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Abstract: This literature review examines the applications and implications of artificial intelligence 
(AI) and machine learning (ML) across three key pharmaceutical settings: community pharmacy, 
hospital pharmacy, and the pharmaceutical industry over the past five years. Based on a 
comprehensive analysis of electronic databases, including detailed case studies and implementation 
analyses from major healthcare institutions, the review demonstrates significant improvements in 
healthcare delivery. Key findings include substantial reductions in medication errors, improvements 
in patient adherence, and considerable cost savings across implementations. In community 
pharmacies, AI systems improved medication adherence and patient engagement. Hospital 
implementations enhanced clinical decision support and automated dispensing systems. In 
pharmaceutical industry settings, AI accelerated drug discovery processes and optimizes supply 
chain management. While implementation challenges include high costs, technical infrastructure 
requirements, and regulatory compliance, emerging technologies such as quantum computing and 
federated learning show promise for future applications. The review emphasizes balancing 
technological innovation with patient-centered care. 

Keywords: Artificial Intelligence; Machine Learning; Pharmaceutical Care; Clinical Decision 
Support; Drug Discovery; Patient Safety; Healthcare Technology; Implementation Analysis 
 

Introduction 

AI and machine learning have emerged as transformative forces in a number of sectors, with 
healthcare being one of the most significant sectors to experience their impact. The term artificial 
intelligence, which is defined as the simulation of human intelligence processes by machines, 
encompasses a wide range of technologies including natural language processing, robotics, and 
computer vision [1]. Machine Learning, a subset of AI, focuses on the development of algorithms that 
enable computers to learn from and make predictions based on data. As a result of the convergence 
of these technologies, healthcare has experienced unprecedented advancements, with improved 
diagnostics, customized treatment plans, and improved operational efficiency [1]. It is evident that, 
as the overall volume of healthcare data continues to grow exponentially, the integration of artificial 
intelligence and machine learning into clinical practices is no longer simply beneficial, but essential 
in terms of optimizing patient outcomes and streamlining healthcare delivery as well. It is 
indisputable that AI and machine learning have become essential components of modern healthcare 
[2]. It has been shown that these technologies are revolutionizing various aspects of the healthcare 
system, from early disease detection to the management of chronic conditions. Using AI algorithms, 
for instance, can be used to analyze medical images in a remarkable way, often even surpassing the 
accuracy of human radiologists with regard to identifying anomalies in medical images. There is also 
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increasing use of machine learning models to predict patient outcomes, providing healthcare 
providers with the ability to tailor interventions based on individual risk profiles according to patient 
outcomes [2]. As healthcare systems sought innovative solutions under unprecedented pressure to 
manage patient care and resource allocation during the COVID-19 pandemic, AI and machine 
learning have further accelerated their adoption of these technologies. As a result, integrating all of 
these technologies is not just a trend, but a fundamental change in how healthcare is delivered, with 
the potential to improve the quality of care while simultaneously reducing the cost of providing care 
[3]. 

A literature review has been conducted to explore the application and implications of AI and 
machine learning within the context of pharmacy, a critical component of the healthcare system that 
relies heavily on AI and machine learning. With the expansion of pharmacists' roles beyond those of 
traditional medication dispensing, the implementation of artificial intelligence and machine learning 
into pharmacy practice offers potential opportunities for improving medication management, 
optimising therapeutic outcomes, and increasing patient safety as pharmacists take on roles that 
extend beyond traditional medication dispensing [4]. The aim of this review is to synthesize existing 
research on the application of artificial intelligence and machine learning (AI and ML) in pharmacy, 
highlighting both their potential benefits as well as the challenges that might arise when 
implementing them in practice. Using the current landscape as a starting point, this review aims to 
provide a comprehensive understanding of how these technologies can be harnessed to enhance 
pharmacy practice and improve the quality of patient care in the future [5]. The structure of this paper 
is organized to facilitate a thorough exploration of the topic. Following this introduction, the 
following sections include a detailed overview of AI and ML methodologies and their applications 
in healthcare, which is then followed by a deep dive into the theoretical foundations of AI and ML. 
In a subsequent session, there will be a focus on the specific applications of Artificial Intelligence and 
Machine Learning (AI and ML) in pharmacy, accompanied by case studies and empirical evidence 
demonstrating their efficiency [5]. The review will also address the ethical considerations and 
potential barriers to the adoption of these technologies in pharmacy practice as part of its ethical 
analysis. Lastly, the paper will conclude with recommendations for future research and practice, 
emphasizing that ongoing collaboration between technologists, pharmacists, and healthcare 
providers is essential to fully leveraging the potential that AI and machine learning can bring to 
improving the quality of patient care in the future. 

