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Abstract: Artificial intelligence (AI) has become an effective tool that leverages personal information to 

deliver faster solutions to complex problems. A revolutionary approach to drug discovery, formulation, and 

dosage form testing is presented by promising advances in machine learning and AI. The pharmaceutical 

industry increasingly uses it to revolutionize drug development at all stages, from discovery to post-market 

surveillance. Drug development is being revolutionized by AI-driven techniques that make it possible to 

analyse enormous biological datasets, predict drug-target interactions, and find promising candidates more 

quickly and precisely than with conventional methods. The pharmaceutical industry is significantly impacted 

by drug research and discovery, which also has an impact on some human health issues. Despite the promising 

benefits, there are drawbacks to using AI as well, such as the requirement for regulatory frameworks, data 

protection issues, and integrating AI with current systems. In the pharmaceutical sector, AI has the potential 

to significantly increase innovation, lower expenses, and improve patient outcomes. 

 

Introduction 

The pharmaceutical industry is transforming due to the growing influence of AI, which has novel prospects 

for enhancing the efficacy and efficiency of drug discovery, development, and distribution [1]. Pharmaceutical 

businesses may improve clinical trial designs, speed up the identification of viable drug candidates, and 

improve the precision of customized medicine by utilizing AI's strengths in data analysis, pattern recognition, 

and predictive modelling [2]. AI not only speeds up and lowers the cost of introducing new medications to the 

market, but it also makes novel treatments that are customized to meet the needs of specific patients possible. 

The healthcare sector is moving toward more individualized, efficient, and effective healthcare solutions in 

the future thanks to technology advancements. It detects adverse drug reactions and safety concerns; AI 

monitors and analyses data from a variety of sources, including social media and electronic health records [3]. 

AI systems are able to uncover possible medication candidates more quickly and correctly than traditional 

approaches by analysing large amounts of biological and chemical data. Early drug development stages are 

streamlined by using machine learning models to predict the interactions between various chemicals and 

particular biological targets. AI aids in the design of more successful trials and investigations during the 

preclinical and clinical stages [4]. AI-powered technologies can evaluate patient data to find good candidates 

for clinical trials, forecast a patient's reaction to a treatment, and track a patient's progress in real time. By 
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evaluating genetic, environmental, and lifestyle data to customize treatments for specific patients, artificial 

intelligence (AI) advances precision medicine AI in manufacturing ensures quality control, improves supply 

chain management, and predicts equipment breakdowns to optimize production processes [1].  

With data analysis from a variety of sources, including scientific literature and clinical records, AI can find 

new applications for medications that are already on the market. Comparing this method to creating brand-

new medications would save time and money while greatly accelerating the availability of novel therapies for 

a variety of illnesses [2]. Automation of regulatory submission preparation, assurance of conformity with 

multiple rules, and expedited approvals are just a few of the ways AI solutions help pharmaceutical businesses 

navigate the complicated regulatory landscape [3]. The pharmaceutical industry has long been a leader in 

scientific innovation, and the advent of AI has further accelerated this trend. AI is transforming numerous 

facets of the industry, from sales and marketing to drug development, clinical trials, personalized medicine, 

and regulatory compliance [2, 4]. The integration of AI is enabling pharmaceutical companies to optimize 

operations, enhance patient care, and bring new drugs to market more efficiently. This essay provides a 

comprehensive exploration of the role and impact of AI across key areas in the pharmaceutical industry, 

including sales and marketing, clinical trials, pharma-academics, personalized medicine, drug repurposing, 

regulatory compliance, and diagnostic and disease prevention [1, 3]. 

Significance of AI in pharmaceutical sales and marketing: Pharmaceutical sales and marketing have 

traditionally been challenging areas due to the complexity of the products, the diversity of customer segments, 

and the stringent regulatory environment. AI has emerged as a powerful tool to address these challenges by 

enabling more targeted, data-driven, and personalized marketing strategies. The use of AI in this sector can 

be categorized into several key areas, including predictive analytics, customer segmentation, personalized 

marketing, and real-time customer engagement [5]. 

Predictive analytics and customer segmentation: One of the most significant contributions of AI in 

pharmaceutical sales and marketing is its ability to analyse vast amounts of data to predict market trends and 

segment customers more effectively. Pharmaceutical companies collect data from various sources, including 

sales records, customer feedback, healthcare provider (HCP) interactions, and patient data. AI algorithms can 

process this data to identify patterns and trends, which can then be used to predict future market behaviours. 

For instance, AI can analyse prescription data to identify which physicians are most likely to prescribe a 

particular drug. This allows sales teams to focus their efforts on high-value targets, thereby increasing the 

efficiency of their outreach. Similarly, AI can segment customers based on their behaviours, preferences, and 

needs, allowing for more tailored marketing messages. This segmentation goes beyond traditional 

demographic factors, incorporating behavioural and psychographic data to create more accurate and actionable 

customer profiles [6]. 

