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ARTICLE INFO ABSTRACT
Keywords: As the rapid advancements in medical technology and increasing demands for personalized medication, Hospital
Intelligent pharmacy Intelligent Pharmacy (HIP) integrates artificial intelligence, large-scale health data analytics, the Internet of

Hospital pharmacy
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Rational drug use
Consensus

Things (IoT), and other cutting-edge technologies to optimize end-to-end pharmaceutical supply chain processes,
management, and clinical processes. In recent years, regulatory agencies such as the European Medicines Agency
(EMA), the Medicines and Healthcare products Regulatory Agency (MHRA), China's National Medical Products
Administration (NMPA), and the U.S. Food and Drug Administration (USFDA) have issued policies to promote
intelligent pharmacy development. However, HIP still faces challenges including ambiguous definitions, absence
of standardized technical protocols, and incomplete evaluation frameworks. To address these issues, interna-
tional and domestic academic organizations collaboratively developed the International Expert Consensus on
Hospital Intelligent Pharmacy. This consensus clarifies HIP's definition, core components, and systematic
framework, providing scientific guidance for standardized implementation and clinical application of intelligent
pharmacy in hospitals. Utilizing a Delphi method process, expert opinions will be collected, analyzed, and
refined. The current consensus defines HIP's scope and principles, outlining a framework with 10 components:
intelligent drug supply chain management, drug dispensing, prescription review, pharmacovigilance, medication
therapy management, therapeutic drug monitoring, telepharmacy services, pharmacy administration, science
popularization, and clinical trials. Future directions focus on 5 key areas: Al-augmented pharmacist competency
development, advancing pharmaceutical scientific research, fostering intelligent pharmaceutical publications
and journals, addressing ethical and legal challenges, and promoting international harmonization in pharmacy.
The consensus offers critical references and exploratory pathways for HIP's global advancement.

1. Introduction of drug therapy and ensure optimal outcomes under safe conditions (see
Fig. 1).

Hospital pharmacy plays a critical role in medical services, aiming to With the continuous advancement of medical technologies and the

integrate pharmaceutical expertise to enhance the scientific foundation growing variety of drugs, patients now face increasingly complex
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Fig. 1. Hospital intelligent pharmacy (HIP) system and framework.

treatment regimens. This complexity has led to more frequent occur-
rences of adverse drug reactions (ADR) and medication errors (ME),
while the efficiency of pharmaceutical supply chain management re-
mains inadequate. Simultaneously, rising patient volumes and shortages
in healthcare personnel have exacerbated challenges in providing indi-
vidualized drug therapy. Against this backdrop, Hospital Intelligent
Pharmacy (HIP) has gained prominence. 2

Intelligent Pharmacy is based on the integration of pharmacy, com-
puter science, bioinformatics, and other interdisciplinary fields. It ex-
plores how advanced technologies such as artificial intelligence (AI),
large-scale health data analytics, and the Internet of Things (IoT) can
be applied to optimize the entire process of drug development, pro-
duction, distribution, and usage. From an application perspective, IP
includes four major domains: intelligent drug research, intelligent drug
production and circulation, intelligent drug management and
dispensing, and intelligent drug use. HIP primarily focuses on the
management, dispensing, and use of medications. °°

In recent years, multiple policies and initiatives have established a
robust framework for the development of Intelligent Pharmacy. 7' In
December 2023, the European Medicines Agency (EMA) released its
Artificial Intelligence Work Plan (2023-2028), emphasizing the appli-
cation of Al across the entire drug lifecycle. '' In 2024, the UK's Medi-
cines and Healthcare products Regulatory Agency (MHRA) issued the
policy paper “Impact of Al on the Regulation of Medical Products”,

outlining strategic directions for Al in drug development, production,
and post-market surveillance, highlighting the importance of algorithm
transparency and clinical validation. '? In November 2024, China raised
“Reference Guide for AI Application Scenarios in the Health Industry,”
providing specific guidance for the application of Al in hospital phar-
macy. '° In January 2025, the U.S. Food and Drug Administration (FDA)
released its first Al guideline, establishing standards for Al application in
drug safety, efficacy, and quality evaluations. **