Materials and Methods 

In order to comprehensively analyze the applications of artificial intelligence and machine 
learning in pharmaceutical care practice, the methodology for this systematic review followed a 
structured approach. The search strategy included multiple electronic databases, including PubMed, 
EMBASE, IEEE Xplore, and Web of Science, with an emphasis on publications published between 
2019 and 2024. A number of key search terms were used, including "artificial intelligence," "machine 
learning," "pharmacy," "pharmaceutical care," and "clinical decision support," combined with 
Boolean operators. A further 2,500 records were identified from database searches and 150 from other 
sources as a result of scanning reference lists, industry reports, and conference proceedings. 

Having removed duplicate records, resulting in 2,200 unique records, two independent 
reviewers screened titles and abstracts according to predefined inclusion criteria. A study was 
considered for inclusion if it reported original research on AI/ML applications in pharmacy settings, 
contained quantifiable outcomes, and described the implementation methodology in detail. As a 
result of the exclusion criteria, studies that were not specifically focused on pharmacy practice, did 
not report concrete outcomes, or lacked specific AI/ML applications were excluded. During the initial 
screening of 2,200 records, 1,600 were excluded, leaving 600 articles for full-text evaluation. 

450 articles were further excluded after full-text evaluation: 200 were excluded for lack of specific 
AI/ML applications, 150 for insufficient reporting of outcomes, and 100 for non-pharmacy-specific 
content. A total of 150 studies were included in the final synthesis, including 10 detailed case studies 
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and 40 implementation analyses, with a number of supporting papers providing contextual 
information and supporting evidence. A standardized form was used to extract key information 
regarding study design, AI/ML methodology, implementation details, outcomes, and limitations. In 
order to assess the quality of included studies, appropriate tools were used based on the study design, 
with particular attention being paid to implementation methodology and reporting of outcomes. 
There were five main categories examined in the synthesis: drug discovery and development, clinical 
decision support systems, supply chain management, patient care optimization, and regulatory and 
ethical issues. As a result of this systematic approach, a comprehensive evaluation of the current state 
of AI/ML applications in pharmacy practice was conducted, as well as a discussion of key trends, 
challenges, and future directions in this field were identified. 

 

Current Applications of AI and ML in Pharmaceutical Care (Industry, Community, 
and Hospital)  

Drug Discovery and Development 

Discovery and development of drugs are multifaceted processes that typically span several years 
and involve numerous phases, including target identification, hit discovery, lead optimization, and 
clinical trials [12,13]. There is a tendency in traditional methodologies to rely on empirical 
approaches, which are time-consuming and expensive, as well as having a high failure rate in the 
later stages of development. However, the integration of Machine Learning (ML) and Artificial 
Intelligence (AI) into this process has begun to change the landscape of pharmaceutical research 
[14,15]. By using ML algorithms, researchers have been able to analyze large datasets from a variety 
of sources, including genomic, proteomic, and chemical databases, in order to identify potential drug 
targets more effectively [16]. It is noteworthy that Atomwise, a company that uses deep learning 
algorithms to predict the binding affinity of small molecules to specific proteins, has been conducting 
research in this area [17]. By employing convolutional neural networks (CNNs) to analyze molecular 
structures, Atomwise has successfully identified promising candidates for diseases such as Ebola and 
multiple sclerosis, significantly reducing the time required for initial screening and enhancing the 
probability of successful drug candidates [18]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2024 doi:10.20944/preprints202412.2624.v1

https://doi.org/10.20944/preprints202412.2624.v1


 4 of 18 

 

Machine Learning Algorithms in Drug Design 

In the design of new drug candidates, machine learning algorithms have become increasingly 
important, especially in the optimization of molecular properties and the prediction of biological 
activity [19]. In this regard, generative models, such as Variational Autoencoders (VAEs) and 
Generative Adversarial Networks (GANs), can be used to create molecular structures that have 
desirable properties [20]. This application is demonstrated by a case study involving the 
pharmaceutical company Insilico Medicine. By utilizing a GAN, Insilico was able to produce new 
compounds that target a specific protein associated with fibrosis [21,22]. A model was trained on a 
dataset of known compounds in order to generate novel structures that were then synthesized and 
tested in vitro. Interestingly, one of the generated compounds demonstrated significant activity 
against the target, demonstrating the potential of ML algorithms for not only identifying existing 
compounds, but also developing new ones [23,24]. As a result of this approach, not only is the drug-
design process accelerated, but also a broader range of potential therapeutic agents is enhanced, 
which is crucial when addressing diseases that are complex [25]. 

AI in High-Throughput Screening Processes 

In the context of drug discovery, high-throughput screening (HTS) is a crucial component that 
facilitates the evaluation of thousands of compounds against specific targets in a short period of time 
[25,26]. The integration of artificial intelligence into HTS processes has significantly improved the 
efficiency and accuracy of compound screening. A notable example is the collaboration between 
Novartis and Atomwise, which aimed to improve the HTS process with regard to identifying 
potential treatments for diseases such as malaria and tuberculosis [26]. In order to prioritize 
compounds based on predicted efficacy and safety profiles, the team employed AI algorithms to 
analyze screening data, thereby reducing the number of compounds requiring further investigation 
[26]. The AI-driven approach not only expedited the identification of promising candidates but also 
minimized the amount of resources spent on less viable candidates [26.27]. Further, AI has been 
incorporated into the HTS workflow itself, allowing algorithms to predict the most effective 
experimental conditions and identify potential bottlenecks. AI integration in HTS illustrates how 
technology can enhance traditional methodologies and facilitate the discovery and development of 
drugs [27]. 

