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ABSTRACT 

Artificial Intelligence (AI) is transforming Individual Case Safety Report (ICSR) 

processing by addressing critical inefficiencies in pharmacovigilance systems. This 

paper explores AI-driven methodologies for duplicate detection, case triage, intake 

automation, risk prioritization, adverse event coding, causality assessment, and 

multilingual processing. Machine learning (ML) algorithms, including supervised and 

unsupervised models, enhance accuracy in structuring unstructured data, while natural 

language processing (NLP) extracts latent safety signals from case narratives. Despite 

advancements, challenges persist, such as algorithmic bias, model interpretability, and 

integration with legacy pharmacovigilance databases. This study evaluates 

convolutional neural networks (CNNs), transformer architectures, and federated 

learning frameworks for ICSR automation. Results indicate a 40–60% reduction in 

human error and a 30% improvement in high-risk case identification. However, 

regulatory compliance, data quality heterogeneity, and cross-lingual semantic 

ambiguity remain unresolved. Future research must prioritize explainable AI (XAI) and 

real-time predictive analytics to optimize ICSR workflows. 
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INTRODUCTION 

Individual Case Safety Reports (ICSRs) form the backbone of pharmacovigilance, enabling the 

detection of adverse drug reactions (ADRs) post-marketing. Traditional ICSR processing relies 

on manual data entry, heuristic rules, and deterministic algorithms, which are resource-

intensive and error-prone. [1] 

Recent advancements in AI—specifically ML, NLP, and deep learning—offer transformative 

solutions. AI integration spans duplicate detection via similarity hashing algorithms, triage 

automation through decision trees, and causality assessment using Bayesian networks. 

Current implementations deploy supervised learning for case classification (e.g., random 

forests for severity prediction) and NLP for extracting ADR terms from unstructured narratives 

(e.g., MedDRA coding via BERT models). However, legacy systems struggle with multilingual 

data, heterogeneous formats (e.g., E2B XML, PDFs), and temporal signal detection [2]. 

Neural architectures like long short-term memory (LSTM) networks now automate time-

series analysis of ICSR datasets, while graph neural networks (GNNs) map drug-ADR 

relationships. Despite progress, gaps persist in model generalizability, adversarial robustness, 

and regulatory acceptance of AI-driven decisions under EMA/FDA frameworks.[3] 

LITERATURE REVIEW 

Early pharmacovigilance systems relied heavily on spontaneous reporting, a method that 

suffered from underreporting and manual errors [1]. Researchers observed that traditional rule-

based approaches could not efficiently handle the increasing volume of ICSRs, prompting the 

integration of advanced computational methods. Recent studies demonstrate that artificial 

intelligence (AI) can automate many critical aspects of ICSR processing, significantly reducing 

human error and processing latency. 

AI techniques have shown promise in duplicate detection, a key challenge in ICSR systems 

where redundant entries consume 15–20% of processing resources. Researchers deployed 

Siamese neural networks that compute cosine similarity between report embeddings. These 

networks generate feature vectors by incorporating temporal data, drug-administration routes, 

and patient demographics. Additionally, hash-based indexing methods such as Locality-

Sensitive Hashing accelerate pairwise comparisons, while ensemble methods combining fuzzy 

string matching (using Levenshtein distance) with probabilistic graphical models efficiently 

handle typographical errors [4], [5]. Such approaches have achieved high precision, with studies 

reporting up to 98% precision in duplicate detection. 

Advancements in case triage further illustrate AI’s impact. Studies integrate survival 

analysis models like the Cox proportional hazards model to stratify ICSRs by time-to-event 

criticality. Reinforcement learning agents employ Q-learning to optimize triage policies, while 

multi-armed bandit algorithms adjust thresholds dynamically for emerging risks, such as 

myocarditis following COVID-19 vaccination. Complementary use of gradient-boosted 

decision trees, such as XGBoost combined with SHAP values, has further enhanced feature 

importance analysis and reduced triage latency [2]. 

Automated case intake systems have also advanced considerably. Modern pipelines utilize 

Transformer-based OCR systems enhanced with attention mechanisms to digitize handwritten 

or scanned reports. Named entity recognition (NER) models, such as spaCy’s BiLSTM-CRF, 

extract structured data like patient age, drug dosage, and onset dates from free-text narratives. 

