
Tumor Antigens 
and 

Cancer Vaccines

MCBO Core Lecture II

Guido Wollmann
Internal Medicine V – Hematology/Oncology

Institute of Virology

MCBO II – Cancer Vaccine 1



History

1796

Edward Jenner William Coley

1893
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pathogen tumor



History

Century of vaccines!

Wadman and You, Science 2017

highly successful development to fight pathogen disease burden
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History

Dobosz and Dzieciątkowski, Frontiers Immunol. 2019

challenge to apply vaccines as tumor immunotherapies 
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fundamental difference

pathogen vaccine tumor vaccine

A pathogen is a foreign invader.
The invader or parts of it can be directly used.

A tumor is part of oneself.
The tumor cannot be directly used

vaccine is based on MATERIAL vaccine is based on INFORMATION

vector vaccines are the exception vector vaccines are the rule

?



Cancer vaccines work! ..... in mice
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Platform Targetvs

Vaccine
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Vaccine platforms

MCBO II – Cancer VaccineFinn, NEJM, 2008

General requirements

• target: antigen presenting cells (DCs)

• MHC-1 presentation = intracellular proteins

• immune adjuvanticity



Vaccine platforms
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Efficient induction of CD8+ T cell effector and memory 

responses requires specific CD4+ T cell help126 (BOX 1; 

FIG. 1). Presentation of short exact MHC-I-binding pep-

tides, but not SLPs, formulated at a high dose in incom-

plete Freund’s adjuvant (IFA) may lead to accumulation of 

T cells at the vaccine site, where they appear to die because 

they are deprived of co-stimulation and CD4+ T cell 

help127. However, robust and durable T cell responses 

and promising clinical results have been obtained with 

SLP vaccines in IFA (Montanide ISA-51 VG generates an 

emulsion like IFA) in patients with both premalignant64,65 

and malignant28,128 HPV-16-induced disease123,125,127. 

Similarly, SLP vaccines directed against NY-ESO-1 in IFA 

emulsions with either poly-ICLC or CpG have induced 

robust CD4+ T cell and CD8+ T cell responses129,130. 

Interestingly, in a recent clinical trial in patients with 

melanoma, vaccination with short peptides in Montanide 

ISA-51 mixed with lipopolysaccharide (TLR4 ligand) or 

poly-ICLC and tetanus-derived T cell helper peptide did 

not lead to T cell death in the vaccine depot131. The rea-

son for this unexpected observation, as compared with 

the prior mouse study127, is hypothesized to stem from a 

difference in vaccine dosing, TLR ligand-driven immune 

activation and the induction of CD4+ TH cells by the teta-

nus peptide126,132,133. These results not only highlight  

the importance of choosing the right adjuvant but also the  

importance of CD4+ T cell help for generation of CD8+ 

T cell responses102 (BOX 2). SLP vaccines, like RNA vac-

cines, have been successfully used to generate CD4+ T cell 

and CD8+ T cell responses to mutation-based neoanti-

gens and shared tumour-associated antigens in cancers 

with a hint of clinical activity28,66,100,101. In treatment of 

premalignant HPV-16-induced lesions, SLP vaccination 

against the oncogenic proteins E6 and E7 has shown clin-

ical efficacy as monotherapy64,65. Finally, although few 

clinical studies have systematically investigated different 

delivery sites and doses, effective delivery of peptides in 

Montanide adjuvant has involved both the subcutaneous 

route and the intramuscular route74,75.

Delivery of antigens loaded into DCs

DCs that have been isolated or cultured from blood, 

adjuvant activated and loaded with antigens through 

direct pulsing with peptides corresponding to TAA or 

Monocytes

HSCs

Administer antigen-
loaded and activated
DCs back into patient

 Built-in adjuvants such 
as CpG (TLR9)
 Co-expression of 
chemokines to target 

a  Direct delivery of antigen

b  Delivery of antigens loaded on DCs

DNA vaccine

IM or electroporation

DNA

 Built-in adjuvants such 
as ssRNA and dsRNA
 IV lipoplex vaccine can 
access DCs globally

RNA vaccine

Intranodal and
IV or lipoplex

mRNA

Transcription

Translation

Vesicle

 No built-in adjuvants
 Short peptides can be 
directly presented on 
MHC
 SLPs yield best results 
with adjuvants and 
CD4+ T cell-activating 
helper peptides