Personalized marketing: Personalization is a key trend in modern marketing, and AI enables pharmaceutical 

companies to deliver highly personalized content to their customers. By analysing data on individual 

healthcare providers' prescribing habits, patient demographics, and treatment preferences, AI can help 

marketers create customized campaigns that resonate with specific audiences. For example, an AI-driven 

platform might suggest a particular set of educational materials for a physician who frequently prescribes 

treatments for diabetes, while offering different resources to a doctor who focuses on cardiovascular health. 

Moreover, AI-driven marketing automation tools can deliver personalized content at the right time, ensuring 

that healthcare providers receive information when they are most likely to need it. This approach not only 

enhances the relevance of the marketing message but also increases the likelihood of a positive response [7]. 

Real-time customer engagement: In addition to personalized marketing, AI is also revolutionizing real-time 

customer engagement through the use of chatbots and virtual assistants. These AI-driven tools can interact 

with healthcare providers and patients in real-time, providing instant responses to queries, offering product 
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information, and even assisting with medication management. For example, a virtual assistant might remind 

a patient to take their medication at a specific time, or help a healthcare provider find the latest research on a 

particular drug. The benefits of AI-driven real-time engagement are significant. For healthcare providers, these 

tools offer quick access to information and support, allowing them to make informed decisions more 

efficiently. For patients, AI-driven engagement can improve adherence to treatment regimens, leading to better 

health outcomes. Overall, AI enhances the customer experience by providing timely, relevant, and 

personalized interactions [8]. 

 

Case study: Artificial Intelligence in pharma marketing 

A leading example of AI in pharmaceutical marketing is Pfizer's partnership with IBM Watson. Pfizer has 

utilized IBM Watson's AI capabilities to analyse large datasets, including clinical trial data, patient records, 

and scientific literature, to identify potential new markets for its products. This collaboration has allowed 

Pfizer to refine its marketing strategies, ensuring that its campaigns are more targeted and effective. The use 

of AI has also enabled Pfizer to gain deeper insights into customer needs, leading to more personalized and 

impactful marketing efforts [9]. 

Impact: The impact of AI on pharmaceutical sales and marketing is profound. By enabling more targeted, 

data-driven, and personalized marketing strategies, AI increases the efficiency and effectiveness of marketing 

efforts. This not only leads to higher sales but also improves customer satisfaction by delivering relevant and 

timely information. Additionally, AI-driven tools enhance customer engagement, fostering stronger 

relationships between pharmaceutical companies and their customers. As AI technology continues to evolve, 

its role in pharmaceutical sales and marketing is likely to expand, leading to even more innovative and 

effective marketing approaches [10]. 

Significance of AI in clinical trials: Clinical trials are a critical component of drug development, but they are 

often associated with high costs, lengthy timelines, and complex logistics. AI is transforming the clinical trial 

process by streamlining patient recruitment, optimizing trial design, enhancing data analysis, and improving 

patient monitoring. These advancements are leading to more efficient and successful clinical trials, ultimately 

speeding up the development of new therapies [11]. 

Patient Recruitment: One of the most challenging aspects of clinical trials is patient recruitment. Finding the 

right patients who meet the specific criteria for a trial can be time-consuming and difficult, often leading to 

delays in the trial process. AI is addressing this challenge by analysing electronic health records (EHRs), 

genetic data, and other patient information to identify individuals who are most likely to benefit from and 

comply with a clinical trial [12]. AI-driven platforms can sift through vast amounts of data to match patients 

with appropriate trials, taking into account factors such as medical history, genetic makeup, and lifestyle. For 

example, AI can analyse genetic data to identify patients with specific biomarkers that are relevant to a 

particular trial. This targeted approach not only accelerates patient recruitment but also increases the likelihood 

of trial success by ensuring that the right patients are enrolled [13]. 

Trial design optimization: AI is also playing a critical role in optimizing the design of clinical trials. 

Traditionally, trial design has been a complex process involving multiple variables, such as patient population, 

dosage levels, and endpoints. AI can simulate trial outcomes based on different design parameters, allowing 

researchers to identify the most effective trial design before the trial begins [14]. For instance, AI can analyse 

historical trial data to predict how different patient populations might respond to a new drug, helping 

researchers to select the most appropriate patient group for the trial. AI can also optimize dosage levels by 

simulating different dosing regimens and predicting their effects on efficacy and safety. This ability to model 

and predict trial outcomes reduces the risk of trial failure and increases the efficiency of the drug development 

process [15]. 
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Data analysis and management: The vast amounts of data generated during clinical trials can be 

overwhelming, and managing this data effectively is crucial to the success of the trial. AI is transforming data 

analysis and management by automating data processing, identifying patterns and correlations, and providing 

real-time insights [16]. AI-driven tools can analyse trial data more quickly and accurately than traditional 

methods, allowing researchers to identify trends and make data-driven decisions in real-time. For example, 

AI can detect early signals of adverse events, enabling researchers to take corrective action before the issue 

becomes critical. Additionally, AI can identify subpopulations within the trial who may respond differently to 

the treatment, providing valuable insights for personalized medicine [17]. 

