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Abstract—Pharmacovigilance (PV) is a critical 

component of healthcare systems aimed at ensuring 

drug safety through the detection, assessment, and 

prevention of adverse drug reactions (ADRs). 

Traditional PV systems are limited by underreporting, 

delayed signal detection, and the inability to process 

large datasets efficiently. Artificial Intelligence (AI) has 

emerged as a transformative technology capable of 

addressing these limitations. AI techniques such as 

machine learning (ML), natural language processing 

(NLP), and deep learning (DL) enable automated data 

processing, early signal detection, and real-time 

monitoring. Studies have shown that AI-based systems 

improve ADR detection accuracy and significantly 

reduce processing time. This review discusses the 

applications, advantages, challenges, and future 

prospects of AI in pharmacovigilance. 

 

Index Terms—Pharmacovigilance, Artificial 

Intelligence, Adverse Drug Reactions, Machine 

Learning, Drug Safety. 

 

I. INTRODUCTION 

 

Pharmacovigilance refers to the science and activities 

related to the detection, assessment, understanding, 

and prevention of adverse drug reactions. It plays a 

crucial role in ensuring patient safety and effective 

drug use. 

 

Traditional pharmacovigilance relies heavily on 

spontaneous reporting systems and manual data 

analysis, which are often inefficient in handling 

large-scale data. With the exponential growth of 

healthcare data, there is a need for advanced 

technologies like AI to enhance drug safety 

monitoring.  

 

II. NEED FOR AI IN PHARMACOVIGILANCE 

 

• Increasing volume of safety data 

• Underreporting of ADRs 

• Delayed signal detection 

• Complexity of data sources 

 

AI provides solutions by enabling automation, pattern 

recognition, and predictive analytics. 
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III. COMPONENTS OF AI IN 

PHARMACOVIGILANCE 

 

 
 

3.1. Machine Learning (ML)  

• Predicts adverse drug reactions 

• Identifies hidden patterns in datasets 

 

Types of Machine Learning 

A. Supervised Learning 

This approach relies on datasets where the outcomes 

are already labeled. 

 

Common uses 

Classifying adverse drug reactions (ADRs) 

Predicting potential risks 

 

Example 

Random Forest models are often applied to predict 

ADRs (Bate & Evans, 2009) 

 

B. Unsupervised Learning 

This method works with data that has no predefined 

labels, identifying patterns and structures on its own. 

 

Common uses: 

• Detecting signals 

• Grouping similar ADRs (clustering) 

 

C. Reinforcement Learning 

This technique improves decision-making by learning 

from feedback, using rewards to guide better 

outcomes over time. 

 
 

3.2. Natural Language Processing (NLP) 

Extracts data from: 

• Clinical reports 

• Medical literature 

• Social media  

 

Key Techniques: 

• Tokenization 

• Named Entity Recognition (NER) 

• Sentiment Analysis 

 

Applications: 

• ADR extraction from text 

• Social media pharmacovigilance 

• Literature screening 

 
 

3.3. Deep Learning (DL) 

• Processes complex and unstructured data 

• Enhances signal detection accuracy 

 

Models: 

• ANN 
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• CNN 

• RNN 

• LSTM 

 

Applications: 

• Signal detection 

• Image-based ADR detection 

• Time-series analysis 

 
 

IV. APPLICATIONS OF AI IN 

PHARMACOVIGILANCE 

 

4.1. Automated Case Processing 

AI automates Individual Case Safety Reports 

(ICSRs), reducing manual effort and errors. 

 

4.2. Signal Detection 

AI identifies new safety signals faster and more 

accurately. Studies show: 

• 15–30% higher sensitivity 

• 20–40% reduction in false positives  

 

4.3. Social Media Monitoring 

AI monitors platforms like Twitter and patient 

forums to detect ADRs in real time. 

 

4.4. Risk Prediction 

AI models predict high-risk patients and drugs. 

 

4.5. Literature Screening 

AI scans scientific publications efficiently with high 

accuracy (>90%).  

 

V. ADVANTAGES OF AI-BASED 

PHARMACOVIGILANCE 

 

5.1. High-Speed Data Processing 

This means that AI systems can process millions of 

safety reports in a fraction of the time. 

Old systems → Manual review (slow) 

AI → not one-time, continuous analysis — in real-

time 

Sample: For instance, AI permits the rapid cross-

evaluation of thousands of ADR reports contained in 

databases like VigiBase. 

 

Impact: 

• Faster signal detection 

• Enhanced timeliness of drug safety decision-

making 

 

5.2. Early Signal Detection 

Hidden Patterns: 

• AI recognizes hidden patterns, which may be 

missed by humans. 

• Identifies rare ADRs 

• Patient safety Alerts before it gets serious 

 

How it works: 

• Machine learning models for trend analysis 

• Deep learning finds complex relationships 

 

5.3. Automation of Case Processing 

AI automates: 

• Individual Case Safety Reports (ICSRs) 

• Data extraction 

• Coding (MedDRA terms) 

 

Benefits: 

• Reduces manual workload 

• Increases efficiency 

• Minimizes human error 

 

5.4. Handling Big Data Efficiently  

AI can manage: 

• Clinical trial data 

• Electronic Health Records (EHRs) 

• Social media data 

 

5.5. Improved Accuracy 

AI reduces: 

• Data entry errors 

• Misclassification 

 

Example: 

NLP retrieves correct ADR terminology from free 

text 
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5.6. Real-Time Monitoring 

• AI enables the continuous monitoring of drug 

safety. 

• Social media monitoring 

• Live patient data analysis 

 

5.7. Cost-Effectiveness (Long-Term) 

But reduces: 

• Workforce cost 

• Time cost 

• Long-term → highly cost-efficient 

 

5.8. Predictive Risk Assessment 

AI predicts: 

• Which drug may cause ADR 

• Which patients are at risk 

 

5.9. Enhanced Decision-Making 

AI provides: 

• Data-driven insights 

• Risk-benefit analysis 

 

5.10. Integration with Multiple Data Sources 

AI integrates: 

• Hospital data 

• Insurance data 

• Wearable devices 

 

5.11. Reduction in Underreporting 

AI extracts ADRs from: 

• Social media 

• Online forums 

 

VI. CHALLENGES AND LIMITATIONS 

• Data privacy issues 

• Algorithm bias 

• Regulatory challenges 

• Lack of standardized datasets 

• Need for skilled professionals 

AI implementation also requires high infrastructure 

costs and validation.  

 

VII. REGULATORY PERSPECTIVE 

 

Regulatory agencies are exploring AI integration into 

pharmacovigilance systems. However, there is still a 

need for: 

• Standard guidelines 

• Validation frameworks 

• Ethical consideration 

 

VIII. FUTURE PERSPECTIVES 

 

• Integration with real-world data 

• Use of wearable devices 

• Personalized drug safety monitoring 

• AI-driven global pharmacovigilance systems 

AI is expected to become a core component of 

pharmacovigilance in the coming years.  

 

IX. CONCLUSION 

 

AI-based pharmacovigilance represents a significant 

advancement in drug safety monitoring. By 

improving efficiency, accuracy, and early detection 

of ADRs, AI has the potential to revolutionize 

pharmacovigilance systems globally. Despite 

challenges, its future integration will enhance patient 

safety and healthcare outcomes. 
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