Peptide vaccine

SC or IM

Protein

Processing and
cross-presentation

DC

Ex vivo

Ex vivo culture
systems

Cord blood

Tumour lysate

Load matured DCs
with antigens in the 
form of DNA, RNA, 
protein, peptide or 
tumour lysate

MoDC

cDC1 cDC2

pDC cDC3

MHC class I or II

 | 

 a | Antigens, either shared antigens or 

neoantigens, can be delivered directly via antigen-based 

cancer vaccines, formulated with the desired adjuvant  

and administered directly into the patient subcutaneously, 

intramuscularly, intranodally (in the lymph nodes) or 

intravenously. DNA vaccines, compared with RNA vaccines, 

require more processing steps before being presented  

on dendritic cells (DCs), while peptide vaccines have the 

shortest processing route. However, DNA and RNA vaccines 

are more suited as compared with peptide vaccines to 

deliver the antigen for MHC class I presentation. Moreover, 

DNA vaccines can be electroporated directly at the 

injection site, while RNA vaccines maybe delivered 

intravenously with newly developed nanoparticles such as 

lipoplexes, which facilitate delivery of the vaccine to lymph 

node-resident DCs. b | Monocyte-derived DCs (MoDCs) can 

be generated from patient-derived monocytes or specific 

 

from haematopoietic stem cells (HSCs), or isolated from 

patient’s peripheral blood or from umbilical cord blood. 

These are loaded with tumour-associated antigens and 

reinfused into the patient. dsDNA, double-stranded DNA; 

IM; intramuscular; IV, intravenous; SC, subcutaneous;  

SLP, synthetic long peptide; ssRNA, single-stranded RNA; 
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Inside the body outside the body

Modified: Saxena et al., Nature Rev Cancer, 2021

Viral vector vaccine

IM or IV DNA
or 
RNA

• Intrinsic adjuvanticity

• Potential to directly 
kill cells -> antigen 
spread

• CD4+ + CD8+ activationMCBO II – Cancer Vaccine



Vaccine platforms

Fan et al., 2023. Sig Transduct Target Ther
MCBO II – Cancer Vaccine



Vaccine platforms

We don’t have a shortage on effective vaccine platforms !!!

MCBO II – Cancer Vaccine



vaccine targets
=

tumor antigens
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Antigen presentation and recognition

antigen = only a SMALL PART of a protein

Boston University School of Public HealthJaneway Immunologie, 2018, Springer

T cell recognition is HIGHLY specific for certain epitopes

MCBO II – Cancer Vaccine



Perfect world tumor antigen

• selective expression in tumor cells

• homogenous expression in all tumor cells

• essential expression in tumor cells

• high immunogenicity

MCBO II – Cancer Vaccine



Perfect world tumor antigen

• selective expression in tumor cells

• homogenous expression in all tumor cells

• essential expression in tumor cells

• high immunogenicity
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Tumor antigen classes

tumor SPECIFIC antigen tumor ASSOCIATED antigen

Neoantigen Oncoviral Cancer Testis Overexpression Lineage

Foreignness high high low

Immunogenicity high high low

Tolerance low low high

Shared rarely mostly* mostly

Personalized mostly yes (HLA)/no rarely

Cost high medium medium

* only few tumor entities

=TAA=TSA
MCBO II – Cancer Vaccine



Non-personalized tumor antigens – examples

oncoviral
cancer testis 
(> 140 CTA)

lineage overexpression

• HPV E6/7 • NY-ESO-1 • HER2/Neu • MUC1

• LMP1/LMP2 • MAGE-A • MUC1 • WT1

• SAGE • gp100 • EGFR

• LY6K

• CDCA1

• PRAME

MCBO II – Cancer Vaccine



Oncoviral tumor antigens

Antigen Oncovirus Associated cancer

E6, E7 HPV cervix CA, 
head-neck SCC

LMP1, LMP2 EBV Nasopharingeal CA,
B cell lymphoma

Large T, small T Merkel Polyomavirus skin CA

Tax HTLV1 retrovirus T cell leukaemia

MCBO II – Cancer Vaccine



Cancer testis antigens

Antigen Associated cancer

NY-ESO-1 melanoma

MAGE-A melanoma, 
lung

BAGE melanoma,
other cancers

PRAME melanoma,
other cancers

XAGE1B multiple cancers

WT1 multiple cancers

CTA examples gastro-intestinal tumors

Ai et al., Frontiers Immunology, 2023

CTA main examples

over 140 cancer testis antigens (CTA) known to date

MCBO II – Cancer Vaccine



Cancer testis antigens

Tumor-associated antigen clinical trials in lung cancer

Platform Name TAA Phase Patients Signs of efficacy

ce
llu

la
r 

va
cc

in
e GVAX Autol. tumor cells I/II 86 NCT00074295 negative

Belagenpumatucel- L Allogenic NSCLC III 532 NCT00676507 negative

1650-G Allogenic NSCLC II 12 NCT00654030 n.a.

