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Al Agents in Pharmacovigilance: Evolution,
Applications, and Future Directions

Introduction

Pharmacovigilance (PV) — the science of detecting, assessing, and preventing adverse effects of medicines -
has evolved into a data-intensive discipline. Since its origins in the 1960s (after the thalidomide tragedy), PV
systems worldwide have expanded dramatically in scale . Modern PV operates large
databases of individual case safety reports (ICSRs); for example, the FDA's FAERS database contains over 24
million ICSRs and has received >2 million new reports annually since 2018
This exponential growth in adverse event data, coupled with new data sources like electronic health records and
social media, has made traditional manual PV approaches increasingly strained

. Case processing and safety surveillance remain resource-intensive and costly — studies show
that case processing can consume up to two-thirds of a company’s PV budget

. These challenges drive a pressing need for innovation. Artificial intelligence (Al) has

emerged as a key enabler to augment pharmacovigilance processes, promising to streamline workflows,
enhance signal detection, and reduce human workload . The following
report provides a detailed overview of how Al "agents” — from simple rule-based systems to advanced machine
learning models - are being integrated into PV, the applications and benefits realized, real-world case studies,
regulatory considerations, and the future outlook for Al-powered drug safety monitoring.

Evolution of Pharmacovigilance and the Need for Al Integration

For decades, PV has relied on reactive and manual practices. Adverse events are reported by healthcare
providers or patients, collected into safety databases, and reviewed by specialists. While effective, this
traditional approach faces scalability issues. The number of reports has surged due to wider awareness,
regulatory requirements, and digital reporting systems . "Separating needles from the
haystack” — identifying true safety signals among thousands of reports - is increasingly difficult with manual
methods . A 2024 industry survey found that 66% of PV teams still take a largely reactive
approach to adverse event review and nearly 1in 5 rely on manual or outdated methods

. This indicates that PV has been slow to adapt to the data
deluge and new technologies.

At the same time, regulators and the public expect faster detection of risks and proactive safety management.
The good news is that technology has advanced to meet these needs. Over the past decade, PV has begun
shifting from a necessary but cost-absorbing compliance function to a more proactive, value-creating
function by leveraging automation and Al . Early efforts focused on basic automation
(such as digitizing case intake and using simple database queries for signals). More recently, Al techniques have
been piloted to handle the complexity and volume of PV data. The promise of Al is to handle high-volume,
repetitive tasks with greater speed and consistency, uncover hidden patterns in large datasets, and enable PV
professionals to focus on higher-level analysis. In short, Al integration is a natural evolution for PV — it addresses
current inefficiencies and positions drug safety monitoring for the growing challenges of the 21st century
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Types of Al Agents Used in Pharmacovigilance

Al in pharmacovigilance is not monolithic; it spans a spectrum from simple rule-based automations to complex
machine learning models. Key categories of Al agents used in PV include:

e Rule-Based Systems: These are the earliest form of Al in PV, essentially expert systems or algorithmic pipelines defined by
human-crafted rules. For example, a rule-based system might automatically flag reports lacking key fields or route cases
based on keywords (e.g. “fatal” or “hospitalization” triggers immediate escalation). Rule-based text parsers have been used
to identify adverse event terms in narratives or to perform MedDRA coding by matching synonyms. Such systems are easy
to implement and transparent, but they can be rigid. They work well for straightforward tasks but struggle with complex
language or novel patterns because they do not learn from data cioms.ch.

e Machine Learning (ML) Models: Machine learning involves algorithms that learn patterns from data rather than relying
solely on fixed rules. In PV, ML classifiers can be trained to predict outcomes like seriousness, causality, or priority of
cases based on historical data. Traditional ML methods (e.g. decision trees, support vector machines, random forests) have
been applied to various tasks — from duplicate case detection to signal pattern recognition cioms.ch. More recently, deep
learning (neural networks) have gained traction, especially for text and image data. ML models can handle complexity better
than rule-based systems; for instance, they can weigh multiple factors (drug, patient demographics, clinical notes) to decide
if an ICSR is likely valid or if an adverse event is unexpected. However, they require large, high-quality datasets for training
and careful validation to avoid overfitting or bias.

e Natural Language Processing (NLP): A significant portion of PV data is unstructured text — patients’ descriptions of
symptoms, doctors' case narratives, published literature, etc. NLP is the Al subfield that enables computers to understand
and extract information from human language. NLP-driven agents are widely used in PV for tasks like extracting adverse
event details from free-text narratives, searching literature for case reports, or analyzing social media posts for drug
mentions. Modern NLP combines linguistic rules with ML (often deep learning) to achieve high accuracy. For example, NLP

algorithms can read an ICSR narrative and pull out the patient’s age, gender, drug names, adverse reactions, and dates (13]

frontiersin.org. In an FDA study, a rule-based NLP tool was able to extract demographic information (like gender and race)

from ICSR narratives with high specificity, significantly reducing missing data in the FAERS database [14]

frontiersin.org.%20and%20Drug,PPV) (2] frontiersin.org. NLP is also used in literature screening - automatically
scanning published articles for drug safety signals — and even to auto-generate readable summaries of findings. Given the
[15]

text-heavy nature of PV, NLP is a cornerstone of Al applications in this field journals.lww.com pharmanow.live.

e Hybrid and Advanced Al Approaches: In practice, many PV systems use a combination of the above. Robotic process
automation (RPA), while not “intelligent” in itself, is often combined with Al to form cognitive automation. For instance, an
RPA bot might automatically download new safety reports and an NLP engine then processes the content. Some solutions
use knowledge graphs (linking drug, event, and patient attribute data) to enhance signal detection with network analysis.
Additionally, emerging reinforcement learning approaches could adapt PV decision rules based on outcomes (though these
are largely experimental in PV currently). The ladder of automation often starts with basic automation and climbs to full Al-

[

driven processes [16] globalforum.diaglobal.org 7] globalforum.diaglobal.org. Ultimately, Al agents in PV range from

straightforward assistants handling structured tasks to sophisticated models that continuously learn and improve at
interpreting pharmacovigilance data.

Applications of Al in Pharmacovigilance

Al technologies are being applied across the pharmacovigilance lifecycle, from initial case intake to downstream
signal analysis and reporting. Key application areas include:

Adverse Event Detection and Surveillance

Al can dramatically enhance the detection of adverse events (AEs) from large and diverse data streams.
Traditionally, PV relied on spontaneous reports submitted by healthcare professionals and patients. Now, Al
systems can monitor real-world data sources for earlier signs of drug safety issues. For example, machine
learning algorithms can sift through electronic health records or claims data to find patterns of symptoms, lab
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results, and drug exposures that might indicate an unreported adverse reaction pharmanow.live. Natural
language processing is used to scan social media posts, patient forums, and online health communities for
mentions of drug side effects pharmanow.live. These Al agents work 24/7 and can flag potential safety
concerns in near real-time — something essentially impossible with manual monitoring. This is especially
valuable for identifying AEs that patients discuss informally online or signals in under-reported populations.
Early warning from Al surveillance allows PV teams to investigate and respond to issues sooner, potentially
preventing harm. For instance, if an Al system notices a spike in Twitter posts about a drug causing migraine,
the company’s safety unit can be alerted to examine those cases immediately. Such proactive monitoring
complements the traditional spontaneous reporting system by casting a wider net for safety information

pharmanow.live pharmanow.live.

Case Intake, Processing, and Triage

One of the most mature applications of Al in PV is in case intake and triage, i.e., handling individual case safety
reports as they come in. This process involves data entry, coding, assessing seriousness, checking for
duplicates, and routing cases for further review — tasks that are repetitive and time-sensitive. Al-based tools
have shown great promise in automating these steps:

e Intelligent Data Extraction: NLP algorithms can read source documents (like MedWatch forms, emails, or PDFs from call
centers) and automatically extract key fields: patient demographics, drug name, dose, adverse event description, dates, etc.
In a proof-of-concept at Pfizer, Al-based technology was able to accurately extract critical information from AE source

documents and even evaluate case validity (i.e., does it meet the minimum criteria of an ICSR) (8] pmc.ncbi.nim.nih.gov

(9l pmec.nchi.nlm.nih.gov. This eliminates the need for manual transcription of reports into the safety database, saving

significant time and reducing transcription errors.

e Auto-Coding and Classification: Al can automate the coding of reported terms to standardized dictionaries. For example,

machine learning models can map verbatim adverse event descriptions to the proper MedDRA terms 9] journals.lww.com.
They can also classify incoming cases (e.g., serious vs. non-serious, expected vs. unexpected, product quality complaint vs.

t 1201 journals.lww.com. Als can even distinguish health professional

(20] journals.lww.com. This initial triage helps prioritize

adverse reaction) based on the content of the repor

reports from consumer reports by analyzing language and context
which cases need urgent human review (such as serious, unlabeled events) and which are routine.

e Duplicate Detection: With large volumes of reports, detecting duplicates (the same case reported by a patient and a
doctor, or multiple companies) is a challenge. Al can compare new cases with existing ones using algorithms that match on
various fields (including fuzzy text matching) more effectively than simple database queries. Machine learning-based
duplicate detection systems have shown improved accuracy in identifying likely duplicate ICSRs by learning the typical

[91 ;

variations in spelling, dates, or narratives that signify duplicate reports journals.lww.com.

e Case Narratives and Write-ups: Advanced NLP is capable of generating draft case narratives by compiling the extracted
data into a coherent clinical story. Instead of a safety specialist writing a summary of the case from scratch, an Al can

produce a first draft narrative that the specialist then fine-tunes [15] journals.lww.com. This use of generative Al speeds up

the documentation aspect of case processing.

