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Abstract

The objectives of this research are: 1) to analyze systemic risks within the
vaccine supply chain by integrating Failure Mode and Effects Analysis (FMEA); 2)
to evaluate the correlation between critical risk levels and current systemic
resilience; and 3) to propose and validate resilience-enhancing strategies through
a combined framework. Adopting a qualitative methodology, data were
synthesized from eight supervisory experts across key functions of a leading
vaccine manufacturer, utilizing RPN calculations, resilience gap analysis,
Spearman’s Rank Correlation, and the Wilcoxon Signed-Rank Test.

The findings reveal that: 1) Systemic risk assessment identified ten critical

vulnerabilities, with "Supply Uncertainty and Lead Time" emerging as the most
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severe (RPN = 343). 2) The strong negative correlation (P = -0.72) between RPN
and Resilience Scores highlights a critical vulnerability where operational risks
severely compromise systemic resilience, revealing that high-risk areas lack
essential robustness and redundancy. 3) The deployment of strategic
interventions, such as Multi-Tier Safety Stock and Automatic Logic Validation,
yielded statistically significant improvements (P=0.003). These results confirm
that this integrated framework effectively bolsters pharmaceutical supply chain
security, serving as a strategic blueprint for high-reliability organizations facing
volatile environments

Keywords: Strategic Risk Management, Risk-Resilience Nexus, Pharmaceutical

Supply Chain, Vaccine Supply Chain
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Note: For all test, the alternative hypothesis specifies that RPN_Pre is greater than PRN_Post
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