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ABSTRACT

Artificial intelligence (AI) is a term that refers to the use of computers and technologies to
replicate intelligent human behavior and critical thinking in a way that is equivalent to that of a
human. John McCarthy coined the term Al in 1956, which he defined as "the science and
engineering of creating intelligent machines." To solve not just particular but also complicated
issues, artificial intelligence (Al) employs personalised information and learns from the solution
it produces. Incredible advances in computer capacity, along with advances in Al technology,
have the potential to change the healthcare industry. The amount of health and 'omics-related
data' produced and stored has increased dramatically during the last several decades. In clinical
trials, patient data may be gathered in real time and analysed using a variety of artificial
intelligence (Al) techniques; mobile devices can also be utilized to improve aspects of disease
diagnosis and treatment. Furthermore, Al may be employed in the discovery of novel
pharmaceuticals or drug repurposing, as well as in the rapid detection and treatment of various
ailments, as well as in the identification of data-driven hypotheses for researchers. In this article,

we look at how artificial intelligence is beginning to transform the field of life sciences.
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1. INTRODUCTION

For a long time, artificial intelligence (AI)
was considered as science fiction that
represented in films [1]. However, artificial
intelligenceis no longer a  science
fiction product [2]. During World War II, the
initial steps towardsthe development of
computers capable of handling complicated
problems were taken. Alan Turing, a talented
English mathematician serving for British
government, created a computer named 'The
Bombe' in 1942 to break the German army's
Enigma code [3]. He released his major work
eight years later, raising the question, "Can
machines think?" [4]. He set out to build a
framework  of  cognitive  principles,
functioning, and function for his study [5]. In
1956, at Dartmouth Artificial Intelligence
McCarthy, Claude

Shannon, Marvin Minsky, and Nathaniel

Conference, John

Rochester invented the term "AI" [6-9].
Although the word "AI" has a variety of
definitions, it may be defined as the study of
methods and practical factors that enable the
development of computers able
to execute intelligent tasks including decision
making without ever being explicitly
programmed for such tasks [10]. The
imitation of the

cognitive  processes

of humans by = machines  (computers) is

referred as artificial intelligence (AI). The

process includes gathering information,
creating rules for interpreting it, drawing
conclusions that are definite or approximate,
and self-correction. It is the art and science of
developing intelligent machines, particularly
smart computer programs. Among earlier
revolutions including the steam engine,
digital technology, and scientific & mass
production, Al is now regarded as the
4™ndustrial Revolution [11].

Artificial  intelligence (AI) is nearly
everywhere, notably in the tools used by
major tech firms like Facebook, Apple,
Microsoft, Amazon, Google, and others. It is
unexpected to assume that artificial
intelligence is also revolutionizing the field
of life sciences, particularly healthcare and
biomedicine, with the goal of improving
disease detection and patient outcomes while
lowering healthcare costs [12]. Numerous
researchers have used artificial intelligence in
biomedicine for a variety of purposes,
including the recognition of peptides able
to modulate inflammation in healthy
individuals to be used in sports nutrition [13],
rational drug discovery and development
[14], imaging ofbreast cancer [15, 16],
radiology, cardiology precision medicine

studies [17, 18], and clinical trials [19-21].
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2. Artificial Intelligence, Machine
Learning and Deep Learning

During the last five decades, the world has
experienced a true revolution in the field of
Information Technology (IT), that has
eventually result in the production and
storage of massive amounts of data, not only
in the field of technology, but also in other
fields, offering researchers a wide range of
services and products [22]. Big data now has
unmatched potential in terms of enhancing
medical outcomes and public health [23, 24].
Big data are directly related with computing
resources, that includes structured, semi -
structured and unstructured information’s,
due to the rising complexity and volume of
data from various sources [25].

The most used approach is machine learning
(ML). Al encompasses a variety of approach
areas, including knowledge representation,
solution search, reasoning, and among them,
a fundamental paradigm of machine learning.
It employs statistical approaches capable of
learning  with  or  without  explicit
programming [26-28]. Machine learning is
classified into three classes, supervised,

unsupervised & reinforcement learning.