Overall, these applications in case processing can dramatically improve efficiency. Reports suggest that current
Al tools might automate around 20% of case processing steps on average, but leading organizations expect to
reach 60% or more automation in the near future ° globalforum.diaglobal.org. In practice, companies using
modern PV platforms have seen substantial workload reductions. One source notes that tools like Oracle Argus
Safety (with integrated Al capabilities) can automate case processing tasks and reduce manual workload by
up to 50%pharmanow.live. By handling data entry and administrative checks, Al triage lets human PV
professionals focus on the medical assessment and decision-making parts of case review.

Signal Detection and Safety Insights
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Signal detection - identifying new or rare safety risks from aggregate data - is a core PV activity that is being
transformed by Al. Traditional signal detection in spontaneous report databases relies on statistical
disproportionality algorithms (like PRR, EBGM) to find drug-event pairs reported more often than expected. Al
brings additional power by considering a wider array of factors and more complex patterns:

e Advanced Pattern Recognition: Machine learning algorithms can be trained on known safety signals to recognize the
“fingerprints” of true signals versus noise. These models look at not just frequency, but multi-dimensional patterns: trends
over time, patient subgroups, combinations of drugs, report context, etc. For example, ML can perform clustering of cases
to detect unusual case clusters that might indicate a safety issue (even if each individual event type isn't disproportional by
itself). In one study, text mining and ML classifiers were combined to classify vaccine safety reports and demonstrated the

[22]

ability to effectively identify relevant case clusters pmc.ncbi.nim.nih.gov.

e Incorporating Unstructured Data: Al allows signal detection to extend beyond numeric fields into text. NLP techniques
enable scanning of narrative fields in ICSRs or medical literature for emergent themes. An algorithm might learn that a
certain phrase (e.g., “liver enzyme elevated”) cropping up frequently with a particular drug is an early warning. Social media
signals can also be quantified; for instance, if a surge of tweets is noticed complaining of a specific side effect for a drug,
this can be factored into signal detection along with formal reports pharmanow.live.

e Examples in Practice: The WHO Uppsala Monitoring Centre (UMC) has long used an Al-based approach for signal detection
- notably the Bayesian Confidence Propagation Neural Network (BCPNN) method - to mine the VigiBase (the WHO global
ICSR database) for signals (23] journals.lww.com. This neural network model is an early example (in production since the

1990s) of Al in PV, identifying signals while accounting for uncertainties in the data. More recently, tools like Oracle Empirica

Signal incorporate machine learning to detect, analyze, and manage signals across large datasets pharmanow.live. These

platforms can highlight signals earlier and more accurately by reducing false-positive alerts pharmanow.live, thus allowing

safety teams to focus on validating genuine risks.

In summary, Al-enhanced signal detection can sift through massive PV data repositories to find the needle-in-
the-haystack relationships indicative of a new safety problem. By using predictive modeling and pattern
recognition, Al may flag potential risks months sooner than traditional methods, while also filtering out noise
(reducing the burden of assessing spurious signals) pharmanow.live. Importantly, regulatory guidance still
mandates that statistical or Al flags are only hypotheses — human expert review is needed to confirm a signal
241 journals.lww.com. Al, therefore, acts as an intelligent assistant to focus human attention where it matters
most in signal management.

Literature Screening and Analysis

Pharmacovigilance departments must continuously scan scientific literature for any publications that report
adverse drug reactions — a requirement in many jurisdictions. This is a labor-intensive process: reviewers search
databases like PubMed for each product, then read through many articles to identify case reports or safety

findings. Al is revolutionizing this literature screening task:

e Automated Search and Filter: Al systems can run automated searches for each drug and use text classification to filter
relevant citations. For example, an NLP model can be trained to distinguish papers that likely contain an adverse event case
report from those that don’t. It does so by "reading” titles, abstracts, or full texts and looking for language suggestive of
adverse drug reaction descriptions.

e Rapid Triage of Publications: Instead of a human reading 100 articles to find 1 case report, an Al tool might flag 10 likely
ones. This drastically cuts down manual screening time. As an illustration, Al literature screening tools can scan thousands
of published papers and identify those mentioning specific drug-event relationships, even when buried in the text
pharmanow.live. Some tools highlight the exact snippet in the article that mentions the adverse event, allowing the PV

professional to quickly confirm if it's a report that needs follow-up.

e Summarization: Beyond finding relevant articles, advanced Al (including natural language generation) can produce
concise summaries of identified safety information. For instance, if a case report is found in a journal, an Al summarizer
might produce a short synopsis: “Case report of Drug X causing acute pancreatitis in a 50-year-old male...". This assists PV
teams in rapidly understanding the content without reading the full paper word-for-word pharmanow.live.
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Pharmaceutical companies and service providers have begun deploying such Al-driven literature monitoring
solutions. These not only ensure regulatory compliance (no missed literature reports) but also free PV scientists
from a tedious task. By catching published safety information quickly, companies can process those as ICSRs or
include them in aggregate reports in a timely manner. Overall, literature screening is a clear example where Al's
strength in text processing yields immediate efficiency gains and improved thoroughness in pharmacovigilance.

Automated Reporting and Regulatory Submissions

Another important area is the use of Al to assist in reporting obligations — both individual case reporting to
regulators and aggregate safety reports:

e Individual Case Reports (ICSRs): Once a case is processed, companies must often submit it to authorities (like FDA's
FAERS or EMA's EudraVigilance) within strict deadlines (e.g., 15 days for serious unexpected cases). Al can automate the
assembly of the electronic report by populating the required fields (in the standardized E2B format) and performing
validation checks. For example, some PV systems use Al to auto-fill an ICSR form from the data extracted by NLP, then a
human just verifies and releases it. There are also Al translation tools now being used: an Al can translate case narratives or
medical records into English (or other languages) instantly. Oracle recently introduced an Al-powered translation feature in
its Argus Safety system that can translate free-text case information into 30 different languages automatically [25]

oracle.com. This helps global PV teams comply faster with local language reporting requirements by eliminating manual

[25] 26]

translation delays oracle.com [26] oracle.com.

e Periodic and Aggregate Reports: PV is responsible for writing aggregate safety reports such as Periodic Safety Update
Reports (PSURs/PBRERs) and Development Safety Update Reports (DSURs), as well as signal assessment reports and risk
management plan updates. These lengthy documents contain summaries of all new safety information over a period. Al can
assist by generating sections of these reports. For instance, an Al might compile all case counts, patient demographics,
and event frequencies into a draft table or text for the PSUR. Some companies are experimenting with using large language
models to draft narrative sections (e.g. the summary of safety concerns) based on the database content and previous
reports. While human medical writers still oversee and edit the final report, Al can significantly accelerate the preparation by
handling the repetitive data collation and initial drafting tasks pharmanow.live. One report noted that Al systems can even
generate complete draft PSURs or ICSRs ready for regulatory submission, requiring only review and refinement by PV staff
pharmanow.live.

e Compliance Checking: Al tools are also used to ensure regulatory compliance in reporting. For example, an Al might cross-
check that all required expedited reports have indeed been submitted within timelines — essentially auditing the workflow.
Some systems analyze submission logs and compare to due dates, automatically notifying staff of any potential late case or
missed report. Moreover, Al can parse new regulatory guidelines and highlight changes relevant to the company's PV
processes pharmanow.live. This helps large organizations keep their procedures aligned with evolving global requirements.