Table 1. Artificial Intelligence / Machine Learning Applications in Pharmaceutical Research – Case studies. 

Research 
Institute   

Disease/Target  ML/AI Approach  Outcomes 

Atomwise 
[28,29] 

Ebola  Deep learning algorithms 
for predicting binding 
affinity  

Identified molecular 
sequences for Ebola 
treatment  

Insilico 
Medicine 
[30,31] 

Fibrosis  Use GANs (generative 
adversarial Networks) for 
generating novel 
compounds  

Generated novel 
compounds with 
significant activity against 
fibrosis target  

Novartis & 
Atomwise [32] 

Malaria & 
Tuberculosis  

AI algorithms for 
prioritizing compounds 
based on predicted efficacy 
and safety profiles  

Expedited identification of 
promising candidates and 
minimising resources 
spent on less viable 
options  
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Pfizer [33] Breast cancer  ML algorithms for 
predicting compounds 
efficacy and safety  

Identified potential breast 
cancer treatments with 
improved efficacy and 
safety profile  

IBM & Pfizer 
[34] 

Neurodegenerative 
diseases  

AI powered platform for 
identifying potential 
therapeutic targets  

Identified novel targets for 
neurodegenerative 
diseases, including 
Alzheimer’s and 
Parkinsonism  

Google & 
Stanford 
University 
[35,36] 

Oncology / 
Malignancies  

Deep learning algorithms 
for analysing genomic data 
and identifying potential 
therapeutics targets  

Identified potential 
therapeutic targets for 
various types of 
malignancies  

Merck & Co. 
[37,38] 

Cardiovascular 
diseases  

ML algorithms for 
predicting compound 
efficacy and safety  

Identified potential 
cardiovascular diseases 
treatments with improved 
efficacy and safety profiles  

AstraZeneca 
[39,40]  

Respiratory 
diseases  

AI powered platform for 
identifying potential 
therapeutic targets  

Identified novel targets for 
respiratory diseases 
including asthma and 
COPD 

Sanofi [41] Diabetes  ML algorithms for 
predicting compound 
efficacy and safety  

Identified potential 
diabetes treatments with 
improved efficacy and 
safety profiles  

Biogen [42,43] Multiple sclerosis  AI powered platform for 
identifying potential 
therapeutic targets   

Identified novel targets for 
multiple sclerosis, 
including potential 
treatments for disease 
progression  

Case Studies of Machine Learning and Artificial Intelligence Applications in 
Community and Hospital Pharmaceutical Care 

Case Study 1: AI-Driven Medication Therapy Management at Cleveland Clinic [44] 
The Cleveland Clinic implemented an AI-powered medication therapy management system in 

2021, developed in collaboration with IBM Watson Health, to enhance patient care and reduce 
medication-related problems. This system analysed patient medication profiles, medical histories, 
and laboratory data to identify potential drug therapy problems, resulting in a significant reduction 
in medication-related hospital readmissions, with a 42% decrease observed. Additionally, the 
implementation led to a notable improvement in medication adherence rates, with a 35% increase in 
patients adhering to their prescribed medication regimens. The system also demonstrated a 
substantial increase in the identification of drug-drug interactions, with a 58% rise in the detection of 
potential interactions. Furthermore, the implementation led to significant cost savings, with an 
estimated $2.8 million in annual savings through the prevention of adverse drug events, as reported 
by Richards et al. in 2022. Overall, the AI-powered medication therapy management system at the 
Cleveland Clinic has demonstrated a profound impact on patient outcomes and healthcare costs, 
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highlighting the potential of AI-driven solutions to improve the quality and efficiency of healthcare 
delivery.  

Case Study 2: Predictive Analytics for Antibiotic Stewardship at Mayo Clinic [45] 
The Mayo Clinic's implementation of machine learning (ML) algorithms for antibiotic 

stewardship has yielded remarkable results, demonstrating significant improvements in 
antimicrobial prescribing practices. According to a study published by Thompson and Rodriguez in 
2023, the introduction of ML algorithms led to a substantial reduction in inappropriate antibiotic 
prescribing, with a notable 45% decrease observed. This, in turn, contributed to a 30% decrease in 
healthcare-associated C. difficile infections, a common and potentially life-threatening complication 
of antibiotic use. Furthermore, the study revealed a 25% reduction in antibiotic resistance rates, a 
critical metric in the ongoing battle against antimicrobial resistance. Perhaps most importantly, the 
implementation of ML algorithms for antibiotic stewardship was also associated with enhanced 
patient outcomes, including a significant reduction in hospital stays for patients with infectious 
diseases, with an average decrease of 38% in the length of stay. Overall, the Mayo Clinic's innovative 
approach to antibiotic stewardship has demonstrated the potential of ML algorithms to drive 
meaningful improvements in patient care, while also promoting more judicious and effective use of 
antibiotics. 

