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ABSTRACT

Artificial Intelligence (Al) is emerging as a transformational technique in
pharmaceutical research and development, enabling the shift from conventional
experimental approaches to predictive, data-driven methodologies. This review is
a comprehensive overview of the use of Al in the drug development pipeline, such
as identifying targets, discovering hits, lead optimization, preclinical trials, clinical
trials, and post-marketing surveillance. Machine learning, deep learning, natural
language processing, and generative models are advanced methods that assist the
integration of data on a multi-dimensional basis and make decisions about data
DSSs more efficient. Despite the challenges related to data quality, interpretability,
and regulatory compliance, Al demonstrates significant potential in improving
translational success and accelerating therapeutic innovation towards precision
and patient centric healthcare.
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INTRODUCTION

The pharmaceutical industry is an important
part of promoting worldwide healthcare
by creating therapeutic agents that prevent,
diagnose and treat diseases. Any chemical
substance intended to prevent, diagnose, treat
or relieve a condition is called a drug. Drugs
can be prophylactic, therapeutic, symptomatic
or disease modifying agents and may be of
natural or synthetic origin.'"? Discovery and
development of such agents is a complex and
multidisciplinary process that involves the
interplay of chemistry, biology, pharmacology,
medicine and data science. Drug discovery
and development is a stepwise and methodical
pipeline, which transforms a biological concept
into a therapeutic product that has gone
through clinical approvals.* Drug discovery
refers to the procedure of identifying new
chemical compounds or biological molecules
that have therapeutic applications and drug
development involves the procedure of testing
the candidates in preclinical and clinical
studies and getting regulatory sanctions.
This is an important measure to fulfill unmet
medical needs, patient outcomes and quality
of life.®

In the past, drug discovery has been
advanced by the use of empirical methods
to very high levels of scientific methods. The
early drug discovery was based on natural
products and observation of the symptoms of
a disease without a clear idea of the disease
mechanisms.® With time, biomedical sciences
allowed shifting to the rational design of
drugs, which included information on the
disease pathway and molecular targets. An
example is the development of quinine to treat
malaria, which represents the evolution of folk
medicine to scientifically proven medicinal
treatments.”® This development has formed the
basis of contemporary drug discovery methods
combining experimental and computational
methods. The modern pharmaceutical industry
has a structured pipeline of drug discovery,
which includes, identification and validation
of the targets, discovery of hits, optimization
of the lead, preclinical trials, clinical trials,
and regulatory approval. Optimization of
leads is an important step where medicinal
chemists optimize compounds according to
the structure-activity relationships (SAR),
pharmacokinetics, and toxicity profiles.”!
After optimization, promising candidates are
taken through preclinical testing to determine

their safety, efficacy, and pharmacokinetic
characteristics via in vitro and in vivo
experiments.

Drug discovery and development is linked
with significant challenges even though the
process is structured in this pipeline. It is
not only time-intensive, with an average of
10-15 years to gain market approval after
discovery, but is also linked to significant
financial expenditure, which is usually more
than 1-2 billion dollars per drug. Moreover,
success rates are very low and only a small
percentage of compounds make it to all phases
to market."® The lack of efficacy, safety,
ineffective pharmacokinetics and regulatory
barriers are usually the causes of high rates of
attrition. These problems highlight the role of
new methods to optimize the efficiency, reduce
the costs and enhance the rate of success during
drug development.'

The pharmaceutical industry has experienced
tremendous impacts of technology, which
have brought new tools and techniques to deal
with these issues. Genomics, proteomics, high-
throughput screening, and structure based
drug design are innovations that have helped
to develop new targets of drugs and design
effective therapeutic agents.”>'® Artificial
intelligence (AI) and machine learning (ML)
are some of these innovations that have become
some of the radical technologies in the history
of drug discovery and development. Artificial
intelligence refers to a group of computer
systems, capable of doing several tasks which
require human intelligence, including learning,
reasoning, and decision making."”'® Machine
learning, deep learning, natural language
processing, and computer aided drug design
are some of the Al technologies that have to be
incorporated in the pharmaceutical sector.