Through these applications, Al streamlines the interface between pharmacovigilance and regulatory authorities.
It reduces the turnaround time for reporting and minimizes the risk of human error (e.g., missing a critical field in
a case report). Accuracy and speed are paramount in regulatory submissions, and Al aids both — ensuring
forms are correctly completed and often doing so in minutes instead of hours. As regulatory agencies
modernize their systems, the future vision is end-to-end electronic workflows where Al on the company side
communicates seamlessly with the authority’s systems (for example, auto-submitting to EudraVigilance once a
case is validated). Even today, the integration of Al into reporting means patients and regulators get important
safety information sooner, enhancing public health protection.

Real-World Implementations and Case Studies
Industry Case Studies: Al Adoption by Pharmaceutical Companies

Pharmaceutical and biotech companies have begun adopting Al in their pharmacovigilance operations, often
starting with pilot projects to test feasibility. One notable example is Pfizer, which conducted a pilot in 2018 to
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evaluate Al and robotic automation for adverse event case processing ">’ pmc.ncbi.nim.nih.gov. In this pilot,
Pfizer simultaneously tested solutions from three commercial vendors on their ability to auto-extract case
information from source documents and perform initial case assessments. The results confirmed that modern Al
tools can accurately extract key data (like drugs, events, patient info) and even determine if a case meets

validity criteria, using the safety database’s own historical data to train the algorithms '/

[28]

pmc.ncbi.nlm.nih.gov
pmec.nchi.nim.nih.gov. The pilot not only showed feasibility but also helped Pfizer compare vendor capabilities
and identify the best candidate for further deployment [“°! pmc.nebi.nlm.nih.gov. This case study is often cited as
it demonstrated real-world viability of Al in a complex area (ICSR processing) and paved the way for production
implementations.

Since then, many top pharma companies have moved from pilots to broader implementation. For instance,
Roche, Novartis, AstraZeneca, and Johnson & Johnson are reported to have implemented Al-powered PV
platforms (such as ArisGlobal's LifeSphere PV suite) to automate and streamline their case management and
reporting workflows pharmanow.live. Merck has similarly adopted a modern safety database (Veeva Vault
Safety) that incorporates automation in case intake and tracking pharmanow.live. These companies leverage Al
for tasks like auto-data entry, duplicate check, and report generation, as described earlier. The reported
benefits include faster case processing times and reduced case volume per safety staff, indicating efficiency
gains.

Another interesting industry example is the use of robotic process automation (RPA) in PV. During the COVID-
19 pandemic, PV departments faced surges in case volume (e.g., from vaccine adverse event reports). Pfizer,
among others, used RPA bots (via Blue Prism) to handle large volumes of data transfers and case intake steps,
effectively scaling up throughput during peak periods pharmanow.live. While RPA is not Al per se, in Pfizer's
case it was part of a broader intelligent automation strategy that also included cognitive elements for data
handling. This showcases how companies blend different technologies to achieve resilience and efficiency in PV
operations.

In terms of quantitative outcomes, companies often keep exact metrics confidential, but anecdotal reports are
promising. Some organizations claim to have automated 30-50% of their case processing activities with Al
tools, significantly cutting down manual labor [?'! globalforum.diaglobal.org pharmanow.live. Turnaround times for
screening and data entry have dropped from days to hours in certain workflows. Importantly, no major company
has reported any regulatory compliance issues from using these tools — indicating that with proper validation
and oversight, Al can be introduced without compromising quality or compliance.

Collaboration with Technology Vendors and Service Providers

The pharma industry’s Al-PV efforts are often in collaboration with specialized technology vendors. Companies
like Oracle, ArisGlobal, Veeva, IQVIA, and others have incorporated Al into their pharmacovigilance software
solutions:

e Oracle has added Al features to its widely used Argus Safety case management system. A recent development (2024) is the
Al-driven language translation for case data, which allows global PV teams to process cases in local languages more

[25]

efficiently oracle.com. Oracle also offers Safety One Intake, an Al-enabled intake module that can automatically read

and triage incoming reports (including extracting data from email/fax and populating the database) [30] jinkedin.com (31!

oracle.com. These enhancements aim to increase throughput and ensure regulatory deadlines are met by removing manual

[26]

bottlenecks oracle.com.

e ArisGlobal’s LifeSphere PV platform uses a suite of cognitive computing capabilities branded as “LifeSphere Cognitive."
This includes NLP for case intake, machine learning for case prioritization, and automation of report writing. Major pharma
companies have publicly adopted LifeSphere for their global safety operations (e.g., as noted, Roche and others) to achieve
higher automation pharmanow.live.
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e Signal Management Tools: Oracle Empirica Signal and UMC's VigiLyze are examples of signal detection platforms that use
algorithms to help companies and regulators identify signals. Empirica, used by many companies and regulators, employs
data mining and can incorporate machine learning models for advanced signal analytics pharmanow.live. UMC's tools (like
the vigiRank prioritization algorithm) use Al techniques to rank potential signals by combining multiple factors (report
quality, newness of information, etc.), thereby guiding analysts to the most relevant safety issues.

e Safety Service Providers: Organizations like IQVIA, Accenture, and Cognizant offer PV services and emphasize their Al
capabilities. For instance, IQVIA has highlighted an approach to integrate Al across the drug safety lifecycle, from clinical

trial safety data analysis to post-market case processing [32] iqvia.com. There are also startups focusing on niche solutions,
such as Al for social media monitoring or automated literature review, which pharma companies either license or
outsource to.

A case study from a DIA Global Forum article described a Top 10 pharma company that faced the challenge of
integrating safety surveillance across multiple divisions (pharma, vaccines, consumer health). The company
deployed a new signal detection platform with strong integration capabilities as a phased project [°°]
globalforum.diaglobal.org. This platform (falling under “cognitive RPA" in their technology ladder) allowed
unification of data sources, standardized signal workflows across units, and easier data migration from legacy
systems [°*! globalforum.diaglobal.org. Reported benefits included increased efficiency, combined safety teams
working off unified data, improved process visibility, and audit readiness due to standardization [*°!
globalforum.diaglobal.org. This case underscores that beyond individual tools, re-engineering PV processes with
Al-ready platforms can yield strategic improvements in how safety surveillance is conducted.

Health Authority and Academic Initiatives

Not only industry, but regulatory agencies and academic centers are exploring Al in pharmacovigilance:

e The FDA has an active interest in leveraging Al to enhance its surveillance capabilities. We already noted an FDA Division of

Pharmacovigilance study where an NLP tool was applied to FAERS narratives to capture missing demographic data [36]

frontiersin.org [13] frontiersin.org. The outcome was a notable improvement in data completeness (e.g., identifying a
patient gender in narrative text for ~472,000 reports that were missing that info in structured fields, thus reducing missing

gender cases by one-third) [37] frontiersin.org (38] frontiersin.org. FDA researchers have also been investigating ML for
signal detection and risk stratification. In public forums, FDA officials have emphasized the need for Al in PV to manage the

[39] sciencedirect.com.

The FDA's Center for Drug Evaluation and Research (CDER) has even coined the term "algorithmovigilance” for monitoring

volume and complexity of data, while cautioning about maintaining scientific rigor and validation

Al algorithms in healthcare, drawing lessons from PV on how to oversee and ensure the safety of Al tools used in drug safety

[40] [41]

and beyond nature.com nature.com.

e The European Medicines Agency (EMA) has made Al in pharmacovigilance a strategic focus in recent years. In 2023, EMA
published a Reflection Paper on Al in the medicinal product lifecycle, which explicitly covers post-marketing safety
monitoring. It envisions Al supporting adverse event report management and signal detection, as long as it aligns with Good
PV Practices (GVP) ema.europa.eu. The EMA has also outlined an Artificial Intelligence workplan (2023-2028) for guiding Al

integration in various regulatory domains, including PV efpia.eu [42]

globalcompliancenews.com. Under EMA's aegis,
projects are underway to use Al for things like literature monitoring (the EMA already uses a centralized literature
monitoring service that likely employs text mining to identify relevant publications for certain medicines). National agencies
in Europe (like MHRA in the UK) have similarly shown interest in Al to improve signal detection from large datasets (e.g.,

MHRA running innovation projects to mine the UK's Yellow Card database using ML).

e The World Health Organization (WHO), through the UMC, continues to research novel Al methods on the global VigiBase
data. One example is developing ML techniques to better detect duplicate reports in VigiBase, a significant issue that can
[43]

distort signal analyses drugsafetymatterspod.org. By using new ways of comparing reports with Al, UMC reported

improvements in weeding out duplicates that previously required laborious manual review (43] drugsafetymatterspod.org.
WHO has also been actively encouraging member countries to adopt electronic reporting and is looking into Al to assist
lower-resource countries in PV (for instance, automated case coding or triage tools that could be shared globally).
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e CIOMS Working Group: The Council for International Organizations of Medical Sciences (CIOMS) has convened a Working
Group (WG XIV) specifically on Al in Pharmacovigilance. In 2025 they released a draft report for public consultation
addressing the opportunities and challenges of Al across PV processes cioms.ch. This CIOMS report (once finalized) is
expected to provide a global consensus and recommendations on best practices for implementing Al in PV, addressing
aspects like data standards, validation, and ethical use. The involvement of CIOMS indicates the high level of international
interest in formalizing how Al should be harnessed in drug safety.

