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ABSTRACT

Artificial intelligence (Al) is the field of computer sciences devoted to building smart machines capable of performing tasks that
typically require human-level intelligence. The application of novel technologies like Al, machine learning (ML) and Deep learn-
ing (DL) in medical diagnostics could play a role in transforming the future of health care. Artificial neural networks such as deep
neural networks or recurrent networks drive this area. Al helping patient care and intelligent health systems. Al can analyse iden-
tifying and diagnosing diseases more accurately and quickly. DL (a subset of ML) constitute the virtual component of Al plays a
pivotal role in drug discovery. The widespread adoption of ML, in particular DL, in multiple scientific disciplines, and the advances
in computing DL hardware and software, among other factors, continue to fuel this development-based approaches have only
begun to address some fundamental problems in drug discovery. Research and development work is going worldwide. Here we
tried to present Al application in various fields from health sector to drug discovery. We analysed the literature through PubMed
and other ways of scientific search engines and also understand Al applications and presented in this paper. The finding are
significant and understand how computational power is applied in the development of Al, its growing amount of digitized data,
are analysed with accuracy and speed by Al. In this review, we discuss the basics of Al followed by an outline of its application
in medical diagnostics and drug discovery.
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INTRODUCTION Modern medicine is faced with the challenge of acquiring,
analysing, and applying the huge amount of knowledge nec-

Artificial intelligence (Al) is the field of computer sciences essary to solve complex clinical problems.*

devoted to building smart machines capable of performing

tasks that typically require human-level intelligence. The term Al applications in the medical field have two main branches:
Al was coined by John McCarthy.! Al as an idea is old.? Al virtual and physical. 3 In medical diagnostics Al required
utilizes computer algorithms to carry out multiple tasks. ML is other data sources such as ultrasound, magnetic resonance
a subset of Al that allows computers to learn without explicit ~1Maging, mammography, genomics, computed tomography
human programming by recognizing patterns, making predic-  S¢an etc. Al is the most efficient in identifying the diagnosis
tions, and self-correcting after mistakes are made. DL (DL, of different types of diseases. ¢ A similar feature was intro-
a subset of ML) constitute the virtual component of AL * DL duced with Artificial Neural Networks (ANNs) and ML, in-
depends on multiple layers in a neural network, a computer spired by the networked neurons of the biological brain. The
algorithm that allows accurate recognition of images, sounds, time for Al in biology has arrived. Human intellectual limits
and language. DL, allows layered neural networks to learn an in collecting data, integrating data, and testing hypotheses
abstract representation of often very complex data sets. Aland ~SPanning multiple subdisciplines are the primary reason biol-
ML are not new and already in the early years the potential, 08y became fragmented in the first place.

risks and limits of Al have been hotly debated. Predicting an organism’s phenotype is extraordinarily diffi-

DL takes this further, allowing the Al to adjust errors on its cult because it requires integrating processes and informa-
own, without direct human intervention, allowing for com- tion across multiple scales of biological organization, from
plex behaviour-like performances. molecules to an organism’s environment.” All around the

world researchers and scientists used machine and DL mod-
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els to detect the diseases such as neuro degenerative disease
like Alzheimer’s and other diseases skin, liver, heart, etc. Al
has the potential to revolutionize diagnostic approaches in
haematology. ® Al strives to simulate human behaviour and
intelligence; ML refers to the automatic detection of patterns
and associations within the data.’

Presently many health care workers struggling with the lack
of well-organized mechanisms for integrating and reconcil-
ing these data ahead of their current silos. The cost of health-
care is increasing significantly due to the requirement for
state-of-the-art infrastructure. '

Al APPLICATIONS IN MEDICAL DIAGNOSTICS

The evaluation is mainly depending on medical conditions or
diseases by analysing medical history, test results and symp-
toms. Due to the recent advances in Al in medical diagnos-
tics and it is improving prediction efficiency, accuracy, and
speed. In the field of medicine, Al can improve the patient
outcomes and is more effective and efficient healthcare sys-
tem. Digital data is also a basic prerequisite for the applica-
tion of emerging Al techniques. Like other Al algorithms,
Quantum can be a best choice. !

