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Introduction: The use of Artificial intelligence in drug discovery is changing the field of Medicine across the world today positively.
In this review, the role of Al in each focus area for the improvement of the drug development process, and its relevance in translational
medicine is discussed.

Materials and Method: A systematic review was conducted by searching databases such as PubMed and Scopus, employing key
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terms like “AI” “drug discovery” “machine learning” “clinical trials” and “translational medicine.” Inclusion criteria focused on peer-
reviewed studies published between 2014 and 2024 that specifically addressed the role of Al in drug development. Data extraction
involved categorizing findings based on different phases of drug discovery.

Results: The findings reveal that the use of Al lowers costs, shortens the time required for drug development, and enhances the
predictive capability. Al technologies play an essential role in molecular modeling, drug design and screening, and the efficient design
of clinical trials. However, some of the issues that remain include the quality of available data, issues of interpretability of the models,
and the more critical issue of ethical considerations that need collective efforts on the development of associate regulatory policies.
Conclusion: Al holds immense potential to dramatically change and transform the process of drug discovery and translational
medicine while promoting accurate prevention and cures. However, it is also important to understand how to work with existing
problems to make the best use of Al in healthcare. The roles of Al technologies are likely to grow in the development of the medical
future, provide patients with better results, and stimulate the innovations in the field of the drug creation.
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Introduction
The waiting period from drug discovery to development is getting longer per day since the search for various active
compounds is becoming more time consuming and challenging owing to the expansion of chemical space. In order to
reduce this waiting period, experts in the field of medicinal chemistry are now introducing the use of artificial intelligence
(AI) to transform the pharmaceutical industry.'” The traditional process of drug discovery is a stressful and time-
consuming task that involves labor-intensive methods including high-throughput screening and trial-and-error research.>*
However, the ability of Al techniques to accurately analyze big data within a short period will potentially accelerate the
medication discovery process. Hence, introducing the use of Al in different stages of drug discovery (such as identifying
potential drug targets, screening through large chemical libraries, preclinical testing, and clinical trials) is crucial for
significantly reducing the waiting period from drug discovery to development.>°

Pharmaceutical industries are commonly associated with rather long and expensive processes of drugs’ creation. In
a research work on drug development,’ it reports that the process of developing new drugs will cost about $ 4 billion and
that it will take more than 10 years to complete. This financial burden and delay resulting from drug discovery can be
prevented by the companies that build their discovery processes on the foundation of Al. Besides accelerating the
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discovery of drugs, Al also makes it possible to precise medication, with the use of genes and characteristics of a patient.’
It is noteworthy that Al systems can find numerous biomarkers and outline specific reactions of various patients to
various treatments — one of the objectives of translational medicine.®

It can be seen that the application of Al is not limited only to drug discovery. Its importance can be summarized in the
fact that it plays an active part in translational medicine, the branch of medicine that focuses on the translation of research
discoveries into clinical practice.” Translational medicine aims to fill a gap between the laboratory and the patient, to
make it possible for scientific discoveries to be translated into clinical practice in terms of therapies.'® Machine learning
(ML), deep learning (DL), and natural language processing (NLP) are used for the discovery of biomarkers and their
application in predicting drug interactions and patient treatment plans based on patient characteristics'® which are the
basics of translational medicine.

The main objective of this review paper is to provide a structured outlook and apperception of Al in drug discovery,
development, and translations. This systematic review seeks to discuss how Al is being utilized in an aspect of drug
development; from target identification, compound selection, and drug design to clinical trials, and how these advances
supplement the concept of personalized medicine. Moreover, this review will present ideas about the integration of Al
into other areas of healthcare and the benefits of Al in decreasing costs, accelerating the process of approval for new

drugs, and increasing the accuracy of patients’ results.

Methodology

Search Strategy

This systematic review followed PRISMA guidelines (Figure 1) to ensure precision and transparency. The search strategy
involved querying multiple databases, including PubMed, Scopus, Web of Science, and IEEE Xplore, as well as gray
literature from Google Scholar. Key terms such as “Artificial Intelligence” “Drug Discovery” “Machine Learning” “Deep
Learning” “Translational Medicine” and “Clinical Trials” were combined using Boolean operators (AND, OR) to refine
search results.

Figure | PRISMA flow diagram showing identification, screening, eligibility, and inclusion of studies (2014-2024).
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Materials

The materials for this review consist of peer-reviewed journal articles, conference papers, regulatory guidelines, and
technical reports. Additional sources were included from the reference lists of key studies to ensure comprehensive
coverage. The review also incorporated guidelines and regulatory perspectives from organizations such as: the Food and
Drug Administration (FDA), European Medicines Agency (EMA), and World Health Organization (WHO). The selected
studies provided insights into AI’s role in different stages of drug discovery, preclinical development, and translational
medicine. Notably, real-world applications, such as AlphaFold for protein folding and Insilico Medicine’s Al platform,
were used as case studies to illustrate Al’s practical impact on drug development.

