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Abstract- Pharmacy practice is changing due to artificial 

intelligence (AI), which makes it possible to automate 

pharmaceutical processes and provide individualised 

patient care. AI is a revolutionary force in the pursuit of 

true precision pharmacy, from managing supply chains 

and robotic dispensing to forecasting the best course of 

treatment based on individual genetic and clinical 

profiles. Pharmacists can now customise drug regimens 

to each patient's unique biological and behavioural traits 

thanks to the convergence of AI with big data analytics, 

pharmacogenomics, and clinical decision-support 

systems. At the same time, AI-powered automation 

improves patient counselling, inventory management 

and prescription verification, which lowers human error 

and boosts workflow effectiveness. Examining clinical 

applications, technological developments, ethical 

dilemmas, and regulatory viewpoints, this review 

explores the integration of AI in contemporary 

pharmacy and lays out future directions for sustainable 

implementation in the pharmaceutical industry. 
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I. INTRODUCTION 

 

The swift incorporation of Artificial Intelligence 

(AI)technologies into all facets of pharmaceutical care 

and operations is causing a significant digital 

revolution in the pharmacy field [1]. AI offers a 

scalable and data-driven basis for the so-called 

precision pharmacy model, which is a combination of 

personalised medicine and advanced analytics that 

optimises therapeutic outcomes as healthcare shifts 

from generalised therapeutic strategies to patient-

specific approaches[2]. 

Population-based prescribing, which was the mainstay 

of traditional pharmacy practice, frequently 

overlooked interindividual differences in drug 

metabolism, adherence, and comorbidities. But with the 

advent of AI-powered solutions, such as machine 

learning algorithms and natural language processing 

(NLP)tools, chemists can now examine clinical, 

behavioural, and genomic data to determine which 

treatment will work best for each patient[3].These 

systems not only improve patient safety but also 

facilitate real-time drug utilization review, medication 

therapy management (MTM), and adverse drug 

reaction (ADR)prediction [4]. 

AI is transforming pharmacy practice's operational 

facets in addition to its clinical uses. Predictive 

analytics for stock management, image-recognition 

algorithms for prescription verification, and intelligent 

dispensing robots have significantly improved 

productivity and decreased dispensing errors [5]. 

Additionally, through tailored communication, 

conversational AI tools like virtual pharmacy 

assistants are enhancing medication adherence and 

patient engagement [6]. 

AI facilitates institutional and policy-level decision-

making by processing complex and multifaceted data. 

AI-based systems, for instance, can be used by 

hospital chemists to predict medication demand and 

optimise procurement, lowering waste and costs while 

still adhering to regulations [7]. Similarly, to keep an 

eye on storage conditions and stop fake medications 

from reaching the market, pharmaceutical supply 

chains are progressively implementing AI-driven 

predictive logistics[8]. 

Not with standing these developments, issues with data 

quality, ethical transparency, and AI algorithm 
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interpretability still exist. Building trust with patients 

and practitioners a like depends on AI-driven pharmacy 

solutions adhering to privacy laws like GDPR (General 

Data Protection Regulation) and HIPAA (Health 

Insurance Portability and Accountability Act) [9]. AI is 

positioned to act as a link between patient-centered care 

and technological innovation as the pharmacy profession 

develops further; this is essentially a new prescription 

for precision pharmacy[10]. 

 

II.EVOLUTION OF PRECISION PHARMACY 

 

Precision medicine's overarching goal of giving the 

right medication to the right patient at the right time in 

the right dose is where the idea of precision pharmacy 

originates [11]. Clinical trial-derived population 

averages serve as the primary basis for therapeutic 

decisions in traditional pharmaceutical care. 

Suboptimal therapy outcomes, however, may result 

from inter individual differences in comorbidities, age, 

lifestyle, and genetics [12]. In order to address these 

variations, AI technologies integrate multi-

dimensional datasets, including clinical, proteomic, 

metabolomic, and genomic data, to help guide drug 

selection and dosage adjustments for specific patients 

[13]. 

Pharmacists have traditionally assisted in the 

administration of medication prescribed by doctors. 

With the advent of AI, this function has changed to 

proactive therapeutic optimisation, in which chemists 

actively take part in therapeutic drug monitoring and 

pharmacogenomic data interpretation [14]. 

Datamining of electronic health records (EHRs) is 

made possible by contemporary AI-driven software 

platforms, which provide previously unheard-of 

accuracy in identifying medication trends, drug 

interactions, and risk factors for adverse events [15]. 

