Dr. Keerthika R, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 3085-3096 | Review

INTERNATIONAL JOURNAL OF o\

PHARMACEUTICAL SCIENCES  gppy /2 AcCESS
[ISSN: 0975-4725; CODEN(USA): 1JPS00] “%?5*‘9

Journal Homepage: https://www.ijpsjournal.com

Review Article

Artificial Intelligence in Clinical Pharmacy: Current Applications,
Challenges, and Future Perspectives — A Narrative Literature Review

Dr. Keerthika R*

Department of Pharmacy Practice, Thanthai Roever College of Pharmacy, Perambalur-621212

ARTICLE INFO

ABSTRACT

Published: 20 Aug 2026
Keywords:

Artificial intelligence;
clinical pharmacy; machine
learning; generative Alj;
ChatGPT; medication
safety; pharmacovigilance;
clinical decision support;
personalized medicine;
pharmacy practice.

DOI:
10.5281/zenodo.22030982

Background Artificial intelligence (Al) is rapidly transforming healthcare by enabling
the analysis of large and complex datasets and supporting clinical decision-making.
Clinical pharmacy is an emerging area in which Al can assist with medication
management, medication safety, pharmacovigilance, clinical decision support,
personalized pharmacotherapy, and patient care. Objective This narrative literature
review aims to describe the current applications of Al in clinical pharmacy, evaluate its
potential benefits and limitations, and discuss future perspectives and research priorities
for its responsible integration into clinical pharmacy practice. Literature Search A
literature search was conducted using PubMed/MEDLINE, Scopus, and Embase to
identify relevant literature on AI and clinical pharmacy. The search included
publications primarily from January 2020 to August 2026, with additional earlier
seminal publications included when relevant. Search terms included “Artificial
Intelligence,” “Machine Learning,” “Deep Learning,” “Natural Language Processing,”
“Generative Artificial Intelligence,” “ChatGPT,” “Large Language Models,” “Clinical
Pharmacy,” “Pharmacy Practice,” “Medication Safety,” “Clinical Decision Support,”
“Pharmacovigilance,” “Adverse Drug Reactions,” “Drug—Drug Interactions,”
“Personalized Medicine,” and related terms. Results Current evidence indicates that Al
has potential applications across multiple areas of clinical pharmacy, including
medication safety, clinical decision support, pharmacovigilance, adverse drug reaction
detection, drug—drug interaction prediction, medication therapy management,
personalized medicine, medication adherence, antimicrobial stewardship, drug
information, patient counselling, and pharmacy education. Generative Al and large
language models have introduced additional opportunities for clinical documentation,
information retrieval, education, and medication-related communication. However,
concerns remain regarding data quality, accuracy, algorithmic bias, explainability,
privacy, cybersecurity, ethical and legal responsibility, regulatory requirements,
workflow integration, and pharmacist competency. Conclusion Al has considerable.
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potential to augment the role of clinical pharmacists and
improve the efficiency, safety, and personalization of
medication-related care. However, Al should not replace
professional clinical judgment. Future research should
prioritize prospective clinical validation, external validation,
patient-centred outcomes, explainable and trustworthy Al,
health-economic evaluation, and responsible human—Al
collaboration.

INTRODUCTION

Artificial intelligence (Al) refers to computational
technologies capable of performing tasks that
traditionally require human intelligence, including
learning,  reasoning,  pattern  recognition,
prediction, and decision-making. The rapid
development of machine learning (ML), deep
learning (DL), natural language processing (NLP),
and generative Al has expanded the application of
Al across healthcare. Al can analyse large volumes
of clinical data and identify patterns that may
support healthcare professionals in diagnosis,
treatment selection, monitoring, and decision-
making.[1-4]