Patient monitoring and adherence: Ensuring patient adherence to the trial protocol is another critical factor in 

the success of clinical trials. AI-driven tools, such as wearable devices and mobile apps, are improving patient 

monitoring and adherence by providing real-time data on patient behaviour and health status. These tools can 

track medication adherence, monitor vital signs, and detect potential side effects, providing researchers with 

continuous data on patient progress [18]. For example, a wearable device might monitor a patient's heart rate 

and activity levels, sending alerts to the research team if any abnormalities are detected. Similarly, a mobile 

app might remind patients to take their medication at specific times and report any side effects they experience. 

This real-time monitoring not only improves patient adherence but also enhances the quality of the data 

collected during the trial [19]. 

 

Case study: Artificial Intelligence in clinical trials 

A notable example of AI in clinical trials is the work of GNS Healthcare, a company that uses AI to analyse 

clinical trial data and predict patient outcomes. GNS Healthcare's AI platform, REFS (Reverse Engineering 

and Forward Simulation), has been used in various clinical trials to identify which patients are most likely to 

respond to treatment, allowing for more targeted and effective trials. This AI-driven approach has led to 

significant improvements in trial efficiency and success rates, ultimately accelerating the development of new 

therapies [20]. 

Impact: The impact of AI on clinical trials is transformative. By streamlining patient recruitment, optimizing 

trial design, enhancing data analysis, and improving patient monitoring, AI reduces the costs and timelines 

associated with clinical trials. This not only speeds up the development of new drugs and therapies but also 

increases the likelihood of trial success, bringing effective treatments to patients more quickly. As AI 

technology continues to advance, its role in clinical trials is expected to grow, leading to even more innovative 

and efficient approaches to drug development [21]. 

Significance of AI in pharmaceutical academics: The academic sphere of pharmaceuticals is undergoing a 

significant transformation with the integration of AI, which is reshaping how pharmaceutical education and 

research are conducted. AI is providing new tools for data analysis, simulation, and modelling, enhancing the 

learning experience for students and enabling researchers to conduct more sophisticated analyses. The role of 

AI in pharmaceutical academics can be explored through its impact on education, research, and 

interdisciplinary collaboration [22]. 

Pharmaceutical education: In pharmaceutical education, AI is enhancing the learning experience by providing 

personalized education platforms that adapt to the individual needs of students. These platforms use AI 

algorithms to assess students' learning styles, progress, and preferences, delivering customized content that 

matches their needs. For example, an AI-driven platform might identify that a student learns best through 

visual materials and adjust the course content accordingly, providing more video lectures, diagrams, and 

interactive simulations. Virtual labs are another area where AI is making a significant impact. These AI-driven 

platforms allow students to conduct experiments in a simulated environment, providing hands-on experience 

without the limitations of physical resources. For instance, a virtual lab might simulate the effects of a drug 
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on different cell types, allowing students to observe the outcomes without the need for expensive laboratory 

equipment. This not only enhances the learning experience but also makes pharmaceutical education more 

accessible to students who may not have access to traditional labs [23, 24]. 

Pharmaceutical research: AI is also transforming pharmaceutical research by providing new tools for data 

analysis, simulation, and modelling. Pharmaceutical research often involves the analysis of vast amounts of 

data from various sources, including clinical trials, genetic studies, and chemical analyses. AI can sift through 

this data more quickly and accurately than humans, identifying patterns and correlations that might otherwise 

go unnoticed. For example, AI-driven platforms can analyse genetic data to identify potential drug targets, 

predict how different compounds will interact with those targets, and simulate the effects of those interactions. 

This capability not only accelerates the pace of research but also leads to more innovative discoveries, further 

advancing the field of pharmaceuticals [25]. Moreover, AI is enabling researchers to conduct more 

sophisticated analyses by providing tools for predictive modelling and simulation. For instance, AI can 

simulate the effects of a new drug on different populations, taking into account factors such as genetics, 

lifestyle, and environmental influences. This allows researchers to predict the drug's efficacy and safety more 

accurately, ultimately leading to more effective and targeted therapies [26]. 

Interdisciplinary collaboration: The integration of AI into pharmaceutical academics is also fostering 

interdisciplinary collaboration, bringing together experts from various fields, including computer science, 

biology, chemistry, and medicine. AI-driven platforms facilitate collaboration by providing tools for data 

sharing, communication, and joint analysis, enabling researchers to work together more effectively. For 

example, AI platforms might allow researchers to share and analyse large datasets across different institutions, 

facilitating collaboration on complex projects. Similarly, AI-driven communication tools might enable 

researchers from different disciplines to work together on a drug development project, combining their 

expertise to create more innovative solutions [27]. 

