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            Abstract
Therapeutic cancer vaccines have undergone a resurgence in the past decade. A better understanding of the breadth of tumour-associated antigens, the native immune response and development of novel technologies for antigen delivery has facilitated improved vaccine design. The goal of therapeutic cancer vaccines is to induce tumour regression, eradicate minimal residual disease, establish lasting antitumour memory and avoid non-specific or adverse reactions. However, tumour-induced immunosuppression and immunoresistance pose significant challenges to achieving this goal. In this Review, we deliberate on how to improve and expand the antigen repertoire for vaccines, consider developments in vaccine platforms and explore antigen-agnostic in situ vaccines. Furthermore, we summarize the reasons for failure of cancer vaccines in the past and provide an overview of various mechanisms of resistance posed by the tumour. Finally, we propose strategies for combining suitable vaccine platforms with novel immunomodulatory approaches and standard-of-care treatments for overcoming tumour resistance and enhancing clinical efficacy.
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                    Fig. 1: Tumour immunity regulation.[image: ]


Fig. 2: Qualities of neoantigens.[image: ]


Fig. 3: Simplified depiction of cancer vaccine delivery platforms.[image: ]


Fig. 4: Mechanisms of resistance to vaccine therapy.[image: ]
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Glossary
	Immunogenic cell death
	
                  (ICD). A type of cell death that entails the release of danger-associated molecular patterns to attract and activate immune cells and the release of antigens to be acquired by activated antigen-presenting cells and presented to T cells.

                
	Danger-associated molecular patterns
	
                  Non-microbial endogenous factors released from dead or distressed cells that serve as activating ligands for innate immune receptors on antigen-presenting cells, prompting activation of antigen-presenting cells and secretion of cytokines and chemokines to recruit other immune cells.

                
	Antigen cross-presentation
	
                  A specialized mechanism that allows select cells such as typeÂ 1 dendritic cells to process and present internalized exogenous antigens on MHC class I molecules to activate CD8+ T cells.

                
	Sipuleucil-T
	
                  Dendritic cell-focused cell-based vaccine for hormone-refractory prostate cancer consisting of a prostate acid phosphatase, fused with GM-CSF, loaded ex vivo on blood cells partially enriched for dendritic cells.

                
	â€˜Coldâ€™ tumours
	
                  Non-inflamed tumours lacking the presence of immune cells, particularly cytotoxic T cells, in the tumour bed and the invasive margin.

                
	Antigen spreading
	
                  A phenomenon where endogenous cellular immune responses develop against epitopes not targeted by the vaccine or immunotherapy.

                
	Stimulator of interferon genes protein
	
                  (STING). An intracellular pattern recognition receptor activated by double-stranded DNA, cyclic GMPâ€“AMP and microbial cyclic dinucleotides to induce a strong interferon response.

                
	Talimogene laherparepvec
	
                  (TVec). An oncolytic virus therapy composed of herpes simplex virus type 1 modified to infect tumour cells and express GM-CSF, a cytokine known for promoting differentiation of dendritic cells.
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