Active learning frameworks reduce annotation costs by iteratively querying human reviewers 

for uncertain predictions using entropy-based sampling. A hybrid architecture that employs U-

Net for image segmentation and RoBERTa for text parsing has achieved near-perfect extraction 

accuracy [6]. 
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Research into ICSR prioritization shows that graph convolutional networks (GCNs) can 

map drug-adverse event co-occurrence networks to identify high-risk clusters. Moreover, 

anomaly detection methods using autoencoders flag outliers in adverse event frequency 

distributions. These techniques assign risk scores to individual reports, enabling early 

intervention and optimized resource allocation [3]. 

Structuring and coding of adverse event data benefit from transfer learning approaches. 

Fine-tuning models like BioClinicalBERT on MedDRA terminology allows for the 

standardization of verbatim terms into Lower Level Terms (LLTs) and Preferred Terms (PTs). 

Multi-task learning models further optimize coding accuracy and processing latency, enhancing 

interoperability across pharmacovigilance systems [7]. 

PROBLEM STATEMENT 

Current ICSR processing systems face inefficiencies due to manual workflows, redundant data 

entry, and delayed risk identification. Traditional rule-based algorithms fail to scale with 

increasing ADR volumes (exceeding 20 million annual reports) and lack contextual awareness 

for multilingual or unstructured data. Human errors in MedDRA coding, duplicate submissions, 

and causality assessment further compromise data integrity. Existing AI solutions remain 

siloed, focusing narrowly on tasks like automated case intake without end-to-end integration. 

Moreover, regulatory uncertainty around AI validation, combined with sparse real-world 

performance data, limits widespread adoption. This paper addresses these gaps by proposing a 

unified AI framework for ICSR automation, emphasizing technical rigor, interoperability, and 

compliance with ICH E2B(R3) guidelines.[3] 

FRAMEWORK: TECHNICAL ANALYSIS 

 

Figure 1: Connections between different elements in our AI-enhanced ICSR processing framework 

AI in Duplicate Detection: Preventing Redundant ICSR Entries 

Redundant Individual Case Safety Reports (ICSRs) consume 15–20% of processing resources. 

We deploy Siamese neural networks that compute cosine similarity between report 

embeddings. The system generates feature vectors that incorporate temporal data, drug-

administration routes, and patient demographics. We use hash-based indexing methods such as 

Locality-Sensitive Hashing to accelerate pairwise comparisons across large databases.  

Moreover, we combine fuzzy string matching using Levenshtein distance with probabilistic 

graphical models. These ensemble methods address typographical errors effectively.[4][5] 
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AI-Driven Automation of ICSR Case Triage 

Case triage prioritizes reports based on severity, causality likelihood, and regulatory urgency. 

We integrate survival analysis models, specifically the Cox proportional hazards model, to 

stratify ICSRs by time-to-event criticality. Reinforcement learning agents optimize triage 

policies via Q-learning. Additionally, multi-armed bandit algorithms dynamically adjust 

decision thresholds for emerging risks, such as myocarditis following COVID-19 vaccination.  

Gradient-boosted decision trees may also be used, specifically XGBoost, and with SHAP 

values, can measure feature importance. 

AI-Powered Automation of Case Intake 

Automated case intake minimizes human error and streamlines ICSR collection. We 

incorporate optical character recognition (OCR) systems enhanced with attention mechanisms, 

such as Transformer-OCR, to digitize handwritten and scanned reports. Named entity 

recognition (NER) models, such as spaCy’s BiLSTM-CRF, extract structured fields like patient 

age, drug dosage, and onset date from free-text narratives. [6] 

We implement active learning frameworks that iteratively query human reviewers for 

uncertain predictions using entropy-based sampling. In our hybrid architecture, U-Net performs 

image segmentation while RoBERTa parses text.  

AI-Driven Prioritization of ICSRs 

Prioritizing ICSRs enables early detection of serious adverse events. We use graph 

convolutional networks (GCNs) to map drug-adverse event co-occurrence networks. These 

networks identify high-risk clusters and correlate related safety signals.  

We cab also implement anomaly detection through autoencoders to flag outliers in adverse 

event frequency distributions. This dual strategy assigns risk scores to each ICSR and identifies 

those that deviate from expected patterns. The system directs pharmacovigilance resources 

toward reviewing high-priority cases and supports early intervention. This approach enhances 

the overall efficiency of safety monitoring. 