Case study: Artificial Intelligence in pharmaceutical academics 

An example of AI's impact on pharmaceutical academics is the use of AI-driven platforms at academic 

institutions such as the Massachusetts Institute of Technology (MIT). MIT has integrated AI into its 

pharmaceutical research and education programs, using AI-driven tools to analyse large datasets, simulate 

drug interactions, and personalize education for students. This integration has led to significant advancements 

in education and research, further establishing MIT as a leader in the field of pharmaceuticals [28]. 

Impact: The impact of AI on pharmaceutical academics is profound. By providing new tools for data analysis, 

simulation, and personalized education, AI enhances the learning experience for students and enables 

researchers to conduct more sophisticated analyses. This not only accelerates the pace of research but also 

leads to more innovative discoveries, advancing the field of pharmaceuticals. Additionally, AI is fostering 

interdisciplinary collaboration, bringing together experts from various fields to work on complex projects. As 

AI technology continues to evolve, its role in pharmaceutical academics is expected to grow, leading to even 

more significant advancements in education and research [29, 30]. 

Significance of AI in personalized medicine: Personalized medicine, also known as precision medicine, is one 

of the most promising areas in healthcare, and AI is at the forefront of this revolution. Personalized medicine 

aims to tailor medical treatment to the individual characteristics of each patient, such as their genetic makeup, 

environment, and lifestyle. AI is facilitating this by analysing vast amounts of patient data to identify patterns, 

predict treatment responses, and design customized treatment plans. The role of AI in personalized medicine 

can be explored through its impact on patient stratification, treatment optimization, and the development of 

novel therapies. Personalized medicine and AI together have the potential to completely transform the medical 

field. Precision medicine techniques pinpoint the characteristics of people with uncommon treatment 

outcomes or distinct medical requirements (Figure 1) [31]. 
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Figure 1: Schematic representation of a personalized medicine framework 

 

AI uses complex calculations and inference to provide insights, gives the system the ability to think and learn, 

and enhances human decision-making for clinicians. The most challenging problems facing precision 

medicine, according to recent research, may be solved by translational research examining this convergence, 

particularly when it comes to enabling personalized diagnosis and prognostication through the combination 

of clinical history, patient symptoms, and nongenomic and genomic determinants. Beyond the technological 

advancements that enable it, the notion of personalized medicine that is, the ability to tailor medical treatment 

to a patient's unique genetic and molecular profile has profound ramifications. This will require adjustments 

to the healthcare system's infrastructure, the business models for diagnostics and medications, government 

and private payer payment policies, and a new approach to regulatory oversight. Moreover, proactive 

healthcare management, which includes early detection, treatment, and prevention, will replace reactive illness 

management in medical practices through personalized medicine, altering the roles of the doctor and the 

patient [31, 32]. In a field where anti-information technology sentiment has long existed, it would lead to a 

greater dependence on electronic health records and decision support systems. In order to maintain people's 

health, personalized medicine uses specific medical data to create plans and treatments for identifying and 

managing ailments. In this kind of practice, physicians integrate all available patient data, including 

symptoms, conventional test results, family and medical history, and some genomic data, to make precise 

diagnoses and create individualized treatment plans based on those findings. The tailored healthcare model 

that justifies the use of AI will depend heavily on health information management professionals who handle 

patient data. In an effort to find genetic causes for some illnesses that are not amenable to traditional medical 

diagnosis, doctors have started to ask for whole-genome sequencing for their patients, and other medical 

professionals have started to examine genomic data [32]. 

The US Food and Drug Administration authorized Illumina's MiSeqDx, the first high-throughput (next-

generation) genomic sequencer, in December 2013. Given that it permits the creation and application of 

multiple innovative genome-based tests, this marketing license represents a significant turning point in the use 

of genetic data in the healthcare industry. In order to produce genomic reference materials for performance 

evaluation, the FDA and the National Institute of Standards and Technology worked together to build the full 

human genome DNA and the best sequence interpretation of such genomes. Among the uses of AI in 

healthcare are image analysis, drug discovery, and diagnostics (Figure 2). Individual differences in disease 

processes and response to treatment on genetic, biochemical, physiological, exposure, and behavioural levels 

have also been demonstrated by data-intensive biomedical technologies. This implies that in order for 

pharmaceuticals to be more effective for the unique requirements of every patient, they must be modified or 
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personalized. AI can be extremely helpful in the development of customized medicine and in identifying 

pertinent intervention targets to assess their efficacy when combined with the use of data-intensive assays in 

a symbiotic manner. The first known instance of customized medicine is thought to have occurred with the 

identification of blood types and their impact on blood transfusions in the early 1900s [33]. 

