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The analytical power of artificial intelligence can revolutionize
the field of cancer research, diagnosis, and treatment by analyz-
ing the huge raw data available in biomedical science. In this re-
view, we have discussed current challenges, development, and

future perspectives of artificial

intelligence in cancer research.

Key words: Artificial intelligence, Machine learning, Cancer research

he enormous data generated

after the genome sequencing
driven human genome project and
cancer genome project have accu-
mulated tremendous information
that requires powerful computation-
al tools to handle and make sense of
it [1]. The enormous potential power
harnessed through artificial intel-
ligence can completely transform
the way we diagnose and manage
cancer. The novel applications of ar-
tificial intelligence in preclinical and
translational research have drastical-
ly increased in recent times leading
to unexpected progress in digital
pathology and diagnostics and also
catalyzing drug discovery research
[3]. Al has been applied in multi-om-
ics studies, phenotypic identification,
and classification, finding clinical pat-
terns and collecting behavioral data
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from the wearable devices [4,5]. The
expectations from Al for improve-
ment in diagnosis, prognosis, and
therapy of cancer are very high but
this is limited by the biases in training
datasets, heterogeneity of the cancer
cells, and availability of external val-
idation cohorts. Multiple molecular
dysregulations and defects in com-
plex signaling networks induce the
initiation and development of cancer
[6]. The omics data which includes
the mutational signature, epigenetic
alterations, transcriptional output,
levels of protein expression, etc in-
cludes very heterogenous data and
it has a noisy background some time
giving a confusing or conflicting re-
sult. Sophisticated computational al-
gorithms and programs can perform
an integrative analysis of the raw data
that can generate a testable hypoth-
esis and link the genetic variations to
the ripple effects on the pathways
giving rise to cancer. Machine learn-
ing is a data-driven method and it is
not influenced like researchers with
biases of prior knowledge and it

provides an unbiased result from the
raw data of the experiments. Hence
Al complements the low throughput,
hypothesis-driven approaches to have
a deeper insight into the biological
pathways implicated in cancer devel-
opment. It also helps in a more com-
prehensive understating of the patho-
physiology at the molecular level.
Computational prediction of network
and pathways had helped in reveal-
ing the normal and oncogenic behav-
iors of the cells. Al can help in the sys-
tematic direction of the experiments
and in the generation of hypothesis
about the signaling pathways, driver
gene identification, drug target iden-
tification, and provide a system-level
and molecular-level understanding of
cancer. These approaches can weigh
individual datasets and generate a
genome-wide functional map from
thousands of diverse experiments or
it can integrate various signaling mo-
lecular pathways to give a holistic view
of the processes and generate more
targeted and pathway level models [7].
Machine learning is also being used in
cancer immunotherapy. From the im-
ages which are obtained from CT and
MRI as well as from the tissue slides, Al
can help in understanding the recog-
nition pattern [8]. In future Al can help
in understanding the tumor-immune
interaction, resistance to immunother-
apy, and mechanistic perspectives of
combination therapy [9]. Machine in-
telligence can also have a wider scope
such as: (i) Therapy response can be
monitored by longitudinal noninva-
sive monitoring, (ii). immunogenicity
of neoantigens can be predicted, (iii) it
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can help in the integration of multi-
modal data. Al can also help in under-
standing sequencing data and un-
derstanding the spatial information
of distribution and infiltration of im-
mune cells in the tumor. The transfer
learning of data integration can help
in transferring data from one data
type to another data type. Develop-
ment of novel deep learning meth-
ods can help in data integration and
sufficient learning and testing data
can be generated. Machine learning
efforts in computer vision for bio-
medicine is hugely going to impact
cancer research [10]. It can match and
even go beyond the human eyes and
assessment for pathological inves-
tigations. Machine learning-based
diagnostic systems can assist the
expert or even can replace humans
in the future. These techniques will
increase the efficiency of the pathol-
ogist and help them with repeated
boring jobs and allow them to focus
on more serious tests. It will also de-
crease the time for diagnosis and giv-
ing results. Computer vision systems
are developed not only to assist but
directly to get engaged in the diag-
nosis and prognosis of the diseases
[11]. Mutation status has been shown
to get detected in pathology images
by machine learning [12]. Advanced
computer vision will help identify
rich heterogeneity in similar-looking
cancer tissues and help in personal-
ized targeted therapy for the tumor.
Deep learning models can also help
extracting differences in response
to drug-treated and untreated can-
cer cells [13]. It can also help extract
information from the unstained cells
which might help save economic
resources and exposure to harm-
ful chemicals. Diagnostic machine
learning can be combined with de-
mography and genomics data in the
coming years to improve the treat-

ment and outcome of the diseases.
Accurate diagnosis and early detec-
tion as well as the study of response
in patients can decrease the mortality
of the patients. Machine learning has
been applied in pathology, gynecolo-
gy, radiology, urology, and dermatol-
ogy for assisting the technicians and
helping improve the lives of patients.
The malignant and benign tumors
are used to train deep neural net-
works using theimages of MRland CT
scans to detect patterns in the data
for comparison and diagnosis. Re-
cently neural network was trained to
detect skin cancer and it was shown
to compete with the physicians [14].
Successful convergence of artificial
intelligence and digital pathology
is also shown by furcating patient
survival, improving Gleason scoring,
predicting driver mutations [15]. So, it
helps doctors in diagnosing and pa-
tients for better survival. It will help in
early detection. It will help with new
solutions for early detection and ac-
curate diagnostics. In the future for
skin cancer, a smartphone with deep
learning can help detect early signs
of mole getting converted into can-
cer. Home-based diagnostic tools can
be developed which will help in spot-
ting cancer at the early stages. Health
care footprints of millions of indi-
viduals store in electronic health re-
cords when combined with machine
learning can improve understanding
of cancer onset and recurrence. Ma-
chine learning can replace current
imperfect screening guidelines with
more intelligent, personalized rec-
ommendations for health monitor-
ing. It can also help avoid false-neg-
ative and false-positive cases. Blood
parameters, BMI, pain and digestion,
infection, and other factors can be
combined with machine learning to
generate non-imaging signatures of
different cancers and combine them

with radiological examinations. Coun-
terfactual interference can be applied
for malignancies where many possible
treatments are available and there is
a lot of variation between clinicians
and patients’ outcomes [16]. Machine
learning can help in improving screen-
ing, diagnosis, and management of
cancer from patients of different eth-
nic backgrounds and diverse genetic
backgrounds. Environmental factors,
social circumstances, behavior, and
other phenotypic factors play a very
important role in cancer development
and these can be integrated into mo-
bile and other wearable and implant-
ed devices by machine learning to
properly monitor the different aspects
of human physiology and its relation
to the disease. Connected devices and
sensors in cities can capture anoth-
er parameter like pollution and noise
and these ever-growing data can be
monitored and managed by machine
learning. Mobile phones are very
widely gadgets now and skin and pan-
creatic cancer that can be screened by
phone cameras give hope that ma-
chine learning algorithms along with
cameras can be further used in the
future for preliminary screening and
monitoring of disease and especial-
ly in countries with poor resources
and health infrastructure. Machine
learning can also act as a personal as-
sistant for patients to guide them for
taking medicines on time, suggest-
ing the required changes in lifestyle,
advising on symptoms management,
and when to contact the doctor.
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