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Background: This paper looks at how Al and machine learning have been applied over the last ten
years to the development of anti-cancer drugs. By speeding up the synthesis of more desirable
compounds and the identification of new ones, artificial intelligence (Al) has demonstrated
substantial contributions to the research and therapy of anti-cancer therapies. Methods: This work
is a narrative review that examines numerous uses of Al-based techniques in the development of
anti-cancer medications. Results: Future developments in human cancer research and treatment are
anticipated to be significantly influenced by Al. Protein-interaction network analysis, drug target
prediction, binding site prediction, and virtual screening are examples of innovative techniques.
Drug design and screening are enhanced by machine learning, and the use of multitarget drug
development approaches has made it possible to develop cancer treatments with fewer side effects.
Al does, however, have several drawbacks, such as a heavy reliance on data and a narrow scope of
explanation. Interpretable Al models, which combine data and computation in Al-assisted cancer
treatment research, will be the new development path in the future. Conclusion: For more than
thirty years, computer-aided drug design techniques have been a key component in the advancement
of cancer therapies. Artificial intelligence is a new and powerful technology that has the potential
to speed up, lower the cost, and improve the efficacy of anti-cancer therapy development.
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INTRODUCTION

Numerous businesses have increased their R&D
(research and development) efforts for anti-cancer
medications in recent years.! More cancer patients
may now have access to therapy thanks to an
increasing number of extensive and prolonged clinical
trials.2® The American Cancer Society recently
reported that from 2014 to 2021, the three-year
survival rate for lung cancer increased from 21% to
nearly 31%.* Research has examined the effectiveness
of immune treatments and targeted therapies in
treating a range of solid tumours.® The long-term
survival of cancer patients will therefore benefit from
increased investment in immune therapeutics and
tailored medicines to realise the benefits of precision
medicine.®8 Target identification, hit exploration, hit-
to-lead development, lead optimisation, preclinical
drug candidate identification, and preclinical and
clinical research are all included in the anti-cancer

drug design and discovery pipeline.®' The
development of novel and effective anti-cancer drugs
from scratch remains a difficult, costly, and time-
consuming process*?, despite advancements in tumour
biotechnology and cancer mechanism research. This
will necessitate close multidisciplinary collaborations
between  medicinal  chemistry,  computational
chemistry, biology, pharmacology, and clinical
research.’®* A novel drug's introduction into clinical
practice can, on average, take between 10 and 17 years
and over 2.8 billion dollars.**!* In addition, only 10%
of clinical trial-tested drugs get commercialized.® Due
to issues including undruggable targets'’,
chemoresistance in oncology?é, tumour
heterogeneity'®, and metastasis®®, the development of
anti-cancer medications is particularly challenging.
The traditional methods for medication design may be
ineffective. Cancer patients' treatment outcomes are
simply not as good as they may be since there are still
S0 many obstacles to overcome. Therefore, there is an




urgent need for new potent anti-cancer medication
design tactics. They will shorten the time needed for
clinical trials and lower the cost of medication
development. They can also contribute to bettering
human health and extending life expectancy
worldwide.* The technique known as computer-aided
drug design (CADD) was first used in the early
1980s.% One increasingly significant aspect of drug
design is the application of computer-aided techniques
to direct drug screening.??-2> With the aid of computer
simulation, medicinal chemists were able to create and
optimise lead compounds as well as compute the
interactions between ligands and receptors.?® CADD is
typically used in drug design to filter down vast
chemical libraries into more manageable clusters of
computationally chemistry-predicted active
molecules. It can significantly reduce the time and cost
associated with anti-drug design while also speeding
up the process.?” Researchers in academia and the
pharmaceutical sector are using artificial intelligence
to enhance drug creation procedures due to the swift
advancements in computer hardware and artificial
intelligence methodologies.?® The simulation of
human intelligence in robots that are designed to think
and behave like humans is known as artificial
intelligence (Al).*® A widely held belief regarding
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artificial intelligence is that its objective is to create
computers that are comparable in their ability to
"understand”.?® These days, artificial intelligence is
employed in a wide range of cancer research
applications, including image classification of
aberrant cancer cells®®, target protein structure
prediction®?, and drug—protein interaction prediction®?
These findings show how artificial intelligence
methods can completely transform the way anti-cancer
drugs are designed. The objective of this study was to
evaluate some of the most notable developments in
artificial intelligence and machine learning-based anti-
cancer medication therapy and discovery, provide
some of the most well-known instances, and explain
the underlying ideas of these techniques.