These case studies and initiatives demonstrate that Al in pharmacovigilance is moving from concept to reality.
Early adopters in industry have proven feasibility and are scaling up, while regulators and international bodies
are actively engaging to provide frameworks and ensure that the use of Al ultimately serves the goal of
protecting patients. The real-world evidence so far suggests Al can significantly enhance efficiency without
sacrificing quality — provided there is careful implementation and oversight.

Integration with Existing Pharmacovigilance Systems

A critical aspect of deploying Al in pharmacovigilance is integrating these new tools with existing PV systems
and databases. Pharmacovigilance is a highly regulated domain with established systems like EudraVigilance
(in the EU) and FAERS (in the US) that collect reports, and industry-standard databases (e.g. Argus, ArisGlobal,
Veeva) that companies use internally. Al solutions must work within this ecosystem:

e Compatibility with Data Standards: PV data exchange is standardized (e.g., ICH E2B format for ICSRs). Any Al tool used
for case intake or generation must produce outputs that conform to these formats so that they can be uploaded to the main
safety database and submitted to regulators. For example, if an Al extracts information from a free-text report, it must
populate the structured fields (patient age, sex, etc.) exactly as the database expects. This requires mapping the Al's output
to the regulatory fields — which modern tools are designed to do. In fact, in one innovative approach, Pfizer's team trained

[44]

their ML model using the existing safety database fields as a surrogate for direct annotations pmc.ncbi.nim.nih.gov.

This ensured that what the Al learned was directly aligned with the database schema, easing integration.

e Embedding Al in PV Platforms: The trend is for traditional safety databases to incorporate Al modules natively. Oracle’s

25] 45]

Argus Safety, for instance, now embeds Al for language translation and case intake within the software [“°) oracle.com !

oracle.com. This means users don't have to use a separate application - the Al functionality is part of the case workflow
(e.g., a button to "auto-translate narrative” or an automated step that populates fields upon case creation). Similarly,
ArisGlobal’s LifeSphere and other cloud PV systems offer integrated Al for coding, narrative generation, etc. Integration at
the platform level ensures consistency and auditability — the Al actions are captured in the system’s audit trail like any user
action, which is important for compliance.

e Interfacing with Regulator Systems: For company PV departments, integration also means that Al-processed cases still
get reported out to regulator databases seamlessly. If an Al tool triages a case as non-serious, for example, it still must allow
that case to be reported in periodic batches or per regulation. EudraVigilance and other authorities generally don't care how
a case was processed internally, only that the data submitted is correct and timely. So integration is about ensuring Al does
not become a "black box" that breaks the chain of trust in data. Companies include their Al workflows in their PV System
Master File and procedures, making sure that any automated processing is validated and that the output to regulators
meets the required GVP standardsema.europa.eu ema.europa.eu.

e Data Flow and Interoperability: With the rise of Al, there’'s also a push for better interoperability between different data
systems. Al-based signal detection benefits from linking various data sources — spontaneous reports, clinical trial data,
epidemiological databases — which historically might be siloed. A future-ready PV system is envisioned to be more

interoperable so that Al can easily pull data from different sources and perform combined analyses [46]

147

globalforum.diaglobal.org ] globalforum.diaglobal.org. Cloud-based architectures facilitate this, and standards like

ISO's IDMP (ldentification of Medicinal Products) will help Al agents unambiguously recognize drugs across datasets.
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e Examples of Integration: The previously mentioned Top 10 pharma case study achieved integration by deploying a platform
that combined data sources from pharma, vaccines, and consumer health units and replaced legacy tools with a unified

system (3] globalforum.diaglobal.org [34] globalforum.diaglobal.org. This integrated approach, supported by cognitive
automation, led to streamlined signal detection across the company's portfolio. Another example is how FAERS data is being
used: FDA's NLP tool was directly applied to FAERS, demonstrating that an Al can work on top of an existing massive
database without needing a completely new system (48] frontiersin.org (2] frontiersin.org. The tool had to understand
FAERS data structures (narrative fields, etc.) and was successfully integrated into FDA's workflow for data quality

improvement.

e Challenges: Integration is not without challenges. Legacy PV systems can be antiquated and not designed to accommodate
Al outputs. Companies often face IT hurdles in connecting an Al engine to a validated safety database without violating
compliance (for instance, ensuring the Al doesn't inadvertently alter data or that its actions are traceable). There's also the
matter of real-time integration - e.g., can an Al process an incoming case as it’s being reported via a web form? Solutions
are emerging where an incoming case can go through an Al triage in real-time and provide decision support to the human
reviewer on the fly. Achieving such seamless integration requires robust IT infrastructure and careful process design.

In conclusion, integrating Al into PV systems is about augmenting the existing pharmacovigilance framework,
not replacing it. Successful integration yields a hybrid system where Al does the heavy lifting under the hood,
while the established PV database and workflows ensure regulatory compliance and data integrity are
maintained. As regulators update their own systems (e.g., EMA's EudraVigilance is now fully E2B(R3) electronic,
and FDA's FAERS has a public dashboard with analytic capabilities), we can expect smoother integration where
Al-prepared data flows directly into regulatory evaluations, accelerating the entire loop from signal detection to
regulatory action.

Regulatory and Compliance Considerations

Using Al in pharmacovigilance must be done within the strict regulatory and compliance frameworks that govern
drug safety. Regulatory agencies like the FDA, EMA, and others have made it clear that while they welcome
innovation, companies remain responsible for the quality and integrity of their PV activities, whether performed
by humans or Al:

e Good Pharmacovigilance Practice (GVP): In regions like the EU, GVP guidelines outline requirements for PV systems,
personnel, data quality, record-keeping, and reporting. Any Al tool used in PV must adhere to these same requirements. For
example, GVP Module VI (Management of Adverse Reaction Reports) requires that all serious ICSRs are submitted within 15
days and that data is complete and accurate. If a company uses an Al to triage cases, it must ensure this does not cause
delays or omissions in reporting. Similarly, GVP Module IV (PV Audits) implies that the processes (including automated
ones) should be auditable. Al algorithms should therefore leave an audit trail - e.g., how a case was classified, by which
algorithm version, with what confidence - to satisfy audit and inspection requirements.

e ICH Guidelines (E2E, etc.): ICH E2E (Pharmacovigilance Planning) encourages a proactive approach to safety throughout a
product’s lifecycle. Al can support this by analyzing data for potential risks as part of Risk Management Plans. However,
companies should document how Al contributes to risk identification and management in regulatory submissions when
relevant. ICH E2B governs the electronic transmission of ICSRs — any Al handling case data must maintain compliance with
the E2B format and business rules (no invalid terms, correct MedDRA versions, etc.). Essentially, Al should be invisible to
regulators in terms of data format: regulators should receive compliant reports regardless of automation behind the scenes.

e Validation of Al Systems: One of the core regulatory expectations is that computerized systems used in PV are validated
for their intended purpose. This applies equally to Al-based systems. EMA's reflection paper explicitly states that the MAH
(Marketing Authorization Holder) is responsible for validating, monitoring, and documenting the performance of Al/ML
models used in PV, and for including these in the pharmacovigilance system ema.europa.eu. This means companies need to
perform thorough testing of Al tools (e.g., ensure an NLP correctly extracts data by comparing to manually curated
examples) and demonstrate that the tool consistently meets predefined performance criteria. Any updates to the Al (new
model versions) would likely require re-validation. Regulators may ask to see evidence of this validation during inspections.
In practice, companies often validate Al tools by comparing their outputs to historical cases or parallel manual processing to
show that they do not miss cases or produce unacceptable errors.
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e Transparency and Explainability: Regulators have emphasized the need for explainable Al in high-stakes domains like
healthcare. If an Al model is used to make a decision (say, downgrading a case from serious to non-serious), PV teams
should understand why. During inspections or in pharmacovigilance system descriptions, companies might need to explain
the logic of their Al or at least demonstrate that its output is subject to medical review. The EMA and FDA are cautious about
"black box" algorithms. It's telling that in the U.S., the FDA considers many Al-driven tools that aid clinical decision-making

as medical devices requiring approval 1491 journals.lww.com. While an internal PV tool may not directly fall under that
categorization, if it were to be used in a way that impacts patient management (e.g., an Al that recommends label changes),
it could attract a higher regulatory scrutiny. The key is that any Al in PV should augment human decision-making and be
used under oversight, rather than making autonomous regulatory decisions.