 

 

 

 

 
 

 

 

 

 

 

Figure 2: Use of Artificial Intelligence in drug discovery 

 

Patient Stratification: One of the key challenges in personalized medicine is identifying which patients are 

most likely to benefit from a particular treatment. AI is addressing this challenge by analysing genetic data, 

clinical records, and other patient information to stratify patients into subgroups based on their predicted 

response to treatment. For example, AI can analyse genetic data to identify biomarkers that are associated 

with a particular disease or treatment response. This allows healthcare providers to classify patients into 

different subgroups, each of which may require a different treatment approach. By stratifying patients in this 

way, AI enables more targeted and effective treatments, ultimately improving patient outcomes [34, 35]. 

Treatment optimization: AI is also playing a critical role in optimizing treatment plans for individual patients. 

By analysing data on a patient's genetic makeup, medical history, and lifestyle, AI can predict how the patient 

will respond to different treatments and suggest the most effective approach [36]. For instance, AI might 

analyse a cancer patient's genetic data to identify mutations that are driving the growth of their tumour. Based 

on this information, the AI platform might suggest a targeted therapy that is designed to inhibit the specific 

pathways involved in the patient's cancer. This personalized approach not only increases the likelihood of a 

successful outcome but also reduces the risk of adverse reactions, as the treatment is tailored to the individual's 

unique characteristics. In addition to optimizing treatment plans, AI is also enabling more precise dosing of 

medications. By analysing factors such as a patient's age, weight, genetics, and metabolism, AI can predict 

the optimal dosage for each individual, reducing the risk of side effects and improving treatment efficacy [36]. 

Development of novel therapies: AI is also facilitating the development of novel therapies that are specifically 

designed for individual patients or subgroups of patients. By analysing large datasets, including genetic data, 

clinical records, and biological samples, AI can identify new drug targets, predict how different compounds 

will interact with those targets, and simulate the effects of those interactions. For example, AI might analyse 

the genetic data of patients with a rare disease to identify a common mutation that is responsible for the disease. 

Based on this information, researchers can develop a therapy that targets the specific mutation, providing a 

more effective treatment for patients with the rare disease. Moreover, AI-driven platforms are enabling the 

development of personalized vaccines, which are designed to target the specific genetic makeup of an 

individual's tumour or infection. These personalized vaccines are showing promise in the treatment of cancer, 

where they can stimulate the immune system to attack the tumour more effectively [36]. 

Case study: Personalized medicine with Artificial Intelligence  
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A leading example of AI in personalized medicine is the work of Tempus, a technology company that uses AI 

to analyse clinical and molecular data to deliver personalized treatment plans for cancer patients. Tempus 

collects and analyses data from genomic sequencing, clinical trials, and electronic health records to identify 

patterns and predict treatment responses. This AI-driven approach allows Tempus to provide oncologists with 

data-driven insights, enabling them to design customized treatment plans that are tailored to the individual 

characteristics of each patient. The use of AI in personalized medicine has led to improved patient outcomes, 

particularly in complex and difficult-to-treat cancers [37]. 

Impact: The impact of AI on personalized medicine is significant. By enabling more precise and targeted 

treatments, AI improves patient outcomes, particularly in complex and chronic diseases such as cancer and 

diabetes. This personalized approach not only enhances the quality of care but also reduces healthcare costs 

by minimizing the trial-and-error process often associated with finding the right treatment. Additionally, AI 

is facilitating the development of novel therapies that are specifically designed for individual patients or 

subgroups of patients, leading to more effective and innovative treatments. As AI technology continues to 

evolve, its role in personalized medicine is expected to grow, leading to even more individualized and effective 

healthcare solutions [36, 37]. 

Role of Artificial Intelligence in drug repurposing 

Drug repurposing, the process of finding new uses for existing drugs, is an area where AI is proving to be 

highly effective. Traditionally, drug repurposing has been a labour-intensive process, requiring extensive 

research and experimentation. AI accelerates this process by analysing large datasets to identify potential new 

applications for existing drugs. The role of AI in drug repurposing can be explored through its impact on data 

analysis, target identification, and clinical validation. As a potent instrument for attaining precision medicine, 

it might be viewed as a quicker and more economical method of drug discovery. The identification of treatment 

possibilities for uncommon illnesses and phenotypic situations with scant knowledge of disease biology is 

another use for medication repurposing. Large-scale biological data integration and analysis have been made 

possible by machine learning and AI techniques, allowing for the development of efficient, data-driven 

repurposing processes (Figure 3) [38]. Drug repurposing has seen a surge in intriguing new prospects and 

analytical methodologies due to recent technology advancements, particularly in the fields of natural language 

processing and heterogeneous network mining. Drug repurposing is a strategy that involves using currently 

available, well-known medications or pharmacological combinations to investigate novel medical contexts. 

