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ABSTRACT

Artificial Intelligence (Al) is revolutionizing pharmacy practice by enhancing efficiency, accuracy, and personalized patient care. This
review evaluates the integration of Al tools such as IBM Watson, Medisafe, ScriptPro, and BenevolentAl into various pharmaceutical
functions, including drug discovery, medication management, clinical decision support, pharmacovigilance, and inventory systems. Al
applications in pharmacy contribute to optimizing operations by automating prescription verification, predicting medication adherence,
minimizing dispensing errors, and enabling real-time inventory control. In drug development, Al accelerates the identification of
potential candidates and repurposes existing drugs, as demonstrated during the COVID-19 pandemic. Furthermore, Al supports
personalized medicine by analyzing genetic data and tailoring treatments to individual patient profiles. Clinical decision support
systems assist pharmacists by identifying drug interactions, contraindications, and suggesting evidence-based therapies. Despite these
advances, the deployment of Al faces challenges such as data privacy, system integration, algorithm reliability, and ethical concerns,
including accountability and potential workforce displacement. This review emphasizes that Al should complement—not replace—
pharmacists, enhancing their capacity to provide informed, patient-centric services. Additionally, the use of large-scale pharmacy
databases (WHO, FDA, IQVIA) for training Al models further strengthens its clinical utility. The results demonstrate that Al holds
transformative potential in pharmacy, ensuring improved healthcare delivery, reducing adverse drug reactions, and promoting
personalized treatment approaches. To fully harness Al, pharmacists must embrace digital tools, undergo adequate training, and adapt
to evolving regulatory frameworks. As Al technology advances, its thoughtful and ethical integration will play a pivotal role in shaping
the future of pharmaceutical care.

KEYWORDS: Artificial Intelligence, Pharmacy Practice, Drug Discovery, Personalized Medicine, Medication Management,
Pharmacovigilance, Clinical Decision Support, Ethical Issues.
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INTRODUCTION

Artificial Intelligence (Al) is increasingly transforming pharmacy practice by enhancing medication management,
streamlining workflows, and improving patient safety and outcomes. Al technologies, including machine learning and
natural language processing, are being integrated into various aspects of pharmacy practice, enabling pharmacists to

make data-driven decisions, optimize therapy, and reduce medication errors ™.

In pharmacy, Al applications range
from drug discovery and personalized medicine to inventory control and medication management. For instance, Al-
powered systems are now capable of screening millions of chemical structures, repurposing existing drugs, and

predicting patient adherence with improved precision.

Tools such as IBM Watson Health, Medisafe, and ScriptPro are already being used to improve dispensing accuracy,

automate prescription verification, and support clinical decision-making

Furthermore, Al enhances pharmacovigilance by detecting adverse drug reactions through social media analytics, real -
world data analysis, and electronic health record integration. These systems significantly contribute to medication
safety, especially when dealing with complex patient cases or polypharmacy.™?

However, despite these advantages, several barriers hinder the full adoption of Al in pharmacy practice. These include
data privacy and security issues, lack of interoperability with legacy systems, inadequate infrastructure, and ethical

dilemmas surrounding Al-generated clinical decisions.”!

This review aims to comprehensively explore the applications, benefits, and limitations of Al in pharmacy practice. By
evaluating current tools, real-world implementations, and literature, it seeks to understand the transformative potential
of Al while addressing the challenges that must be overcome to ensure ethical, efficient, and equitable integration into

healthcare systems.!

COMPREHENDING ARTIFICIAL INTELLIGENCE WITHIN PHARMACY PRACTICE

Acrtificial Intelligence (Al) has emerged as a transformative force in the pharmacy sector, revolutionizing how
medicines are discovered, managed, and delivered. By employing sophisticated algorithms and data analytics, Al
performs tasks traditionally requiring human intelligence, including drug development, medication management,
clinical decision-making, and personalized patient care.®! In drug discovery, Al accelerates the identification of
promising compounds by screening millions of molecular structures, predicting drug interactions, and repurposing
existing drugs. For instance, during the COVID-19 pandemic, Al models like BenevolentAl helped identify baricitinib