e Guidances and Reflection Papers: As noted, EMA has published a Reflection Paper (2023) covering Al in the medicine
lifecycle, with principles like data quality, explainability, and risk management for Al ema.europa.eu ema.europa.eu. There is
also an ongoing initiative at the FDA (through their Digital Health Center of Excellence) to provide guidance on Al/ML in
medical devices, some of which can be analogously applied to PV tools. We are seeing the early stages of formal guidelines:
in 2024, EMA's Pharmacovigilance Risk Assessment Committee (PRAC) discussed Al's role in PV and is likely to release
specific recommendations on its use in signal management. Additionally, the EU Al Act, a horizontal regulation under
development, would classify Al systems by risk. An Al system used in pharmacovigilance might be considered high-risk
(since it pertains to health and safety). This Act would impose requirements like transparency, human oversight, and
robustness testing on such systems pharmanow.live. Companies operating in Europe will need to align with those once in
force.

e WHO and CIOMS Perspective: The WHO has pointed out ethical considerations, such as ensuring Al does not inadvertently
worsen under-reporting from certain regions or populations (for instance, if an Al is trained mostly on data from one region,
does it perform less well on cases from another?). The CIOMS draft report on Al in PV is expected to address many
compliance considerations, likely recommending a set of best practices for governance of Al (e.g., algorithm change control,
performance monitoring, and periodic review akin to periodic safety updates for the algorithm itself).

e Accountability and Human Oversight: A recurring theme in regulatory discussions is that Al should not replace human
expertise in PV, but rather support it [50] journals.lww.com [51] journals.lww.com. Regulators will hold the company (the
MAH) accountable for the PV decisions and actions, regardless of whether an Al tool was involved. Therefore, companies are

instituting human-in-the-loop processes: Al may preprocess and even provide an initial assessment, but a qualified PV
professional reviews critical outputs (like a potential signal or a case that the Al marked as non-serious) before finalization.
This ensures that any errors by Al can be caught and also that a medical judgement is applied where needed. For example,
an Al might flag a drug-event as a signal due to statistical strength, but a human might know there is a plausible alternative
explanation (confounding) and decide to monitor rather than take immediate action — such nuanced decisions remain the

purview of experienced safety experts.

e Privacy and Data Protection: PV data often contains personal health information. Using Al might involve combining
datasets or using cloud-based tools. Companies must ensure compliance with data protection laws (like GDPR in Europe).
An Al system processing case data has to maintain data security and confidentiality. If external vendors are involved,
appropriate data processing agreements and safeguards must be in place. Interestingly, Al might also help with privacy -
e.g., using algorithms to anonymize narratives by removing patient identifiers before analysis.

In summary, regulatory bodies encourage the integration of Al in PV for its potential to improve public health
outcomes, but they expect it to be done in a controlled, transparent, and validated manner. Compliance
standards (GVP, ICH, etc.) still apply fully. The onus is on companies to ensure that Al use does not compromise
the quality of pharmacovigilance activities. As one article put it, any Al in PV should “enhance human
intelligence rather than substitute human experts,” underscoring that final responsibility for patient safety lies
with the company and its PV professionals, not the algorithm °% journals.lww.com.

Benefits of Al in Pharmacovigilance

When implemented well, Al offers numerous benefits that address both operational efficiencies and the
overarching goal of better patient safety:
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e Improved Efficiency and Speed: Perhaps the most immediate benefit is the time saved in processing and analyzing safety
data. Tasks that once took humans hours or days (like manual data entry, literature review, or volume screening of cases)
can be done by Al in seconds to minutes. This speed means that safety information is available for assessment much faster.
For instance, an Al can triage a batch of new cases overnight, so that by the morning, safety staff have prioritized worklists.
Faster processing leads to quicker identification of potential safety issues and earlier intervention, which can be critical in
preventing patient harm pharmanow.live. Moreover, in the context of regulatory reporting, faster case processing helps

[26]

ensure timelines (such as the 15-day reporting clock) are met or exceeded comfortably oracle.com.

e Cost Reduction and Resource Optimization: Automation of PV processes can significantly reduce operational costs in the

(6] pmc.nchi.nlm.nih.gov. By offloading a portion of

long run. Case processing is known to be the largest cost driver in PV
this to Al, companies can handle growing case volumes without linear increases in headcount. This is especially beneficial
for managing peak loads (e.g., product launches or crisis events) without overstaffing. One estimate suggested that
introducing Al to assist case processing could cut the manual effort nearly in half pharmanow.live. Additionally, reducing
manual workload can lower the costs associated with outsourcing (many companies outsource case processing to CROs or
BPOs - effective Al could curtail that spend). The reallocation of human resources from rote tasks to more analytical roles

can also increase the overall productivity and value of the PV team.

e Consistency and Accuracy: Human processing of safety data is subject to variability — different people may assess and
code things slightly differently. Al systems, once trained, apply the same criteria uniformly every time, which improves
consistency. For example, an NLP model will code the term “heart attack” to the same MedDRA term every single time,
whereas humans might choose slightly different terms or miss coding it. This consistency improves data quality in the safety

database |°! journals.lww.com. Al can also reduce human errors such as typos, missed information, or miscalculations. In

the FDA's study, the NLP tool extracted information with very high specificity (over 94%) [2°] frontiersin.org, meaning it
made very few false extractions compared to humans who might overlook text. By catching details that humans might miss
(especially in long narratives), Al ensures more complete case data for analysis. Furthermore, for signal detection, ML
algorithms can more reliably apply statistical thresholds and pattern logic than a manual review might, thus ensuring
potential signals aren’t missed due to oversight.

e Scalability and Flexibility: Al solutions scale effortlessly with data volume. If your ICSR volume doubles next year, an Al can
handle the increase with minimal tweaks, whereas a human team would need to double in size or work hours. This scalability

is vital as global reporting continues to grow (millions of reports per year globally) (53] frontiersin.org. Al systems can also
handle multiple data sources simultaneously - for example, monitoring social media, literature, and database reports in
parallel — something a human team would find very hard to do continuously. This broad surveillance capability means PV can
cover a wider net of information. As one source noted, an Al application can monitor thousands or even millions of data
points (patients, reports) across multiple products without fatigue pharmanow.live. This frees PV from the practical limits of
human bandwidth.

e Enhanced Signal Detection and Risk Management: By employing advanced analytics, Al can potentially identify safety
signals earlier and more accurately. Machine learning models might detect subtle associations or emerging trends that
classical methods or manual review might overlook. Also, Al can cut down on false positives (alerts that turn out not to be
true issues) by recognizing patterns that distinguish true signals, thereby focusing attention on real risks pharmanow.live.
The net effect is a more robust signal detection process — more sensitive to real issues and more specific (less "noise").
Better signal detection translates into improved patient safety because companies and regulators can take action (like
updating warnings or restricting use) sooner, thus preventing additional adverse outcomes. We might consider this the
ultimate benefit: Al-augmented PV can save lives by catching drug safety problems as early as possible in the product's
lifecycle.

e Allowing Human Expertise to Focus on Value-Added Activities: By automating routine tasks, Al frees up experienced
pharmacovigilance professionals to concentrate on complex judgments and analyses. Instead of spending their days doing
data entry or triaging 100 cases for which perhaps 10 are critical, they can spend time on those 10 critical cases - doing in-
depth medical review, investigating causal factors, designing risk mitigation strategies, or conducting benefit-risk analyses.
This leads to a qualitative improvement in PV outputs. Humans can apply their medical and scientific expertise where it's

most needed, with Al handling the grunt work behind the scenes (51

improve job satisfaction for PV staff (less tedium, more intellectually engaging work), which indirectly benefits the

journals.lww.com. This human-Al synergy can also

organization through retaining talent and expertise.
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e Continuous Operation: Al systems can run continuously without breaks. This is useful for tasks like monitoring incoming
data feeds or social media in real-time. A round-the-clock “digital pharmacovigilance agent” can alert safety personnel to
urgent issues at any time. For example, if an Al monitoring Twitter finds a sudden cluster of tweets about a serious side
effect over a weekend, it can trigger an alert for on-call staff. This 24/7 vigilance is hard to maintain with human-only teams.

In summary, the benefits of Al in pharmacovigilance span efficiency, quality, and capability dimensions.
Importantly, these benefits are interlinked - faster case processing (efficiency) means quicker signal detection
(safety benefit), consistency (quality) means clearer signal analysis, and scalability means the PV system can
handle future challenges (like huge data from real-world evidence studies or genomic data integration). These
advantages make a compelling case for Al integration, as long as the challenges and limitations (discussed next)
are properly managed to ensure that the Al-driven PV system remains accurate and trustworthy.