MATERIAL AND METHODS

This study is a narrative review of previous research.
To locate original papers, we searched PubMed, the
US National Library of Medicine. Table 1 displays the
search method that was employed in PubMed. Our
primary focus was on reviews and articles that had
been released in the last ten years. The current
narrative review was last searched on December 1,
2023.

Strategy Descriptors Used
#1 (“cancer” [Title/Abstract] AND “artificial intelligence” [Title/Abstract] AND “drug” [Title/Abstract]) AND (y_10[Filter])
#2 (“cancer” [Title/Abstract] AND “drug discovery” [Title/Abstract] AND “Al” [Title/Abstract]) AND (y 10[Filter])
#3 (“cancer” [Title/Abstract] AND “drug design” [Title/Abstract] AND “machine learning” [Title/Abstract]) AND (y_10[Filter])
#4 (“database” [Title/Abstract] AND “drug” [Title/Abstract] AND “artificial intelligence” [Title/Abstract]) AND (y 10[Filter]
RESULTS maximum market share gain by using E-VAI, an

Because Al can assist with rational drug design®,
decision-making support'’, determining the best
obviously of treatment for a patient, including
personalised medications, and managing the generated
clinical data for use in future drug development, one
could envision Al being involved in the entire
pharmaceutical product development process, from
the bench to the bedside. Marketing executives can
estimate where to invest and allocate assets to achieve
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analytical and decision-making Al platform developed
by Eularis. The platform creates analytical roadmaps
based on competitors, and important stakeholders, and
holds market share to predict key drivers in
pharmaceutical sales.’® It does this by utilising
machine learning (ML) algorithms in conjunction with
an intuitive user interface. The different applications
of Al in drug development and discovery are
summarised in Figure 1.
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Figure-1: Applications of artificial intelligence (Al) in different subfields of the pharmaceutical industry,
from drug discovery to pharmaceutical product management
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With approximately 1060 molecules, the large
chemical space promotes the discovery of various
therapeutic substances.*® Because the lack of advanced
technology limits the medicine development process
and makes it an expensive and time-consuming task,
artificial intelligence (Al) can assist address this
issue.’® Artificial intelligence (Al) can be used to find
hit and lead compounds, validate drug targets more
quickly, and improve drug structure design.’*® The
multilayer perceptron (MLP) network is a versatile
pattern classifier that is often trained by supervised,
unidirectional  methods.  Pattern  recognition,
optimisation tools, process identification, and controls
are a few of its uses.!* Closed-loop networks known as
recurrent neural networks (RNNs) can learn and
remember many types of data, such as Boltzmann
constants and Hopfield networks.*'2 CNNs are
utilised in advanced signal processing, pattern
identification,  biological ~ system  modelling,
processing intricate brain functions, picture and video
processing, and more. CNNs are a group of dynamic
systems that are differentiated by their topology and
have local connections.'* Among the most complex
types are Kohonen networks, RBF networks, LVQ
networks,  counter-propagation  networks, and
ADALINE networks. Al still has to cope with a lot of
data, including size, growth, diversity, and
uncertainty, despite its advantages. Pharmaceutical
companies may have data sets available for drug
research that contain millions of molecules; traditional
machine learning algorithms might not be able to
process this volume of information. Quantitative
structure-activity relationship (QSAR)-based
computational models may accurately predict many
different chemicals or fundamental physicochemical
properties like log P or log D. However, these models
are far from perfect in forecasting complex biological
properties such as the potency and adverse effects of
drugs. QSAR-based models also address small
training sets, experimental data inaccuracy in training
sets, and a lack of experimental validations. Recently
developed Al approaches, such DL and relevant
modelling studies, can be used to overcome these
challenges and evaluate the safety and efficacy of
pharmaceutical substances based on huge data
modelling and analysis. DL models fared better in
terms of predictivity than traditional ML techniques
when it comes to the absorption, distribution,
metabolism, excretion, and toxicity (ADMET) data
sets of potential medications.?>?? It appears as though
amap of molecules is being created by the large virtual
chemical space that represents the distributions and
properties of molecules. Since the idea of the chemical
space visualisation is to gather positional information
about molecules inside the space to hunt for bioactive
compounds, virtual screening (VS) helps pick
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appropriate molecules for further testing. The public
can access several chemical spaces, such as
ChemBank, PubChem, DrugBank, and ChemDB.
Numerous in silico strategies for virtual screening
compounds from virtual chemical spaces, in addition
to structure- and ligand-based approaches, provide
better profile analysis, faster elimination of nonlead
compounds, and more economical therapeutic
molecule selection.'® Drug design techniques, such as
coulomb  matrices and molecular fingerprint
identification, consider the physical, chemical, and
toxicological characteristics when selecting a lead
ingredient.?® Several methods, such as prediction
models, molecular similarity, the molecule formation
process, and the use of in silico approaches, can be
used to anticipate the desired chemical structure of a
substance.?°2* The DeepVS technique, as revealed by
Pereira et al., performed remarkably well for the
docking of 40 receptors and 2950 ligands when 95 000
decoys were tested against these receptors.?®> An other
technique assessed a cyclin-dependent kinase-2
inhibitor's pharmacological activity, physicochemical
properties, and form similarity to improve its potency
profile using a multiobjective automated replacement
algorithm.?® Al-based QSAR modelling methods have
been used to find potential drug candidates and can be
used to speed up QSAR analysis. These tools include
linear discriminant analysis (LDA), support vector
machines (SVMs), random forests (RF), and decision
trees.?% A statistically negligible difference was
found by King et al.® when six Al algorithms were
compared to conventional approaches for rating
anonymous compounds according to biological
activity.