as a potential therapeutic agent within weeks.™

Al is significantly enhancing medication management by minimizing prescription errors, predicting patient adherence
patterns, and supporting medication counselling via Al-powered chatbots and virtual assistants.”) Predictive analytics
tools enable pharmacists to identify patients at risk of non-adherence and provide timely interventions. Automated
dispensing systems have transformed pharmacy workflows by reducing human error, optimizing inventory, and
improving patient wait times. Robotic systems such as PharmaBot sort, package, and dispense medications with
exceptional precision, allowing pharmacists to devote more time to clinical services.® Clinical Decision Support
Systems (CDSS), powered by Al, analyze vast patient datasets to assist pharmacists in recommending evidence-based

therapies, identifying contraindications, and ensuring optimal drug use. IBM Watson for Oncology, for example,
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utilizes Al to offer personalized cancer treatment recommendations based on tumor genetics and clinical data.’® Al also
plays a crucial role in personalized medicine, enabling individualized treatment plans based on patients’ genetic
profiles, lifestyle, and health history, particularly in oncology and rare diseases.™*”!

In pharmacovigilance, Al enhances post-marketing drug safety surveillance by detecting adverse drug reactions
(ADRs) through real-world data analysis, social media monitoring, and electronic health record mining." Al tools also
streamline the process of reporting ADRSs to regulatory agencies, enabling faster interventions and improving public
safety.

Moreover, Al contributes to pharmaceutical supply chain and inventory management by predicting drug demand,
minimizing waste, preventing stockouts, and optimizing logistics for distribution.™ Despite its transformative benefits,
Al adoption faces challenges related to data privacy, integration with legacy systems, model reliability, and ethical
concerns such as accountability for Al-generated recommendations.*? Importantly, Al should augment—not replace—
human pharmacists by enhancing their ability to deliver safe and effective care.

Looking ahead, the future of Al in pharmacy is bright. Emerging innovations include Al-driven robotic pharmacies,
blockchain-Al integration for transparent drug tracking, wearable technologies for real-time adherence monitoring, and
Al-accelerated clinical trials. As these technologies evolve, Al will continue to reshape pharmacy practice, enabling

better patient outcomes and operational efficiencies across healthcare systems.
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Fig. No.1: Role of Al in the Pharmacy Industry.

ARTIFICIAL INTELLIGENCE (Al) TOOLS AND SOFTWARE IN THE PHARMACEUTICAL INDUSTRY

The pharmaceutical industry is rapidly integrating artificial intelligence (Al) tools and software to enhance efficiency,
accuracy, and innovation across various domains such as drug discovery, clinical trials, pharmacovigilance,
personalized medicine, and pharmaceutical marketing. Al tools utilize advanced technologies like machine learning
(ML), natural language processing (NLP), and data analytics to automate and optimize complex processes. In drug
discovery and development, Al can predict how new drug molecules will interact with biological targets, thereby
enabling faster identification of potential drug candidates. For instance, Al platforms like Nuclear Wisdom can predict

molecular binding and efficacy, significantly reducing the time and cost required in early drug development stages.®
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In the realm of clinical research, Al supports the recruitment of appropriate participants and enables real-time
monitoring of trials to increase safety and success rates. IBM Watson Health is an advanced platform that assists in
designing intelligent clinical trials and predicting device or protocol failures, thereby increasing the reliability of

research outcomes.**

Al also plays a critical role in pharmacovigilance by analyzing vast datasets from patient records, clinical reports, and
social media to detect adverse drug reactions. Tools like Aegis Al employ natural language processing and machine
learning to scan and classify safety signals, thus enhancing early detection and response mechanisms.®! Moreover, Al
enhances pharmaceutical marketing and sales by evaluating customer behavior to optimize engagement strategies.
Salesforce Einstein, for example, supports customer relationship management (CRM) by delivering predictive insights
that help refine sales tactics and improve service through Al-driven chatbots.!**!