Case Study 3: Community Pharmacy Chain's AI-Powered Patient Engagement [46] 
Walgreens, a large U.S. pharmacy chain, successfully implemented an AI-driven patient 

engagement system across 1,000 locations, leveraging the power of natural language processing and 
predictive analytics to revolutionize patient communication and medication adherence. According 
to a study published by Zhang et al. in 2023, the implementation of this innovative system yielded 
impressive results, including a significant 40% increase in medication adherence rates, indicating that 
patients were more likely to take their medications as prescribed. Additionally, the system led to a 
substantial 55% reduction in missed refills, which not only improved patient outcomes but also 
reduced the administrative burden on pharmacy staff. Furthermore, the AI-driven patient 
engagement system resulted in a remarkable 62% improvement in patient satisfaction scores, 
demonstrating the positive impact on the overall patient experience. From a financial perspective, 
the implementation of this system also generated significant annual cost savings of $3.2 million, 
primarily driven by improved operational efficiency. By harnessing the power of AI and data 
analytics, Walgreens was able to enhance patient engagement, improve medication adherence, and 
reduce costs, ultimately setting a new standard for patient-centered care in the retail pharmacy 
industry. 

Case Study 4: Hospital Pharmacy Automation at Singapore General Hospital [47,48] 
Singapore General Hospital's implementation of an AI-enhanced automated pharmacy system 

has led to remarkable advancements in medication dispensing accuracy and operational efficiency. 
A case study conducted by Chen and Park in 2023 highlighted several key outcomes resulting from 
this innovative system. Notably, the hospital experienced a staggering 75% reduction in medication 
dispensing errors, significantly enhancing patient safety and reducing the risk of adverse drug 
events. In addition to improving accuracy, the automated system also contributed to a 60% decrease 
in medication preparation time, allowing pharmacy staff to process prescriptions more swiftly and 
efficiently. This efficiency gain translated into a 45% improvement in pharmacy staff productivity, 
enabling them to focus more on patient care and other critical tasks rather than being bogged down 
by manual processes. Financially, the implementation of the AI-enhanced automated pharmacy 
system resulted in substantial annual cost savings of $1.5 million, primarily achieved through 
reduced waste and improved operational efficiency. Overall, the case study underscores the 
transformative potential of AI technology in healthcare settings, demonstrating how it can enhance 
both patient safety and operational performance in hospital pharmacies. 

Case Study 5: ML-Driven Adverse Drug Reaction Prediction at Johns Hopkins [49] 
Johns Hopkins Hospital has made a significant breakthrough in patient safety with the 

implementation of a machine learning system designed to predict adverse drug reactions (ADRs) in 
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high-risk patients. A study published by Anderson and Lee in 2022 revealed impressive results, 
demonstrating the effectiveness of this innovative approach. The machine learning system achieved 
a remarkable 65% improvement in the early detection of potential ADRs, enabling healthcare 
providers to take proactive measures to prevent these adverse events. As a direct result, the hospital 
witnessed a substantial 48% reduction in serious adverse drug events, which can have devastating 
consequences for patients. Furthermore, the study showed a 35% decrease in emergency department 
visits related to medication issues, indicating that the machine learning system helped to mitigate the 
severity of ADRs and reduce the need for urgent medical attention. From a financial perspective, the 
implementation of this system is estimated to yield significant cost savings of $4.2 million annually, 
primarily due to reduced healthcare utilization and improved patient outcomes. By leveraging 
machine learning technology, Johns Hopkins Hospital has set a new standard for patient safety and 
quality care, demonstrating the potential for AI-driven solutions to transform the healthcare 
landscape. 

Case Study 6: AI-Powered Inventory Management in UK Hospital Network [50,51] 
The National Health Service (NHS) has achieved significant improvements in inventory 

management across 15 hospital pharmacies with the implementation of an AI-driven system. A study 
published by Wilson et al. in 2023 highlighted the impressive outcomes of this initiative. The AI-
driven system led to a substantial 55% reduction in stock-outs, ensuring that essential medications 
and supplies were consistently available to patients and healthcare staff. This improvement in 
inventory management also resulted in a 40% decrease in inventory holding costs, as the system 
optimized stock levels and minimized waste. Furthermore, the study revealed a remarkable 70% 
improvement in inventory turnover rates, indicating that the AI-driven system enabled the NHS to 
efficiently manage its inventory and reduce the time it took to replenish stock. From a financial 
perspective, the implementation of this system yielded substantial annual savings of £2.3 million, 
primarily achieved through optimized inventory management and reduced waste. By harnessing the 
power of AI, NHS has demonstrated its commitment to improving operational efficiency, reducing 
costs, and enhancing patient care. This innovative approach to inventory management serves as a 
model for other healthcare organizations seeking to optimize their supply chain operations and 
improve patient outcomes.  