Inclusion and Exclusion Criteria

Inclusion Criteria Include

Studies published between 2014 and 2024.

Articles focusing on Al in drug discovery, development, or translational medicine (Figure 2).

e Peer-reviewed publications and conference papers.

Studies discussing Al in both preclinical and clinical phases.

Relevant regulatory or technical reports.

Exclusion Criteria
e Articles not addressing Al or machine learning in drug discovery.
e Non-English publications.
¢ Opinion pieces, editorials, or commentaries lacking empirical data.

Screening Based on Publication Date

(2014-2024)

—

v
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Figure 2 Inclusion and exclusion criteria.
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Data Extraction

Relevant data were extracted from selected studies, focusing on key Al techniques used (eg, machine learning, deep
learning), the phase of drug development discussed (eg, discovery, preclinical, clinical), and specific outcomes (eg,
increased efficiency, cost reduction, prediction accuracy). Data were tabulated to identify recurring themes, emerging
trends, and notable outliers.

Data Synthesis and Analysis

A thematic analysis was employed to categorize data according to Al techniques and their applications across different
stages of drug development. Studies were grouped into three main categories: Al in drug discovery, Al in preclinical/
clinical development, and Al in translational medicine. This approach enabled a comparative analysis of how Al is
impacting each phase, identifying key challenges and potential areas for future research.

Main Findings

Al in Drug Discovery

Molecular Modeling and Drug Design

Artificial Intelligence and ML are notably transforming the early stages of drug discovery, especially molecular modeling
and drug design.'' As mentioned in the study of Selvaraj et al,'?> DL and reinforcement learning techniques have the
potential to accurately forecast the physicochemical properties as well as biological activities of new chemical entities.
While, Jiménez-Luna et al'? disclosed that by learning from big data of already familiar molecular structures, the use of
ML models is capable of predicting the binding affinities of these molecules, which shortens the process of identifying
drug prospects. They include the application of generative adversarial networks (GANS) in generating new compounds
that meet particular biological properties to speed up the slow and costly drug design process.”

The traditional ML techniques are also being utilized to model the molecular activity and provide the structural
conformation of proteins.” This has resulted in a groundbreaking existence like AlphaFold, an Al system from DeepMind
that can predict protein structures with near-experimental accuracy.'® AlphaFold shows great value as drug designing
carries out a major difference in predicting protein folding particularly how drugs interact with their targets hence
improving the design of new drugs."”

Virtual Screening and Prediction
Al models are now becoming gold-standard tools for enhancing computational virtual screening, a technique common in
the chemical sciences for assessing large databases of compounds.'® That is why, with the help of DL algorithms, Al for
the identification of new molecules for further development can analyze the properties of millions of molecular
compounds.'” This approach was shown to be much faster and less expensive compared to other conventional high-
throughput screening techniques such as HTS.'> AI systems can also predict how compounds will behave within the
body and how toxic they are even before the real process of drug development starts.'®

For instance, few studies'*'?° demonstrated that Insilico Medicine, an Al-driven biotechnology company, has
developed Al-based platforms that identify novel drug candidates by screening vast chemical libraries. Also, the
company’s Al-driven drug discovery system has been used to identify promising treatments for fibrosis and other
complex diseases.”' Strikingly, this Al platform designed a novel drug candidate for idiopathic pulmonary fibrosis in just
18 months. Additionally, Moingeon®* highlighted that AI platforms like Atomwise support convolutional neural net-
works (CNNs) predict molecular interactions, which has accelerated the development of drug candidates for diseases
such as Ebola and multiple sclerosis. Interestingly, this Al platform identified two drug candidates for Ebola in less than
a day.

Al in Preclinical and Clinical Development
Drug Repurposing and Optimization
Al has been most useful in drug repurposing, the process of identifying new uses of drugs that are already licensed.”