Al in image processing

Al will analyse the data in (Fig-1) five stages1) image acqui-
sition, (2) image pre-processing, (3) image segmentation, (4)
feature extraction and selection, and (5) classification. Com-
monly used in disease diagnosis to detect cancer, diabetes,
and tuberculosis.!>!?

Al in Disease
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Figure 1

In medical imaging, pre-processing of the acquired image
is conducted to enhance the visual quality of an image by
reducing noises and identifying the image’s texture, colour,
and shape to produce a clean image. “151¢ AT offer exciting
prospects for more efficient and effective use of medical im-
ages.

Al used in DL, has been explored extensively in the diag-
nosis of COVID-19, especially in the field of lung detection
images, including CT images, X-ray images and ultrasound
images. ML models are useful in the prediction of SARS-
CoV-2 infection risk of patients with severe diseases during
COVID-19 pandemic.'®

Both ML and DL methods have become valuable tools for
the discovery of various diseases. Al is one of the diagnostic
tools to screen and detect chronic diseases such as cancer,
diabetes, and among patient.!>*

If anyone want to fully understand Al, they must know the
use and applicability of diverse techniques such as Decision
Tree, RNN, KNN, SVM, Naive Bayes, Ada Boost, Random
Forest, K-Mean Convolutional neural networks (CNN),
Deep-CNN, clustering, Generative Adversarial Networks
(GAN), and Long short-term memory (LSTM) and many
others for various disease detection system. 2"+

Due to the remarkable improvement in technology in the
biological field Al has important role and its current applica-
tions and advances like Cytomorphology. #2426:27.27.28

Al in disease identification

In tumour cytogenetics, chromosome anomalies, including
numerical and structural abnormalities, are quite common
and pose a further challenge for automated approaches.”
30313233 The Newly developed Deep Learning designs are
useful to find variety of data.’** The applications of ML in
pathology are expanding rapidly, with recent advances in
anatomic pathology, including breast mammography, and
prostate pathology. 3 The goal of DL used for clinical
management of people with cancer.** DL may also improve
concordance for assessments typically subject to high inter-
rater variability, such as histopathologic grading of prostate
cancer using Gleason patterns.

Numerous studies have produced ML and DL-assisted can-
cer prediction models to detect cancer from previously ac-
cessible data with better accuracy, sensitivity, and specificity.
Diagnosis of lung cancer covers imaging diagnosis; patho-
logical and genetic diagnosis. Deep neural networks have
also been developed to predict distant metastatic recurrence
rate and disease-specific survival in early-stage melanoma.*!

Al is having an astoundingly positive effect on the field of
pathology, including breast pathology. > CRC represents the
third most diagnosed malignancy in both men and women.
4 ML, a subfield of Al recognizes specific features or le-
sions.**

The effect of a deep learning-based CAD model on polyp
and adenoma detection rates was previously studied.* Even
though the colonoscopy is widely accepted as the “gold-
standard” of CRC screening methods; it is worth mentioning
that the current procedure is not 100% sensitive. Currently, a
research group used ML techniques and specific phenotypic
studies accompanied by mechanistic studies, chemical ge-
netics, and omics assays to successfully predict disease-drug
pairs with the intent of repurposing existing drugs for CRC
treatment. Recent research focuses on human-computer col-
laboration, where gains in accuracy were measured even
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with imperfect CNNs.*” Dermatopathologists may potential-
ly identify patients with aggressive tumours that may benefit
from further adjuvant treatments.*® One study demonstrates
the potential efficacy of Al-based instruction in improving
diagnostic performance in dermatopathology and highlights
the overall acceptance of this technology by learners.* CNN
(DL of AI) used for diagnosis.*

Al allows a continuous and burden-free remote monitoring
of the patient’s symptoms and biomarkers. Al will introduce
a paradigm shift in diabetes care from conventional manage-
ment strategies to building targeted data-driven precision
care.