Despite its significant potential, HIP still faces multiple challenges.
First, there remains no unified consensus regarding the definition and
scope of HIP, resulting in a lack of clear development direction. Second,
the absence of standardized guidance in areas such as technology se-
lection, data management, and system integration has restricted the
effectiveness of implementation. Lastly, the lack of a quality evaluation
system has made it difficult to quantify HIP's clinical value and eco-
nomic benefits.'>'°In response to these challenges, Clinical Pharmacy
Committee of the Chinese Pharmaceutical Association, the Intelligent
Pharmacy Committee of the China Association for Promotion of Human
Health Science and Technology, Pharmacovigilance Committee of China
Society for Drug Regulation, Clinical Toxicology Committee of Chinese
Society of Toxicology, Drug Induced Disease Committee of Chinese
Pharmacological Society, and Home Based Pharmaceutical Care Com-
mittee of Chinese Pharmacist Association, has collaboratively formu-
lated the International Expert Consensus on Hospital Intelligent
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Pharmacy. This consensus aims to provide scientific and systematic
guidance for the development of HIP by clearly defining its scope and
core components, proposing a comprehensive framework, and promot-
ing the sustainable advancement of hospital intelligent pharmacy.

2. Methodology

Through a comprehensive survey of global policy guidance docu-
ments and a literature review of databases including Web of Science
(WO0S), embase and Pubmed, the secretariat board drafted an initial list
of recommendations. Subsequently, in the first round of the Delphi
method, relevant suggestions were solicited and discussed from 20 ex-
perts. The secretariat members revised the drafted recommendation list
based on these suggestions. After that, in the second round of the Delphi
method, 50 experts from 10 countries and regions were invited to score
and provide suggestions according to the revised recommendation list.
The secretariat members analyzed the results of the second - round
consultation and modified the consensus. Based on the results of the
two-round Delphi method consultations, 16 items were determined and
finalized.

A 5-point Likert scale was utilized to assess the definitions and
subcomponents of HIP. The scale included: 1 = strongly disagree, 2 =
disagree, 3 = neutral, 4 = agree, and 5 = strongly agree. Items that
received an average score below 3 required experts to submit comments
or revision suggestions. For both the definitions and secondary frame-
work items, experts were also encouraged to provide additional feed-
back at the end of the consultation form.?® The inclusion criteria for
consensus required meeting all three conditions simultaneously: a mean
score >4.5, an approval rate >90 %, and a coefficient of variation
<0.25. The approval rate was calculated as the proportion of experts
giving a score of 4 or 5 out of the total number of responses for that item.
Items that failed to meet these criteria after two rounds of consultation
were excluded.?!

The reliability of the consensus process was evaluated based on three
parameters: expert authority, engagement level, and the coordination of
expert opinions. Expert authority was quantified by calculating the au-
thority coefficient (Cr), difined as Cr = (Cs + Ca)/2. Cs represented the
expert's self-rated familiarity with 15 secondary items and ranged from
0 (not familiar) to 1 (very familiar). Ca was based on the influence of
four factors on expert judgment: practical experience (0.5, 0.4, 0.3, or
0), theoretical analysis (0.3, 0.2, 0.1, or 0), reference literature (0.15,
0.15, 0.15, or 0), and intuitive judgement (fixed at 0.05). The engage-
ment level was measured by the response rate, calculated as the number
of valid consultation forms returned divided by the total number
distributed. The coordination of opinions was assessed using Kendall's
coefficient of concordance (W) This consensus has been registered
with the Practice guideline Registration for transparency (PREPARE)
platform, Registration No. PREPARE-2025CN183.

3. Definition and connotation of HIP

Hospital Intelligent Pharmacy (HIP) is both a discipline and practice
model driven by next-generation information technologies such as
artificial intelligence (AI), large-scale health data analytics, cloud
computing, the Internet of Things (IoT), and blockchain. Through deep
integration of intelligent hardware and software systems, HIP promotes
the digital transformation and intelligent upgrading of pharmaceutical
supply, pharmacy administration, pharmaceutical care, medication
safety and pharmacist education.

HIP has the following key characteristics.

1. Data-driven proactive intervention: Leveraging real-time data ana-
lytics to anticipate medication risks—such as drug-drug interactions
(DDI) and allergy conflicts—HIP transforms pharmaceutical care
from reactive error correction to proactive risk prevention.23
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2. Closed-loop full-process management: HIP manages the complete
medication lifecycle—procurement, storage, prescribing, dispensing,
administration, monitoring and evaluation—ensuring traceability
and accountability throughout. 4

. Human-AI collaborative decision-making: Al provides quantitative
recommendations, such as dosage calculations and therapeutic al-
ternatives, while pharmacists and physicians retain final decision-
making authority. This creates a synergistic “Al-assisted + human-
reviewed” model.?