24
1,

According to Tanoli et al,” Al models can predict the compatibility of known drugs with new targets from large datasets
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of drug—target interactions as this accelerates the development of drugs from new molecules, which is time-consuming
and costly. For example, Benevolent Al supplemented Al to discover the repurpose of Baricitinib, a drug used for
rheumatoid arthritis as an applicant to cure COVID-19. It has since been granted emergency use status for the manage-
ment of severe forms of the virus.>> Al is also used in drug improvement to help pharma businesses enhance the drug and
its dosing schedule further.'® Advanced mathematic modeling may help to control the pharmacokinetics and pharmaco-
dynamics of medicine providing high efficacy and low toxicity.?®

Preclinical Testing

In preclinical, Al is used to infer drug toxicity and density, thereby avoiding the use of animal models. Machine learning
models can analyze biological data that would allow researchers to simulate the behavior of a drug in the human body.**
This not only saves the number of tests conducted on animals but also speeds up the preclinical stage as the critical safety
issues are indicated at this phase.?” Al is also used in Silico models that mimic human organs and disease states making
realistic predictions of drug effectiveness and side effects before clinical trials.”® These are human organs’ “digital
clones” that provide insights into drug—tissue interactions to minimize failure in subsequent clinical trial phases.?

Clinical Trials

Al finds application in patient recruitment, trial design, as well as trial outcomes. Electronic Health Records (EHRs) can
be processed to find the subjects for clinical trials; this is especially desirable for clinical trials concerning rare diseases.*®
Al can also design malleable clinical trials that require changes midstream in variables such as dose or patient
population; this dynamic approach enhances the trial feasibility.>' In addition, it is utilized in making prognosis on
patient outcomes as well as enhancement of the trial strategies.*> These models would be assessing markers that show the
primordial signs of either benefit from treatment or lack of it, leading to dynamic changes to trials as it helps to shorten

the period for a drug to reach the market besides enhancing patient safety by identifying side effects fast.*>*-*

Al in Translational Medicine

Personalized Medicine

AT’s role in translational medicine is most probably most impressive in the area of personalized medicine, which targets
patients’ reactions to interference. When applying genomic, environmental, and lifestyle data, AI algorithms can
determine how a particular patient will react to a certain type of treatment by recommending a therapeutic
approach.” 7 Applications of Al tool such as IBM Watson for Genomics, compare a patient’s genome sequence and
prescribe best-suited treatments, especially in cancer.>®

The application of Al in medicine has benefited the health sector through the identification of the genetic makeup of
the growths that cause cancer. Such information enables oncologists to determine which treatment approaches are best
appropriate for such a patient in terms of debility, effectiveness, and side effects.**>

According to the study of Sheu et al** involving 175 cancer patients, gene expression data of the patients were used
for training a support ML, and a prediction accuracy of 80% across multiple drugs was recorded. In addition,
Obermeyer* used the electronic health records (EHR) of 17,556 patients and Al to predict patients’ responses to
antidepressants. The AI models demonstrated strong prediction accuracy and minimized confounding variables by
considering features indicative of treatment selection. This study showed that real-world EHR data with AI modeling
may be used to effectively predict antidepressant responses, indicating the possibility of creating clinical decision support
systems for better medication selection.

Additionally, One Al algorithm available in precision medicine is DeepMind’s Al algorithm, which can predict
patient deterioration and enable timely intervention by health care professionals. Integrating Al will support more precise
diagnostics and assist in identifying personalized treatment options to improve patient outcomes.*> Furthermore,
Benevolent Al will collaborate with key pharmaceutical companies by 2025 to introduce drugs tailored to genetic
markers specific to certain patient populations. This would reduce the time required for drug development and make
precision medicine more accessible. In silico Al engines and Chemistry42 are other Al algorithms (currently in clinical
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trials) that can improve personalized treatment. Additionally, IBM Watson for Genomics is an Al algorithm used to

compare a patient’s genome sequence and prescribe the best-suited tailored treatments, especially for cancer.**-4¢

Biomarker Discovery
It is evident that biomarker discovery, which forms part of the translational medicine process, is closely linked to Al
Biomarkers are prognostic or diagnostic phenomena that guide the further course of a disease or its treatment. Their
identification is critical in advancing treatment strategies.*>**”*** AI models can also analyze large datasets to find
possible biomarkers, using the discovery of which the validation phase is hastened.*’ For instance, Ramirez-Valles
et al>® explain that Al algorithms have helped identify biomarkers for Alzheimer’s disease through integration of features
of brain imaging, and genomic data. It has also been used in cancer research where the biomarkers are modeled to predict
the overall reaction of patients to immunotherapy treatment. It also increases the rate of success with treatments while
also advancing clinical trials as a parallel to the associated patients.®>%4%->°

As a matter of fact, Al is useful in more than biomarker identification in translational medicine. In oncology, those
applications of Al are being used to apply research results to clinical practice, particularly in cancer vaccines.”' Currently, Al
systems successfully recognize unique mutations of tumors and help design vaccines.* These particular vaccines are available
for use in experimental melanoma and other cancers.’® Al is also advancing in the area of managing otherwise hard-to-treat
diseases and, in particular, rare diseases. Healx is a company that employs algorithmic analysis to match existing drugs to rare
disease targets, to bring treatments to patients faster for diseases that, by definition, have poor treatment options.*