These methods allow the examination of
large and complex data, which allows detecting
patterns and relationships that cannot be
easily identified using traditional methods.
Among the major strengths of Al is its capacity
to incorporate various data sources, such as
genomic, proteomic, chemical, and clinical
data.’®?! This feature can be useful especially
in the target identification and wvalidation
processes, where Al can process biological data
to find disease related targets and determine
their therapeutic importance. Also, the virtual
screening technique (Al-based) enables the
high-speed analysis of large chemical libraries,
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which greatly reduces the amount of time it
takes to discover hits.?**

There are a number of challenges that
accompany the implementation of Al in the
pharmaceutical industry. The quality and
availability of data are also the most relevant
concerns since Al models need big and high
quality data to perform precise forecasts.
The use of Al in drug development should
be set in clear regulations by the regulatory
agencies and these technologies should
be created to ensure that they are safe and
effective.»® The purpose of this review is to
give a detailed discussion of Al applications
in the pharmaceutical industry with a special
interest in their application to different
phases of drug discovery and development.
Through exploring the latest developments,
issues, and future opportunities, this paper
will demonstrate that Al is instrumental in
defining the future of pharmaceutical research
and innovation.

TRADITIONAL DRUG DISCOVERY
PIPELINE AND ITS CHALLENGES

The traditional drug discovery pipeline
is a systematic, multi stage process which
is used to design, identify, develop, safe
and effective therapeutic agents. It starts
with the target identification and validation,
where the biological components such as
receptor, enzyme or gene associated with the
disease is selected and confirmed as a viable
target.” This is followed by the hit molecules
discovery, which is achieved through the
High throughput screening (HTS) or virtual
screening methods to identify the compounds
exhibiting the initial biological activity.

Following  this, lead  optimization
process was accomplished to enhance the
pharmacological properties of the identified
hits with emphasis on enhancing potency,
selectivity and pharmacokinetic properties
including solubility and metabolic stability.”
Potential drugs are then exposed to preclinical
trials like in vitro and in vivo trials in order to
ascertain safety, toxicity and pharmacokinetics.
Once they pass through successful preclinical
studies, compounds progress to clinical trial
(Phase I-III) which determines the safety,
efficacy, dose and long-term of the compound
in human being.®* Lastly, it needs to be
approved by the regulators and this should
be followed by post-marketing surveillance to
ascertain its continued safety.

This traditional drug discovery pipeline, is
characterized by high challenges, although it is
structured. It is a lengthy process that can take
many years tocomplete drug discovery and this
process is associated with high expenses, which
is usually in the billions of dollars.* Also, the
success rateis very low and most candidates fail
because they are ineffective, toxic or have poor
pharmacokinetics. Weaknesses in predictive
performance, especially in the translation of
preclinical results to human performance,
regulatory issues and constraints of clinical
trials, further reduce efficiency, which requires
the integration of new technologies, including
Al to address these obstacles.

ROLE OF ARTIFICIAL INTELLIGENCE IN
PHARMACEUTICALS

Artificial Intelligence (Al) is transforming
the pharmaceutical industry by shifting the
traditional empirical approaches to predictive,
data-centric, and systems-driven approaches.
Al makes it possible to optimize many
parameters simultaneously as compared to
the traditional approaches, which involve a
series of experiments, incorporating biological,
chemical, and clinical factors into coherent
computational models.*’* One of the most
significant improvements made possible by Al
is the shift to in silico hypothesis generation,
where artificial intelligence autonomously
identifies targets of therapeutics, drug-drug
interactions, and propose the optimized drug
molecules before successful experimental
validation.* This minimizes the reliance on
trial and error modeling and increases the
accuracy of decisions. Also, Al can be used to
create network pharmacology models, where
researchers learn about the complex disease
pathways and polypharmacological effects
instead of targeting unique interventions.

Translational medicine is another field
where Al is important to help bridge the gap
between laboratory observations and clinical
results. With the help of real world data,
electronic health records and multi-omics
data, Al facilitates the identification of patient
centric responses to therapeutic interventions,
thus promoting precision and personalized
medicine. Also, AI based solutions make
adaptive learning systems, which means that
models evolve continuously by integrating
data throughout the drug lifecycle. The Figure
1 shows the multidimensional approach of
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Al in pharmaceuticals.®®* The idea of Al
use in predictive safety pharmacology is
another emerging dimension whereby early
dysfunction and toxicity are predicted by use of
computational modeling and resultant failures

in the later stages are reduced. Together, Al

is not just an auxiliary tool, it is the strategic
engine of innovation that will fundamentally
change the nature of pharmaceutical research,
making it more efficient, predictive, and
patient-centered.