. Service model expansion: HIP extends pharmaceutical care from in-
hospital to home settings. For example, intelligent pillboxes and
remote medication therapy management (MTM) services could
enhance patient adherence and safety in home settings.?®

HIP is underpinned by a diverse range of technologies that form a
coordinated ecosystem:

Artificial Intelligence: Acts as the core engine for decision support.®
Natural language processing (NLP) facilitates the creation of knowledge
graphs from massive clinical text data.”’ Machine learning enables
continuous optimization of personalized medication strategies, while
deep learning enhances the accuracy of ADR predictions, creating a loop
of “analysis—optimization-warning-recommendation”.?%2°

Large-scale health data analytics: Provides the digital foundation
for precise pharmaceutical services. It integrates heterogeneous data
from hospital information systems (HIS), electronic medical records
(EMR), laboratory information systems (LIS), and wearable devices to
construct a 360-degree medication profile. This multidimensional data
fusion not only eliminates data silos but also uncovers hidden patterns in
medication use for dynamic clinical decision support.>%>!

The Internet of Things (IoT): Reconstructs the full-cycle pharma-
ceutical management system. Intelligent medicine cabinets ensure pre-
cise inventory tracking, automated dispensing machines improve
prescription fulfillment efficiency, and intelligent cold chain systems
monitor temperature-sensitive drugs. Digital traceability across the
medication chain strengthens quality and safety.

Blockchain: Establishes a trust mechanism in drug circulation.
Under the Separation of Prescription and Dispensing (SPD) policy,
blockchain technique ensures the immutability of prescription data and
protects patient privacy. It also provides transparent and auditable
oversight channels for regulators, addressing trust deficits in traditional
supply chains.>%%3

4. HIP System and Framework
4.1. Intelligent drug supply chain management

Intelligent drug supply chain management refers to the application
of IoT, AL and other technologies to optimize procurement, inventory,
distribution, and storage of pharmaceuticals, enabling intelligent and
data-driven management.

Description: The objective of intelligent drug supply chain manage-
ment is to enhance efficiency, quality, and safety in drug supply, ensuring
that medications move from manufacturers to hospital pharmacies and
clinical departments in an optimized, traceable, and responsive manner,
meeting patient needs in a timely and accurate way. >

1. Intelligent procurement: Digital supplier management, intelligent
invoice archiving, online drug selection and approval, multi-channel
purchasing, and real-time order tracking ensure traceability and
reliability of medication sources.

. Inventory optimization: Machine learning models are employed
along with location monitoring, seasonal trends, and historical
consumption data to predict shortages, automated restocking, and
optimize shelf placement. Return-to-stock reconciliation and syn-
chronization of hospital and supplier inventories help maintain ac-
cess while reducing financial pressure. *°
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3. Traceability systems: Integration of drug barcoding with cloud-based
platforms enables real-time tracking, especially for controlled sub-
stances. Batch verification and warehouse labeling technologies
support compliance and minimize relabeling burdens.

. Drug storage: For special drugs requiring cold chains, light avoid-
ance, or restricted access (e.g., narcotics), intelligent cabinets, tem-
perature control systems, surveillance, IoT platforms, and cloud
integration allow for dual-factor authentication and permissions-
based access. These systems perform real-time audits and alerts
while supporting data-driven management and ensuring safety
compliance.

4.2. Intelligent drug dispensing

Intelligent drug dispensing involves the use of automation and dig-
ital technology to execute preparation, packaging, verification, and
delivery of medications to patients efficiently and safely.

Description: Pharmacies include outpatient, emergency, inpatient,
IV admixture services (PIVAS), clinical trial pharmacies, operating
room, satellite pharmacies, and TCM dispensaries.

Automated dispensing tools include robotic dispensers, packaging
machines, intelligent shelving, checking machines, sorting systems,
delivery robots, pneumatic or track logistics systems, temperature con-
trols, cabinets, sterilizers, and electronic queueing systems. Each type of
17)}21;1rmacy uses appropriate technology tailored to its operational needs.

Outpatient and emergency pharmacies, dealing with high patient
volume yet unorganized, may benefit from dispensers, checking devices,
and electronic queueing systems to improve safety and flow. Inpatient
pharmacies and PIVAS may employ repackaging machines, verification
machines, controlled drug cabinets, delivery robots, pneumatic tubes,
and labeling machines for accuracy and efficiency. />3

Through the application of computer vision algorithms, barcode
technology, and related methods, automated drug identification and
classification can be achieved®®; queuing and call systems enable
real-time patient tracking, flexible staffing; intelligent logistics algo-
rithms support optimized delivery routing, automated recognition, and
staggered scheduling to reduce peak-time congestion, with integration
of electronic health records.