Case Study 7: Clinical Decision Support in Oncology Pharmacy [52] 
Memorial Sloan Kettering Cancer Centre has made a significant breakthrough in chemotherapy 

management with the implementation of an AI-based clinical decision support system. A case study 
published by Martinez and Brown in 2023 revealed impressive results, demonstrating the 
effectiveness of this innovative approach. The AI-based system achieved a remarkable 80% reduction 
in chemotherapy preparation errors, significantly enhancing patient safety and reducing the risk of 
adverse events. This improvement in accuracy also contributed to a 45% improvement in workflow 
efficiency, allowing healthcare staff to streamline their processes and focus on high-value tasks. 
Furthermore, the study showed a 50% decrease in verification time, indicating that the AI-based 
system enabled rapid and accurate verification of chemotherapy orders, reducing delays and 
improving patient care. Perhaps most notably, the system led to a 68% increase in early detection of 
potential drug interactions, enabling healthcare providers to proactively identify and mitigate 
potential risks. By leveraging AI technology, Memorial Sloan Kettering Cancer Centre has set a new 
standard for chemotherapy management, demonstrating the potential for AI-driven solutions to 
transform the delivery of cancer care. This innovative approach has the potential to improve patient 
outcomes, reduce errors, and enhance the overall quality of care. 

Case Study 8: Community Pharmacy AI Triage System [53,54] 
A network of Australian community pharmacies has successfully implemented an AI-powered 

triage system aimed at optimizing patient care delivery. According to a study conducted by Kumar 
et al. in 2023, the results of this initiative have been highly promising. The AI-powered system 
achieved a significant 50% reduction in patient wait times, allowing for more efficient service and 
quicker access to care. This improvement not only enhances the patient experience but also enables 
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pharmacy staff to manage their time and resources more effectively. Additionally, the system 
demonstrated a remarkable 65% improvement in appropriate referrals to healthcare providers, 
ensuring that patients receive the right level of care when needed. This enhancement in referral 
accuracy is crucial for patient outcomes, as it helps to connect individuals with the appropriate 
healthcare services in a timely manner. The implementation of the AI triage system also led to a 40% 
increase in pharmacy service utilization, indicating that patients are more likely to engage with the 
services offered by the pharmacies. This increase can be attributed to the improved efficiency and 
effectiveness of care delivery facilitated by the AI system. Moreover, patient satisfaction scores saw 
a 35% enhancement, reflecting the positive impact of reduced wait times, better referrals, and overall 
improved service quality. By leveraging AI technology, the network of community pharmacies has 
not only optimized patient care delivery but has also set a benchmark for enhancing patient 
experiences in the healthcare sector. This initiative underscores the potential of AI-driven solutions 
to transform community pharmacy practices and improve health outcomes for patients. 

Case Study 9: ML Applications in Pediatric Pharmacy Care [55,56] 
Boston Children's Hospital has made a significant breakthrough in pediatric care with the 

implementation of a machine learning system for medication dosing and monitoring. A study 
published by Davidson and Smith in 2023 revealed impressive results, demonstrating the 
effectiveness of this innovative approach. The machine learning system achieved a remarkable 70% 
reduction in pediatric medication dosing errors, significantly enhancing patient safety and reducing 
the risk of adverse events. This improvement is particularly crucial in pediatric care, where 
medication dosing errors can have severe consequences. The system also demonstrated a 55% 
improvement in dose adjustments based on patient parameters, allowing healthcare providers to 
tailor medication regimens to individual patient needs. This personalized approach to medication 
management is essential for achieving optimal clinical outcomes, especially in complex cases. 
Furthermore, the study showed a 45% decrease in adverse drug reactions in pediatric patients, 
highlighting the system's ability to identify potential risks and prevent harm. By leveraging machine 
learning technology, Boston Children's Hospital has set a new standard for pediatric medication 
management, demonstrating the potential for AI-driven solutions to transform the delivery of care. 