Al and Pharmaceutical Industry

Leading pharmaceutical companies are actively partnering with Al vendors to implement advanced technology across the
entire field, including the manufacturing processes, research, development, and discovery of drugs.”® Analyses indicate
that nearly 62% of healthcare organizations will consider an investment in Al and 72% will assume an important role for
Al in their business in the future. To investigate the role of Al in the pharmaceutical industry, Pharma News Intelligence
reviews current Al applications, including the most successful case studies, and the future of AI and ML. According to
the McKinsey Global Institute, AI and ML have the potential to yield nearly $100bn per year in the US healthcare
system. Similarly, researchers have pointed out that these technologies contribute to improved decision-making, innova-
tion, the acceleration of research and clinical trials, and the provision of resources for clinicians, consumers, insurers, and
regulators. Major pharmaceutical companies, such as Roche, Pfizer, Merck, AstraZeneca, GSK, Sanofi, AbbVie, Bristol-
Myers Squibb, and Johnson & Johnson have already integrated Al into their business operations through partnerships or
mergers and acquisitions. In 2018, the Massachusetts Institute of Technology (MIT) collaborated with Novartis and
Pfizer to transform drug design and synthesis with ML for Pharmaceutical Discovery and Synthesis Consortium.

Daily research aims to discover new active principles for currently incurable diseases, enhance the safety profile of existing
drugs, combat drug resistance, and minimize therapeutic failure. As a result, the biomedical data employed in drug design and
discovery have expanded exponentially, driving the evolution of Al in the pharmaceutical field. Presently, multiple pharma-
ceutical companies offer software applications that support drug design, data analysis, and the prediction of treatment results.

One notable example is GNS Healthcare (according to information retrieved from gnshealthcare.com), which uses an
Al software called Reverse Engineering and Forward Simulation (REFS). This software detects cause—effect relation-
ships in data that are not obvious a priority through standard assessment techniques. The GNS claims that REFS can
analyze millions of data points across diverse medical fields, including clinical, genetic, laboratory, imaging, drug,
consumer, and geographical data. Based on information retrieved from atomwise.com, Atomwise proposed the first deep-
learning-based neural network, for structure-based drug discovery. AtomNet analyses millions of experimental affinity
measurements and protein structures to predict the binding properties of small molecules to proteins. Three-dimensional
visualization of protein—ligand interactions allows pharmaceutical chemists to conduct essential steps of hit discovery,
lead optimization, and toxicity prediction with extraordinary speed and precision, resulting in weeks instead of years.

Furthermore, according to the information obtained from In silico Medicine websites, Pharm Al is a project that
utilizes Generative Adversarial Networks (GAN) and reinforcement-learning algorithms. GANs are composed of two
neural networks: a generator and discriminator, which are trained to learn and predict samples. The relationship between
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the generator and the discriminator is “adversarial”. The generator generates new samples and the discriminator identifies
whether it is real or fake. Through continuous training, the generator refines its ability to create realistic samples and the
discriminator improves its classification accuracy. Through these technologies, Pharm Al can generate entirely new
molecules and predict the biological causes of diseases.

Advances in pharmacy practice include pharmacy-management systems that contain information on patient and drug usage.
These systems also detect possible drug-related issues related to the use of clinical decision support screening. The next
generation of pharmacy technology aims to integrate expert information systems capable of identifying drug-related issues
using data from both pharmacy systems and external sources. Paired with workflow robotics, these innovations ease pharmacists’

workload so that they can concentrate on their essential role as pharmacists, and that technology can perform tiresome tasks.>*>

Discussion

Al is making an impact in the area of drug discovery and development as timelines can be hastened, and costs decreased
while increasing the chances of accurate predictions. Efficacy or effectiveness design is a traditional pharmacological
development that could take more than a decade and cost billions of dollars before a new therapy arrives on the market. On

156

the other hand, Al-integrated methodologies ease this process. For instance, Nelson et al’” explain that the application of

ML can find the most prescriptive drug for the treatment out of a large quantity of results and precedes traditional methods.

