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The messenger RNA platform that proved its speed and scalability during the 

COVID-19 pandemic has since been redirected toward one of oncology's longest-

standing goals: a vaccine capable of training the immune system to recognize and 

destroy a patient's own tumor cells. Unlike prophylactic vaccines against 

infectious agents, therapeutic cancer mRNA vaccines are typically personalized, 

encoding neoantigens unique to an individual patient's tumor mutational profile, 

which are identified through next-generation sequencing of tumor and normal 

tissue. 

By 2024, more than 120 clinical trials involving mRNA-based cancer vaccines 

had been registered internationally, spanning malignancies including non-small-

cell lung cancer, triple-negative breast cancer, prostate cancer, cutaneous 

melanoma, pancreatic ductal adenocarcinoma, and glioblastoma [1]. This rapid 

expansion reflects both the modularity of mRNA manufacturing, which allows a 

new antigen-encoding construct to be produced within weeks, and the 

accumulating clinical evidence supporting the approach's safety and 

immunogenicity. 

Among the most closely watched programs is mRNA-4157 (also known as 

V940), a personalized neoantigen vaccine administered in combination with the 

checkpoint inhibitor pembrolizumab in patients with resected high-risk 

melanoma. Follow-up data extending to three years have demonstrated a 

statistically meaningful improvement in recurrence-free survival for the 

combination arm relative to pembrolizumab monotherapy, providing some of the 
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strongest evidence to date that a personalized mRNA vaccine can produce a 

durable clinical benefit when paired with immune checkpoint blockade [1]. 

Continued progress in this field depends on parallel advances in neoantigen 

prediction algorithms, which must distinguish immunogenic mutations from the 

much larger pool of passenger mutations, and in lipid nanoparticle delivery 

chemistry, which determines the efficiency and tolerability of antigen expression 

following vaccination. Researchers are also investigating off-the-shelf, shared-

antigen mRNA vaccines as a less costly alternative to fully personalized 

formulations, though these currently show more modest immunogenicity than 

patient-specific designs [1]. 
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