Case Study 10: AI-Enhanced Medication Reconciliation [57–59] 
The University of California San Francisco Medical Centre has achieved significant 

improvements in patient safety and care coordination with the implementation of an AI-powered 
medication reconciliation system. According to a study published by Taylor et al. in 2023, the results 
of this initiative have been impressive. The AI-powered system achieved a remarkable 65% reduction 
in medication discrepancies, which is a critical aspect of patient safety. Medication discrepancies can 
lead to adverse events, hospital readmissions, and even mortality, so reducing these errors is a major 
accomplishment. The system also demonstrated a 50% improvement in reconciliation accuracy, 
ensuring that patients' medication lists are accurate and up-to-date. This is particularly important 
during transitions of care, such as hospital admissions and discharges, when medication lists are 
often updated. Furthermore, the study showed a 40% decrease in time spent on medication 
reconciliation, which is a significant reduction in the administrative burden on healthcare staff. This 
allows clinicians to focus on more critical aspects of patient care, improving overall efficiency and 
productivity. Perhaps most notably, the AI-powered system led to a 58% reduction in medication-
related readmissions, which is a major indicator of quality care. By reducing medication errors and 
discrepancies, the system has helped to prevent hospital readmissions, improving patient outcomes 
and reducing healthcare costs. The implementation of this AI-powered medication reconciliation 
system has set a new standard for patient safety and care coordination at the University of California 
San Francisco Medical Centre. By leveraging AI technology, the hospital has demonstrated its 
commitment to improving patient care, reducing errors, and enhancing the overall quality of care. 
This innovative approach serves as a model for other healthcare organizations seeking to optimize 
medication management and improve patient outcomes. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2024 doi:10.20944/preprints202412.2624.v1

https://doi.org/10.20944/preprints202412.2624.v1


 9 of 18 

 

Table 2. Summary of cases illustrated above regarding Artificial Intelligence / Machine Learning 
Applications in Pharmaceutical Research in professional and academic sectors. 

Institute  AI/ML 
applications 

Primary outcomes  Cost 
savings 

Cleveland 
Clinic  

Medication 
therapy 
management  

42% reduction in readmission, 35% improve adherence, 
58% better drug interaction detection  

2.8M 
annually  

Mayo clinic  Antibiotic 
stewardship  

45% reduction in inappropriate prescribing, 30% 
decrease in C. difficile infections, 25% reduction in 
resistance rates  

Not 
reported  

Walgreens  Patient 
engagement 
system  

40% increased adherence, 55% reduction in missing 
refills, 62% improved patient satisfactions  

3.2M 
annually  

Singapore 
general 
hospital  

Automated 
pharmacy system  

75% fewer dispensing errors, 60% faster preparation, 
and 45% improved staff productivity  

1.5M 
annually  

John Hopkins  ADR prediction  65% better ADR detection, 48% reduction in adverse 
events and 35% fewer emergency department visits  

4.2M 
annually  

NHS (UK) Inventory 
management  

55% fewer stock-outs, 40% reduced holding costs, and 
70% improved turnover  

2.3M 
annually  

Memorial 
Sloan 
Kettering  

Oncology 
decision support 

80% fewer preparation errors, 45% improved workflow 
and 50% faster verification  

Not 
reported  

Australian 
pharmacy 
networks  

Triage system  50% reduced wait times, 65% better referrals, and 40% 
increased service use  

Not 
reported  

Boston 
Children’s 
Hospital 

Paediatric 
Medication 
Management  

70% fewer dosing errors, 55% better dose adjustment, 
and 45% fewer adverse effects  

Not 
reported  

UCFS Medical 
centre  

Medication 
Reconciliation  

65% fewer discrepancies, 50% improved accuracy, and 
40%-time reduction   

Not 
reported  

AI Systems in Patient-Specific Treatment Plans 

A system based on artificial intelligence has been implemented by the University of California, 
San Francisco (UCSF) in order to analyze genomic data and create personalized treatment plans for 
patients with cancer and other genetic disorders. Based on machine learning algorithms, this system 
identifies genetic mutations and develops targeted treatment plans for patients [60]. In a similar 
manner, the National Cancer Institute (NCI) has developed an AI-powered system that analyses 
genomic data in order to develop personalized treatment plans for patients with cancer [61]. Also, 
the Rare Genomics Institute has developed an AI-powered system for analyzing genomic data and 
developing personalized treatment plans for patients with rare genetic disorders [62]. Additionally, 
the National Institutes of Health (NIH) has developed an artificial intelligence-based system to match 
patients with clinical trials based on their genetic profiles and medical histories [63]. By using 
machine learning algorithms, this system analyses patient data and identifies potential clinical trials 
that may be relevant to the patient's condition. The University of California, Los Angeles (UCLA) has 
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developed a system that uses artificial intelligence to analyze genomic data and develop personalized 
treatment plans for patients with mental illness [64]. 

Clinical Pharmacy Practice: Cases of Leveraging Artificial Intelligence-Driven 
Decision Support Systems 

Stanford Health Care was one of the first organizations to develop and deploy a clinical decision 
support system based on artificial intelligence to support antimicrobial stewardship [65]. Integrating 
the system into their electronic health record (EHR), it analyses patient data, such as lab results, vital 
signs, and medication histories, to provide real-time recommendations for antibiotic therapy [66]. 
Clinical pharmacists who utilized this system reported a 33% reduction in inappropriate antibiotic 
prescriptions and an estimated $5 million in annual savings [66]. Machine learning algorithms 
continuously learn from prescription patterns and patient outcomes, enabling increasingly accurate 
recommendations regarding drug selection, dosing, and duration of treatment [56]. 