Regression and classification techniques are
used in supervised learning, and the
prediction model is designed using
information from the input and output source.
Under the subgroup regression, it produces
efficacy of drugs and ADMET predictions
and under the subgroup classification,
supervised machine learning provides disease
diagnosis [29]. Feature-finding and
clustering techniques are used in
unsupervised learning by grouping and
interpreting data purely based on the input
data [30]. Disease subtype identification via
clustering and disease target discovery
through feature-finding approaches may both
be achieved using unsupervised machine
learning [31]. Reinforcement learning is
primarily driven by decision-making in a
given circumstance and the execution of
those decisions in maximizing performance.
De novo drug designs under decision making
and experimental designing under execution
are two examples of outputs from this type of
machine learning, both of which may be
accomplished using quantum and

modelling chemistry [32].

Table 1: Comparison of various machine learning approaches along with their advantages and disadvantages.

Machine Language Advantages Limitations Applications
algorithms
Support vector It's effective for multi- Difficult to use with noisy Classifty HFpEF-
machine dimensional feature datasets (contrast non HTN and
categorization and can be echocardiography, HFpEF-HTN
utilised for semi-supervised echocardiographic windows,
learning. or poor strain imaging)
5627
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Artificial neural
network

Naive Bayes classifier

Fuzzy logic

Random forest

Linear regression

Effective for recognition of
image (echocardiography,
EKG) or classification of text
(EHR)
Appropriate for small data
sets
It's applicable to both non-
linear and linear
relationships. (kernel)
Online community support
It's simple to spot probable
interactions between
predictor variables.
Non-linear modelling
capability
Visualization is easy
able to train a vast number
of data sets
Simple to use

It is good for problems of
multi-class classification
It's useful for text
categorization.

Appropriate for expert
decision-making systems
(mortality, cardiac
arrhythmia detection, CAD
in early stage)
Effective for small datasets
Scalable (very huge datasets)
Effective for both regression
and classification
Effective for non-linear
modeling
Prediction speed and fast
training
Effective for the small
datasets
Prediction speed and fast
training
Easy to understand and
visualize

Not suited for problems
involving multi-class
categorization.

For large data sets, it is
difficult to use
Non-parametric inference
(no p-values)

Easily influenced by counter-
examples (change in
location or slight variations
in shape)

It might be difficult to
pinpoint a cause-and-effect
connection.
Training might be
challenging (require hyper-
parameter tuning)
Prone to over fitting
Concepts of black box
With an external dataset, it's
difficult to generalize.
Time-consuming
If the data distribution is
poor, it might be a
poor classifier.
Easily influenced by skewed
probability (numerical
variables)
Concepts are difficult to
understand
Is unable to comprehend
complex issues
No methodical approach.
Time-consuming
Prone to overfitting
For large datasets, it is
difficult to use

Hard to use for huge datasets
Predictive accuracy is a poor
Non-linear modelling is
unable to manage.
Cannot manage problems on
classification

Classification of
HTN treatment
response
HTN risk
prediction

decision-making
system, risk
factor
identification,
and HTN
detection
Simple
classification
using variable
series

Simple
classification
using multiple
decision tree

Quantitative
HTN treatment

A sub - field of Machine learning known as
deep learning (DL) utilizes artificial neural
network (ANN) which adapt and learn from
huge amount of experimental data [33].

When dealing with pharmacological data

sets, artificial neural networks (ANN) have
become wuseful in addressing various
complicated nonlinear interactions that exist
among data [34]. The ability to identify novel

compounds that might possibly be novel
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drugs, repurpose or uncover drugs that can be
more effective when used singly or in
combination using associated data and big
data algorithm and mining techniques, and
enhance the field of personalized medicine
that are based on genetic markers. With the
increasing quantity of data and continuing
development of computer power, the rise of
deep learning was observed. The versatility

in the structure of neural networks like fully

connected feed-forward
networks, convolutional neural networks
(CNNs), andrecurrent neural networks

(RNN5s) differentiates Deep Learningas a
subfield of Artificial Intelligence. With the
proper integration of Al approaches, it is
expected that we will see a shift into an era
of reduced clinical trial failures and shorter,
cheaper, and more efficient drug
development procedures [35-37].