Clinical pharmacy focuses on the optimization of
medication therapy and the provision of patient-
centred pharmaceutical care. Clinical pharmacists
contribute to medication review, identification of
drug-related problems, therapeutic monitoring,
adverse drug reaction prevention, medication
counselling, and optimization of
pharmacotherapy. The increasing complexity of
medication regimens and the growing volume of
electronic ~ healthcare  information  create
opportunities for Al-supported clinical pharmacy
services. Recent reviews have demonstrated that
Al is increasingly being explored across pharmacy
practice, including medication management,
clinical decision support, medication safety, and
personalized care.[5—8]

Al can support pharmacists by analysing patient
characteristics, medication histories, laboratory
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results, clinical notes, and other healthcare
information. Al-powered clinical decision support
systems may identify potential medication-related
problems and help pharmacists

interventions. In particular, Al-based approaches

prioritize

have been investigated for optimizing medication
alerts because conventional clinical decision
support systems can generate excessive alerts and
contribute to alert fatigue.[9]

Pharmacovigilance represents another important
area for Al application. Machine learning and NLP
can process large quantities of safety information
and may support adverse drug reaction detection,
safety-signal identification, drug—drug interaction
extraction, and risk prediction. A systematic
review of Al in pharmacovigilance found
applications adverse  drug
identification, safety-report processing, drug—drug
interaction  extraction, and prediction of
medication-related risks.[10]

across event

The emergence of generative Al and large
language models has further expanded the
potential role of Al in clinical pharmacy. ChatGPT
and related systems can generate human-like
responses and may assist with drug information,
medication  therapy  management, clinical
documentation, patient education, and pharmacy
education. However, studies evaluating ChatGPT
in clinical pharmacy have also demonstrated
limitations in accuracy, particularly for complex
patient-specific questions, emphasizing the need
for pharmacist verification and professional
oversight.[11-14]

Therefore, understanding the current evidence
regarding Al in clinical pharmacy is important for
identifying  realistic =~ opportunities  while
recognizing limitations and potential risks. This
narrative literature review aims to summarize
current applications of Al in clinical pharmacy,

discuss its benefits and challenges, identify
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research gaps, and explore future directions for
responsible implementation.

LITERATURE SEARCH

A literature search was conducted using
PubMed/MEDLINE, Scopus, and Embase to
identify literature related to artificial intelligence
and clinical pharmacy practice. The search
focused primarily on publications from January
2020 to August 2026, while selected earlier
publications were included when they provided
important foundational information regarding Al,
machine learning, clinical decision support, or
healthcare applications.

The search strategy included combinations of
keywords related to Al and pharmacy practice.
The major search terms included “Artificial
Intelligence,” “Machine Learning,” “Deep
Learning,” “Natural Language Processing,”
“Generative Artificial Intelligence,” “ChatGPT,”
“Large Language Models,” “Clinical Pharmacy,”
“Pharmacy Practice,” “Clinical Pharmacist,”
“Hospital Pharmacy,” “Medication Management,”
“Medication Safety,” “Clinical Decision Support,”
“Pharmacovigilance,” “Adverse Drug Reactions,”
“Drug—Drug Interactions,” “Personalized
Medicine,” “Medication  Adherence,” and
“Antimicrobial Stewardship.”

Boolean operators AND and OR were used to
combine search terms. A representative search
strategy was:

(“Artificial Intelligence” OR “Machine Learning”
OR “Deep Learning” OR “Generative Artificial
Intelligence” OR “ChatGPT” OR “Large
Language Models”) AND (“Clinical Pharmacy”
OR  “Pharmacy Practice” OR  “Clinical
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Pharmacist” OR “Hospital Pharmacy”) AND
(“Medication Safety” OR “Clinical Decision
Support” OR “Pharmacovigilance” OR “Adverse
Drug Reactions” OR “Drug—Drug Interactions”
OR “Personalized Medicine” OR “Medication
Management”).

Relevant original research studies, systematic
reviews, scoping reviews, narrative reviews,
observational studies, and relevant clinical studies
were considered. Studies unrelated to healthcare or
pharmacy practice, duplicate publications, and
articles without relevance to the objectives of this
review were excluded.