4.3. Intelligent prescription review

Intelligent prescription/medical order review refers to integrating
drug package inserts, clinical pathways, treatment guidelines, and
medication safety databases, combined with artificial intelligence (AI)
technologies and iterative updates, to build a prescription review rules
engine. Based on patient disease information and drug characteristics,
intelligent algorithms evaluate the rationality, safety, and effectiveness
of prescriptions at the time of prescribing. The system provides recom-
mendations or warnings to physicians, helping reduce medical errors,
ensure medication safety, and improve therapeutic outcomes.

Description: Hospitals of various levels, both domestically and
internationally, use pharmacy service centers to implement standard-
ized and homogenized intelligent review systems within a region. This
has improved the rational use of medications in both large hospitals and
primary care institutions.

By introducing large language model (LLM) technology and inte-
grating clinical guidelines, drug package inserts, and real-world data,
hospitals can build dynamic prescription review knowledge bases that
support a “warning—correction—feedback” closed-loop optimization pro-
cess.”” Additionally, hospitals can develop Al-powered prescription re-
view systems that automatically analyze and assess prescription risks.
These systems integrate clinical guidelines, drug interaction databases,
and individual patient data to scan for potential risks such as dosing
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errors, contraindications, and duplicate medications. They also process
multimodal data to evaluate the appropriateness of treatment plans and
continuously update the rule base according to the latest medical litera-
ture and drug information. Finally, pharmacists are involved in manually
reviewing high-risk prescriptions, providing evidence-based references to
enhance the efficiency and accuracy of the review process.>®>°

4.4. Intelligent pharmacovigilance

Intelligent pharmacovigilance refers to the use of public databases,
machine learning, natural language processing (NLP), and hospital
electronic medical records, combined with patient-specific data, to
identify high-risk drugs, drug interactions, and adverse reactions. It
enables early warnings, integrated evaluation, real-time intervention,
full-cycle tracking, and automated ADR reporting.

Description: Intelligent pharmacovigilance integrates multi-source
data (clinical data, patient reports, adverse event databases, social
media, EMRs, drug labels, etc.) and applies automation and intelligent
analysis to provide deep insights and early warnings regarding drug
safety.’0 With large-scale databases, Al tools can detect patterns in
adverse reactions far exceeding manual methods, allowing quicker re-
sponses to risks and enhancing patient safety.**? Al simplifies the
process of collecting and analyzing safety data from clinical trials,
medical records, and patient feedback.*> NLP is crucial in extracting
valuable safety information hidden in unstructured natural language,
revealing unexpected drug events or risks.** By analyzing real-world
patient experiences, Al plays a key role in ensuring post-marketing
drug safety.*®

4.5. Intelligent medication therapy management

Intelligent medication therapy management (MTM) involves using
patient demographics, medical records, and test results, combined with
digital systems, to create a comprehensive management framework
based on knowledge bases, clinical guidelines, and pharmacists' expe-
rience. This includes forming rational drug use strategies, adjusting
treatment plans, educating patients, monitoring medications, evaluating
treatment outcomes, and follow-ups.

Description: MTM encompasses everything from creating drug
therapy plans and identifying/intervening with medication-related
problems (MRPs), to pharmaceutical consultations, patient education,
therapeutic evaluations, and follow-ups. Intelligent MTM utilizes data
analysis tools and patient health/genetic information to assess treatment
plans, identify MRPs, and provide personalized treatment recommen-
dations using decision support systems. %47

Real-Time Monitoring and Intervention: By applying telemedi-
cine technologies and Al algorithms, patients' medication usage can be
monitored in real time. Clinical pharmacists use the system analyzing
the effectiveness and adverse reactions of drugs, promptly detects and
intervenes in issues such as drug interactions or inappropriate dosing,
thereby reducing medication-related risks.*®*°

Personalized Medication Optimization: This refers to using large-
scale health data analytics to design personalized treatment plans based
on patients' health status, lifestyle, and genetic traits, while dynamically
adjusting treatment strategies to optimize drug dosage and therapeutic
effects. >°

Intelligent Patient Education and Guidance: Through technolo-
gies such as virtual health assistants and online education platforms,
patients receive real-time guidance and education on medication use.
These tools help patients understand how to take their medications
properly, recognize adverse effects, and adhere to treatment plans, ul-
timately improving medication compliance. °' Al-integrated virtual
pharmacist assistants (e.g., intelligent dialogue systems based on
Deepseek) provide personalized medication guidance. 2 For instance,
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based on the patient's disease-related information and medication his-
tory, the system can generate customized medication reminders, dietary
recommendations, and adverse reaction management plans. Multimodal
interaction (voice, text, images) further enhances patient compliance. >

4.6. Intelligent therapeutic drug monitoring (TDM)

Intelligent TDM refers to using advanced information technologies
and data analytics to collect patient health data, genetic information,
and pharmacokinetic data to build comprehensive medication profiles.
Based on pharmacokinetic principles and computational models, it de-
termines optimal individualized dosing regimens, including drug
dosage, timing, and route of administration, to achieve precise and
personalized therapy.