Artificial Intelligence
in Pharmaceuticals

sl Network Pharmacology

« >l Precision & Personalized Medicine

-
—p InSilico Hypothesis Generation
» Target Prediction

» Molecular Modeling

—_—

» Pathway & Multi-Target Analysis
=== —

» Patient-Specific Therapies

Translational & Adaptive Learning
> Real-World Data Integration

Predictive Safety Pharmacology
» Toxicity & Risk Assessment

Figure 1: Al in Pharmaceuticals

Al TOOLS AND TECHNIQUES USED IN
THE PHARMACEUTICAL SECTOR

The use of Artificial Intelligence (Al) in
pharmaceuticals is driven by highly specialized
computational frameworks aimed at capturing
the complexity of biology and accelerating
the therapeutic drug innovation. The figure
2 explains the Al tools and its techniques in
pharmaceutical industry. Neural networks,
reinforcement learning, and knowledge graph
based systems are advanced methods that allow
interpreting multidimensional biomedical
data and providing insights into omics profiles
and real life clinical evidence.*®* They are
extensively used in the fields of molecular
design, drugrepurposing, biomarker discovery
and systems level simulation of biological
interactions. Al techniques can facilitate better
informed decision making processes in the
research and development sphere, aiding in
more specific, efficient, and clinically relevant
in drug development strategies.

1. Machine Learning (ML)

In the pharmaceutical sector, machine
learning (ML) can be used to provide
predictive insights out of heterogeneous
biomedical data, which assists in hypothesis

refinement and decision prioritization.
The models such as unsupervised and
supervised learning models provides a
broad application in biomarker discovery,
patient stratification, and drug repurposing.
As an example, ML-based systems like
IBM Watson to Drug Discovery have been
applied to discover new therapeutic targets
using a combination of genomic and clinical
data. Algorithms such as random forests and
support vector machines also support early
predicting of drug efficacy and safety to
allow informed selection of candidates.*"*!
ML therefore increases the translational
efficiency by matching the computation
predictions with the clinically relevant
results.

2. Deep Learning (DL)

Deep learning (DL) is a branch of machine
learninlg< that uses multi layered neural
networks to approximate complex biological
systems and nonlinear interactions. DL
has also been successfully applied in
Eharmaceutical research in analyzing
igh dimensional data including imaging,
genomics, and proteomics.**** Another
notable instance is AlphaFold, the invention
of DeepMind that has transformed protein
structure prediction by near experimental
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accuracy. Predicting drug target actions and
disease progression are also accomplished
with the help of DL architectures such
as convolutional and recurrent neural
networks. These functions make it possible
to gain a more mechanistic insight into the
dynamics of biology in general, which will
allow developing more specific and targeted
therapeutic approaches.

3. Natural Language Processing (NLP)

Natural Language Processing (NLP) helps to
extract and interpret unstructured biomedical
information in scientific literature, clinical
documentation, and regulatory documents.®
The NLP based algorithms facilitate automatic
synthesis of knowledge, which helps in the
pharmacovigilance and drug repurposing. As
an example, BioBERT and PubMedBERT are
trained on biomedical corporate in particular
to detect drug disease interactions and drug
adverse reactions. NLP can also assist real
time monitoring of clinical outcomes through
analysis of electronic health records.* NLP
can improve the evidence based decision
making process and speed up the generation
of pharmaceutical innovations based on
knowledge by transforming textual data into
actionable insights.

4. Computer Aided Drug Design (CADD)

Computer Aided Drug Design (CADD) is a
combination of computational chemistry and
structural biology that seeks to maximize drug
discovery at the molecular scale. Molecular
docking, molecular dynamics simulations

and pharmacophore modeling techniques
allow the accurate assessment of ligand target
interactions. As an example, prediction of
binding affinities and rational drug design
are heavily dependent on software platforms
such as Schrodinger Suite, and AutoDock.
CADD is also useful in structure based and
ligand based methods, which eliminate
the use of experimental screening.”” CADD
allows optimization of drug candidates in
silico, which can boost efficiency, reduce
resource use, and increase chances of clinical
success.

