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Executive Summary

The landscape of drug safety and pharmacovigilance (PV) is evolving rapidly due to the
emergence of artificial intelligence (Al) and generative Al technologies like large language
models (LLMs). These advancements are transforming traditional pharmacovigilance processes
by improving the detection, reporting, and management of adverse drug events (ADEs). This
white paper explores the impact of Al and LLMs on drug safety, presents practical use cases,
and discusses challenges and opportunities for the future.

Introduction

Pharmacovigilance plays a critical role in monitoring the safety of pharmaceutical products and
ensuring public health. Traditionally, PV activities have relied heavily on manual processes,
human expertise, and legacy systems. However, the increasing volume of safety data from
diverse sources such as the FDA Adverse Event Reporting System (FAERS), electronic health
records (EHRS), and social media platforms presents new challenges.

Al, particularly generative Al powered by large language models, offers the potential to
automate, optimize, and enhance PV workflows. With capabilities ranging from natural language
understanding to predictive analytics, these technologies are set to redefine drug safety
management.

Challenges in Traditional Pharmacovigilance

1. Data Volume and Complexity
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o Growing volume of ADE reports from multiple sources (e.g., clinical trials,
real-world evidence).
o Unstructured data from patient narratives and social media posts.
2. Manual Reporting and Processing
o Labor-intensive case intake, triaging, and reporting.
o Delays in identifying safety signals.
3. Regulatory Compliance
o Continuous updates to FDA and ICH guidelines require dynamic management.
o High costs of compliance and risk management.

Al in Pharmacovigilance: Current Applications

1. Signal Detection and Risk Management
o Al algorithms analyze FAERS and other large datasets to detect emerging safety
signals.
o Machine learning models predict the likelihood of serious ADEs.
2. Case Intake Automation
o Natural language processing (NLP) extracts key information from unstructured
data, such as medical records and adverse event reports.
3. Expedited Reporting
o Al systems automate submission to regulatory authorities, ensuring compliance
with timelines.
4. Social Media Monitoring
o Al tools scan platforms like Twitter and Reddit for potential ADE mentions,
supplementing traditional reporting channels.

Leveraging LLMs for Pharmacovigilance Advancement

Large language models (LLMs), such as GPT-based models, are enhancing pharmacovigilance
in the following ways:

1. Efficient Case Processing
o LLMs process and summarize patient narratives, making case intake faster and
more accurate.
o Automatic translation of reports in multiple languages.
2. Regulatory Compliance Support
o LLMs assist in interpreting evolving regulatory guidelines (FDA, ICH E2E) and
generate compliant safety reports.
3. Automated Literature Review
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o Generative Al scans scientific literature to identify potential safety concerns
related to marketed drugs.
4. SOP Development and Training
o LLMs generate standard operating procedures (SOPs) tailored to regulatory
requirements.
o Provide training materials and chat-based assistance for PV professionals.

Case Study: Al-Driven Signal Detection Using FAERS
Data

In a recent project, an Al-powered solution was developed to analyze the FDA FAERS
database. By leveraging LLM-based summarization and machine learning models, the system:

e Identified hidden safety signals in underreported cases.
e Reduced manual effort in triaging reports by 40%.
e Enhanced compliance with expedited reporting timelines.

Opportunities and Future Directions

1. Proactive Pharmacovigilance
o Predictive analytics can enable proactive safety monitoring, preventing adverse
events before they occur.
2. Personalized Drug Safety
o Al models may analyze individual patient data to predict drug interactions and
tailor treatments.
3. Collaborative Al Models
o Future systems could integrate multiple Al platforms for improved signal
detection and reporting.

Challenges and Considerations

1. Data Privacy and Security

o Handling patient data requires strict adherence to GDPR and HIPAA guidelines.
2. Bias in Al Models

o Ensuring Al models are free from biases that could affect safety reporting.
3. Regulatory Acceptance



aining trust and approval from regulators for Al-driven pharmacovigilance
solutions.

Trends in Adverse Drug Event Reports: Insights from FAERS

The FDA Adverse Event Reporting System (FAERS) data reveals trends over the past decade,
highlighting the escalating number of reports. Between 2008 and 2024:

e Total Reports: 29.1 million
e Serious Reports (excluding deaths): 16.1 million
o Death-Related Reports: 2.65 million

These trends underline the growing complexity of pharmacovigilance tasks, calling for Al-powered tools that
can efficiently handle such large datasets.
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This page displays the report counts by the outcome of the patient as defined in U.S. reporting regulations (21 CFR 310.305, 314.80, 314.98, 600.80) and Forms FDA 3500 and 3500A. "Serious” indicates that one or more of the following outcomes were documented in the report: hospitalization, fife-
threatening, disability, congenital anomaly, required intervention, and/or other serious outcome. "Death" indicates that ihe oucome was documented as Death. "Non-Serious” is used for outcomes which were not documented as Serious or Death.

Figure 1: Adverse Event Reports by Seriousness from FAERS (2008-2024).

The graph above shows a steady increase in both serious and non-serious adverse event reports
from 2008 to 2024. Notably, the total number of serious reports has surpassed 16 million, and
death-related reports have reached 2.65 million as of mid-2024. These trends reflect an
increasing need for scalable pharmacovigilance systems capable of handling the growing
volume of data and identifying critical safety signals in real-time.
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Generative Al and large language models (LLMs) offer an unprecedented opportunity to
analyze complex datasets like FAERS more efficiently. Al-powered pharmacovigilance
solutions can identify hidden patterns, predict potential risks, and streamline reporting,

helping regulatory agencies and pharmaceutical companies manage drug safety better.

As the volume of adverse event reports continues to grow, integrating Al-driven technologies
into pharmacovigilance workflows will be essential to maintain patient safety and enhance
decision-making processes. However, the adoption of Al in pharmacovigilance must be
accompanied by robust governance frameworks to address challenges related to data
privacy, model bias, and regulatory compliance. As the industry evolves, Al and LLMs will

provide indispensable tools for proactive and personalized pharmacovigilance.

Conclusion

Pharmacovigilance is a highly regulated and audited domain. The increasing volume of adverse
event reports requires innovative solutions to maintain effective pharmacovigilance systems. Al and
generative models offer the necessary tools to improve safety monitoring, automate reporting, and
ensure compliance with regulatory guidelines. By adopting these technologies, pharmaceutical
companies can enhance patient safety, meet regulatory expectations, and stay ahead of emerging
risks which is the need of the hour.
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