Description: This system, through standardization and data inter-
operability, integrates tightly with hospital information systems,
allowing direct access to patient characteristics, orders, and lab results.
This supports clinicians and pharmacists in generating scientifically
sound dosing suggestions and regimen adjustments. AI/ML and PBPK
(Physiologically Based Pharmacokinetic) modeling can be combined to
predict difficult-to-obtain parameters. AI/ML accelerates PBPK model
development, shortens modeling time,”* and improves prediction of
pharmacokinetics under special administration conditions. AI/ML can
also be embedded into PBPK models and combined with pharmacody-
namic (PD) models to predict drug effects. These methods support tox-
icokinetics by predicting critical metabolic parameters. Model-Informed
Precision Dosing (MIPD) has applications in anti-infective therapy,
post-transplant immunosuppression, antiepileptics, antipsychotics,
oncology, and antithrombotic treatments.>>

4.7. Intelligent telepharmacy services

Intelligent Telepharmacy Services refer to comprehensive phar-
maceutical care services—such as medication therapy management,
medication consultation, pharmaceutical education, and patient follow-
up—delivered remotely by pharmacy professionals through the inte-
gration of modern information technologies, including artificial intelli-
gence (Al), the internet, wearable devices, and cloud computing.

Description: Intelligent telepharmacy services utilize technologies
such as the Internet of Things (IoT) and intelligent wearable devices to
monitor patients' health data in real time (e.g., drug concentration,
blood glucose, blood pressure). Based on patient feedback, medication
regimens can be automatically adjusted. Leveraging cloud platforms,
pharmacy professionals can remotely track treatment progress and
provide timely interventions and guidance.”® With access to patients'
historical data and intelligent analytics, these services can deeply assess
the effectiveness of drug therapy and identify potential
medication-related issues (such as adverse drug reactions or risk of
misuse) using predictive models.>” Through virtual assistants and voice
recognition technology, patients can receive educational services like
medication usage guidance and early warnings of adverse drug re-
actions. Intelligent tools can provide personalized medication recom-
mendations and reminders based on a patient's medication regimen and
lifestyle habits, thereby enhancing medication adherence.”!

Telepharmacy services also include medication distribution and
management, involving the integration of drug distribution systems with
intelligent medicine cabinets (such as automated dispensing machines) to
enable intelligent medication delivery. Patients can complete consulta-
tions online and select delivery methods. At the same time, the system
sends automatic reminders to ensure timely pickup and medication
adherence. By integrating electronic health records, patient health pro-
files, and multidisciplinary healthcare team platforms, intelligent tele-
pharmacy services facilitate information sharing and collaborative
decision-making among pharmacists, doctors, nurses, and other
healthcare providers. This ensures coordinated, continuously optimized
medication plans and disease management strategies for patients.”®
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4.8. Intelligent pharmaceutical administration

Intelligent pharmaceutical administration refers to the use of intel-
ligent technologies and data analytics to monitor, assess, and optimize
key performance indicators (KPIs) in pharmaceutical services within
healthcare institutions. These KPIs include antimicrobial drug intensity
(measured in DDDs), essential drug usage, DRG/DIP-related data,
controlled substances, volume-based procurement drugs, average drug
cost, intravenous infusion practices, and more. The goal is to enhance
the scientific rigor, precision, and efficiency of pharmaceutical
management.

Description: Through intelligent systems, data on drug usage and
policy implementation within medical institutions can be collected and
analyzed in real time, enabling dynamic performance evaluation of
pharmaceutical management. °° These systems can quickly detect po-
tential issues in medication usage and offer decision support. By
leveraging data analytics and machine learning, KPIs related to phar-
maceutical management can be comprehensively assessed to identify
shortcomings in the process. Improvement plans can then be formulated
based on intelligent analysis, allowing for continuous optimization of
pharmaceutical workflows and strategies. Key components include.

1. Intelligent Drug Supervision: Utilizing large-scale health data an-
alytics and Al technologies to monitor all stages of drug production,
distribution, and usage. These tools help identify and mitigate po-
tential drug safety risks in a timely manner. *°

. Rational Medication Use Management: Applying large-scale
health data analytics to evaluate DDDs, essential drug usage, and
the appropriateness of intravenous infusions. Intelligent alert and
decision support systems can guide physicians in rational prescrib-
ing, preventing overuse and ensuring both medication safety and
cost-effectiveness for patient. !

