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PEER REVIEWED

Cancer Vaccines Getting Personal

Vaccines have been used for the prevention of infectious 
diseases. They have the ability to elicit antigen-specific immune 
responses and that makes them potentially valuable tools against 
cancer. Next-generation sequencing has provided opportunities 
to identify mutations in tumor cells that generate neoepitopes or 
neoantigens. Those antigens are highly specific to the individual 
patient and can be used in the generation of personalised 
therapeutic cancer vaccines.

 
In this mini review, we discuss the development of neoantigen-

based vaccines, their mechanism of action, the regulatory 
framework, the clinical landscape of personalised cancer vaccines 
and limitations in development.

Tumour Neoantigens 
A new approach to cancer immunotherapy is based on tumour 
neoantigens, which are produced by mutant proteins, they are 
entirely absent from normal human tissues or organs, they have 
tumour heterogeneity and they have strong immunogenicity.1–2 

Various numbers and types of mutations can be present in 
different cancer types, including point mutations, insertions, 
deletions and gene fusions. Moreover, viruses might drive 
tumours and the viral proteins can be classified as neoantigens. 
The higher mutational burden of tumour the more likely to have 
antigens with potential for vaccine development.3 

Tumour mutational burden cannot be used alone as a 
predictive marker for response to immunotherapy. Additional 
features are also important in order to estimate therapeutic 
efficiency, the ability of epitopes to be presented by antigen-
presenting cells or to be expressed on tumor cells, infiltration 
of T cells in tumor site and immunosuppressive mechanisms. 4–5

Tumour heterogeneity has implications in the response to 
cancer therapy. Identification of tumour-specific mutations 
in each individual patient is crucial for directing T cells to 
eliminate tumour cells through vaccination. Heterogeneity can 
be present not only between tumours of different patients but 
also between or within tumors of the same patient. In that case, 
elimination of cells that express the specific neoantigen might 
result in outgrowth of cells not expressing the antigen. Targeting 
of multiple cells in a single vaccine might limit any chance of 
immune evasion and result in greater immune response.6  

Cancer is a leading cause of death worldwide according to 
World Health Organization. Research is focusing on novel 
treatment options for cancer patients. Chemotherapy has 
been widely applied against various tumours, but it comes 
with severe side effects. Precision medicine, also known 
as personalised medicine, is a new way to fight cancer. 
It uses information about each individual’s tumours and 
the specific mechanisms that are driving the progress of 
disease, in order to apply a targeted therapy for cancer 
cells.

Recognition of neoepitopes is HLA restricted and for that 
reason HLA typing is required in order to predict epitope 
immunogenicity. Cytotoxic T cell (CD8) responses are triggered 
by MHC I- binding epitopes. Prediction of the specific epitopes 
is performed with computational approaches. Peptide binding 
affinity is one basic factor that is used for immunogenicity 
prediction and peptides with HLA-binding affinity and IC50 
value<150nmol/I are considered highly immunogenic. Binding 
affinity is not adequate alone for accurate prediction. Algorithms 
should combine other characteristics of peptides in order to 
make improved predictions.7

 
Antigen-specific immune responses can be induced by tumour 

lysates. Antigen-presenting cells can be isolated from a patient, 
exposed to patient’s tumour lysates ex vivo, and then be injected 
back to the patient. It is a totally personalised approach and is 
characterised as autologous therapy. The limitation of the specific 
method is that non immunogenic self antigens of tumour cells 
might reduce immunogenicity of neoepitopes. Identification, 
characterisation and purification of neoepitopes in the cocktail 
of antigens might induce stronger immune responses.8 

Mechanism of Action
Development of tumour vaccines is based on the mechanisms 
of action of cancer immunity. It includes antigen presentation, T 
cell activation and expansion, recognition of target cells (tumor 
cells) by effector cells (T cells) and elimination of target cells.9 

Cancer vaccines engage innate and adaptive immunity with 
the use of antigens and adjuvants. Adaptive immune activation 
requires recognition, antigen processing and maturation of 
antigen-presenting cells (dendritic cells), expression of cytokines 
and T cell co-stimulatory signals by dendritic cells, priming 
and activation of CD8+ T cells by dendritic cells and tumour 
infiltration by activated CD8 Cytotoxic T lymphocytes. This 
process can lead to long-lasting immunological memory that 
can control tumour growth and metastasis.10 

Regulatory Framework
Safety, sufficient quality and clinical efficiency are prerequisites 
for personalised cancer vaccines in order to fulfill approval 
standards. Classification and implementation of guidance 
documents is essential. In EU, these therapies are regulated by 
the Committee for Advanced Therapies (CAT) of the European 
Medicines Agency (EMA), while in the US, the Center for Biologics 
Evaluation and Research (CBER) within the FDA is the responsible 
agency. Vaccine manufactures should collaborate with regulators 
to evolve the regulatory landscape for personalised vaccines in 
order to establish new practices to solve any technical, clinical 
or regulatory problems and bring therapies to patients faster.11

Opportunities
Precision therapy has become more easily accessible to even 
more patients the recent years. Reduction of time and cost for 
genome sequencing has opened a new era in the development 
of personalised cancer vaccines. Autologous therapies have some 
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important features that reveal great potential. They keep low 
toxicity and side effects, as immune response is against to tumor 
epitopes and not to normal tissues. Moreover, they can turn a 
cold tumor into a hot immunogenic tumor that is responsive to 
immunotherapy.12 

Limitations
Many trials for cancer vaccines have been completed without any 
successful result. The only approved therapy by FDA is Provenge 
(sipuleucel-T) that exhibits antigen-specific T cell responses 
and with overall survival in patients with metastatic castration-
resistant prostate cancer. Most vaccines failed trials because they 
could not associate induced immunity with clinical benefit.13

 
Efficiency of therapeutic personalised cancer vaccines 

depends on many different factors, antigens, adjuvants, doses, 
frequency, way of administration, delivery platform, quality of 
materials for the production etc. Collaboration of different bodies 
should be planned in order to organise all the necessary tests 
that have to be performed in clinical trials to gain accurate data 
for the benefit of cancer patients.14 Cancer vaccines could be 
used in combined strategies with other agents to prolong overall 
survival of patients.15 
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