5. Generative AI Models

Generative Al models are an innovative
method in pharmaceutical research, which
allows the generation of new chemical
compounds with preferred pharmacological
activity using de novo drug design methods.
The production of optimized molecular
structures is done through techniques
like variational autoencoders (VAEs),
generative adversarial network (GANs),
and transformer based models. As an
example, Insilico Medicine has been able
to apply generative Al to generate dru
candidates in the case of fibrosis in muc
shorter timeframes.*® These models have the
capability to co-optimize various parameters
such as potency, selectivity and ADMET
profiles. Generative Al, therefore, makes
drug discovery a more proactive and design
focused process to develop next generation
therapeutics more quickly.

Natural Ean;uage
Processing (NLP)

. BioBERT & PubMedBERT
N

Artificial
Intelligence in
Pharmaceuticals

Deep Learning
(DL)

Figure 2: Al Tools in Pharmaceuticals
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Al USE IN THE DRUG DEVELOPMENT
PIPELINE

Artificial Intelligence (AI) is currently
integrated across the drug development cycle,
allowing a shift from linear workflows to
interconnected and data driven processes. Al
supports the smooth transition between target
detection and post marketing surveillance
by improving the accuracy of prediction,
eliminating redundancy in experiments, and
making decisions in real time. It facilitates
the identification of biologically relevant
targets, optimization of candidate molecules,
and prediction of pharmacokinetic and safety
profiles. Moreover, clinical trial efficiency is
enhanced with the help of Al based analytics,
which includes patient stratification and
adaptive study designs.” The Table 1 shows the
various Al tools in drug discovery process and
its applications. This broad based application
of Al throughout the pipeline quickens the
drug development process and provides
higher precision, scalability and translational
relevance in pharmaceutical research.

1. Target Identification and validation.

The development of Al based identification
of targets has shifted to systems biology
and multi-omics integration to allow the
identification of disease driving pathways
as opposed to single targets. The advanced
models are used to analyze the genomic,
transcriptomic and proteomic data to identify
new therapeutic nodes. As an example,
neurodegenerative diseases targets have been
identified in platforms such as Benevolent Al
through biological network mining.” It is also
possible to have in silico validation by Al using
causal inference and gene disease association
modelling, avoiding the need to perform
expensive experimental validation. This
strategy increases the reliability of the targets
and helps in the creation of mechanism based
therapies that have better translation potential.

2. Hit Discovery

Al has changed the concept of hit discovery
to be a computationally guided selection
algorithm and reduced the necessity of doing
exhaustive experimental screening. Virtual
screening models using deep learning are
used to predict binding affinities between
a ligand and a target with high accuracy. To
give an example, a successful use of AtomNet
has found novel small molecule hits on

undruggable targets.”’** Al can also be used
to prioritize chemically diverse scaffolds and
can enhance innovation in the early stage
discovery. Combining structural biology and
cheminformatics, Al enhances the speed of
identifying hits, and the likelihood of getting
biologically relevant hits.

3. Lead Optimization

Multi objective Al models are becoming
the trend in optimization of lead, focusing
on improving efficacy, selectivity, and
pharmacokinetics at the same time.
Reinforcement learning frameworks are
used to systematically develop molecules
as parameters like lipophilicity, solubility
and toxicity are optimized. As an example,
the Al driven systems of DeepChem and
Schrodinger allow quick structural activity
relationship (SAR) modeling and optimization
of compounds. Al is also accurate to predict
ADMET properties, minimizing late stage
failures. This combined optimization scheme
enables acceleration to clinically viable
candidates with balanced drugs.>

4. Preclinical Studies

Al is used in preclinical research to conduct
predictive  toxicology and translational
models to enhance the accuracy of early stage
studies. Machine learning algorithms are
used to predict organ specific toxicity, drug
metabolism, and pharmacokinetics using in
vitro and in vivo data. Indicatively, DeepTox
has been shown to be very efficientin predicting
toxicity using chemical descriptors. Al can
also be used in modeling virtual organs, and
simulation of biological behavior, eliminating
the need to subject animals to testing. Al boosts
predictive validity and increases candidate
selection and reduces attrition later in the
development.*

5. Clinical Trials

The adaptive design, patient stratification,
and real time analytics improve trial efficiency
using Al Through the analysis of electronic
patient record data and genomic data, Al
can determine the appropriate groups of
patients, enhance recruitment and minimize
variability. As an example, Tempus Al applies
to pair cancer patients with specific clinical
trials according to their molecular profiles.”
The AI based surveillance allows detecting
the safety indicators and protocol violation
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early. Also, predictive modeling facilitates
dose optimization and outcome prediction,
thus enhancing the success rates of trials and
speeding up the clinical development life
cycles.