Limitations and Challenges of Al in Pharmacovigilance

Despite its promise, the use of Al in pharmacovigilance comes with a set of limitations and challenges that
organizations must address:

e Data Quality and Quantity: Al models, especially machine learning, require high-quality data for training and operation. PV
data can be notoriously messy - reports often have missing fields, misspellings, and unstructured narratives. If an Al is
trained on biased or incomplete data, its predictions will be skewed (the classic “garbage in, garbage out” problem). For
example, adverse events are under-reported in certain regions or populations, so an Al might get biased towards patterns
seen in more frequently reporting groups and miss signals in under-reported ones. Additionally, some safety issues are rare;
there may simply not be enough examples for an ML model to “learn” them. Ensuring data completeness and accuracy is a
continuous challenge in PV, and Al doesn't eliminate that - in fact, Al may magnify data problems if not addressed
pharmanow.live. Companies must invest in data cleaning, standardization, and perhaps data augmentation techniques
(simulating cases) to have robust Al models. It's also crucial to update models as new data comes in, to avoid models
becoming stale or failing to recognize shifts (like a new syndrome that wasn’t in the historical data).

e Bias and Fairness: Closely related to data quality is the issue of bias. PV data can reflect various biases (e.g., reporting
bias, channel bias, demographic bias). An Al trained on such data might inadvertently learn these biases. For example, if
historically certain mild adverse events were not reported for older patients (perhaps due to assumption they are age-
related), an Al might wrongly learn that a given drug doesn’t cause those events in the elderly, missing a real risk. There's
also a risk of model bias: an algorithm might perform well for common drugs or well-represented demographics but poorly
for others. Ensuring fairness means the Al's performance is consistent across different subgroups and that it doesn’t
systematically under-report or over-report certain kinds of events. This is a challenging area requiring careful testing and
sometimes specialized techniques to mitigate bias. Regulators and ethicists are paying attention to this, since Al-related
biases could have direct patient safety implications if not checked pharmanow.live.

e Lack of Explainability (Transparency): Many powerful Al models (like deep neural networks) operate as “black boxes”
where the rationale for a given output isn’t readily interpretable. In pharmacovigilance, this is problematic because
regulators and PV professionals need to understand the basis of a safety signal or decision. If an Al flags a drug-event
combination, the safety team must understand why: was it because of an increase in reporting frequency? Certain clinical
features? If the model can’t provide an explanation, it's hard to trust and act upon its outputs in a regulated context. This is
why explainable Al (XAl) is emphasized. Current research and practice involve methods like decision trees or attention
mechanisms that make Al reasoning more transparent cioms.ch. Without adequate explainability, PV experts may be
reluctant to use Al findings, and regulators may not accept Al-driven conclusions. This remains a technical and cultural
challenge: bridging the gap between complex Al models and human understanding.
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e Validation and Performance Monitoring: Deploying Al in PV isn't a one-and-done effort - it requires continuous
validation and monitoring. An Al model's performance can drift over time. For instance, changes in adverse event
terminology (new MedDRA terms) or shifts in product usage (a drug gets approved in a new population) can reduce a
model’s accuracy if not updated. Therefore, organizations need to regularly assess their Al tools against known standards or
new test datasets, much like calibration. Some experts propose an “algorithmovigilance” approach: continuously monitoring

[40]

Al systems in practice for any adverse performance, similar to how we monitor drugs for adverse effects nature.com

1541 nature.com. This could include tracking the Al's error rates, comparing its signal detections to those found by
traditional methods, etc. If an Al starts missing things or giving many false positives, it might need retraining or adjustment.
Setting up this governance is a challenge, as it's relatively new ground for PV organizations that historically validated tools
[65] [56]

once and used them for years (like a database) — Al may need a more dynamic oversight model nature.com

nature.com.

e Regulatory Uncertainty and Acceptance: As discussed in the regulatory section, one challenge is the lack of clear
guidelines until recently and even now some uncertainty on how regulators will treat Al outputs. Many companies have been
cautious in implementing Al fully because they fear a regulatory audit could find fault if something went wrong. For instance,
if an Al failed to identify a serious case as serious, leading to late reporting, a regulator might cite that as non-compliance.
Until regulators explicitly encourage or at least formally acknowledge Al usage in PV, some organizations hesitate to reduce
human oversight. There's also the question of how much regulators will trust Al-assisted analyses. Will an inspector accept a
signal evaluation that was initially computer-generated? Likely yes, if backed by human review and documentation — but
these are untested waters. The new EMA reflection paper and workplan, along with the CIOMS report, should alleviate this
by providing principles that, if followed, give confidence that one is within compliance using Al. But during this transitional
phase, regulatory risk is perceived as a challenge by industry pharmanow.live.

e Technical and Implementation Challenges: From a practical standpoint, implementing Al in PV requires technical expertise
that might be outside the traditional skillset of a PV department. Safety physicians and PV ops personnel are not usually
data scientists or software engineers. Companies need to bring in or train people with Al and data analytics skills to build,
tune, and maintain these systems pharmanow.live. This can be resource-intensive and costly initially. There can also be
integration challenges with legacy IT systems, as mentioned before. Another technical issue is model generalizability: an Al
model developed using one company'’s data may not directly work for another’s due to differences in data characteristics.
Thus, solutions often need customization, which can be time-consuming.

e Human Factors and Change Management: Introducing Al can meet resistance or create challenges in the human workflow.
PV staff may fear that automation will replace their jobs or diminish the importance of their expertise. There can be
skepticism - for instance, a safety reviewer might not trust an Al's case prioritization and feel the need to double-check
everything, negating efficiency gains. Proper change management is crucial: involving end-users in design, demonstrating
the Al's performance, and clarifying that the goal is to augment their work, not eliminate their roles 7! journals.lww.com.

New processes also need to be defined: e.g., if an Al triages cases, how do humans interact with those results? If an Al finds

a signal, who reviews it and how? These processes have to be clearly mapped and staff trained accordingly.

e Accountability and Legal Liability: A subtle but important challenge is determining who is accountable if Al makes a
mistake. If, say, an Al fails to detect an important safety signal which later causes patient harm, is the liability on the
company (likely yes), and internally, how to attribute it? This ties into governance — companies must ensure that despite
using Al, they maintain rigorous oversight so that blame doesn't shift to “the algorithm” in a way that diffuses responsibility.
Some have raised the question: if an Al is thoroughly validated but still errs, could regulators hold the Al vendor partly
responsible? Currently, that's not the case - the responsibility lies with the MAH using the tool (58] journals.lww.com. This
means companies should have contractual and quality agreements with Al vendors and perhaps even consider algorithm
audits by third parties.

e Ethical Concerns: Beyond bias, there are other ethical issues. For example, using social media data for PV raises privacy
and consent questions - should public social posts be used for surveillance? Companies must tread carefully and often
anonymize or aggregate such data. Another ethical aspect is ensuring that Al doesn’t override the compassionate, patient-
centric aspect of PV. Pharmacovigilance isn't just data; it's also about listening to patient experiences and applying clinical
judgment. Over-automation could risk making PV feel too detached. Ethically, companies should use Al to enhance patient
safety outcomes, not just for cost cutting, and this principle should guide implementation choices.

In summary, while Al brings powerful tools to pharmacovigilance, it is not a plug-and-play panacea. Data issues
need to be tackled, models must be made transparent and kept under continuous check, and humans remain in
the loop to provide judgment and accountability. Many of these challenges are being actively addressed through
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industry collaboration and evolving guidelines. By acknowledging these limitations and planning for them (e.g.,
via robust validation, user training, bias mitigation strategies), organizations can avoid pitfalls and ensure their
Al-enhanced PV systems are reliable and ethical. As one review aptly stated, “Al technology should enhance
human intelligence rather than substitute human experts” [°?] journals.lww.com — keeping that philosophy front
and center helps balance the benefits against the challenges.