Personalized medicine is another transformative application of Al in pharmacy. By analyzing a combination of genetic
data, clinical history, and lifestyle factors, Al can tailor treatment plans to individual patients. Platforms such as
Tempus combine genomic data with Al to personalize cancer therapy and improve treatment outcomes, helping
clinicians make data-driven therapeutic decisions.’® IBM Watson also contributes to personalized healthcare by
evaluating patient-specific information to recommend optimal treatment options, especially in oncology. Furthermore,
it facilitates pharmacovigilance by scanning thousands of scientific articles and real-world data to identify potential

drug safety concerns more efficiently than conventional methods.

APPLICATIONS OF IBM WATSON IN THE PHARMACEUTICAL INDUSTRY

IBM Watson, an advanced artificial intelligence (Al) system, has demonstrated significant utility in various sectors of
the pharmaceutical industry by leveraging its capabilities in natural language processing and machine learning. One of
its core applications lies in drug discovery, where IBM Watson efficiently analyzes vast repositories of scientific
literature, research publications, and biological data to identify potential drug targets and predict drug-drug interactions,
thereby accelerating the early stages of drug development.?" In the realm of clinical trial optimization, Watson uses
patient data from Electronic Health Records (EHRs) to match individuals with suitable ongoing trials, aiding in the
recruitment process and facilitating the design of more efficient clinical protocols. Moreover, it allows real-time

monitoring of trial outcomes to improve efficacy assessments. !

Another major contribution of IBM Watson is in the field of personalized medicine. It integrates data from an
individual’s genetics, lifestyle choices, and medical history to recommend tailored treatment plans, which has proven
particularly impactful in oncology for selecting targeted therapies.® Furthermore, IBM Watson is instrumental in
pharmacovigilance activities. It detects adverse drug reactions (ADRS) not only from structured sources such as
medical records and pharmacovigilance databases but also from unstructured data like social media platforms and
public health reports. This enhances patient safety, supports early detection of drug-related risks, and ensures better

regulatory comp“ance_[lo,lg,zo]

These applications signify IBM Watson’s transformative role in advancing
pharmaceutical practices by reducing time and cost, enhancing precision medicine, and improving public health

outcomes.
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Role of IBM Watson in the Pharma Industry
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Fig. No. 2: Key Applications of IBM Watson in the Pharmaceutical Industry.

REVOLUTIONIZING PHARMACEUTICAL PRACTICES THROUGH Al: APPLICATIONS OF
MEDISAFE, SCRIPTPRO, AND BENEVOLENTAI

Acrtificial Intelligence (Al) has significantly transformed various aspects of the pharmaceutical industry, from
medication adherence to drug discovery and pharmacy automation. One of the notable Al-powered applications is
Medisafe, a smart medication management platform that assists patients in following their prescribed treatment
regimens. The app integrates with smartphones and smartwatches to send personalized reminders, predict adherence
risks, and provide behavioral insights through data analytics. It not only enhances patient compliance but also offers
pharmaceutical companies real-world evidence of medication usage patterns.?!

Another prominent tool, ScriptPro, leverages robotics and Al for pharmacy automation. It is widely used in hospital
and retail pharmacy settings to reduce human error in medication dispensing and optimize workflow efficiency.
ScriptPro’s systems enable real-time monitoring of drug inventory and support intelligent allocation of pharmacy
personnel and resources. Its robotic dispensing units ensure high accuracy and patient safety while enhancing
operational productivity. As reported in the American Journal of Health-System Pharmacy, implementation of
ScriptPro systems has led to measurable improvements in pharmacy operations and patient satisfaction.”? In the
domain of drug research and development, BenevolentAl has emerged as a pioneering UK-based biotech firm utilizing
Al and machine learning to expedite drug discovery. Its technology platforms mine vast amounts of biomedical
literature, patient data, and molecular information to identify novel drug targets and repurpose existing medications for
new therapeutic uses. This not only accelerates the R&D timeline but also reduces the cost associated with traditional
drug development processes. A review published in Nature Reviews Drug Discovery highlights BenevolentAl’s
contributions to precision medicine and the design of innovative therapies by harnessing Al’s predictive power in

biomedical sciences ( Table No.1).[?%4
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Table No.1: Tool Main Use Al Application Industry Impact.