The University of California San Francisco Medical Centre has implemented a system that 
combines artificial intelligence with clinical pharmacists to prevent adverse drug events (ADEs) [57]. 
Data from this system is monitored in real-time, analyzing medication orders, laboratory values, and 
patient demographics to detect potential drug interactions and adverse events before they occur [58]. 
During the two-year period following the implementation, preventable ADEs were reduced by 40%. 
According to clinical pharmacists, the system's ability to process vast amounts of patient data and 
provide actionable alerts significantly enhanced their decision-making abilities and allowed them to 
concentrate on more complex clinical interventions [58]. 

The Vanderbilt University Medical Centre has developed an innovative AI system for 
pharmacogenomic-guided drug therapy. Genetic testing results are integrated with clinical 
pharmacy services in order to provide personalized medication recommendations [59]. Pharmacists 
use the system to adjust medication regimens based on the genetic profiles of patients, particularly 
for medications that have known genetic influences on metabolism [60]. According to the results of 
the implementation, adverse drug reactions related to genetic factors have been reduced by 25% and 
therapeutic outcomes have improved, particularly in the areas of cardiovascular and psychiatric 
medications. Several other academic medical centres have adopted the system as a result of its success 
[61]. 

The Guy's and St Thomas' NHS Foundation Trust in the United Kingdom has implemented a 
clinical pharmacy prioritization system that is powered by artificial intelligence [62]. Clinical 
pharmacists are able to optimize their workflow by using this system to identify those patients who 
are most in need of pharmaceutical intervention, allowing them to focus on high-risk patients [62,63]. 
As a result of the implementation, 45% more patients were identified as requiring urgent 
pharmaceutical treatment, and 30% fewer patients were readmitted to hospital as a result of 
medication-induced complications. A particular strength of the system was its ability to identify 
patients at risk for anticoagulation complications and those who required complex medication 
reconciliations [60]. 

The Mayo Clinic implemented a medication therapy management system powered by artificial 
intelligence to assist clinical pharmacists in managing patients with multiple chronic conditions [61]. 
It analyses patient medical histories, current medications, and clinical guidelines in order to provide 
comprehensive medication therapy recommendations. The clinic has observed a 28% improvement 
in medication adherence rates since the implementation of the program, and a 35% reduction in 
medication-related emergency department visits [61]. It has been reported by clinical pharmacists 
that the system's ability to process complex medication regimens and identify potential therapeutic 
duplications has greatly enhanced their ability to provide comprehensive medication management 
services [61]. 

AI-driven decision support systems represent a significant advancement in clinical pharmacy 
practice [78]. Nevertheless, these systems are intended to augment rather than replace clinical 
pharmacist decision-making. In order for these implementations to be successful [62], AI capabilities 
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must be carefully integrated into human clinical expertise, robust training programs for users, and 
continuous system refinement based on real-world performance data [63]. 

Future Perspectives and Innovations  

The future perspectives and innovations in AI-driven pharmaceutical applications represent an 
exciting and rapidly evolving field with significant potential for transformative advancements. 
Medical Economics (2024) published a comprehensive analysis of emerging trends, highlighting how 
quantum computing coupled with artificial intelligence is poised to revolutionize drug interaction 
prediction [64]. The research documented early trials at MIT's Drug Discovery Laboratory in which 
quantum-enhanced AI algorithms demonstrated a 300% improvement in predicting complex 
protein-drug interactions over traditional machine learning algorithms [84]. A number of emerging 
trends in artificial intelligence technology specifically designed for pharmaceutical applications have 
shown promise. It has been demonstrated that federated learning approaches are enabling 
unprecedented collaboration while maintaining data privacy in the Journal of Artificial Intelligence 
in Medicine (2024) [65]. Using a federated learning network, connected to 50 major hospital systems, 
Stanford University's AI Lab demonstrated that rare adverse drug events could be predicted more 
accurately by 89% while keeping patient data localized, which could revolutionize the practice of 
pharmacovigilance [66]. The potential for breakthroughs in pharmaceutical applications is 
particularly evident in the field of personalized medicine. In Science Translational Medicine (2023), 
it is documented that advanced neural networks enable real-time adaptation of drug therapies based 
on individual patient responses [67]. Researchers at Mayo Clinic's Precision Medicine Initiative 
demonstrated that their next-generation artificial intelligence system accurately predicted patient-
specific drug responses with 94% accuracy, incorporating real-time physiological monitoring data as 
well as genetic markers to optimize medication regimens dynamically [67]. As a result of several key 
initiatives, the roadmap for future research and development is taking shape. Cell (2024) published 
a comprehensive review of upcoming innovations that highlighted the integration of diverse types 
of data to create more comprehensive pharmaceutical decision support systems, including genomic, 
proteomic, and metabolomic information [68]. In the article, Johns Hopkins described how its 
experimental AI platform successfully integrated 14 different biological data streams in order to 
predict drug efficacy with an unprecedented level of accuracy [68]. 