Current Tools, Platforms, and Vendors in Al-Enabled
Pharmacovigilance

The landscape of PV tools has been rapidly evolving as vendors incorporate Al capabilities. Here is a
comparative view of notable tools, platforms, and vendor offerings integrating Al into pharmacovigilance:

e Oracle Argus Safety and Safety One Platform: Oracle Argus is one of the most widely used safety databases globally.
Oracle has added several Al-powered features to Argus in recent updates. As mentioned, Argus can now automatically

1251 oracle.com. Oracle's Safety

translate case narratives into multiple languages using Oracle’s machine learning models
One Intake is a tool that works with Argus to intake cases faster — it uses Al to read email or pdf reports, perform OCR
(optical character recognition) if needed, and populate case fields. Oracle's emphasis has been on reducing manual effort in
case processing while ensuring compliance. Oracle also offers Empirica Signal, a separate analytics tool for signal
detection; it uses advanced data mining algorithms (and allows data visualization and even some machine learning
configuration) to help identify and manage signals. Empirica is used by regulators and companies alike and is considered a
standard for quantitative signal detection pharmanow.live. In summary, Oracle provides an end-to-end suite: from case

intake to signal analysis, augmented with Al/ML where possible, all integrated under their PV product ecosystem.

e ArisGlobal LifeSphere: LifeSphere (formerly known as ARISg for the core database) is a comprehensive cloud-based PV
platform. ArisGlobal has heavily marketed its cognitive computing capabilities in LifeSphere. This includes an Al assistant
for case processing (called LifeSphere Assist or similar) that can auto-extract case information and perform assessments,
much like the Pfizer pilot demonstrated. LifeSphere also has Al for literature monitoring and for product quality complaint
handling. Its architecture is cloud-native, which facilitates continuous updates and model improvements. They have case
studies of large pharma (Roche, Novartis, etc.) implementing LifeSphere to streamline global PV operations pharmanow.live.
A differentiator ArisGlobal claims is the use of machine learning on accumulated client data (with permission) to improve
algorithms - in theory, learning from a wider dataset across companies (though data privacy arrangements would be key).
LifeSphere also integrates with ArisGlobal's regulatory systems to help compile reports. Overall, ArisGlobal positions
LifeSphere as an Al-driven PV SaaS solution, appealing to companies looking to upgrade from legacy systems to a modern
platform with built-in intelligence.

e Veeva Vault Safety: Vault Safety is part of Veeva Systems' suite (known for clinical and regulatory cloud solutions). Vault
Safety is relatively newer but has been adopted by some big companies (like Merck). Veeva has focused on a slick user
interface and integration with clinical systems (since Veeva also provides clinical trial software). They have introduced
automation features, and while not as loudly advertised as others, they likely incorporate Al for tasks like case intake or
consistency checking. Veeva can leverage its Vault Platform to connect PV with quality systems, regulatory submissions,
etc., offering a holistic solution. As a cloud product, improvements like adding NLP for literature scanning or auto-narrative
generation could be rolled out rapidly to customers.

e Uppsala Monitoring Centre (WHO) Tools: UMC provides tools for national pharmacovigilance centers, notably VigiFlow (for
ICSR management) and VigiLyze (for data analysis). While VigiFlow is more a database, UMC has embedded automated
features such as WHO-ART to MedDRA coding suggestions, and it’'s likely they will add more Al for case intake (to help
countries with limited resources to process reports faster). For data analysis, UMC's VigiBase is accessible via VigiLyze,
which includes statistical tools for signal detection. The BCPNN method and other algorithms (like vigiRank for signal

prioritization, vigiGroup for clustering similar cases) are essentially Al/machine learning techniques developed in-house (23]

journals.lww.com. They continuously refine these tools with research projects; for example, exploring subgroup

stratification to find risk factors (akin to Al finding patterns within patterns) (59] who-umec.org. UMC also runs the
Drugsafety.ai initiative (hypothetical name for their Al research, not sure if an actual platform) to experiment with
[43]

emerging technologies like ML for duplicate detection drugsafetymatterspod.org.
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e Specialized Al Vendors: There are companies solely focused on Al for PV. For example, Anju Software offers an Al literature
monitoring tool; Genpact (a BPO) has an Al-based PV case processing solution called Cora PharmacoVigilance; ShotSpot
(hypothetical) focusing on social media signal detection; etc. These often provide modular solutions that can plug into the
main PV workflow. Some use Al chatbots to intake adverse events directly from patients or HCPs via conversational
interfaces, automatically turning chat interactions into structured safety reports — an innovative approach to case intake.

e RPA and Automation Companies: While not PV-specific, RPA companies like UiPath and Blue Prism are part of the PV tools
ecosystem when combined with Al. They provide the automation scaffolding that can incorporate Al models. For instance, a
UiPath bot might use a built-in Al Computer Vision to extract data from a scanned document and input it into Argus. Some
vendors package RPA + PV expertise as turnkey solutions. HCL Tech (IT services firm) advertises an “Al-powered case

intake” service that likely uses a mix of OCR, NLP, and RPA to automate case processing for clients [60] heltech.com.

e Oracle vs. ArisGlobal vs. Veeva vs. Others: In comparing key platforms: Oracle’s strength is in its established user base
and end-to-end offerings (and now adding incremental Al features to a stable system). ArisGlobal’s angle is a modern
redesign built with Al from the ground up. Veeva's edge is integration across the enterprise and ease of use. Oracle and
ArisGlobal both report significant efficiency gains with their Al enhancements (e.g., Argus automations cutting workload
~50%, LifeSphere enabling large companies to scale without extra headcount) pharmanow.live. The decision for companies
often comes down to whether to enhance their current system (like adding Al bolt-ons to Argus) or switch to a new platform
built with Al in mind.

e Open-Source and Custom Solutions: Some academic collaborations or large pharma with internal data science teams
develop custom Al models for PV tasks. For example, there are open-source NLP libraries (like medSpaCy or BioBERT
models) that can be tailored for adverse event extraction. A company with the capability might integrate a custom NLP
pipeline into their case processing. However, maintenance and validation of custom solutions can be challenging, so many
opt for vendor-supported tools.

In essence, the current tool landscape offers both integrated platforms (full-scale PV databases with Al
included) and point solutions (specific Al tools for specific tasks). Many organizations use a mix: e.g., an Al
literature screening service from vendor A, plugged into an Argus database, plus an in-house ML model for a
particular product’s safety data. As Al technology matures, we see convergence where these capabilities
become standard features of PV software. Vendors are actively competing to showcase superior Al capabilities
— which is good for the industry as it spurs innovation. Buyers (pharma/biotech companies) are advised to look
not just at baseline functionality but how Al in those tools is validated, how transparent the algorithms are, and
how easily they can be tuned or overridden by human judgment when necessary.

Emerging Trends and Future Directions

Looking ahead, the intersection of Al and pharmacovigilance is poised to deepen, potentially transforming how
drug safety is monitored and managed. Here are some emerging trends and future directions:

e Predictive Pharmacovigilance: The current paradigm of PV is largely reactive (identify and respond to safety signals). A
future trend is moving towards predictive safety — using Al to anticipate risks before they fully manifest as signals. By
analyzing diverse data (pre-clinical signals, clinical trials, post-market reports, real-world data), Al could identify patterns
suggestive of a potential adverse outcome. For example, Al might predict that a drug’s mechanism and early adverse event
profile indicate a risk of a certain rare toxicity that hasn’t been seen yet but is likely to emerge when exposure grows. This
could prompt proactive risk management strategies, such as targeted monitoring of certain patient groups or early updates
to precautions. Over time, we may see Al helping to prevent adverse events, not just detect them, effectively shifting PV
from "detection to prevention” as part of a long-term transformation cioms.ch cioms.ch.
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e Real-World Data Integration: The future of PV will heavily involve real-world data (RWD) - information from electronic
health records, insurance claims, patient registries, wearable devices, and more. Al is essential for sifting through these
large, complex datasets to extract safety insights. We can expect more PV signaling coming from healthcare databases (for
instance, detecting a safety signal via Al analysis of a big EHR network and corroborating it with spontaneous reports). Al
can also enable continuous benefit-risk assessment by monitoring outcomes in real-world usage. For example, if a drug is
causing an adverse effect subtle enough to only be seen via lab test trends or healthcare utilization patterns, Al might catch
it. The FDA has been encouraging the use of RWD/RWE (Real-World Evidence) for post-market safety, and Al will be the
workhorse making sense of that evidence in real time.

e Global Surveillance Networks: In the future, pharmacovigilance might operate as a more global, interconnected network
facilitated by Al. We might see Al systems that can analyze worldwide pharmacovigilance data (within privacy constraints) to
detect signals that no single database could discern. Efforts like WHO's VigiBase already compile global data, but Al could
improve signal detection across borders, adjusting for differences in reporting rates, drug availability, etc. An emerging
concept is leveraging multi-source data fusion: combining signals from spontaneous reports, literature, social media, and
clinical data into a unified signal detection engine. Al is well suited to weigh and integrate these heterogeneous sources. For
example, a weak signal in spontaneous reports combined with suggestive mentions in social media and a slight risk noted in
EHR could together cross a threshold of concern when assessed by a multi-source Al algorithm.