Targeted treatment uses drugs that attack
malignant cells while sparing healthy cells. Mutations
in genes that set cancer cells apart from healthy cells
are quite prevalent. Genes are instructions contained
in a cell's DNA that tell it how to perform various
tasks. The behaviour of altered genes differs greatly
from that of healthy cells. A cancer cell may
proliferate and grow quickly if its genes are altered.®?
Nevertheless, there are various forms of cancer, each
with a distinct subset of cancerous cells. For example,
variations in gene expression increase the likelihood
of breast and colon cancer cells forming and
proliferating. Even while two individuals have colon
cancer, their specific forms of the disease—such as
colorectal cancer—may not be the same. The
conditions under which a tumour grows, thrives, or
spreads are not always the same. Certain types of
cancer are associated with proteins or enzymes that
control the growth and multiplication of cells. Drugs
that target certain signals can inhibit or block cancer
cells' capacity to proliferate or self-destruct. Scientists
will create more specialised cancer treatments as they




gain greater insight into the anomalies in cancer
cells.®® These days, this medication is frequently
utilised to treat a select few cancers. Patients receiving
targeted therapy can require chemotherapy or surgery.
The increased availability of FDA-approved drugs and
statistical genomic samples from the human genome
project has prompted ideas for network pharmacology
and drug repurposing. Cytotoxic medications target
certain mitotic or DNA recompilation mechanisms to
kill rapidly dividing cells. Targeted therapies prevent
the onset and spread of cancer by interacting with the
molecular targets involved in the growth, progression,
and dissemination of cancer. Researchers may be able
to better comprehend computational pharmacology,
find new therapeutic targets, and repurpose currently
available medications with the help of these successful
treatments and their data. Drug-disease/target
networks study will help us improve FDA-approved
anticancer medications and comprehend the molecular
mechanisms underlying therapeutic advantages. Of
the 30,000 genes found in the human genome, 6,000—
8,000 are believed to be pharmaceutical targets.
[WHO 2021b] Even so, only a small percentage of
these proteins are useful for creating new drugs.
Cancer offers a wide range of biological targets for
therapeutic intervention, in contrast to many other
human ailments. Unreported links between several
target proteins and various disorders have been
found.3* "Best practice” suggestions for developing
and implementing Al solutions that benefit patients are
progressively being adopted by organisations. To
promote and standardise ML-based therapy, new
checklists were created. For Al systems to be used
effectively, patients and healthcare professionals need
to respect their recommendations. Well-thought-out
and validated human-computer interfaces enable
human-computer cooperation. A study®® claims that in
the upcoming years, Al may be used to generate
precision oncology, which would assist patients all
around the world.