. Management of Special and Volume-Based Procurement Drugs:
Controlled substances (such as narcotics and psychotropics) are
managed through technologies like intelligent access control and
electronic tagging, ensuring strict regulation of storage, dispensing,
and use. For volume-based procurement drugs, large-scale health
data is used to analyze supply and clinical outcomes. Information is
shared with suppliers to ensure stable supply and product quality. °2

. Medical Insurance Payment and Cost Control: Under DRG/DIP
payment models, intelligent pharmaceutical management systems
analyze the composition of drug expenses and interface with insur-
ance data to prevent inappropriate billing. At the same time, they
comprehensively analyze patient medication data and optimize
prescriptions through intelligent systems to reduce the average drug
cost.

4.9. Intelligent pharmaceutical science popularization

Intelligent pharmaceutical science popularization refers to the use of
digital technologies such as Al, large-scale health data, and the Internet
of Things (IoT) to deliver pharmaceutical knowledge, medication safety
information, and drug development updates to the public in innovative
and diverse ways. The goal is to enhance public pharmaceutical literacy
and promote rational drug use.

Description: With Al's natural language processing capabilities,
complex and technical pharmaceutical knowledge can be transformed
into simple, engaging, and easy-to-understand content. For instance,
information can be presented through animations, short videos, or
interactive H5 pages, making it accessible to people of all ages and
educational backgrounds. Large-scale health data allows for the analysis
of public browsing behavior and search histories, helping to identify
their informational needs and enabling personalized delivery of educa-
tional content. Generative Al (e.g., Al-generated images and videos) can
assist in creating science popularization videos and interactive Q&A
content, reducing production costs. Furthermore, intelligent Q&A
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systems based on large language models can respond to public medi-
cation inquiries in real time, offering accurate and easy-to-understand
answers. %

IoT technology breaks the limitations of time and space in science
education. Intelligent pillboxes and wearable devices can send real-time
medication reminders and drug information to users, allowing patients
to receive pharmaceutical education as part of their daily routines.
Online platforms— such as social media and science outreach
websites— can further extend the reach of pharmaceutical knowledge,
covering broader geographic areas and populations. >

With Al-powered Q&A systems, the public can ask questions about
medication anytime and receive immediate answers. Live streams and
online forums also allow real-time interactions between pharmacists,
experts, and the public, enhancing the effectiveness of science popu-
larization. Critically, Al-generated pharmaceutical content must un-
dergo evidence-based validation and expert human review prior to
dissemination to ensure clinical validity and patient safety.

4.10. Intelligent clinical trials

Intelligent clinical trials refer to the application of Al technologies
such as machine learning, deep learning, and natural language pro-
cessing to optimize various stages of clinical trials—such as patient
recruitment, monitoring and follow-up, data analysis, and regulatory
compliance—in order to accelerate drug development and improve pa-
tient outcomes. **

Description: Intelligent clinical trials have the potential to address
major issues in current clinical research, such as uneven participant
recruitment, geographic constraints, and resource inefficiencies. By
shifting the focus of research to patients' everyday environments, re-
searchers can obtain more representative and diverse data, increasing
the generalizability of study results. Additionally, patients can partici-
pate more flexibly without frequent hospital visits, which significantly
enhances their willingness to take part.

Implementing intelligent clinical trials requires overcoming several
challenges, including protecting data privacy, building robust technical
infrastructure, and increasing acceptance of new technologies. For
instance, when collecting data through wearables and mobile apps, it's
essential to ensure patient data security and prevent leaks. Research
institutions and regulatory bodies must work together to develop pol-
icies and guidelines that ensure the compliance and scientific integrity of
intelligent clinical trials.

The successful promotion of intelligent clinical trials depends on
collaboration among multiple stakeholders, including pharmaceutical
companies, healthcare providers, regulators, and patients themselves.
Establishing effective communication channels and cooperative mech-
anisms can facilitate resource sharing and information flow, creating a
healthy and sustainable ecosystem. This transformation not only im-
proves the efficiency and transparency of clinical research, but also of-
fers patients more personalized and convenient treatment
options—ultimately achieving a patient-centered model of care.

5. Future outlook of HIP development
5.1. Specialized training for intelligent pharmacists

Specialized training for Intelligent Pharmacists is designed to meet
the current needs of digital and intelligent transformation in the phar-
macy field. It aims to address the limitations of traditional pharmacy
education by cultivating pharmacists who are proficient in applying
advanced digital and intelligent technologies. By integrating digital in-
telligence into educational content, combined with hands-on training
and continuous learning mechanisms, pharmacists can develop essential
skills such as data analysis and the use of intelligent tools—enhancing
patient medication services and driving innovation and advancement in
pharmacy practice models.®®
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Description: Currently, most pharmacy education remains centered
on traditional curricula and lacks systematic instruction in digital and
intelligent technologies. Many pharmacists are not yet proficient in data
analysis or intelligent tool usage, which limits their ability to apply these
capabilities in clinical practice. Effective mechanisms for personalized
development and ongoing knowledge updates are also not well estab-
lished. Therefore, training for Intelligent Pharmacists should prioritize
digital intelligence as the core, driving reform in both pharmacy edu-
cation and career development pathways.