Al and ML algorithms have proved to be of crucial impor-
tance in other imaging techniques like Cardiac MRI par-
ticularly for ventricular segmentation. Al can act as an es-
sential tool that can help physicians improve their clinical
judgment, and provide a precise diagnosis of diseases like
HF. The logistic regression model of Al has been applied
in the diagnosis of congestive heart failure (CHF). ML can
segment the heart chambers from Cardiac MRIs and these
segmentations yield imaging biomarkers to predict CHF.!
In recent years, Al has been used in various aspects of LC
diagnosis and treatment, especially in the field of imaging.*

DL algorithm performs view classification with the same ac-
curacy as a board-certified echocardiographer.® The number
of ML-based studies of cardiac Computed Tomography has
multiplied over the last decade. ML algorithms helped select
the most important cine-image-derived texture features to
distinguish between patients with myocardial infarction and
control subjects. Dyslipidemia is a prominent risk factor for
cardiovascular diseases and one of the primary independent
modifiable factors of diabetes and stroke.™

Al tools that have been extensively investigated for AD
diagnosis.*® Ultrasonography is a diagnostic tool provid-
ing a cross-sectional examination, its real-time evaluation
capacity and absence of ionizing radiation are its outstand-
ing strengths. The problems associated with imaging tech-
nique is the noise and artifacts. Al gains may be expected
to increase diagnostic accuracy, provide reliable support to
radiologists in clinical decisions, reduce the workload of ra-
diologists, increase their efficiency.’® Pre-clinical studies of
Dental and maxillofacial radiology (DMFR), and Al based
can identify exact locations. *”- Al is useful personalized di-
agnosis and treatment of atrial fibrillation.

Al is extensively used for identification of Gastric Problems.
5859 Tt has been applied to benign gastrointestinal lesions, tu-
mors, early cancer, inflammatory bowel disease, gallbladder,
pancreas, and other diseases. Al also played improvement in
small bowel capsule endoscopy.*

Al will eventually help manage patients with liver disease,
predict the clinical outcomes, and reduce medical errors.

Detecting fatty liver disease and making risk stratification.®’
Predicting the primary origin of liver metastasis. Detecting
metastatic liver malignancy and Kidney Disease,** Spine
Care,” Intracoronary Imaging®* Al such as ML, may enable
us to utilize neuroimaging for individual diagnosis of psychi-
atric disorder or treatment response prediction.®

In Imaging of the lung,*® Al shown prominent clinical diag-
nosis and imaging are critical for minimizing the morbidity
and mortality associated with ischemic strokes.

Diffuse lung diseases are a heterogeneous group of disorders
that can be difficult to differentiate by imaging using tradi-
tional methods of evaluation. The overlap between various
disorders results in difficulty when medical professionals at-
tempt to interpret images. Al offers new tools for the evalu-
ation and quantification of imaging of patients with diffuse
lung disease.®” Al algorithms are also useful in the identifica-
tion of brain disorders.®®

Globally, diabetic retinopathy (DR) is regarded as a major
cause of vision loss. DL systems are effective and accurate
in the detection of DR from digital fundus photographs or
optical coherence tomography.® Al is expected to play an
important role in this aspect in the coming decades. Diagno-
sis of primary and secondary bone tumours, breast, lung, and
colon neoplasms.”7!

Digital technological solutions such as Al have emerged as
a potential adjunct for myopia management™ and diabetes
prevention 7. Al provides a powerful tool in glycosylation
analysis’.

Computer-aided systems can provide physicians with as-
sistance in detecting and diagnosing precancerous lesions
or early-stage CRC. Several novel algorithms have shown
promising results for the accurate detection and characteri-
zation of suspected lesions.” Al also have other applications
including Thoracic imaging.” Applications are increasingly
important in arrhythmia monitoring, ranging from conven-
tional algorithmic analysis for rhythm determination to more
complex deep ML methods that have led to the realization
of fully automated human like rhythm determination in real-
time and PET Imaging.”’