Titles and abstracts were screened for relevance,
followed by full-text assessment when required.
Relevant information was organized according to
author, publication year, study design, Al
technology, clinical pharmacy application, major
findings, and limitations. The identified literature
was synthesized narratively according to major
themes.

As this manuscript is designed as a narrative
literature review, it was not conducted as a formal
systematic review or meta-analysis and therefore
does not claim PRISMA systematic-review
methodology. Recent pharmacy-specific reviews
have similarly demonstrated the growing evidence
base for Al applications in pharmacy practice and
clinical pharmacy.[5-8]

ARTIFICIAL INTELLIGENCE IN
CLINICAL PHARMACY

The principal applications of artificial intelligence
in clinical pharmacy and their potential
contributions are summarized in Table 1.
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Table 1: MAJOR APPLICATIONS OF ARTIFICIAL INTELLIGENCE IN CLINICAL PHARMACY

Application Common Al Potential pharmacist contribution Key limitation
approaches
Medication safety | Machine learning; Prioritize medication-related risks, False positives; external
NLP inappropriate prescriptions and alerts validation
Clinical decision Machine learning; Support medication review and Data quality; workflow
support predictive models therapeutic decisions integration
Pharmacovigilance NLP; machine Detect adverse drug events and safety Heterogeneous data;
learning signals signal validation
Drug—drug Graph/ML models; Identify and prioritize potential Interpretability;
interactions deep learning interactions incomplete interaction
data
Personalized Predictive Support treatment and dose Need for high-quality
pharmacotherapy analytics; ML optimization patient-specific data
Medication Predictive models; Identify non-adherence risk and Patient engagement;
adherence digital Al tools support monitoring privacy
Antimicrobial ML,; predictive Support antimicrobial selection and | Local resistance patterns
stewardship analytics optimization and validation
Drug information Generative Al Draft educational and drug- Hallucinations; need for
and counselling NLP information responses verification
Pharmacy Generative Al Case generation, tutoring and Accuracy; academic
education LLMs learning support integrity

Legend: Al, artificial intelligence; NLP, natural language processing, ML, machine learning; LLMs, large

language models.

of AI in Clinical

Overview of Artificial Intelligence:

Al includes several technologies with different
functions. Machine learning enables computer
systems to learn patterns from data and generate
predictions or classifications. Deep learning, a
subset of machine learning, uses multilayered
neural networks to identify complex patterns in
large datasets. Natural language processing
enables computers to process and analyse human
language and is particularly relevant to clinical
notes, scientific literature, medication records, and
pharmacovigilance reports.[2—4]

Generative Al and large language models
represent a newer development. These systems can
generate text and assist with information retrieval,
summarization, education, documentation, and
communication. Their increasing availability has
generated substantial interest
practice, although their clinical reliability remains
an important consideration.[11-14]

in pharmacy
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Current Applications
Pharmacy:

Medication Safety and Error Prevention:

Al can analyse medication orders, patient
characteristics, laboratory results, medication
histories, and clinical information to identify
potential medication-related problems.
Applications include detection of inappropriate
prescriptions, dosing problems, contraindications,
therapeutic duplication, and potential adverse drug

events.[5],[6]

Al may also
medication alerts. Graafsma et al. identified Al-
based approaches for optimizing medication alerts
generated by clinical decision support systems.
Their review highlighted potential reductions in
alert burden and improvements in identification of
inappropriate prescriptions, while also
emphasizing the limited availability of external

improve the prioritization of

3088 | Page



Dr. Keerthika R, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 3085-3096 | Review

validation and real-world

studies.[9]

implementation

Clinical Decision Support:

Clinical decision support systems provide patient-
specific information to support healthcare
decisions. Al-enhanced systems can integrate
electronic health records, laboratory results,
medication histories, and clinical guidelines to
support medication therapeutic
decision-making.[15]

review and

Al-supported clinical decision-making may help
pharmacists analyse complex patient information
more efficiently. Nevertheless, Al-generated
recommendations require clinical verification
because performance depends on data quality,
model validation, and the clinical context.

