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Application of Artificial Intelligence in Active Surveillance and Early Warning of Adverse Drug Reactions

Associated with Off-Label Drug Use in Rare Diseases

WANG Quan, XU Jiayue, FU Yu'(Department of Pharmacy , The Third Affiliated Hospital of Sun Yat-sen University , Guangzhou,
Guangdong 510630, China)

ABSTRACT: Off-label drug use serves as the primary therapeutic approach for rare diseases, yet systematic evaluation of the risks of
its associated adverse drug reactions (ADRs) is lacking. Conventional pharmacovigilance systems are often inadequate due to data
sparsity , underreporting, and challenges in signal detection. Artificial intelligence (AI) enables the development of proactive, precise,
and real -time ADR surveillance and early - warning frameworks. This review summarizes recent advances in applying Al for active
surveillance of off-label ADRs in rare diseases. Key applications include identification of concealed patients, intelligent risk early
warning based on multi-source data, and clinical decision support systems powered by Al, such as DrugGPT, “Xiehe-TaiChu” and
“Nezha-LingTong”. Despite their promising prospects, significant challenges persist, including data scarcity and heterogeneity , limited
model interpretability, privacy and ethical concerns, and the absence of a mature regulatory framework. Future efforts require
multidisciplinary collaboration among clinicians, pharmacists, data scientists, and policymakers to establish a patient-centered, data-
driven, trustworthy and controllable intelligent monitoring ecosystem for the medication safety of rare diseases.

KEYWORDS: artificial intelligence ; rare diseases; off-label drug use; adverse drug reactions
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