Al in drug discovery

Drug research and development (Fig-2) is a complex, ex-
pensive, time-consuming procedure and has a high attrition
rate.”

Drug design poses many challenging problems in terms of
selection of relevant information, data modelling, classifi-
cation, prediction, and optimization. In addition to the de-
velopment of Al, the computational power of hardware and
the available data for modelling were also significantly im-
proved to facilitate this progress.
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Figure 2

ML based approaches have very been useful in drug discov-
ery. %81 One important aspect of the success of ML for prop-
erty prediction is access to large datasets, which is a prereq-
uisite for applying A%

Al integrates many branches of statistical and ML, pattern
recognition, logics, and probability theory as well as biologi-
cally motivated approaches, such as neural networks. Drug
designing and development is an important area of research
for pharmaceutical companies. Al techniques are being used
in drug design, to classify candidate compounds in terms of
their activity and other properties. In the 1960s, Al used for
QSAR based drug discovery. 3

Low efficacy, off-target delivery, time consumption, and high
cost impose a hurdle and challenges that impact drug design
and discovery. Novel data mining, curation, and manage-
ment techniques provided critical support to recently devel-
oped modelling algorithms. ¥ AI methods are being used to
find correlations between patterns of genetic variations and
expression profiles with clinical and other phenotypes and to
identify predictive fingerprints of disease states, progression,
and results of therapeutic interventions.

The adoption and use of DL methods for molecular docking
has been extremely successful mainly due to the accessibility
to DL computational frameworks such as Tensor flow. Drug
discovery is a high-risk, length and expensive process.*

Recently developed DL and relevant modelling studies can
be implemented for safety and efficacy evaluations of drug
molecules based on big data modelling and analysis. ANN
had their first heyday in molecular informatics and drug
discovery approximately two decades ago. Compared with
some of the other life sciences, their application in drug dis-
covery is still limited. Many areas of the chemical sciences
have already benefited from the ever-advancing develop-
ments in DL.%

Major increase in the use of ML-based quantitative struc-
ture—activity relationship (QSAR) models for generating
target-specific compounds.’” Owing to the development of
ML theory and the accumulation of pharmacological data, Al
technology, as a powerful data mining tool, has cut a figure

in various fields of the drug design, such as virtual screening,
activity scoring, quantitative structure-activity relationship
(QSAR) analysis, denovo drug design, and in silico evalu-
ation of absorption, distribution, metabolism, excretion and
toxicity (ADME/T) properties.®® Drug discovery has expe-
rienced a relatively late resurgence in the interest for DL.%

Al in precision medicine

ML has been used in precision medicine to predict patient
success on various treatment protocols given specific charac-
teristics of the treatment and the patient’s disease.

Algorithms, such as Nearest-Neighbour classifiers, RF, ex-
treme learning machines, SVMs, and deep neural networks
(DNNS), are used for VS based on synthesis feasibility and
can also predict in vivo activity and toxicity. **! Research-
ers compared multiple classical ML models and their ability
to classify patients with Crohn’s disease using genome-wide
genotyping data. ** In the field of medicine medical imag-
ing, the hype of recent years about Al has had a significant
impact.

The rise of Al in medicine is often associated with “superhu-
man” abilities and precision medicine.” Scientists have dem-
onstrated the applicability of Al in delivering novel syntheti-
cally feasible bioactive compounds for the first time.”*

The main hindrance in drug repositioning is diagnosing and
identifying the unique drug-disease relationship.” Al used in
oncology studies ° and natural product study.”’

The application of Al cannot be limited to selection of the
most optimal compound and predict its” in vivo activity.
Al-based drug repurposing is in the developmental stage,
several examples have shown encouraging results.”® Al tech-
nologies, such as visible neural networks, 70 incorporate the
Al model’s inner workings into real systems of biomedical
sciences (e.g.; human and animal). AI’s potential ability to
identify new candidate therapies that can be made available
for clinical trials rapidly and, if approved, merged into health
care is unparalleled, making Al a centrepiece of advanced
technologies. Al approaches, coupled with big data, have the
potential to substantially improve the efficiency and effec-
tiveness of drug repurposing and aid medical decision mak-
ing of therapeutic benefits with real-world evidence for vari-
ous complex human diseases, such as COVID-19 and AD.

