality, availability, and standardization must
be resolved in order to avoid bias in the training of
models created on insufficiently diverse datasets,
resulting in poor predictive quality. In addition,
there is a need for algorithms that are not biased,
regulatory frameworks that are robust, and clinical
validation which remain significant barriers to
adoption in large scale. The directions for the
future would include progress in liquid biopsies,
imaging genomics, radiomics, and imaging
informatics, which will create great prospects in
improving cancer diagnosis and prognosis toward
a situation in the future where Al becomes readily
useful in clinical practice.
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