Because it saves time and money over more conventional de novo drug discovery methods, drug repurposing 

therefore plays a critical role in speeding up the preclinical process of developing innovative medications. The 

highly successful development of publicly available large-scale machine learning methods provides the state-

of-the-art application of data science to signalling disease, medicine, therapeutics, and identifying targets with 

the least error. This is because drug repurposing relies on massive observed data from existing drugs and 

diseases [39]. 

 

 

Figure 3: Sequential steps involved in the drug repurposing process 
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A novel drug must first be evaluated for safety and efficacy in human subjects during clinical trials, after 

which it must be tested for toxicity, pharmacokinetic and pharmacodynamic profiles in cell and animal models. 

This process typically takes 13 years and 2 - 3 billion dollars. Drug development is becoming a less appealing 

industry for investment due to its growing costs and duration. Conversely, drug repurposing seeks to identify 

novel medicinal uses for a medicine that is either approved or under research. Clinical trials can be expedited, 

greatly cutting the time and expenses of development, as the drug’s safety and dosage have been thoroughly 

investigated. Finding novel drug-disease correlations is the most important aspect of drug repurposing. 

Binding assays and phenotypic screening, which are costly and time-consuming, are the foundation of 

traditional biomedical research. However, the analysis of heterogeneous data based on AI techniques, such as 

molecular docking, genetic association analysis, pathway mapping, and signature profile matching, makes in 

silico methods popular because they enable all analysis to be done computationally in a time- and cost-

effective manner. Biomedical association/relation knowledge bases, biomedical literature, electronic health 

records, and omics data (e.g., gene and protein expression) are a few of the data sets that computational drug 

repurposing can make use of AI [40]. Recent advances in AI-driven drug repurposing have demonstrated the 

ability of computational approaches to identify novel therapeutic applications for existing drugs. Various 

studies have employed machine learning, deep learning, and generative AI techniques to accelerate candidate 

selection and validation. A summary of selected recent developments is presented in Table 1 [4, 38, 44]. 

Table 1: Recent Artificial Intelligence -driven drug repurposing advances 

Drug Candidate Original  

Indication 

Repurposed target  

disease 

AI technique 

used 

Status  

(2025 - 2026) 

Baricitinib 
Rheumatoid  

Arthritis 

COVID-19  

complications 

Knowledge Graph  

& Network Analysis 

Clinically  

validated 

Metformin Type 2 Diabetes 
Cancer therapy  

support 

Machine Learning  

Prediction Models 

Ongoing clinical  

studies 

Sirolimus 
Organ Transplant 

Rejection 

Neurodegenerative  

disorders 

Deep Learning  

Screening 

Under  

investigation 

Niclosamide Antiparasitic  

Drug 

Multiple cancer  

types 

AI-based Virtual  

Screening 

Preclinical  

evaluation 

Atorvastatin Hyperlipidaemia 
Alzheimer's  

disease 

Multi-omics  

AI Analysis 

Early-stage  

research 

 

Data analysis: AI is transforming the process of drug repurposing by analysing vast amounts of data, including 

chemical properties of drugs, biological targets, and patient outcomes. AI-driven platforms can sift through 

these datasets to identify patterns and correlations that suggest new therapeutic applications for existing drugs. 

For example, AI might analyse the chemical structure of a drug and compare it to the structures of other drugs 

that are known to interact with a particular biological target. If the AI platform identifies a structural similarity, 

it might suggest that the existing drug could also interact with the same target, potentially leading to a new 

therapeutic application. This ability to identify potential new uses for existing drugs significantly accelerates 

the drug repurposing process, saving time and resources [41]. 

Target identification: AI is also playing a critical role in identifying new biological targets for existing drugs. 

By analysing genetic data, clinical records, and biological samples, AI can identify proteins, enzymes, or other 

molecules that are involved in the progression of a disease and might be targeted by an existing drug. For 

instance, AI might analyse the genetic data of patients with a particular disease to identify a common mutation 

that is responsible for the disease. Based on this information, researchers can identify existing drugs that are 

known to interact with the mutated protein, suggesting a new therapeutic application for the drug. This targeted 

approach not only increases the likelihood of success but also reduces the risk of adverse reactions, as the 

safety profiles of repurposed drugs are already well understood [42]. 

Clinical validation: Once a potential new application for an existing drug has been identified, AI can also play 

a role in the clinical validation process. AI-driven platforms can simulate clinical trials, predicting how the 
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repurposed drug will perform in different patient populations and under different conditions. For example, AI 

might simulate a clinical trial for a repurposed drug by analysing data from previous trials, patient records, 

and genetic studies. Based on this simulation, the AI platform might predict how different subgroups of 

patients will respond to the repurposed drug, helping researchers to design a more targeted and effective trial. 

This ability to predict trial outcomes reduces the risk of trial failure and accelerates the development of new 

therapies [43]. 