The SVM (Support Vector Machine) is a
machine learning model that predicts

diseases depending on clinical
characteristics. It's a valuable tool with the
potential to be wused incohort selection
in clinical trials. Researchers employed
support vector machine and other machine
learning models to PPD (predict postpartum
depression) among patients in New York-
Presbyterian Hospital and Weill Cornell

Medicine during 2015 to 2017. They

analyzed data from electronic health records
to identify depression, anxiety, obesity, race,
various forms of antidepressants, anti-
inflammatory, and pain drugs as important
predictors throughout pregnancy. Predict
postpartum depression is one of the most
common maternal morbidities after birth,
with catastrophic consequences, and there are
currently no efficient screening tools or high-
quality treatment studies available. As a
result, support vector machine may take use
of a huge quantity of comprehensive patient
data through EHRs to forecast PPD and
execute effective clinical decision measures
[38].

In another instance, artificial intelligence was
increase the

utilized to accuracy of

auscultation-based screening for

congenital and valvular heart disease.
Thompson et alcreated a algorithm to
detect cardiac murmur that was validated
objectively and quantitatively in a simulated
clinical trial. As a consequence, they
developed a algorithm that was highly
specific for detecting abnormal murmurs in
the studied data set, with levels comparable
to those reported for professional
auscultation, possibly making it a valuable
monitoring tool for cardiovascular disease
[39].

3. Artificial Intelligence in Healthcare
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Artificial intelligence and associated
technologies are becoming more common in
society and business and are beginning to
appear in the healthcare sector. These
techniques have the ability to reform many
patient care aspects, along with
administrative procedures within providers,
payers, and pharmaceutical groups. Several
studies have already shown that Artificial
intelligence can perform better than
humans in critical healthcare activities like
disease diagnosis. Algorithms are already
surpassing radiologists in terms of detecting
malignant tumors and directing researchers
about how to establish cohorts for expensive
clinical trials. However, for several
reasons, it was expected that it will be several
years before when Al replace humans in
broad areas of medical process.
4. Real-world data and real-world
evidence
In the context of healthcare and life science,
Real-World Data (RWD) may be described
as patient health related data or healthcare
delivery, acquired outside of randomized
clinical trials (RCTs) [40]. This information
is collected from electronic health record
(EHR) of patients at the hospitals and
from insurance providers, from claim
procedures, self-generated data of patients,
Real-world

and disease registries.

data sources could provide a huge amount of
data at the large-scale or granular level in
near-real time, which can be utilized to
support a variety of clinical trial designs,
including RCTs, pragmatic clinical trials,
huge simple trials, and observational study
[41, 42].

The EHR data records could be categorized
as structured data (medication, and results
of laboratory) and unstructured data (notes
provided by physician). Unstructured data
(the majority of recorded data) necessitates
extensive processing before statistical tests
and machine learning tasks can be
performed, whereas structured data does not
[43].

Real-world data analysis yields Real-World
evidence (RWE), which is the clinical
evidence on a medical product's use as well
as its risks or benefits. However, to produce
high-quality real-world evidence suitable for
regulatory usage and other applications
of decision-making, a substantial quantity of
real-world data must be gathered and
translated into an analytical form, with a
specific degree of data accuracy and ensured
reliability, something that humans cannot
achieve alone. For this objective, Artificial

intelligence abilities are increasingly being

used in real world data analysis [44].
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Three capabilities of artificial intelligence are
especially applicable for generating real
world evidence in the healthcare industry:
robotic process automation (RPA), machine
learning, and natural language processing.
NLP is  theinterpretation  that 1is
computerized and  structuring of human
language that is included in unstructured data
(speech recognition or physician notes) in
order to indicate a certain incident or
condition. It covers syntax recognition, text
categorization, word interpretation based on
their arrangement inside a phrase, and
translation of the language in a commutative,
easy to interpret, and accurate manner [45,
46].