Academic institutions should redesign their curricula by introducing
forward-looking courses such as Artificial Intelligence in Pharmacy and Big
Data in Drug Analytics, and deeply integrate technologies like Al-driven
drug screening and blockchain-based drug traceability into instruction.
Practical competencies should be strengthened through “AI + Phar-
macy” joint laboratories and virtual simulation platforms. Interdisci-
plinary dual-degree programs (e.g., Pharmacy and Computer Science)
can produce well-rounded professionals with both algorithm develop-
ment and pharmaceutical expertise—for example, through training with
blockchain-based drug supply chain simulation systems.

For practicing pharmacists, a tiered lifelong learning system should
be established. Foundational training should focus on skills such as
Python-based data analysis and operation of medical Al tools. Advanced
modules should address complex applications like Al-assisted signal
detection in pharmacovigilance, utilizing platforms such as the “digital
twin hospital pharmacy” to enhance skills in intelligent prescription
review and medication dispensing. A professional certification system
should define standards for Intelligent Pharmacists. These should
include proficiency in tools such as electronic prescription transmission
and Al-powered adverse drug reaction monitoring, reinforced through
practical assessments like machine learning model inter-
pretation—ensuring effective integration of intelligent technologies in
pharmacy practice.

5.2. Research in Intelligent Pharmacy

Research in Intelligent Pharmacy refers to the use of advanced digital
and intelligent technologies, integrated with specialized knowledge and
practical experience in hospital pharmacy, to conduct innovative phar-
maceutical research and applied exploration. Building on the foundation
of Intelligent Pharmacist training, this research promotes interdisci-
plinary collaboration across pharmacy, information technology, and
data science—fostering integrated and innovative research teams to
advance the depth and breadth of scientific inquiry.

Description: Currently, research in Intelligent Pharmacy is still in its
early stages and lacks a systematic research framework. The translation
of research findings into clinical applications remains slow. Moreover,
interdisciplinary collaboration is limited, and deeper integration be-
tween pharmacy and information science is insufficient. As a result,
many promising studies have yet to reach their full potential. To drive
the development of Intelligent Pharmacy, active research efforts should
be pursued, focusing on several key areas.

e Al-Driven Multi-Omics Analysis Systems: Develop systems
capable of comprehensively analyzing various biological data—such
as genomics, metabolomics, and microbiomics—using artificial in-
telligence. These systems can provide insights into patients' drug
sensitivity and toxicity risk, offering precise guidance for physicians
in selecting targeted oncology therapies, psychiatric medications,
and other treatments to achieve personalized medicine.
Generative Al in Drug Development: Explore the use of generative
Al in pharmaceutical R&D, including molecular structure generation
based on diffusion models and Al-assisted optimization of clinical
trial designs.

Real-Time Drug Interaction Query Systems: Build systems that
support real-time drug interaction checks with voice and image input
capabilities. These systems should cover interactions among Western
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medicines, traditional Chinese medicines, dietary supplements, and
foods—offering timely alerts for potential interactions and support-
ing medication guidance in community pharmacies as well as risk
prevention in polypharmacy scenarios.*®

Blockchain-Based Drug Lifecycle Management: Implement
blockchain technology to construct systems that track the full life-
cycle of medications—from manufacturing to patient use. This fa-
cilitates regulatory oversight and therapeutic outcome tracking,
ensuring drug quality and safety.

Intelligent Medical Resource Allocation Systems: Design intelli-
gent systems that optimize the allocation of medical resources by
accurately forecasting drug demand. These systems ensure timely
supply of emergency medications and enhance the overall efficiency
of healthcare services.

5.3. Publications and journals in intelligent pharmacy

Publications and journals in Intelligent Pharmacy focus on show-
casing research achievements and disseminating specialized knowledge
related to the application of digital and intelligent technologies across
various aspects of pharmacy. They serve as communication platforms for
pharmacy professionals and learners, driving the development of the
discipline.

Description: These academic publications cover cutting-edge
research and practical applications in pharmacy, medicine, artificial
intelligence, large-scale health data analytics, and related fields. They
aim to provide a high-level platform for academic exchange among
pharmacy professionals, healthcare institutions, and researchers, pro-
moting the integration of pharmacy with modern technologies and
advancing intelligent pharmaceutical service systems.