 

Case study: Artificial Intelligence in drug repurposing 

An example of AI's impact on drug repurposing is the work of in silico Medicine, a biotechnology company 

that uses AI to identify new therapeutic applications for existing drugs. In silico Medicine's AI-driven platform 

analyses large datasets, including genetic data, chemical properties of drugs, and patient outcomes, to identify 

potential new uses for existing drugs. This approach has led to the identification of several promising drug 

candidates, including a repurposed drug for the treatment of COVID-19. The use of AI in drug repurposing 

has significantly accelerated the development of new therapies, particularly in areas of unmet medical need 

[44]. 

Impact: The impact of AI on drug repurposing is profound. By enabling more efficient and targeted 

identification of new therapeutic applications for existing drugs, AI accelerates the drug development process, 

bringing new therapies to patients more quickly. This not only saves time and resources but also reduces the 

risk of adverse reactions, as the safety profiles of repurposed drugs are already well understood. Additionally, 

AI-driven platforms are enabling the discovery of novel drug targets, leading to more innovative and effective 

therapies. As AI technology continues to evolve, its role in drug repurposing is expected to grow, leading to 

even more significant advancements in the development of new treatments [45]. 

 

Role of Artificial Intelligence in regulatory compliance 

Regulatory compliance is a critical aspect of the pharmaceutical industry, and AI is playing an increasingly 

important role in ensuring that companies meet the stringent requirements set by regulatory agencies. AI is 

helping pharmaceutical companies to manage the complex and ever-changing regulatory landscape by 

automating compliance processes, analysing regulatory data, and predicting compliance risks. The role of AI 

in regulatory compliance can be explored through its impact on compliance automation, regulatory data 

analysis, and risk prediction [46]. 

Compliance Automation: One of the most significant contributions of AI in regulatory compliance is its ability 

to automate compliance processes. Pharmaceutical companies are required to adhere to a wide range of 

regulations, covering everything from manufacturing practices to labelling and advertising. AI-driven 

platforms can automate many of these processes, ensuring that companies remain in compliance with the latest 

regulations. For example, AI can automate the process of monitoring changes in regulatory requirements, 

ensuring that companies are always up-to-date with the latest rules. This might involve scanning regulatory 

websites, extracting relevant information, and alerting compliance officers to any changes that require action. 

Additionally, AI can automate the process of document review, ensuring that all documents submitted to 

regulatory agencies are accurate and compliant with the latest requirements [47]. 

Regulatory data analysis: AI is also playing a critical role in analysing regulatory data, helping pharmaceutical 

companies to identify trends, patterns, and potential compliance risks. Regulatory agencies collect vast 

amounts of data on drug approvals, clinical trials, and adverse events, and analysing this data can provide 

valuable insights for pharmaceutical companies. For instance, AI-driven platforms can analyse data on drug 

approvals to identify trends in the types of drugs that are being approved and the criteria that regulatory 

agencies are using to evaluate them. This information can help pharmaceutical companies to design their drug 
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development programs in a way that maximizes their chances of regulatory approval. Similarly, AI can analyse 

data on adverse events to identify potential safety issues with existing drugs, allowing companies to take 

corrective action before the issue becomes critical [48]. 

Risk prediction: AI is also helping pharmaceutical companies to predict compliance risks, enabling them to 

take proactive measures to mitigate those risks. By analysing data on past compliance violations, AI-driven 

platforms can identify patterns and correlations that suggest potential future risks. For example, AI might 

analyse data on past manufacturing violations to identify factors that are associated with non-compliance, such 

as specific production processes or raw materials. Based on this analysis, the AI platform might predict which 

batches of a drug are most likely to fail a regulatory inspection, allowing the company to take corrective action 

before the issue arises. This proactive approach not only reduces the risk of regulatory violations but also 

enhances the company's reputation and trust with regulatory agencies [49-51]. 

 

Case study: Artificial Intelligence in regulatory compliance 

An example of AI's impact on regulatory compliance is the work of RegTech companies like Compliance.ai, 

which uses AI to help pharmaceutical companies manage regulatory compliance. Compliance. Ai’s platform 

automates the process of monitoring regulatory changes, analysing regulatory data, and predicting compliance 

risks, ensuring that companies remain in compliance with the latest regulations. This AI-driven approach has 

significantly reduced the burden of regulatory compliance for pharmaceutical companies, allowing them to 

focus more on innovation and drug development [49, 52]. 

Impact: The impact of AI on regulatory compliance is significant. By automating compliance processes, 

analysing regulatory data, and predicting compliance risks, AI reduces the burden of regulatory compliance 

for pharmaceutical companies, allowing them to focus more on innovation and drug development. 

Additionally, AI enhances the accuracy and efficiency of compliance processes, reducing the risk of regulatory 

violations and improving the company's reputation with regulatory agencies. As AI technology continues to 

evolve, its role in regulatory compliance is expected to grow, leading to even more efficient and effective 

compliance strategies [52]. 