Computerized HIV  risk analysis by
extracting important terms from clinical text
or the construction of algorithms of NLP for
the diagnosis  of asthma using EHRs are
examples of applications of NLP [47, 48].
Nayor et al developed and verified a pipeline
of NLP that

determines detection rate

of adenoma and serrated polyp reliably
and to assess quality factors of colonoscopy
[49]. Machine learning, on the other hand,
encompasses a wide range of predictive
mathematical and statistical modelling
approaches that are often built on top of NLP
to re-interpret and

improve  original

assumptions after frequent use. According to

a survey conducted in2018, 60%

respondents of pharmaceutical
industries were employing machine learning
in their RWE programs, with 95% of
them expecting to adopt artificial
intelligence in ~ the  upcoming  years.
Moreover, machine learning may be used in
RWD to construct models for disease risk
prediction, like atrial fibrillation, and/or to
track patients' health [50]. Enshaeifar et al,
for example, employed machine learning to
create an algorithm to predict infections
of urinary tract, which are among the top
5 causes for admissions in hospital among
patients of dementia [S1]. RPA is the third
ability of Al that was employed to develop
RWE. RPA is a programme that automates
repetitive operations, helping to speed up
processes while decreasing the rate of error
made by humans [52]. This software was
revolutionary in many fields since it
performed precisely specified tasks, but it
was restricted in the sense that it could not
adapt to changing situations and learn from
experience. RPA may also be linked to
machine learning, making it more helpful in
the study of real-world data. In this
context, RPA may be used to gather field

values from the unstructured data that

is based on a programmed/scripted set, while
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machine learning learns from this
information to generate RWE [S3].

5. Artificial  Intelligence in  Drug

development

Finding effective novel drugs is a difficult
task, and it is by far the most challenging
aspect of drug research. A  drug's
development is usually a lengthy process that
requires many years. This is caused by
massive size of what chemical space that is
expected in the order of 10°° molecules. ¥
Drug development, on the other hand, is
limited by the availability of modern
technology that makes it an expensive and
time-taking task that may be solved by using
Al [55]. Artificial intelligence can recognize
the difference between a lead anda
hit molecule, enabling for quicker therapeutic
target confirmation and design optimization
of the drug structure [56, 57].

6. Artificial intelligence and clinical trials
Clinical trials are aimed to assess the safety
and efficacy of a therapeutic product in
individuals for a particular condition ora
disease. They require 6 to 7 years on an
average and a  considerable  financial
commitment. Clinical trials that are 'linear
and sequential' are still the acknowledged
method for ensuring the effectiveness and
safety of novel drugs. Drugs are frequently

tested in humans after only passing

laboratory tests. Following that, humans are
tested in a series of clinical studies
called phase I, II, III, and IV trials. Each step
of a clinical study has its own number of
objectives. In general, phase I studies prove
safety, trials ofphase II  establish
effectiveness, phase III trials show efficacy
in comparison to existing standard therapy,
while phase IV trials indicate general
benefits and risks after the approving the
drugs.  The  participant number rises as
development of drug moves from phases to
phases. Drugs that are shown to be harmful
or ineffective during development will not
advance through all the phases of clinical
trial phases [58].

The long-established discrete and defined
phases of randomized controlled trials
(RCTs) were created primarily to evaluate
mass-market pharmaceuticals and have
evolved little in recent decades. Randomized
controlled trials lacks the analytical strength,
speed, and flexibility needed to discover
complicated novel treatments for populations
of patient that are smaller and frequently
diverse. Furthermore, poor patient selection,
enrollment, and retention, as well as
challenges monitoring and
maintaining patients efficiently, all contribute
to increased failure rates of trial and higher

research & development expenses. However,
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just one out of every ten molecules that enter
these trials gets cleared, resulting in huge
industrial losses [59]. These failures might be
caused by inappropriate selection of patients,
shortage of technology demands,
or infrastructure shortage. Since there is so
much digital medical data available, artificial
intelligence may be used to reduce these
failures.