Additionally, data-driven precision dosing is promoted 

by the incorporation of AI in clinical pharmacy. 

Machine learning-based algorithms can evaluate 

pharmacokinetic (PK) and pharmacodynamic (PD) 

data to tailor dosage schedules based on patient-

specific factors like genetic polymorphisms, liver 

metabolism, and renal function [16]. For instance, by 

employing Bayesian models to forecast patient- 

specific drug responses, AI-based systems have 

effectively optimised the dosage of vancomycin and 

warfarin [17]. 

The creation of extensive biobanks and interoperable 

healthcare databases is also essential to the advancement 

of precision pharmacy. By connecting molecular 

biomarkers with therapeutic outcomes, artificial 

intelligence (AI) makes it easier to analyse this complex data 

and enhances the safety and effectiveness of 

medications [18]. It is anticipated that chemists will 

play a larger role as "data interpreters" as these systems 

develop, converting AI-generated insights into practical 

clinical recommendations [19]. 

 

III.CLINICAL APPLICATIONS OF ARTIFICIAL 

INTELLIGENCE IN PHARMACY PRACTICE 

 

Clinical applications of AI go well beyond theoretical 

modelling; they are now the cornerstone of 

pharmaceutical care that is patient-centered. Artificial 

intelligence (AI)algorithms evaluate patient data in 

clinical decision support systems (CDSS)to generate 

warnings for possible adverse drug reactions (ADRs), 

contraindications, and therapy duplications [20]. Over 

time, these systems' accuracy increases as they 

continuously learn from new data. Hospitals are using 

AI-based CDSS platforms more frequently to improve 

therapeutic results and medication safety [21]. 

AI makes it possible to analyse genetic variations that 

impact drug metabolism in pharmacogenomics at high 

throughput. Compared to traditional bioinformatics 

techniques, machine learning tools are more accurate 

at predicting drug–gene interactions and enzyme 

activity [22]. For example, safer prescribing practices 

have Resulted from the identification of genetic 

markers associated with hyper sensitivity reactions to 

antiretroviral medications through AI-assisted 

pharmacogenomic screening [23]. 

AI is also essential for adherence prediction and 

therapeutic drug monitoring (TDM).AI systems can 

detect patients who are at risk of non-adherence and 

notify medical professionals to take early action by 

examining trends in wearable device readings and EHR 

data [24]. Additionally, chemists can offer real-time 

counselling and support through the use of chat bots and 

mobile applications driven by AI, which enhances 

patient satisfaction and treatment adherence [25]. 

AI facilitates population-level pharmaceutical 

interventions in addition to personalised therapy. Better 

public health planning and drug allocation are made 

possible by predictive analytics, which can forecast 

medication demand in a community and model the 

progression of disease [26]. AI-driven systems played 
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a key role in maximising the distribution of vaccines and 

antiviral drugs during international health emergencies like 

the COVID-19 pandemic [27]. 

 

IV.ARTIFICIAL INTELLIGENCE IN 

PHARMACY OPERATIONS AND 

AUTOMATION 

 

The use of artificial intelligence (AI) in pharmacy 

operations has grown quickly, simplifying supply 

chain logistics, inventory control, and dispensing. 

Human error rates are greatly decreased by intelligent 

robotic dispensing systems that are guided by 

computer vision predictive algorithms and accurately 

choose, label, and package medications [28]. AI-

integrated robots in hospital settings work under the 

supervision of chemists to guarantee that the 

appropriate medication and dosage are given at the 

appropriate time, enhancing patient safety and 

workflow effectiveness [29]. 

By using predictive analytics to predict trends in 

medication demand and expiration, AI also improves 

inventory management. In order to maintain ideal stock 

levels while reducing waste, these algorithms analyse 

historical data, seasonal disease patterns, and hospital 

admission records [30]. In order to optimise 

purchasing strategies, automated procurement systems 

employ machine learning to assess supplier 

dependability, cost variations, and supply 

interruptions [31]. 

AI-based image recognition technologies in 

community pharmacies can validate handwritten 

prescriptions, lowering transcription errors and 

enhancing regulatory compliance [32]. In a similar vein, 

voice assistants and chat bots driven by AI assist chemists 

by responding to standard questions, freeing up more 

time for clinical counselling and medication therapy 

administration [33]. 