Role of AI in diagnostic and disease prevention: The role of AI in diagnostics and disease prevention is 

revolutionizing healthcare by enabling earlier detection of diseases, more accurate diagnoses, and more 

effective prevention strategies. AI is enhancing the capabilities of healthcare providers by analysing vast 

amounts of data, identifying patterns, and providing real-time insights that can lead to earlier and more 

accurate diagnoses. The role of AI in diagnostics and disease prevention can be explored through its impact 

on disease detection, predictive analytics, and public health monitoring [53]. 

Disease detection: One of the most significant contributions of AI in diagnostics is its ability to detect diseases 

at an earlier stage, often before symptoms appear. AI-driven platforms can analyse medical images, genetic 

data, and other patient information to identify early signs of disease, allowing for earlier intervention and 

treatment. For example, AI algorithms are being used to analyse medical images, such as X-rays, MRIs, and 

CT scans, to detect signs of cancer, heart disease, and other conditions. These algorithms can identify subtle 

patterns in the images that may be indicative of disease, often with greater accuracy than human radiologists. 

By detecting diseases at an earlier stage, AI enables healthcare providers to intervene more quickly, improving 

patient outcomes [54, 55]. 

Predictive analytics: AI is also playing a critical role in predictive analytics, helping healthcare providers to 

identify individuals who are at risk of developing certain diseases. By analysing data on a patient's genetics, 

lifestyle, and environment, AI can predict the likelihood of the patient developing a particular condition, 

allowing for earlier intervention and prevention. For instance, AI might analyse a patient's genetic data to 

identify mutations that are associated with an increased risk of cancer. Based on this information, healthcare 
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providers can design a personalized prevention plan, including regular screenings, lifestyle modifications, and 

other interventions, to reduce the patient's risk of developing the disease. This predictive approach not only 

improves patient outcomes but also reduces healthcare costs by preventing diseases before they occur [56]. 

Public health monitoring: AI is also enhancing public health monitoring by analysing data on disease 

outbreaks, environmental factors, and population health trends. AI-driven platforms can analyse data from 

various sources, including social media, electronic health records, and environmental sensors, to identify 

potential public health threats and predict their impact. For example, AI might analyse data on flu outbreaks 

in different regions to predict how the virus will spread and identify which populations are most at risk. Based 

on this information, public health officials can design targeted interventions, such as vaccination campaigns 

and public awareness programs, to prevent the spread of the disease. This proactive approach not only 

improves public health outcomes but also reduces the burden on healthcare systems [57, 58]. 

 

Case study: Artificial Intelligence in diagnostics and disease prevention 

A leading example of AI in diagnostics and disease prevention is Google's DeepMind, which has developed 

AI algorithms that can analyse medical images to detect diseases such as breast cancer and diabetic 

retinopathy. These algorithms have been shown to detect diseases with greater accuracy than human 

radiologists, enabling earlier and more accurate diagnoses. In addition, AI-driven platforms like BlueDot have 

been used to monitor and predict the spread of infectious diseases, including the COVID-19 pandemic. These 

AI-driven approaches have significantly improved the ability of healthcare providers and public health 

officials to detect and prevent diseases, ultimately saving lives [57]. 

Impact: The impact of AI on diagnostics and disease prevention is profound. By enabling earlier detection of 

diseases, more accurate diagnoses, and more effective prevention strategies, AI is improving patient outcomes 

and reducing healthcare costs. Additionally, AI is enhancing public health monitoring, allowing for more 

proactive and targeted interventions to prevent the spread of diseases. As AI technology continues to evolve, 

its role in diagnostics and disease prevention is expected to grow, leading to even more innovative and 

effective healthcare solutions [58, 59]. 

  

Conclusion: Through process optimization, improved accuracy, and innovation stimulation, AI is becoming 

a more important component of the pharmaceutical sector. The time and expense involved in introducing new 

medications to the market are greatly decreased by its applications, which include drug development, clinical 

trials, and customized medicine. AI has the ability to completely change how we perceive, create, and provide 

medical care as technology develops, which might ultimately result in more potent medications and better 

outcomes for patients. Predictive, preventative, and customized medicine is on the horizon thanks to the 

revolutionary change brought about by the introduction of AI into the pharmaceutical sector. The 

pharmaceutical sector is changing, innovating, and improving patient outcomes as a result of AI's integration. 

AI has enormous potential benefits, even though there are still issues like data privacy, ethical concerns, and 

the requirement for legal changes. The pharmaceutical sector is expected to become more responsive, 

efficient, and patient-centred as a result of the ongoing development and prudent application of AI 

technology.AI is still being researched, and there are a lot of fascinating uses for it being developed. For those 

who see it negatively, however, it may be seen as a necessary evil [56].  
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