Since Al techniques have not yet been
approved by regulatory bodies such as the
FDA (Food and Drug Administration) and/or
the EMA (European Medicines Agency),
they are not frequently employed in clinical
trials. "Machine learning," "deep learning,"
or "artificial intelligence" are the terms
appear in more than 450 interventional
research (clinical trials) recorded as of July
2020 by the US National Library of
Medicine. Approximately a third of these
research is presently looking for the
participants [60]. Artificial intelligence is,
however, being used in the clinical trials to
aid in the evaluation of exploratory aims and
outcomes. Researchers are gathering data and
findings with these sophisticated
technologies that support the necessity for
these approaches to be included in regulatory
processes in order to be used in clinical trials.

Artificial intelligence may be used in the

following areas:

e Inclusion and stratification of patients:
can aid in the better selection of
individuals who will benefit from
treatment

e Automated quality assurance evaluation

e Automating extraction of the quantitative
imaging biomarkers

¢ Reducing the time of image reading

e Using the retrieved data to create
multivariate models to improve the
statistical power of outcomes

The patient enrolment requires one-third of

the time of clinical trials. Enrolling eligible

patients may increase the chances of
completing a clinical study, which

otherwise fails 86 percent of the time [61].

Artificial intelligence may help select a

specific diseased cohort for enrolment in

phase II & phase III clinical trials by using
patient specific genome exposome profile
analysis, which may help in early prediction
of the possible therapeutic targets in
selected patients. [*! Discovery of re-clinical
compounds and estimating lead molecules
prior to the beginning of clinical trial using
several other facets of artificial intelligence,
including predictive machine learning

(PML) and other reasoning strategies, assist

in earlier detection of lead compounds that

trial while

might pass the clinical

taking consideration into the population of
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patients. Both machine learning and deep
learning could be used to uncover semantic
patterns in big sets of data, such as pictures,
text, or audio, automatically. HMIs (human—
machine  interfaces), are a  direct
communication channel between a person
and a technology that allows computers and
people to exchange information, and NLP
can comprehend and correlate data in
spoken or written language. All of these Al
algorithms may be used to connect huge and
varied sets of data, such as medical literature,
and EHRs,

trial databases, in order to

enhance patient—trial recruitment and

matching before the beginning of the trials,

as well as to constantly and
automatically monitor patients throughout
the trial. [

TRIAL DESIGN TRIAL STARTUP

Assess feasibility of protocol  Mine EHRs and publicly

Advanced data

design for patient
recruitment using RWD.

Assess site performance
(e.g. enrolment and
dropout rates) with

available content,
including trial databases
and social media, to help
match patients with trials,
by using NLP and ML.

analytics real-time monitoring. Create drafts of investigatc
and Al ) and site contracts and
automation Analyse and interpret confidentiality agreement
unstructured and by smart automation.
structured data from
previous trials and scientific
literature.
Expedite recruitment and
create a more
Al-enhanced representative study
mobile cohort through
applications, cloud-based applications.
wearables,
biosensors and Simplify and accelerate th
connected informed consent process
devices using eConsent.

Figure 1: Applications of Artificial Intelligence enabled

Clinical trials

Furthermore, dropouts from the clinical trials
represents 30% of failure of clinical trial,
resulting in extra recruitment needs for the
study's completion, resulting in a waste of
resources and time. This may be prevented
by closely monitoring the participants and
assisting them in adhering to the clinical
trials protocol [61]. AiCure created mobile
software to track regular medication
consumption by schizophrenia patients in a
Phase II study that boosted patient adherence
by 25% and ensured the clinical trials success
[62]. Clinical trial data might be aggregated,
coded,

preserved utilizing algorithms of Al with

cleaned, maintained, and

the combination of efficient digital

infrastructure. Improved EDC (electronic
data capture) may help inreducing the
impact of errors made by humans in
collection of data while facilitating system
integration [64].