The term big data describes a collection of data sets that are
so large and complex that they are too difficult to process
with traditional data analysis tools.

Al in data management

The need for novel computational techniques, including
data mining/generation, curation, storage, and management,
brings new challenges and opportunities to the research
community. Identification of actionable disease subtypes is
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increasingly powered by Al using integrative methods com-
bining diverse data modalities.” Al has been successfully
used to develop individualized drug compounds themselves,
with personalized cancer vaccines being one of the prime
examples.'®

Al in bioinformatics

The massive growth of bioinformatics resources creates new
opportunities to apply computational approaches for drug re-
purposing in AD. Al network medicine approach to AD rests
on the underlying hypothesis that cellular networks gradu-
ally adjust to chronic processes of disease initiation and pro-
gression, leading to progressive shifts in local and global net-
work properties and system states that underlie an evolving
pathogenesis of AD.!%!

Precision medicine has raised high hopes to improve the
success rate of Phase II and III clinical trials by tailoring
treatment options to the characteristics of patient subgroups
based on differences in molecular profiles, lifestyle, and en-
vironmental factors.

Al has been used in denovo drug design, activity scoring, vir-
tual screening and /n silico evaluation in the properties (ab-
sorption, distribution, metabolism, excretion, and toxicity)
of a drug molecule. Various pharmaceutical companies have
teamed up with Al companies for faster progress in the field
of drug development, along with the healthcare system. '

Al in drug repurposing

Drug repurposing also called drug repositioning, reprofiling,
redirecting, and drug rediscovery is a strategy for identify-
ing new therapeutic purposes for approved drugs in medi-
cal indications beyond the scope of their original therapeutic
use. In recent years, several computational approaches have
been developed for a more systematic drug repurposing pro-
cess.!® Al for drug repurposing is the use of real-world data,
such as electronic health records, in searching for effective
repurposed drug candidates.!®

Computer-aided drug design can reduce these costs by early
discontinuation of failed compounds and reducing the num-
ber of experiments needed. The advent of machine learn-
ing-based prediction tools and optimisation algorithms that
could handle complex, non-numerical solution representa-
tions (e.g., chemical graphs) enabled the application of mul-
ti-objective optimisation (MOO) in molecular design.

Structure-based drug discovery (SBDD) are based on the
abilities of the drug to bind to multiple protein-binding sites.
ML algorithms have relevant and potential applications at
almost all steps of the SBDR pipeline and beyond, such as
drug screening, target screening, target structure/binding site
prediction, lead optimization, prediction of drug—drug inter-
actions, and ADMET property prediction.

DISCUSSION

Al can analyse identifying and diagnosing diseases more ac-
curately and quickly. Al is versatile use in drug discovery,
disease identification, drug repurposing bioinformatics and
data management. In the past few years, drug repurposing
research has benefited greatly by the systematic adoption
of computational strategies spanning a large area of unique
methodologies and approaches.

CONCLUSION

Modern medicine is faced with the challenge of acquiring,
analysing, and applying the huge amount of knowledge nec-
essary to solve complex clinical problems.Al model can only
perform as good as the data that is used to train it. Another
clear limitation for the application of Al in healthcare is the
“accuracy-interpretability” trade-off. Furthermore, there
are still missing areas, novel ideas, which cannot be learned
from data, giving a combination of human and machine in-
telligence a good perspective. Al approaches, coupled with
big data, have the potential to substantially improve the ef-
ficiency and effectiveness of drug repurposing. ML has been
used in precision medicine to predict patient success on vari-
ous treatment protocols given specific characteristics of the
treatment and the patient’s disease. The implementation of
these new technologies is steadily growing and is providing
a brilliant chance to healthcare specialists to be prepared for
the new era of Diagnostics and Drug discovery.
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