Medication is utilised in precision oncology
to target genetic abnormalities seen in patients'
malignancies. Molecular profiling has been
increasingly used in medical oncology in recent years,
and many medications with molecular targets have
been licenced and authorised to improve patient
outcomes. Recently, immune checkpoint drugs have
been licenced for the treatment of cancer patients with
microsatellite  instability ~ symptoms.  Clinical
phenotypic predicting can be enhanced by
personalised oncology, which can also reduce test
costs and enhance patient care. They are capable. All
parties involved must admit that achieving these goals
will be difficult. Al and ML can be used to identify
medically significant trends from large, heterogeneous
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data sets.*® Machine learning (ML) could thereby
improve personalised care. Pioneers in digital
pathology and computer vision have shown how
machine learning (ML) models can improve
diagnostic procedures while requiring less human
intervention, assisting generalist pathologists in
expediting clinical diagnosis while performing
procedures. Early cancer diagnosis is another benefit
of the diagnostic radiography area. Several machine
learning experiments using methylation patterns
gathered in nucleic acids free of plasma cells have
demonstrated high performance, and random front
approaches may be a viable way to identify circulating
microRNAs.®” Al-powered decision support systems
are being used by cancer patients more and more.
Using machine learning (ML) models that incorporate
tumour growth Kinetics, genetic profile, and
pharmacological properties, the best course of therapy
for cancer patients may be predicted. For this, access
to population-scale data sets with clinical and
molecular classifications is required. ML models can
also be used to increase prediction accuracy by
choosing the best patient feature mix, which may
incorporate non-genetic tumour traits.®® ML models
have been trained using responses from large-scale in
vitro drug response studies or patient-derived
xenograft experimental systems in order to predict
clinical characteristics. Preclinical models are
certainly useful in drug development, but their
applicability to precision oncology remains unclear.
But this emerging market might change accuracy. It is
anticipated that, despite multiple attempts, integrating
digital technology with medical procedures would
enable Al systems to flourish in the medical field. The
creation and application of artificial intelligence
systems that are most helpful to patients has been
made possible by these "best practises”. In order to
standardise and advance ML-based therapy
approaches, new checklists were created. For Al
systems to be successful in clinics, patients and
healthcare professionals must accept them. It is
necessary to correctly develop and test collaborative
interfaces, and wusers should standardise on
Alpublicize operational principles and interpretability.
Precision oncology is currently utilising artificial
intelligence (Figure 2). The present surge in proof-of-
concept studies offers insights into the potential future
of precision oncology. Before Al has a significant
influence on medicine, a number of issues need to be
resolved. Though this exploratory investigation raises
some fair expectations, productive practices
necessitate a deeper understanding of the constraints
that have already been discussed. In the upcoming
years, Al might aid in the advancement of precision
oncology, benefiting people everywhere.
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about natural product®

Table 2 lists a few anticancer medications that have
successfully entered human phase 2/3 clinical trials in
the previous five years to illustrate how Al aids in the
discovery of anticancer therapies. For example,
Recursion's patented Al-driven drug discovery
platform, Recursion OS, helped identify REC-2282 as
a viable therapeutic candidate for disorders caused by
mutations in the NF2 gene. A permeable, orally
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accessible, small-molecule HDAC inhibitor called
REC-2282 is being developed to treat meningiomas
that have NF2 gene mutations. In contrast to other
HDAC inhibitors, this chemical seems to be well
tolerated, even in people who have been taking it for a
number of years. It may also lessen cardiotoxicity. The
U.S. FDA gave it fast-track status in addition to orphan
drug status.** Relay Therapeutics used an artificial
intelligence platform to analyse the dynamic balance
of protein conformations in order to develop the
FGFR2-specific inhibitor RLY-4008. According to
preclinical research, RLY-4008 shrinks tumours with
little effect on other targets while exhibiting
remarkable selectivity for FGFR2 targets in cancer cell
lines.*? Using an artificial intelligence platform, Breg
created a novel medication called BPM 31510, which
is presently undergoing clinical trials. By altering the
way cancer cells metabolise, the medication spares
patients from chemotherapy and promotes cancer
cells' natural death.*® EXS-21546 is an antagonist of
the A2A receptor created by Al. Elevated adenosine
production from certain tumours binds to and activates
A2A receptors on immune cells, suppressing the
immune system's ability to fight tumours .** An Al-
driven drug discovery platform created the selective
checkpoint kinase 2 (Chk2) inhibitor PHI-101, which
is accessible for oral use.*®