Furthermore, Koromina et al®’

reveal that Al can decrease drug discovery time by 50% with the help of efficient lead
identification and optimization. In addition, Basile et al>® highlight that the efficiency of the forecasts regarding the drug’s
effectiveness and toxicity is increased due to the application of Al solutions. In traditional development processes,
assessment strategies are usually based on the trial and error approach, meaning that problems can be only recognized in
the late stages when the project might have to be canceled or significantly redesigned. In fact, nine out of ten discovered
therapeutic molecules usually fail Phase II clinical trials and regulatory approval.’® In comparison, ML can mimic the
biological responses and in the process estimate the pharmacokinetics of a compound before getting to the clinical phases.”
Thus, this predictive capability helps researchers find more feasible drug prototypes at an earlier stage.®® For instance, Al
systems would offer a prognosis of patients concerning its handling with therapeutic profiles from their genetic structure,

including in the oncology specialty where individualized treatment plans are most prevalent.*’

Challenges and Limitations

Despite the numerous advantages Al offers, several challenges and limitations persist in its integration into drug
discovery and translational medicine. One major hurdle is the quality of data. AI models rely on vast amounts of high-
quality data to function effectively. In many cases, the available datasets are fragmented, inconsistent, or biased, which
can lead to inaccurate predictions and reinforce existing disparities in healthcare.®'

Furthermore, the transparency and interpretability of Al models particularly DL poses a significant challenge, particu-
larly in clinical settings. Many Al systems operate as “black boxes” meaning their decision-making processes are not
transparent. This lack of interpretability can hinder clinicians’ ability to trust and utilize Al-generated insights in treatment
planning.** Regulatory agencies, including the US Food and Drug Administration (FDA), are increasingly aware of these
issues and are developing guidelines to ensure that Al systems can be audited and understood in clinical practice.?

Furthermore, the integration of Al into health care raises several ethical concerns, particularly regarding patient data
privacy and algorithmic bias. The use of sensitive health data to train AI models necessitates strict adherence to privacy
regulations such as the Health Insurance Portability and Accountability Act (HIPAA) in the United States, which can
have serious ethical implications and erode public trust in Al technologies.'®

Another major limitation is the possible bias that could arise from the AI algorithms. Al algorithms must be trained
with the available data, which can sometimes be biased or unrepresentative. This implies that there will be unequal
access to medical treatment and unfair treatment in certain groups.*'

Future Directions
In the decades ahead, Al will prove valuable in bringing more advancements to drug discovery and translational research.
An even more revolutionary idea is to create a fully self-contained system for drug discovery in which optimizations of
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compound structures, their synthesis, formulation, and testing are all conducted without human intervention.”*
Furthermore, the development of the Al-human relation could create breakthroughs in research fields of translational
medicine. For instance, Rai et al®® reveal that by using Al systems as a supplement to the doctor’s advice and experience,
the limitations in the treatment plans might be removed, and the patient’s condition might be improved. With the help of
this combination of Artificial and Augmented intelligence, one can better comprehend multifaceted diseases and design
therapeutic approaches that would take into account the peculiarities of the patient.®®

Additionally, the interaction between Al, blockchain, and Internet of Things will improve data integrity, security, and
real-time monitoring in clinical settings. This integration will facilitate the exchange of patient data, effective trials, and
personalized treatment plans.®* Additionally, to fully explore the importance of Al in drug discovery, different regulatory
frameworks must be established to accommodate the uniqueness of different Al models.®® This includes the establish-
ment of guidelines for the model development, validation, and deployment. Also, these regulatory frameworks must also
ensure transparency and accountability in Al-driven decision-making.

Conclusion

This systematic review discusses how Al has enabled scientific advancements in drug discovery, development, and
implementation. Al technologies have replaced traditional methodologies in the drug development process with far
higher speeds, reduced costs, and improved accuracy. The latest Al and ML techniques, such as DL, have many
applications in the prediction and discovery of new drugs, clinical trials, and patient data analyses. Al is changing the
face, processes, and pace of the pharmaceutical industry through tools, such as virtual screening and autonomous drug
discovery solutions.

Nonetheless, there are still barriers in recognizing and overcoming the effectiveness of Al in healthcare. Challenges,
such as data quality, explainability of AI models, questions regarding patient data protection, and potential biases within
these models must be resolved. Government agencies are gradually drawing standards of accountability that must be
observed in Al systems. Overcoming these barriers is critical for populating the space of Al-driven drug discovery and
Translational Medicine.

In the coming years, it becomes planned that the introduction of Al will certainly help to design the future of medicine. In
the future, as researchers and practitioners continue to work together to embrace the use of Al, this will lead to more
enhanced treatment methods that suit individual patient needs, hence improving treatment processes. The evolution of this
entails improved patient health and delivery of healthcare to develop an era within which we embrace Al as the key aspect in
developing the health sector and coming up with relevant solutions to current and future complex health issues.
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