Pharmacovigilance and Adverse Drug Reaction
Detection:

Al has significant potential in pharmacovigilance
because of its ability to analyse large and
heterogeneous datasets. Machine learning and
NLP can be used to identify adverse drug events,
process safety reports, detect safety signals, and
identify potential drug—drug interactions.[10]

Al-based pharmacovigilance may increase the

efficiency of safety monitoring; however,
differences in data sources and model
development approaches can affect

generalizability. Future studies should therefore
evaluate whether Al-supported signal detection
produces clinically meaningful improvements in
drug safety monitoring.

Drug-Drug Interaction Prediction:

Drug—drug interactions are an important concern
in patients receiving multiple medications. Al
approaches can analyse drug characteristics,
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patient information, known interaction datasets,
and clinical information to predict potential
interactions. Zhang et al. reviewed Al approaches
for different DDI prediction tasks and highlighted
the potential of Al to support clinical decision-
making.[16]

Explainability remains important in DDI
prediction because pharmacists need to understand
why a particular interaction has been predicted. Al
models that provide interpretable evidence may
improve clinical confidence and facilitate

appropriate intervention.[17]

Medication Therapy Management and

Personalized Pharmacotherapy:

Al can assist medication therapy management by
integrating patient-specific and medication-related
information. A study evaluating ChatGPT in
medication therapy management found that the
model was able to identify drug interactions and
provide general management recommendations in
simulated cases, although limitations remained
regarding specific dosing recommendations.[18]

Al may also support personalized
pharmacotherapy by  integrating  clinical,
demographic, laboratory, genetic,
pharmacokinetic, and pharmacodynamic
information. Such approaches could assist

pharmacists in treatment selection and dose
optimization.[19]

Medication Adherence and Patient

Monitoring:

Medication adherence is an important determinant
of therapeutic outcomes. Al-enabled applications
may identify patients at risk of non-adherence,
provide personalized reminders, and support
communication between patients and healthcare
professionals. Recent pharmacy literature has
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identified medication adherence and personalized
medicine as emerging areas of Al application.[6]

Antimicrobial Stewardship:

Al may support antimicrobial stewardship by
microbiological ~ data,  patient
characteristics, previous antimicrobial exposure,

analysing

resistance patterns, and clinical outcomes. Al-
may assist antimicrobial
and potentially

supported
selection

systems
and optimization
contribute to reducing inappropriate antibiotic use.
Studies have demonstrated the potential of Al to
guide antibiotic selection in recurrent urinary tract
infections and support antimicrobial stewardship.
[20]

Hospital and Community Pharmacy Practice:

Al can support pharmacy workflow through
medication screening, prescription verification,
inventory management, prioritization of clinical
interventions, and information retrieval. Current
pharmacy-practice literature indicates that Al
applications are not limited to clinical decision-
making but also include operational and workflow
optimization.[6],[7]

Pharmacists' perceptions and willingness to use Al
are important determinants of implementation.
Studies conducted among community pharmacists
have identified potential benefits while also
reporting barriers related to training, trust,
infrastructure, and implementation.[21],[22]

Drug Information and Patient Counselling:

Al-powered conversational systems may assist
pharmacists with drug information retrieval and
patient education. However, evaluation studies
have shown variable performance. Munir et al.
reported limited success of ChatGPT in answering
pharmacy-based clinical questions, particularly
complex patient cases.[13]
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Similarly, clinical pharmacy evaluations have
shown that ChatGPT may provide useful
responses in some domains but may also generate
inaccurate  or  inappropriate  information.
[11],[14],[23] Therefore, Al-generated drug
information should be checked against reliable and
authoritative sources before use in patient care.