Table-2: Some of the Al-designed anti-cancer drugs that have successfully entered human phase 2/3 clinical
trials in the last 5 years

Name Chemical Structure Company Therapeutic Area Target/Function Fhase
REC-2232 Recursion Meurcfibromatosis Type 2 HDAC Fhase 2/3
RLY-4003 not disclosed Relay Therapeutics Solid tumor FGFR Phase 2

BPM31510 - xr-rieie ettt des Berg Solid tumor Protein cbcl2 modulators  Phase 2
EXS-21546 not disclosed Exscientia Solid tumor AZaR Phase 1
-
L O
a - Cwarian cancer . . R
PHI-101 : Pharos iBio FIt3 tyrosine kinase inhibitor ~ Phase 1
Breast cancer
DISCUSSION and for accurate result prediction, the data must also be

Although Al has been successfully used in many aspects
of anticancer drugs development as shown by our literature
search but still is in infancy and faces many problems.
Because these data are utilised for the system's subsequent
training, the availability of a sizable volume of data is
essential to Al's effectiveness. A business may have to pay
more for access to data from several database providers,

dependable and of good quality. The lack of trained
personnel to run Al-based platforms, small organisations'
limited budgets, the fear that replacing humans will result
in job losses, scepticism about the data generated by Al,
and the "black box" phenomenon, i.e., the method by
which the Al platform draws its conclusions—are
additional obstacles preventing the full-fledged adoption of
Al in the pharmaceutical industry.*® Over time, automation




of some jobs in clinical trials, manufacturing, supply
chains, medication research, and sales will occur;
nevertheless, these tasks are all classified as "narrow Al,"
meaning that the Al must first be trained on a vast amount
of data to be appropriate for a specific task. Thus, for the
Al platform to be developed, implemented, and run
successfully, human intervention is required. But since Al
is already replacing monotonous tasks, leaving room for
human intelligence to be used for more complex insights
and creative expression, the fear of unemployment may not
be as real as it seems. However, several pharmaceutical
companies have embraced Al, and by 2023, it is
anticipated that the pharmaceutical industry will generate
US$2.199 billion in revenue from Al-based solutions, with
an investment exceeding US$7.20 billion made in more
than 300 transactions between 2013 and 2023.
Pharmaceutical companies want clarity regarding the
ability of Al technology to solve issues after it is put into
practice, as well as knowledge of the realistic objectives
that can be met. To fully use the potential of the Al
platform, competent data scientists and software engineers
with a solid understanding of Al technology can be
produced, as well as a clear awareness of the business
target and R&D goal of the company.

CONCLUSION

This paper looks at how Al and machine learning have
been applied over the last ten years to the development of
anti-cancer drugs. By speeding up the synthesis of more
desirable compounds and the identification of new ones,
artificial intelligence (Al) has demonstrated substantial
contributions to the research and therapy of anti-cancer
therapies. Future developments in human cancer research
and treatment are anticipated to be significantly influenced
by Al. Protein-interaction network analysis, drug target
prediction, binding site prediction, and virtual screening
are examples of innovative techniques. Drug design and
screening are enhanced by machine learning, and the use
of multitarget drug development approaches has made it
possible to develop cancer treatments with fewer side
effects. Al does, however, have several drawbacks, such as
aheavy reliance on data and a narrow scope of explanation.
Interpretable Al models, which combine data and
computation in Al-assisted cancer treatment research, will
be the new development path in the future. Collaboration
between scientists from several disciplines is necessary to
identify promising natural product leads. Using analytical
methods and nanotechnology, chemicals with different
structures and modes of action are found in natural
materials. Biodiversity requires chemistry. To target
tumours, delivery mechanisms specific to RNA
interference were devised. Among these methods are
indirect target-ligand-RNAi molecule conjugation and
packing the RNAi molecules inside a precisely engineered
delivery vehicle. We'll speed the search for safe, all-natural

J Ayub Med Coll Abbottabad 2024;36(1)

cancer treatments. Al, in our opinion, will significantly
alter the way anti-cancer medications are created.
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