7. Potential of Al techniques

Al offers its exceptional ability to
attain quicker, cost - effective, and much
more efficient biomedical research method as
available data (also referred to as "Real
World Data") and computer power continue
to expand. Indeed, the production of huge as
well as diverse amounts of clinical as well

as molecular data sets from hundreds of
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individuals, in response to the health
information digitization and advancements in
high-throughput technologies, is posing
novel problems in computational
interpretation and analysis of bio-medical
data since it expands ever larger. By working
on the heterogeneous data, such as
structured data sets,

Medical

unstructured and
Electronic Records,
radiopharmaceutical, and imaging data,
multiomics data (proteomics, metabolomics,
genomics, radiomics, etc.), and others, Al
enables efficient matching of patient-trial
with the improved efficient and adherence
end - point evaluation [63, 65].

Recent breakthroughs in artificial
intelligence have resulted in a huge array of
hypothesis generating systems that are data
driven and seemto be a perfect fit for
industry of healthcare. This transformation in
the bio-medical research and innovation is
prompting healthcare systems and industries
to employ cutting-edge technology for
collecting, storing, and analyzing the
biological data [66]. Intelligent designing of
drug for personalized therapies, is an
example of an asset that is supposed to
benefit from Al-assisted data analytics,
providing implementable benefits and
insights not just to clinical practitioners and

patients, but also to strategic business

decision actors and policy makers. Artificial
intelligence is infiltrating the Nuclear
Medicine profession, although at a slower
rate, from treatment planning through
scanning, analysis, and
interpretations, initiating with labor-intensive
tasks that are cognitively undemanding [67].

Artificial intelligence has the ability to
transform the clinical trials and also have a
large financial impact in the sector of
healthcare by aiding our knowledge of
pathogenesis of the disease, the discovery of
novel therapeutic biomarkers and the targets,
and hence the selection of eligible
participants [68]. Al-driven techniques will,
for example, be used to identify
homogeneous groups of patients who are
predicted to react to therapy and exhibit
measurable endpoints.

8. Conclusion and Future Perspectives

Al will play an important part in the future of
healthcare. It is the crucial ability that allows
precision medicine to be established, that is
widely accepted as a much-needed
development in treatment. Though -early
efforts at diagnostic and therapeutic
recommendations were challenging, we think
Al will ultimately dominate this field as well.
Most pathology and radiology scans are
projected to be analyzed by a computer at

some stage, given Al's considerable
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breakthroughs in imaging analysis. The use
of text and voice recognition for tasks like as
clinical note recording and in patient
communication is currently common, and
this pattern will continue. In these sectors of
healthcare, the most challenging task for
artificial intelligence is ensuring its adoption
in ordinary clinical practice, not whether the
technology is sophisticated enough to be
helpful. Al systems must be authorized by
regulators, connected with systems of EHR,
standardized to the point that comparable
products operate in a similar way, taught to
physicians, paid for by private or
public payer organizations, and upgraded
with time in the field in order for widespread
acceptance to occur. These limitations will
eventually be addressed, but it will take far
longer than the development of modern
technology themselves. As a result, we
expect to see modest application of artificial
intelligence in clinical practice over next 5
years, followed by more extensive use over
the following decade. Furthermore, during
interim analysis, clinical decision support
that are guided with Al employing multi-
omics techniques to increase successful
treatment groups or reduce ineffective
treatment groups. Finally, Al-guided clinical

trials could be used to investigate unknown

patterns of rare diseases such as spontaneous

coronary artery dissection, arrhythmogenic
right  ventricular  cardiomyopathy, or
premature  atherosclerosis using  multiple
cross validation, imputation, or data
preprocessing techniques. Al might and will
enhance all aspects of contemporary clinical
trial by combining more advanced models
utilizing the breadth and depth of data which
are beyond standard statistical approaches.
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