. Medication Personalized reminders, risk | Better patient compliance
1 Medisafe o
adherence prediction and outcomes
5 ScriptPro Pharmaqy Robotic dispensing, inventory Impr_oved accuracy and
automation Al efficiency
Drug discovery & | Drug  repurposing,  target 5 .
3 BenevolentAl development identification Faster, cost-effective R&

PHARMACEUTICAL DATA SOURCES EMPOWERING Al INNOVATION IN HEALTHCARE

In the pharmaceutical industry, Artificial Intelligence (Al) tools rely extensively on access to robust, diverse, and well-
structured datasets. These datasets are sourced from a combination of public health organizations, global regulatory
authorities, and proprietary pharmaceutical industry databases. Such data banks are critical for training Al models in
applications ranging from drug discovery and adverse event detection to clinical decision-making and personalized

medicine.®

One major source of pharmaceutical data is the World Health Organization (WHO), particularly through its Global
Health Observatory (GHO). The GHO offers comprehensive data on global health indicators, disease trends, and
medicine use patterns. These insights are instrumental for illness monitoring and prediction, allowing Al systems to
forecast disease outbreaks and evaluate treatment effectiveness on a global scale.

Another essential database is maintained by the U.S. Food and Drug Administration (FDA). Its Drugs@FDA portal
contains detailed records of approved drugs, their labeling information, and regulatory histories. Al models use this
database to enhance pharmacovigilance activities, such as the early detection of adverse drug reactions and drug safety
profiling.*")

In addition to public databases, proprietary data from industry leaders like IQVIA provides in-depth information on
commercial drug performance, sales trends, lifestyle behaviors, and real-world drug usage. IQVIA's datasets are
particularly valuable in pharmacogenomic studies and support the development of personalized medicine by analyzing

interactions between drugs and genetic profiles.!®

Furthermore, pharmaceutical industry reports offer rich analytical insights and are a vital component of Al-based
forecasting and strategic planning. These reports, often published by market research firms or consultancies, include
data on drug pipelines, sales forecasts, market dynamics, regulatory updates, and technological innovations in
healthcare. Notable publishers include Evaluate Pharma for pipeline analysis, Statista for healthcare market data, and

McKinsey & Company for case studies on Al-driven transformations in pharma.!

Table No. 2: Highlights these key organizations and their focus areas.

IQVIA Drug sales data, real-world evidence, Al tools
Evaluate Pharma Drug pipeline analysis, forecasts

Statista Market size, revenue, Al in healthcare trends
Frost & Sullivan Technology trends, Al innovation reports
Global Data Healthcare Pharma analytics, M&A, pipeline intelligence
McKinsey & Company Pharma insights, Al transformation case studies

www.wjpsronline.com 1004




World Journal of Pharmaceutical Science and Research Volume 4, Issue 3, 2025

By integrating data from such diverse sources, Al tools are significantly enhancing the capabilities of the
pharmaceutical industry in optimizing drug development, improving patient outcomes, and predicting healthcare
trends. These databases are not only the backbone of intelligent analytics but also serve as the foundation for the next

generation of evidence-based and patient-centered pharmaceutical care."
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el Pharma

Applications

Frost & in Al

Statista Sullivan

GlobalData
Healthcare
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Fig. No. 3: Pharmaceutical Industry Reports as Key Enablers for Al Applications.

DISCUSSION

Acrtificial Intelligence (Al) is redefining pharmacy practice by integrating advanced computational tools to support
clinical, operational, and research activities. The evidence presented in this review underscores AI’s significant
contributions across the pharmaceutical value chain—from drug discovery and development to personalized medicine,
pharmacovigilance, inventory control, and patient adherence. Its multifaceted application has not only improved the
accuracy and speed of pharmacy services but also facilitated data-driven decision-making, enabling a paradigm shift

toward precision healthcare.

Al technologies such as IBM Watson, Medisafe, ScriptPro, and BenevolentAl exemplify the real-world implementation
of machine learning, natural language processing, and predictive analytics in pharmacy. Tools like IBM Watson Health
contribute meaningfully to drug discovery by analyzing massive biomedical datasets, identifying novel therapeutic
targets, and assisting in personalized treatment planning. Its application in clinical trial optimization and

pharmacovigilance further enhances the efficiency of pharmaceutical R&D and patient safety.