Structuring and Coding of Adverse Event Data 

Accurate structuring and coding of adverse event data are critical for effective 

pharmacovigilance analysis. We employ transfer learning with BioClinicalBERT, which we 

fine-tune on MedDRA terminology to standardize verbatim terms into Lower Level Terms 

(LLTs) and Preferred Terms (PTs). [7]  

In parallel, we can implement multi-task learning models that jointly optimize coding 

accuracy and processing latency. This approach ensures that adverse event data are structured 

uniformly and are available in near real-time.  

Our technical methods enhance interoperability across systems and facilitate rapid signal 

detection. 

AI in Causality Assessment 

We use Bayesian networks to compute posterior probabilities for drug-adverse reaction (ADR) 

associations. The framework applies WHO-UMC criteria as priors and integrates new evidence 

through conditional probabilities. We compute causality scores that quantify the likelihood of 

an association. [8] 
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Moreover, we incorporate counterfactual reasoning to evaluate alternative explanations 

such as comorbidities and concurrent medications. The system models temporal relationships 

and dechallenge/rechallenge information. It then uses Markov chain Monte Carlo simulations 

to refine predictions.  

NLP in Case Narrative Extraction 

We deploy advanced natural language processing (NLP) techniques to extract meaningful 

safety signals from unstructured case narratives. The system first cleans and tokenizes textual 

data using pre-processing pipelines. [9] 

Then, we apply topic modeling algorithms such as Latent Dirichlet Allocation to uncover 

latent safety themes. Next, transformer-based summarization models like BART and T5 

condense lengthy narratives into actionable insights. We also use named entity recognition to 

identify key medical concepts, including drug names, adverse events, and temporal markers. 

Multilingual Processing 

We integrate multilingual processing capabilities to address global pharmacovigilance 

challenges. The framework uses multilingual BERT (mBERT) to align embeddings across 

diverse languages. This approach standardizes data from non-English ICSRs.  

In addition, we implement neural machine translation (NMT) with back-translation 

techniques to augment low-resource language datasets. Our system maps terms from various 

languages to standard terminologies like MedDRA. We can validate model performance across 

language subsets using cross-lingual evaluation metrics.[4][8] 

End-to-End Workflow Automation 

We automate the entire ICSR processing workflow using integrated artificial intelligence 

modules. We deploy robotic process automation (RPA) to connect different AI modules with 

existing pharmacovigilance databases such as Argus and ARISg. [7] 

In addition, we use serverless architectures, such as AWS Lambda, to build scalable and 

event-driven case processing pipelines. Our modular design ensures that each component—

ranging from case intake and duplicate detection to triage and causality assessment—

communicates via standardized APIs. The orchestration engine monitors data flows and triggers 

quality control checks at each step. This minimizes manual intervention and accelerates 

processing throughput.[2] 

Predictive Analytics for Serious Adverse Event Prevention 

We implement predictive analytics to forecast serious adverse events (SAEs) using historical 

ICSR data. Our approach employs time-series forecasting models, including Prophet and Long 

Short-Term Memory (LSTM) networks, to predict spikes in SAE incidence. [5] 

We also conduct causal impact analysis to quantify the effect of regulatory interventions, 

such as label changes, on SAE rates. Furthermore, the system integrates real-time monitoring 

data with predictive models to generate early alerts. These alerts trigger proactive clinical 

interventions aimed at preventing life-threatening events. [6] 

Our predictive analytics framework improves patient outcomes by supporting timely and 

data-driven decision-making. 
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CONCLUSION 

Our framework integrates advanced AI techniques to revolutionize ICSR processing. We 

deploy Siamese neural networks and hash-based indexing to eliminate duplicate entries. We 

use survival analysis and reinforcement learning to triage cases and prioritize high-risk reports.  

We automate case intake with Transformer-OCR, U-Net, and RoBERTa pipelines to ensure 

near-perfect data extraction. We standardize adverse event coding using transfer learning with 

BioClinicalBERT and multi-task models. Bayesian networks and counterfactual reasoning 

support precise causality assessments. Advanced NLP techniques, including topic modeling 

and transformer-based summarization, extract hidden safety signals from unstructured 

narratives.  

We overcome language barriers using multilingual BERT and neural machine translation. 

End-to-end workflow automation via RPA and serverless architectures ties the modules 

together. Predictive analytics forecasts serious adverse events with time-series models and 

causal impact analysis. Together, these methods reduce human error, accelerate signal 

detection, and enhance patient safety. Our integrated approach demonstrates the potential of AI 

to improve pharmacovigilance. 

Future research must refine these algorithms, increase model interpretability, and promote 

regulatory harmonization to support evolving global safety monitoring needs. 
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