e Advanced NLP and Generative Al in PV: Natural language processing will continue to advance, especially with the advent
of large language models (LLMs) like GPT-4 and beyond. These models, if properly governed, could be game-changers for
tasks like report writing and question answering. We could see Al agents that act as virtual PV assistants: a safety
scientist might ask, "Hey PV-GPT, summarize the key adverse events reported for Drug X in the last month,” and the Al could
generate a coherent summary from the database. Or it might draft responses to health authority questions using the body of
evidence available. There are already prototypes of using LLMs to auto-generate narrative sections of aggregate reports or
to analyze threads of patient feedback for safety clues. The key challenge will be ensuring factual accuracy and data privacy
with such models. By 2025 and beyond, it's likely companies will experiment with generative Al under controlled conditions
to aid pharmacovigilance writing and interpretation tasks.

e Explainable and Ethical Al Mandates: As Al becomes more embedded, there will be parallel improvements in making Al
decisions interpretable. Future Al tools in PV might provide clear rationale for every decision: e.g., “Case #123 flagged as
high-priority because patient age > 65, drug dose at upper limit, similar case had fatal outcome” - essentially, Al explaining
its “thinking” in human-readable terms. This will be crucial for wider acceptance and regulatory trust. We expect guideline
bodies to potentially mandate a level of explainability for Al in PV. Ethical Al frameworks (like Europe’s trustworthy Al
principles) will also influence PV tools, requiring fairness, accountability, and transparency. For instance, Al models might
need to be certified that they don’t exhibit certain biases or that they have built-in monitoring triggers if performance drops.

e Continuous Learning Systems: Today's Al models are mostly static after training (with periodic retraining). A future
direction is continuous or incremental learning Al systems in PV that update themselves as new data flows in, without
needing full re-deployment. The EMA reflection paper hints at this, suggesting that incremental learning could continuously
enhance models for classification and severity scoring ema.europa.eu. This would allow Al to adapt to emerging safety
information on the fly. However, this approach requires even more robust validation mechanisms — essentially validating not
just a model, but the learning process itself is under control ema.europa.eu. If achieved, it means the Al gets better and
better, perhaps one day reaching a point where it can handle the majority of routine PV with minimal human intervention,
while still being safe and effective.

e Regulatory Oversight Evolution: In the coming years, regulators will likely develop clearer frameworks or even approvals
for Al tools in PV. For example, FDA might issue a guidance or a qualification process for certain Al algorithms used in drug
safety (similar to how they qualify clinical trial biomarkers or RWE methodologies). The EMA's Al workplan might lead to an
official guideline or even changes in GVP modules to address Al-specific considerations. We could envision a future where,
say, a company can submit their Al signal detection methodology to regulators as part of their PV system description, and
get acceptance that it's an appropriate tool. Regulators might also use Al more extensively themselves - for instance, EMA
could use Al to analyze EudraVigilance data and directly inform MAHs of potential signals in their products (flipping the
traditional paradigm). The concept of “regulatory Al"” is not far-fetched — agencies will use the same advanced tools to
oversee drug safety, which might include auditing industry Al processes more directly or even requiring periodic

62]

performance reports of those Al (akin to a PSUR but for the Al system itself) (61 nature.com ! nature.com.
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e New Data Types and Technologies: The horizon of PV will likely extend to new data from genomics, proteomics, and other
"omics” that might predict or explain adverse reactions. Al will be instrumental in correlating genetic markers with adverse
event susceptibility (pharmacogenovigilance). Additionally, the Internet-of-Things (loT) with smart devices (like smart
inhalers, glucose monitors, etc.) will stream safety-relevant data (e.g., device malfunctions, biometric changes). PV could be
tasked with monitoring these, and Al will be the only feasible way to parse the deluge of continuous data and identify safety
issues (like a smart inhaler showing an overdose pattern).

e Research Gaps: Despite progress, there are areas needing further research. One gap is the lack of widely shared
benchmark datasets for developing PV-specific Al. The community could benefit from shared de-identified corpora of case
reports for NLP training, or challenge datasets for signal detection algorithms, to drive innovation. Another area is
determining the impact of Al on patient outcomes - ultimately, we need evidence that Al in PV leads to safer use of
medicines (for example, did it enable quicker recalls or label changes that prevented harm?). Future studies might attempt to
quantify how many adverse events were avoided due to Al-augmented PV actions. There's also a need for socio-technical
research: how do human PV professionals interact with Al, and what's the best design to ensure that collaboration is
smooth? All these research threads will shape the next generation of Al in PV.

e Augmented Intelligence as the Norm: The overarching future direction is that augmented intelligence (Al + human) will
become the standard operating model in pharmacovigilance. Rather than full automation, the goal is the optimal blend of
machine efficiency and human judgment. In this vision, every PV professional might work alongside an Al assistant: much
like how a GPS guides a driver but the driver ultimately makes the decisions. Routine tasks may be nearly fully “touchless”
(e.g., case data entry could be fully automated), whereas interpretative tasks see Al and experts in constant interplay (Al
offers insights, human confirms and decides). This symbiosis is echoed in expert opinions: full automation of PV is not the

immediate goal — instead, Al should “augment human talent” to meet PV objectives and benefit stakeholders (63]

journals.lww.com [50] journals.lww.com. The next decade will be about fine-tuning this partnership.

In conclusion, the future of pharmacovigilance with Al is bright but will require diligent effort to navigate.
Stakeholders must ensure that as we embrace powerful Al tools, we also uphold the principles of patient safety,
ethical practice, and scientific rigor that form the bedrock of pharmacovigilance. If done right, Al has the
potential to not only make PV more efficient, but more effective - identifying risks sooner, understanding them
better, and preventing harm in ways that were previously not possible. The coming years will undoubtedly bring
further integration of Al into every facet of drug safety, ultimately aiming for a healthcare system where adverse
drug reactions are minimized and managed with unprecedented foresight and precision.

Conclusion

Artificial intelligence is rapidly becoming an integral part of pharmacovigilance, bringing transformative
improvements to how we monitor and ensure drug safety. We have seen that Al agents — from rule-based
automations to sophisticated machine learning models — can enhance nearly every step of the PV process:
expediting case intake, improving the detection of safety signals, and aiding in comprehensive reporting. These
technologies address many challenges of contemporary pharmacovigilance, such as the surging volume of data

and the need for timely insights [*! journals.lww.com 1%

globalforum.diaglobal.org. Real-world implementations by
pharmaceutical companies and new regulatory initiatives show that Al-driven PV is moving from concept to

practice, with tangible gains in efficiency and scope.

Crucially, however, this evolution does not diminish the role of human expertise - it refines it. The consensus in
the field is that Al should be leveraged to augment human pharmacovigilance professionals, not replace them
521 journals.lww.com. Automated systems can perform repetitive tasks and highlight patterns, but trained experts
provide context, clinical judgment, and ethical oversight, especially for complex decision-making like causality

assessment and risk evaluation %/ (501

journals.lww.com journals.lww.com. Regulators are supportive yet cautious,
urging that Al tools be validated, transparent, and used under proper quality systems ema.europa.eu.
Compliance with pharmacovigilance standards and patient-centric values remains paramount even as processes

become more automated.
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In sum, the integration of Al agents into pharmacovigilance represents a positive and necessary step forward. It
promises a future where drug safety issues are identified earlier and managed more effectively, ultimately
protecting patients better. At the same time, embracing these innovations calls for careful navigation of
challenges - ensuring data quality, preventing algorithmic bias, maintaining clear accountability, and fostering
collaboration between humans and machines. The ongoing dialogue between industry, academia, and regulators
(through efforts like the CIOMS Al in PV working group and EMA's Al strategy) will be key in shaping best
practices cioms.ch safetydrugs.it.

Pharmacovigilance has always been about continuous improvement — learning from each adverse event to make
therapy safer. Al is a powerful new means to that same end. By harnessing Al's capabilities while upholding the
principles of vigilance and care, the PV community can evolve into an even more proactive, comprehensive
“radar” for drug safety in the years to come. The ultimate measure of success will be the improved well-being of
patients worldwide, as we reduce the risks associated with medicines through smarter, faster, and more

informed pharmacovigilance.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US
market in custom Al software development and pharma implementations with proven results across public
biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and
ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al
infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,
automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field
force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and
automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom
data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no
representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or
availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives
be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated
content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information
before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of
their respective owners. All company, product, and service names used in this document are for identification purposes
only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and
biotech companies. As the premier US-based Al software development company for drug development and
commercialization, we deliver cutting-edge custom Al applications, private LLM infrastructure, document processing
systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al
expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,
please consult with appropriate qualified professionals.
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