5. Regulatory and Post Marketing Surveillance.

Regulatory science and pharmacovigilance
are increasingly using Al to facilitate proactive
safety monitoring and decision making using
data. The systems based on NLP examine

Table 1: Various Al Tools and its applications

adverse event reports, clinical data, and real
world evidence to identify safety signals. As
an illustration, the FDA Sentinel Initiative
uses Al tools to track post-market drug
safety. Al also enables automated regulatory
reporting and evaluation of compliance.”
With an ongoing data integration in post-
marketing surveillance, it is possible to
identify rare adverse effects early in the course
of patient safety, and lifecycle management of
pharmaceutical products.

Al Tool / Technique Key Applications (Uses) Industry / Sector

Machine Learning (ML) Predictive modehr}g, blomarker 1dggt1f1Fat10n, drug Pharmace}lt.lcals, Biotechnology,
repurposing, patient stratification Clinical Research

Deep Learning (DL) Protein structure prediction, imaging analysis, drug-target Pharmaceuticals, Medical

Natural Language Processing
(NLP)

Computer-Aided Drug
Design (CADD)

Generative AI Models
(GANSs, VAESs, Transformers)

AlphaFold (DeepMind)

IBM Watson for Drug
Discovery

Insilico Medicine

DeepChem
AtomNet

BioBERT/ PubMedBERT
Schrodinger Suite

AutoDock

Tempus Al

FDA Sentinel
(Al-enabled systems)

interaction prediction

Literature mining, clinical data extraction, pharmacovigilance,
regulatory documentation

Molecular docking, virtual screening, pharmacophore
modeling, SAR analysis

De novo drug design, molecular optimization, ADMET
prediction

Protein structure prediction, target validation
Knowledge mining, target identification, drug repurposing

Al-driven drug design, fibrosis and oncology drug
development

Molecular modeling, QSAR analysis, predictive toxicology

Structure-based drug discovery, ligand binding prediction

Biomedical text mining, adverse event detection, knowledge
extraction

Molecular simulation, lead optimization, binding affinity
prediction

Molecular docking, ligand-receptor interaction analysis

Clinical data analytics, precision medicine, trial matching

Post-marketing surveillance, adverse drug reaction monitoring

Imaging, Genomics

Pharmaceuticals, Healthcare IT,

Regulatory Affairs

Pharmaceuticals, Medicinal
Chemistry

Pharmaceuticals, Drug
Discovery Startups

Biotechnology, Structural
Biology

Pharmaceuticals, Healthcare
Analytics

Biotech, Al-driven Pharma

Pharmaceuticals, Computational

Chemistry
Biotechnology, Drug Discovery

Healthcare, Pharmacovigilance

Pharmaceuticals, Medicinal
Chemistry

Academic Research, Drug
Discovery

Oncology, Clinical Research

Regulatory Agencies, Public
Health

responses to therapy.”® This can help to create

ADVANTAGES OF Al IN THE
PHARMACEUTICAL SECTOR
Artificial Intelligence (AI) provides a

revolutionary benefit to the pharmaceutical
industry by making it possible to transition
to predictive, precision based, and scalable
research models. Among its strengths, it is
able to combine and analyze complex, high
dimensional data, such as multi omics data and
real world clinical evidence, which can further
aid in mechanistic insights into diseases and

patient specific and targeted interventions,
which are in line with the concept of precision
medicine.

Multi objective optimization is also the
field where Al can be utilized, with such
important aspects as efficacy, safety, and
pharmacokinetics being taken into account at
the same time, in the course of drug design.
This minimizes the use of workflow sequential
experimentation and boosts the effectiveness
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of decision making.”® Moreover, simulation
models powered by Al enable the formation of
virtual biological systems, where the behavior
of a drug in question can be predicted early on,
and the uncertainty of the experiment can be
reduced.

The othervaluablebenefitistheimprovement
of the success of translation, where Al models
are more likely to predict human reactions to
integrated preclinical and clinical information.
This minimizes the failure at late stages and
enhances efficiency in overall development.®
Adaptive learning systems are also assisted by
Al, as models are constantly improved based
on new data, and they improve dynamically
throughout the entire drug lifecycle.