p
e

p
ti

d
e

MAGE-A3 MAGE-A3 III 2312 MAGRIT, NCT00480025 negative

CIMAvax-EGF EGF III 579 negative

Racotumomab-alum NeuGcGM3 III 1082 NCT01460472 low

Tecemotide (L-BLP25) MUC-1 III 1513 NCT00409188 negative

PRAME PRAME I 60 NCT01159964 negative

vi
ru

s TG4010 MUC-1 II 65 NCT00415818 positive

LV305 NY-ESO-1 I 47 NCT02122861 positive

D
N

A V934/935 hTERT I NCT00753415 

R
N

A

CV9201 NY-ESO-1, MAGE-C1,2, Survivin, 5T4, MUC I/II 46 NCT00923312 immunogenicity

CV9202 NY-ESO-1, MAGE-C1,2, Survivin, 5T4, MUC I 26 immunogenicity

mRNA-5671/V941 KRAS (G12D, G12V, G13D, G12C) I 100 NCT03948763

= vector based gene transfer

=> few signs of efficacy

MCBO II – Cancer Vaccine



Cancer testis antigens

=> no signs of efficacy



Lineage / differentiation antigens

main examples

MCBO II – Cancer Vaccine

Antigen Associated cancer

mesothelin multiple CA

gp100 melanoma

tyrosinase melanoma

PSA/ PSMA prostate CA

CEA gastric cancer, pancreatic CA

CA19-9 gastric cancer

MUC1 multiple cancers

CA125 ovarian CA



Overexpression antigens

Antigen Associated cancer

MUC1 multiple CA

WT1 multiple CA

EGFR multiple CA

PSA/ PSMA prostate CA

MUC1 multiple cancers

main examples

MCBO II – Cancer Vaccine



TAA combinations

NY-ESO-1, MAGE-C1, MAGE-C2, survivin, 5T4, and MUC-1 

=> limited immunogenicity

MCBO II – Cancer Vaccine



TAA cancer vaccine clinical development

Meta-analysis

Breast CA
• 46 studies, 1698 patients: ORR* only 9%

Ovarian CA
• 32 studies, 426 patients: ORR* only 4%

*ORR = overall response rate (incl. stable disease, partial response, complete response)



Neoantigens

Qualities of neoantigens

Saxena et al., Nature Rev Cancer, 2021MCBO II – Cancer Vaccine



Personalized neoantigen vaccine – the simplified view

Grimmett et al., 2022,Discover Oncology



Personalized neoantigen vaccine – the complex view

Fan et al. 2023, Sig Transduct Target Ther



Personalized neoantigen vaccine – CHALLENGES

Challenges with personalized neoantigen vaccines:

• Speed

• Metastatic heterogeneity

• TMB (tumor mutational burden)

• Prediction

• HLA dependence

MCBO II – Cancer Vaccine



Challenge I - speed

www.labiotech.euMCBO II – Cancer Vaccine



Challenge I - speed

www.labiotech.eu

Turn around time from tumor biopsy to GMP-grade production and treatment*:

< 1 month!!!

* “needle-to-needle” MCBO II – Cancer Vaccine



mRNA vaccine platform

Chaudhary et al., 2021, Nature Rev Drug Discovery

Mode of action

MCBO II – Cancer Vaccine



mRNA vaccine platform

Challenge of using mRNA vectors

1. mRNA stability

2. mRNA delivery

3. mRNA reactogenicity

MCBO II – Cancer Vaccine



mRNA vaccine platform

Chaudhary et al., 2021, Nature Rev Drug Discovery

Manufacturing mRNA - LNP vaccines

MCBO II – Cancer Vaccine



mRNA vaccine platform

mRNA vaccines allow for a rapid turnover from design to clinical grade production:
• information input does not change biology/chemistry of compound
• stable pharmacokinetics (PK) and pharmacodynamics (PD)

Dolgin , 2021 NatureMCBO II – Cancer Vaccine



mRNA vaccine platform

mRNA modification

mRNA modifications reduce the cellular defense mechanisms against exogenous mRNA:
• much higher antigen production inside the cell
• superior antibody responses
• role of mRNA modification on T cell immunity unclear

MCBO II – Cancer Vaccine



mRNA vaccine platform

MCBO II – Cancer Vaccine

mRNA vaccines allow for a rapid turnover from design to clinical grade production:

• information input does not change biology/chemistry of compound

• stable pharmacokinetics (PK) and pharmacodynamics (PD)

• ”needle-to-needle” time down to 28 days!