Similarly, Medisafe promotes patient engagement by providing real-time adherence tracking through wearable-
integrated reminders, which is particularly important in chronic disease management and geriatric care. ScriptPro's
integration of Al in robotic dispensing systems has automated pharmacy workflows, reduced medication errors, and
enabled pharmacists to focus more on clinical consultations and patient care. BenevolentAl has accelerated the pace of
drug repurposing and molecular target identification, which is especially beneficial in scenarios like the COVID-19

pandemic, where rapid therapeutic identification is critical.

www.wjpsronline.com 1005




World Journal of Pharmaceutical Science and Research Volume 4, Issue 3, 2025

Furthermore, the role of Al in pharmacovigilance is notably impactful. By mining structured and unstructured data
from electronic health records, social media, and clinical documentation, Al enhances early detection of adverse drug
reactions (ADRs), thus promoting proactive patient safety measures. In personalized medicine, platforms like Tempus
and IBM Watson harness genomics and patient history data to recommend tailored treatments, especially in oncology

and rare diseases.

Data remains the cornerstone of Al innovation in pharmacy. Reliable data sources from WHO’s Global Health
Observatory, FDA databases, IQVIA, and Evaluate Pharma provide critical training grounds for Al algorithms,
allowing them to learn from real-world evidence and generate actionable insights. The integration of pharmaceutical
data repositories ensures robust predictive modeling for demand forecasting, safety surveillance, and health trend

analyses.

However, despite these advancements, the integration of Al into pharmacy practice is accompanied by several
challenges. Data privacy and security concerns, regulatory ambiguity, limited interoperability with legacy systems, and
the ethical dilemma of clinical responsibility for Al-driven decisions hinder widespread adoption. Ensuring
transparency, explainability, and accountability in Al algorithms is essential to foster trust among pharmacists,
physicians, patients, and regulatory authorities. Additionally, infrastructure development and adequate training of

healthcare professionals in Al literacy are critical for successful implementation.

Looking ahead, the future of Al in pharmacy is promising. Developments such as blockchain-integrated Al systems for
drug traceability, Al-powered clinical trial simulations, and wearable biosensors for real-time pharmacovigilance are on
the horizon. These innovations hold the potential to bridge existing gaps in care delivery, optimize treatment efficacy,

and promote equitable healthcare access.

CONCLUSION

Acrtificial Intelligence (Al) is revolutionizing the field of pharmacy by transforming how medications are discovered,
developed, dispensed, and monitored. As this review highlights, Al tools—ranging from IBM Watson, Medisafe, and
ScriptPro to advanced platforms like BenevolentAl—have already demonstrated substantial value in improving clinical
decision-making, enhancing medication adherence, supporting pharmacovigilance, and accelerating drug discovery.
Al-driven systems offer precision and efficiency by analyzing vast datasets, predicting patient behaviors, and enabling
personalized treatment plans. These advancements not only optimize therapeutic outcomes but also reduce human error

and administrative burdens, allowing pharmacists to focus more on patient-centered care.

The integration of Al in pharmacy practice is also reshaping pharmaceutical supply chain management, clinical trial
design, and adverse drug reaction detection. Through access to comprehensive datasets from global health bodies like
the WHO and FDA, Al tools are able to deliver insights that are crucial for real-time decision-making, risk mitigation,

and strategic planning in healthcare.

Despite these remarkable benefits, challenges such as data privacy concerns, lack of interoperability with legacy
systems, regulatory hurdles, and ethical ambiguities must be addressed for Al to achieve its full potential. It is crucial to

view Al as a supportive tool that augments—rather than replaces—human expertise.
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Going forward, a collaborative approach involving pharmacists, clinicians, technologists, and policymakers is

necessary to ensure the safe, ethical, and equitable adoption of Al technologies. With proper regulatory frameworks,

continuous education, and robust data infrastructure, Al has the capacity to profoundly improve pharmacy practice and

contribute to a more efficient, personalized, and patient-focused healthcare system.
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