Generative Al and Pharmacy Education:

Generative Al may support pharmacy education
through clinical case discussions,
generation, literature summarization, educational
content creation, and simulated patient
interactions. Studies of pharmacy students and

question

faculty have demonstrated growing awareness and
interest in Al while also highlighting the need for
appropriate education and responsible use.[24—26]

Al literacy should therefore become an important
component of future pharmacy education.
Pharmacists and students should understand both
the capabilities and limitations of Al systems.

BENEFITS OF AI IN
PHARMACY

CLINICAL

Al may provide several benefits to clinical
pharmacy practice. First, it can improve the
efficiency of analysing large volumes of patient
and medication information. This may allow
pharmacists to identify high-risk patients and
medication-related problems more rapidly.[5-8]

Second, Al can support medication safety by
identifying potential errors, drug interactions,
inappropriate prescriptions, and adverse drug
events. Al-based medication-alert optimization
may reduce unnecessary alerts and allow
pharmacists to focus on clinically important
interventions.[9]

Third, Al may facilitate personalized medication
management by integrating multiple patient-
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specific variables. This may support treatment
selection, dose optimization, and therapeutic
monitoring.[19]

Fourth, AI can support pharmacovigilance by
rapidly processing large quantities of safety
information.[10]

Finally, generative Al may improve access to drug
information and educational resources, although
its outputs require professional verification. [11-
14]

Overall, Al has the potential to improve the
efficiency, safety, personalization, and
accessibility of clinical pharmacy services when
appropriately integrated into professional practice.

CHALLENGES AND LIMITATIONS
Data Quality and Availability:

Al systems depend on the quality and
representativeness of the data used for training and
validation. Missing, inaccurate, incomplete, or
biased data may lead to unreliable predictions.
Differences between institutions and patient
populations  may  further  reduce  the
generalizability of Al models.[5],[6]

Accuracy and Reliability:

Al systems are not inherently accurate.
Performance can vary depending on the clinical
question, dataset, model, and context. Generative
Al may produce plausible but incorrect responses,
making independent verification essential.

[13].[14]
Algorithmic Bias:

Al systems can reproduce or amplify biases
present in their training data. Bias may result in
differences in performance across patient
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populations and potentially contribute to

healthcare inequity.[27]
Explainability and Transparency:

Many advanced Al systems function as complex
models whose decision-making processes may be
difficult to interpret. Lack of explainability can
reduce clinician trust and make it difficult to
Al-generated
Explainable Al is therefore an important area for
future development.[17],[28]

evaluate recommendations.

Data Privacy and Cybersecurity:

Clinical pharmacy Al applications may require
sensitive ~ patient  information,  including

medication histories, laboratory results, and
clinical records. Secure data storage, appropriate
access controls, privacy-preserving technologies,

and regulatory compliance are essential.
Ethical and Legal Issues:

Al raises important regarding
accountability, responsibility, informed consent,
transparency, and professional decision-making.

questions

Clear governance frameworks are needed to define
the responsibilities of pharmacists, healthcare

institutions,  technology  developers, and
regulators.

Clinical Validation:

Many Al models have been evaluated

retrospectively or in controlled datasets. External
validation and prospective implementation studies
remain limited. The medication-alert literature, for
example, has identified a lack of external

validation and limited real-world
implementation.[9]
Pharmacist Training:
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The growing use of Al requires pharmacists to
develop appropriate Al and digital-health
competencies. Surveys among pharmacy students,
faculty, and practicing pharmacists indicate
interest in Al but also highlight the need for
education and training.[21],[22],[24]

Risk of Overdependence:

Al should not replace professional clinical
reasoning. independently
evaluate Al-generated information, particularly
when recommendations may directly affect
medication therapy.