Personalized neoantigen vaccination via peptide vaccine platform 

MCBO II – Cancer Vaccine

Personalized neoantigen vaccine are 
NOT an exclusivity for mRNA platforms



Challenge II – heterogeneity of neoantigen landscape

Neoantigens often differ between primary and secondary tumor sites!

Lang et al., Nature Reviews Drug Discovery, 2022MCBO II – Cancer Vaccine



Challenge III – dependence on tumor mutational burden (TMB)

Alexandrov et al. Nature, 2013

mutation frequency varies between tumor types

MCBO II – Cancer Vaccine



Challenge IV – computational prediction

Yadav et al., Nature 2014

1000        vs 2

Simoni et al., Nature 2018
MCBO II – Cancer Vaccine



Challenge V – HLA dependency

Rammensee and Löffler, 2020, Bundesgesundheitsblatt

HLA Variability

Epitope prediction depends on 
common HLA types

MCBO II – Cancer Vaccine



Personalized neoantigen vaccine – clinical trials

Peri et al., Nature Cancer, 2023= vector based gene transfer MCBO II – Cancer Vaccine



Personalized neoantigen vaccine – clinical trials

MCBO II – Cancer Vaccine

Example 1



Personalized neoantigen vaccine – clinical trials
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Personalized neoantigen vaccine – clinical trials

MCBO II – Cancer Vaccine

Example 2

• 16 pancreas cancer patients

• up to 20 neoantigens per vaccine compound

• co-treatment with checkpoint inhibitor anti-PD-L1 (atezolizumab)

• co-treatment with four-drug chemotherapy

• Study endpoints: 

− Neoantigen-specific T cell immunogenicity assay

− 18 month recurrence-free survival



Personalized neoantigen vaccine – clinical trials
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Example 2



Personalized neoantigen vaccine – clinical trials

MCBO II – Cancer Vaccine

Example 2

Exemplary ELISpot CAVE: Only minority of included 
neoantigens are immunogenic

de novo response

50% of patients showed measurable immune responses against neoantigens

But only minority of all neoantigens responded to!



Personalized neoantigen vaccine – clinical trials

MCBO II – Cancer Vaccine

Example 2

T cell boost 

Boost effect of mRNA vaccines after chemotherapy

Important: maintained T cell functionality under chemotherapy (up to 2 years)!  



Tumor antigens – quo vadis?

Lin et al., Nature Cancer 2022
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Tumor antigens – anything else?

Black box

Shared tumor-associated antigensPrivate neoantigens

?

MCBO II – Cancer Vaccine



Tumor antigens – anything else?

Shared tumor-associated antigensPrivate neoantigens

Shared neoantigens

1. driver mutations (e.g. KRAS, p53)

2. NON-coding regions

3. splicing variants

4. cryptic peptides

The road ahead

MCBO II – Cancer Vaccine



Shared neoantigen vaccine – clinical trials

MCBO II – Cancer Vaccine

Example 3



Shared neoantigen vaccine – clinical trials
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Example 3



Shared neoantigen vaccine – clinical trials
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Shared neoantigen vaccine – clinical trials
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Shared neoantigen vaccine – clinical trials
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Shared neoantigen vaccine – clinical trials
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Example 3



Tumor antigens – quo vadis?

Lin et al., Nature Cancer 2022



Vaccination THROUGH Therapy

local therapy of melanoma skin cancer with oncolytic virotherapy

=> Effect on remote metastases by virus induced immune activation

Andtbacka et al., Head and Neck 2016



Cancer in situ vaccination

WIREs Nanomed Nanobiotechnol. 2018;e1524.

antigen “agnostic”antigens known/predicted 



Cell death modality impacts immunogenictiy recognition

Galuzzi (2020) J Immunother Cancer



Questions???

MCBO II – Cancer Vaccine
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