AI also helps to maintain the integrity and security of 

pharmaceutical supplychains.AI models with block 

chain integration can track the movement of products 

through production and distribution networks and identify 

fake medications [34]. This improves patient safety and 

regulatory trust by guaranteeing adherence to the Drug 

Supply Chain Security Act (DSCSA) and Good 

Distribution Practice (GDP)guidelines. 

 

 

 

V.ETHICAL, LEGAL, AND REGULATORY 

CONSIDERATIONS 

 

The use of AI in pharmacy presents serious ethical and 

legal issues despite its revolutionary potential. One 

significant issue is algorithmic transparency, also 

known as the "black box" problem, in which 

practitioners are unable to understand how deep 

learning models make decisions [35]. To guarantee safe 

and responsible patient care, chemists need to 

comprehend the reasoning behind AI-driven 

recommendations. 

Anothercrucialissueisdataprivacy.AIalgorithmsrelyone

xtensivedataaggregation for model training, and 

pharmacy systems manage sensitive patient data. It is 

crucial to ensure adherence to data protection 

regulations, such as the General Data Protection 

Regulation (GDPR) in the European Union and the 

Health Insurance Portability and Accountability Act 

(HIPAA)in the United States [36]. 

Unauthorized accessor misuse of data can compromise 

patient privacy and erode public trust. Regulatory 

organizations like the European Medicines Agency 

(EMA)and the U.S. Food and Drug Administration 

(FDA) have started creating frame works for AI- based 

pharmaceutical and medical applications. In order to 

guarantee safety and effectiveness, the FDA's 2021 

Artificial Intelligence/Machine Learning-Based 

Software as a Medical Device (SaMD) Action Plan 

specifies premarket review protocols and post-market 

monitoring requirements [37]. Additionally, the 

International Society for Pharmaceutical Engineering 

(ISPE) advises that AI tools be validated in accordance 

with GAMP 5 (Good Automated Manufacturing 

Practice) guidelines [38]. 

From an ethical standpoint, the growing use of AI may 

make already-existing disparities among algorithm-

minority populations worse [39]. Fairness, 

accountability, and inclusivity must thus continue to 

be guiding concepts in the creation of AI tools for 

precision pharmacy. 

 

VI.FUTURE PROSPECTS OF AI INPRECISION 

PHARMACY 

 

The convergence of AI with other cutting-edge 

technologies like blockchain, quantum computing, and 

the Internet of Things (IoT) will probably define the 

future of precision pharmacy. Real-time therapeutic 
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monitoring and adaptive medication dosing based on 

ongoing patient feedback will be made possible by 

these integrations [40]. Pharmacists will be able to 

predict and address possible problems by using digital 

twins, which are virtual representations of patients or 

systems, to model treatment outcomes prior to actual 

administration [41]. In a similar vein, developments in 

collaborative learning and federated learning—where 

AI models are trained across several decentralised data 

sources without transferring patient data—will benefit 

international healthcare systems [42]. 

The next generation of chemists will be equipped with 

the computational literacy required to responsibly 

interpret AI-driven insights thanks to the increasing 

integration of AI in pharmacy education and 

professional training. [43]. In order to prepare 

chemists for a future that is being digitally 

transformed, academic institutions and professional 

associations a real ready implementing AI modules 

into their curricular [44]. 

The economics of pharmacy practice will also be 

redefined by the incorporation of AI into value-based 

healthcare models, which will tie payment to patient 

outcomes rather than service volume. With AI-

powered insights, chemists can lower read mission 

rates to hospitals, proactively manage treatments for 

chronic illnesses, and show quantify able 

improvements in patient outcomes [45]. 

 

VII.CONCLUSION 

 

In order to provide genuinely patient-centered care, 

artificial intelligence users in a new era in 

pharmaceutical practice. Care is delivered more 

quickly, safely, and effectively thanks to 

pharmacogenomic modelling and precision dosing. 

However, strong data governance, open algorithms, 

and ongoing cooperation between technologists, 

chemists and regulators are necessary to fully realise 

AI's potential. 

Pharmacists will move from dispensing medication to 

interpreting data as AI technologies advance, 

negotiating the nexus between technology and 

medicine. Inter disciplinary training and ethical 

awareness will guarantee that AI complements human 

judgement rather than takes its place. In this sense, AI 

advances a future in which every patient receives the 

best possible treatment with accuracy, safety and 

compassion, serving as more than just a tool but a new 

prescription for precision pharmacy [46]. 
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