Comprehensive and forward-looking monographs authored by
leading experts in the field help expand professional resources and
enrich the depth and breadth of industry knowledge. Existing journals
such as Intelligent Pharmacy are already dedicated to this domain.
Building on this foundation, further collaboration between academia
and industry should be encouraged to explore and apply frontier tech-
nologies, thereby fostering innovation and a thriving ecosystem in
Intelligent Pharmacy.

5.4. Ethics in Intelligent Pharmacy

Ethics in Intelligent Pharmacy refers to a system of principles formed
through the integration of current pharmaceutical ethics with the
emerging ethical norms of digital and intelligent technology applica-
tions. It aims to guide pharmacy professionals in making ethically sound
decisions during intelligent pharmacy practice, balancing technological
advancement with humanistic care, and promoting healthy, orderly, and
sustainable development in the field—ultimately safeguarding the in-
terests of patients and the public. Particular attention must be paid to the
risks associated with generative Al, such as "hallucinations" in drug
recommendation outputs. A dual-validation mechanism—consisting of
pharmacist review and algorithmic explainability—should be estab-
lished to ensure accuracy and safety.

Description: Ethical considerations in Intelligent Pharmacy focus on
data privacy and security, traceability and transparency of technologies,
and the responsible use of Al to enhance patient outcomes while safe-
guarding individual privacy. These principles also emphasize account-
ability, fairness, and transparency in technology applications to
harmonize innovation with ethical responsibility.®” Practitioners must
uphold informed consent, data protection, and technological reliability,
ensuring patient autonomy and awareness. When using clinical
decision-support systems in pharmacy, the attribution of responsibility
must be clearly defined, and systems must be accurate and unbiased to
prevent harm caused by technical errors or misuse.®®

Ethics in this field also considers the impact of technology on the
roles of pharmacy professionals, advocating for collaboration rather
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than replacement. The goal is for technology to enhance, not diminish,
the quality of pharmaceutical care. Moreover, ethical frameworks
should address the societal impacts of Al, such as preventing unjust data
usage and algorithmic bias, ensuring equitable access to intelligent
pharmacy services for all patients. And patients must have been
informed that digital tools or Al are used in the decision making and not
widen health inequalities.

5.5. International harmonization of intelligent pharmacy

International harmonization of Intelligent Pharmacy refers to a
unified set of standards and protocols developed to support its world-
wide development. The aim is to improve the safety, efficacy, and sus-
tainability of pharmaceutical practices while promoting international
cooperation and data sharing. This standardized framework enables
different countries and regions to manage data and monitor patients in a
consistent and interoperable manner.

Description: International harmonization efforts focus on defining
data formats, technical specifications, and process protocols to ensure
seamless cross-border integration of pharmaceutical information. It
emphasizes interoperability in drug research and development, facili-
tating global collaboration and building a more transparent and efficient
pharmaceutical ecosystem. Standardization also supports drug quality,
safety, and regulatory compliance across jurisdictions. While global
harmonization of pharmaceutical standards remains constrained by
divergent insurance payment systems, localization imperatives, clinical
practice variations, and evidence-based frameworks—acknowledging
operational realities require context-specific adaptation.

In practice, global standards in Intelligent Pharmacy should cover all
stages of clinical medication use—including drug preparation, pre-
scription review, and adverse drug reaction monitoring—to ensure
consistency throughout the process. Patient participation and feedback
must be prioritized to ensure equitable access and high-quality care.
Additionally, international harmonization must address the challenges
posed by emerging technologies, such as the ethical implications of Al,
ensuring that innovation does not compromise fairness or patient rights.
This advancement requires coordinated efforts from the global phar-
maceutical community, regulatory agencies, academia, and industry to
ensure that Intelligent Pharmacy progresses safely, effectively, and
sustainably—ultimately benefiting people worldwide.

6. Conclusion

This consensus clarifies the definition and connotation of HIP,
emphasizing its importance within intelligent hospitals. It establishes a
comprehensive framework encompassing specific scenarios such as
intelligent drug supply, intelligent medication review and regulation,
intelligent medication decision support systems, full-cycle intelligent
pharmaceutical care, and the digital empowerment of pharmacists’
competencies. Future development will focus on strengthening talent
cultivation and continuing education for intelligent pharmacists, pro-
moting interdisciplinary collaboration, enhancing innovation and
research capabilities, and establishing high-impact academic mono-
graphs and journals, thereby driving continuous innovation and
advancement in the field of intelligent pharmacy.
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