Pharmacists must

FUTURE PERSPECTIVES

The future of Al in clinical pharmacy is likely to
involve increasing human—AlI collaboration rather
than replacement of pharmacists. Al can perform
data-intensive analytical tasks while pharmacists
provide clinical interpretation, patient
communication, professional judgment, and
accountability.[5-8]

Future clinical decision support systems may
become more personalized by integrating
electronic health records, laboratory data,
medication histories, clinical guidelines, and
patient-specific characteristics. Improved systems
may also reduce alert fatigue by prioritizing
clinically meaningful medication alerts.[9]

Generative Al and large language models are
likely to expand in pharmacy practice. Potential
applications include drug information, clinical
documentation, patient counselling, medication
education, literature = summarization, and
pharmacy education. However, reliable source
integration, fact verification, and human oversight
will be essential.[11-14]

Al may also strengthen pharmacovigilance
through continuous analysis of electronic health
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records, spontaneous reports, scientific literature,
and other real-world data.[10] Future DDI systems
may incorporate large language models and
explainable approaches to improve interaction
detection and interpretation.[16],[17],[29]

The development of trustworthy Al will require
attention to transparency, fairness, privacy,
cybersecurity,  validation, and regulatory
oversight. Recent work in pharmacovigilance
emphasizes the need to move from experimental
Al applications toward reliable and scalable drug-
safety systems.[30]

RESEARCH GAPS
RECOMMENDATIONS

AND

Despite substantial progress, several research gaps
remain. First, more prospective and multicentre
studies are required to evaluate the clinical
effectiveness of Al-supported pharmacy services.
Second, Al models should undergo external
validation across different hospitals, healthcare
systems, and patient populations.

Third, future research should focus on patient-
centred outcomes rather than relying exclusively
on technical performance measures such as
accuracy or sensitivity. Outcomes including
medication errors, adverse drug events, treatment
effectiveness, adherence, patient satisfaction,
pharmacist workload, and healthcare costs should
be evaluated.

Fourth, standardized frameworks are needed for
evaluating Al systems in pharmacy practice. These
frameworks should consider clinical validity,
usability, safety, explainability, fairness, and
economic value.

Fifth, pharmacy education should incorporate Al
literacy and competency. Students and practicing
pharmacists should understand Al fundamentals,
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data interpretation, limitations of Al-generated
information, ethical issues, and appropriate human
oversight.[24-26]

Finally, future studies should investigate the long-
term effects of Al implementation in routine
clinical pharmacy practice. Particular attention
should be given to generative Al, clinical decision
support, pharmacovigilance, medication safety,
personalized medicine, and drug—drug interaction
prediction.

Recommendations:

e Conduct prospective and multicentre clinical
studies.

e Perform external validation of AI models.

e FEvaluate and clinical

outcomes.

patient-centred

e Develop explainable and transparent Al
systems.

e Address
inequities.

algorithmic bias and health

e Strengthen  patient-data  privacy  and

cybersecurity.

e [Establish clear ethical and

frameworks.

regulatory

e Integrate Al competency into pharmacy
education.

e FEvaluate cost-effectiveness and

implementation feasibility.

e Maintain pharmacist oversight for patient-
care decisions.

s
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CONCLUSION

Artificial intelligence is emerging as an important
technology in clinical pharmacy with potential
applications in medication safety, clinical decision

support, pharmacovigilance, drug—drug
interaction  prediction, medication therapy
management, personalized pharmacotherapy,

medication adherence, antimicrobial stewardship,
drug information, and pharmacy education.

The development of generative Al and large
language models has further expanded the
potential role of AI in pharmacy practice.
However, current evidence also demonstrates
important limitations related to accuracy, data
quality, bias, explainability, privacy,
cybersecurity, clinical  validation, ethical
responsibility, and professional competency.

The future of Al in clinical pharmacy should
therefore emphasize responsible human—Al
collaboration. Al should augment pharmacists'
analytical capabilities rather than replace their
clinical judgment. Robust clinical research,
external validation, standardized evaluation,
pharmacist education, ethical governance, and
patient-centred implementation will be essential to
ensure that Al contributes meaningfully to safe
and effective pharmaceutical care.
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