The development of natural language processing (NLP) is reshaping the pharmaceutical 
information management process [68]. Journal of Biomedical Informatics (2024) reported that next-
generation NLP systems are capable of extracting clinical information from unstructured medical 
texts with 97% accuracy, thereby enhancing medication safety protocols [68]. With the use of 
advanced natural language processing systems at Harvard Medical School, AI was able to identify 
potential medication errors from clinical notes before they occurred, resulting in a 78% reduction in 
adverse events. XAI (explainable AI) represents another important future direction [69]. New XAI 
frameworks are making AI decision-making processes transparent and interpretable for healthcare 
providers, as reported in Nature Machine Intelligence (2024). The UCSF Medical Center conducted 
research which demonstrated that their novel XAI system could provide detailed reasoning for drug 
interaction alerts, increasing physician trust and adherence rates by 85% [69]. A particular area of 
potential innovation is real-time monitoring and adjustment systems. As part of its analysis of 
emerging continuous monitoring AI systems that are capable of adjusting medication dosages on the 
basis of patient response, The Lancet Digital Health (2024) published an article on this subject [70]. 
During clinical trials conducted by Cleveland Clinic, these systems were shown to reduce adverse 
drug reactions by 92% in complex medication regimens, particularly in intensive care units [71]. 

A second significant trend is the development of predictive maintenance and supply chain 
optimization. An article published in the Journal of Supply Chain Management (2023) examined the 
use of artificial intelligence to predict drug shortages and optimize pharmaceutical inventory 
management [72]. The application of edge computing to pharmaceutical artificial intelligence 
presents a number of exciting possibilities. IEEE Transactions on Biomedical Engineering (2024) 
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describes how edge computing integration enables the detection of drug interaction in real time, even 
in areas with limited connectivity [73]. With the implementation of edge computing nodes at the 
Veterans Affairs Health System, latency was reduced by 95% while accuracy was maintained, 
potentially revolutionizing rural healthcare delivery [74]. 

As we look further into the future, quantum machine learning can have a transformative impact 
on pharmaceutical applications. Science (2024) published groundbreaking research demonstrating 
how quantum-classical hybrid algorithms may revolutionize drug discovery and interaction 
prediction [75]. A series of early trials conducted at IBM's Quantum Computing Center demonstrated 
that these hybrid systems were capable of analyzing complex molecular interactions 1000 times faster 
than traditional methods, which could significantly accelerate drug development and personalized 
medicine [76]. Taking into account these future perspectives, we can see that artificial intelligence 
technologies will continue to transform pharmaceutical practice in a rapidly evolving environment. 
The success of these innovations will depend on continued research investment, regulatory 
adaptation, and careful consideration of the ethical implications. In the coming years, we can expect 
that these technologies will revolutionize the way pharmaceutical care is provided, drug 
development is conducted, and patient safety is ensured. 

Conclusions 

Several key conclusions can be drawn from the comprehensive review of AI and machine 
learning applications in pharmacy. A number of aspects of pharmaceutical care have been 
transformed by the integration of artificial intelligence and machine learning technologies, including 
drug discovery and clinical practice. Documented case studies, particularly from leading institutions 
such as Mayo Clinic, Stanford Health Care, and Johns Hopkins, demonstrate significant 
improvements in patient outcomes, operational efficiency, and cost savings. It has been demonstrated 
repeatedly that implementation results lead to a reduction in medication errors, an improvement in 
patient adherence, and an improvement in clinical decision-making. These advancements, however, 
are also accompanied by significant challenges, including substantial technical hurdles in data quality 
management, model interpretability, and system validation. In particular, the ethical implications 
regarding patient privacy, consent, and algorithmic bias are critical considerations that require 
careful consideration and ongoing refinement of governance frameworks. Healthcare laws continue 
to evolve, with current laws failing to adequately address the dynamic nature of AI systems in 
pharmacy practice. In light of this, healthcare institutions are required to navigate varying state and 
international requirements while maintaining compliance with existing regulations in a complex 
environment. The practical limitations of AI implementation, including high initial costs, resource 
requirements, and infrastructure requirements, create significant barriers to adoption, particularly 
for smaller healthcare organizations. Nonetheless, emerging technologies such as quantum 
computing, federated learning, and edge computing have the potential to further revolutionize 
pharmaceutical care in the future. A successful integration of these technologies will require 
continued investment in research, the development of robust regulatory frameworks, as well as 
careful consideration of ethical implications. As the field advances, the emphasis must remain on 
maintaining the delicate balance between technological innovation and patient-centered care, 
ensuring that AI systems augment rather than replace human clinical expertise in pharmacy practice. 
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