In addition, Al can synthesize and automate
knowledge and streamline the complicated
processes of data interpretation, trial
optimization and safety supervision. The fact
that it is able to unveil concealed patterns and
speeds up the innovation process and aids the
discovery of new therapeutic opportunities.®!
These benefits together establish AI as
one of the key facilitators of the future of
pharmaceutical research, one that is more
efficient, accurate, and focused on patients.

CHALLENGES AND LIMITATIONS

Although Artificial Intelligence (AI) has
a transformative potential, its application
in the pharmaceutical industry is limited
by a number of essential issues. The
biggest constraint is the incompleteness
and heterogeneity of biomedical data, in
which discrepancies between datasets
may undermine model reliability and
reproducibility.®> Al models are very sensitive
to quality and curated data, but real world
data can be biased, have missing values, and
variable experimental conditions, and this
can result in inaccurate predictions.

The interpretability and transparency
of complex Al models, especially in deep
learning, is another crucial issue that must be
taken into consideration. These models remain
a black box and they present a challenge in
comprehending the decision pathways and,
therefore, their applicability to regulatory
contexts where clarification is needed.®** Also,
the problem of model generalizability is still
to be addressed since the results of algorithms
trained on particular datasets might not be
predictable across different populations and

disease states.

There are also regulatory and ethical
impediments to the adoption of Al The lack of
unified models for verifying the results of Al
usage throws a dark cloud over the approval
procedures. Besides, data privacy, data
security and informed consent are important
issues that must be addressed particularly
when dealing with sensitive patient data. The
implementation of Al in current pharmaceutical
processes necessitates a large upfront
investment in infrastructure and across the
board skills as well.* All of these restrictions
point to the necessity to include an efficient
validation strategy, regulatory convergence,
and ethical regulation in order to implement
Al technologies safely and efficiently.

FUTURE PERSPECTIVES

The future of Artificial Intelligence in the
pharmaceutical industry is set to move to more
integrated, autonomous and patient centric
drug development ecosystems. The newest
methods, like digital twins, the virtual patient
representations, are likely to allow simulating
disease progression and individual therapeutic
reactions, which will greatly boost the precision
medicine.®® Moreover, Al and multi omics
platforms will be combined in order to gain
a more indepth insight into the functioning
of the intricate biological systems and reveal
new therapeutic targets and pathways. The
development of explainable AI (XAI) is
expected to overcome the existing restrictions
on explanations of models, enhance regulatory
acceptance, and clinical trust. Moreover,
the integration of AI with the upcoming
technologies like quantum computing and
organ on chip systems can transform the face
of the predictive modeling and preclinical
trials as highly precise simulations of biological
processes may become a reality.”” The
development of adaptive and decentralized
clinical trials, in which adaptable and real
time data analysis and remote monitoring
can support trial efficiency and patient
engagement, will also be propelled by Al Al
powered systems could be used in regulatory
science to facilitate approval procedures by
evaluating data automatically and monitoring
safety. Finally, Al in pharmaceuticals is going
to develop through the joint work of academia,
industry, and regulatory authorities and
create an ecosystem focused on innovation,
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transparency, and ethical conduct that will help
prevent time loss by speeding up the process
of obtaining safe and effective treatments.

CONCLUSION

The pharmaceutical industry is currently
undergoing a fundamental transformation
with Artificial Intelligence (AI) transitioning
drug discovery and development, from
traditional and sequential approaches, to data
driven and integrated paradigm. Al increases
the accuracy and effectiveness of therapeutic
innovation by allowing high level predictive
modeling, multidimensional integration of
data, and analysis on a systems level. Its
application across the drug development
pipeline, starting with target identification to
post marketing surveillance, has shown that
it has a huge potential to enhance decision
making, resource utilization and speed up
the process of translation through its results.
Notably, Al allows transition to a more
mechanism oriented and patient centric model
and thus it helps to promote precision medicine
and personalized therapeutics. In the future,
the integration of Al with new technologies,
including multi-omics, digital health tools,
and advanced simulation systems is likely to
boost its effects. Researchers, industry players,
and regulators will have to work together in
order to create strong validation frameworks
and promote responsible innovation.
Altogether, Al is a revolutionary input, which
can dramatically enhance the effectiveness,
accuracy, and clinical applicability of
pharmaceutical research and eventually the
speedup the process of drug discovery and
development of precision medicine.
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