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Hallmarks of T lymphocytes



• Taking advantage of existing 
spontaneous T cell responses
• Adoptive transfer of TILs
• Checkpoint inhibitors
• Oncolytic viruses
• Cancer vaccines

• Engineering new responses
• Antibody therapy
• CAR-Ts
• Oncolytic viruses
• Cancer vaccines

Principles underlying immunotherapeutics



JENNER 1798
Cowpox immunization 
prevents smallpox

PASTEUR 1870s
Inactivated pathogen



Whispers and murmurs: 
Coley’s toxin-- the first adjuvant

A patient with round cell sarcoma of the jaw and abdominal metastases seen by Coley in 1899. a | 
Photograph after 63 injections with Coley's toxins; tumour had diminished to about half its original 
size. b | Photograph after further treatment with Coley's toxins. In his 1910 lecture at the Royal 
Society of Medicine Coley reported that the patient was still alive and well. Images reproduced, with 
permission, from Ref. 17 © (1910) Royal Society of Medicine.

http://www.nature.com/nrc/journal/v9/n5/full/nrc2628.html#B17


What is the challenge? 



Lazarian, Guieze & Wu 2015

1. The evolutionary capacity of cancer: fuel for therapeutic 
resistance



Purroy N and Wu C. Cold Spring Harb 
Perspect Med. 2017

2. How do we address tumor-immune co- evolution? 



 3. What about tumors without pre-existing immunity? 
Pre-existing Immunity    Non-functional       Excluded infiltrate          Immune desert
 (20-30%)      immune response

CD8 / IFN signature

Current immunotherapies work best for patients 
with a 

pre-existing anti-tumor immune response

Challenge: driving T cells/immune cells into tumors

• Insufficient priming

• Absence of antigens or dysfunctional antigen presentation 
leading to immunologic ignorance

• Suppressive soluble factors or inhibitory immune cell 
populations leading to immune tolerance

• Vascular factors, chemokines or ECM conditions posing 
barriers to migration of T cells into tumor



What can vaccines do? 



Hu Ott Wu Nature Reviews Immunology 2018

Pathogens Prophylactic/Preventive 
vaccines

Cancer Therapeutic vaccines

Vaccines: an opportunity to expand tumor-directed 
T cell responses 



Vaccines: an opportunity to expand tumor-directed 
T cell responses 

Hu Ott Wu Nature Reviews Immunology 2018



Blass, Ott Nature Rev Clin Oncol, 2021



What are the critical components of a vaccine? 



Vaccines: a bridge to cure….? 



Diverse choices





Overexpressed Ag, 
shared

Classes of tumor antigens



Neoantigens CT antigens Overexpressed Ag, 
shared

Classes of tumor antigens



Somatic mutations have the 
potential to  generate neoantigens



 Somatic mutations have the 
potential to  generate neoantigens



Classes of mutations that can 
generate potential tumor neoepitopes

Gene fusion

*
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Support for neoantigens as effective tumor rejection antigens 

Castle Can Res 2012; Brown Gen Res 2014; Snyder NEJM 2014; Rivzi Science 2015; Cai Clin 
Can Res 2012; Rajasagi 2014; Robbins Nat Med 2013; van Rooij JCO 2013; Rooney Cell 
2015; Rivzi Science 2015; Tran Science 2014; Gubin Nat 2014; Yadav 2014



• Enhance the magnitude, breadth and durability of the immune response
• Alum (1920s) incorporated in hep B, diptheria, tetanus pertussis and HPV vaccines
• Since 1990s 4 others with licensure

• Modulation of the innate immune system to activate adaptive immunity 
• Through pattern recognition receptors (PRRs) 

• 1990s: TLRs, via pathogen-associated molecular patterns (PAMPs)-> activation of DCs
• Other innate PRRs RIG-I/other RNA sensors, DNA sensors (i.e. STING), C-type lectins, NOD-like 

receptors (NLRs) and cytosolic receptors (NLRP3-activates the inflammasome)

• DCs can be also activated through stress signals: pathways of tissue damage, different forms of cell death, 
and metabolic and nutrient sensors  Release of damage-associated molecular patterns (DAMPs)

• Induction of effective CD8+ T cell responses in humans: requires the 
optimal adjuvant signaling & sustained presence of antigen

Adjuvants: an immune ‘kick in the pants’



Caskey M  J Exp Med. 2011

Poly ICLC is a highly effective vaccine adjuvant

- Nucleic acid ligands of TLR/RLRs are effective adjuvants
- CpG DNA is difficult to obtain for trials
- dsRNA stimulates several key pathogen sensors

- Stabilization of pIC in a complex with carboxymethylcellulose, poly-lysine and pIC

Caskey M J Exp Med. 2011 





What studies of cancer vaccines in patients are there? 





Pitfalls of the single antigen-targeting  vaccine



Selection and delivery of antigen

• Less impressive….
• Single immunogen vaccine studies

• Glimmers of success!
• Whole tumor cell vaccines
• Improved delivery

• Long peptides (HPV)
• Dendritic cell-based vaccines (DC 

fusion, Provenge)

Antigen-specific vaccination: the opportunity to focus 
the response and broaden the T cell repertoire



Whole tumor cell vaccines

• Complex vaccines-many antigens 
available to stimulate B and T cell 
responses

• Potential to be a ‘personal’ vaccine

+GM-CSF

• Potentially poorer expression of 
any one ag

• Low-ish activity



Sipuleucel: “DC-based” vaccine





Hacohen CIR (2013)

• Safe, feasible
• Highly immunogenic
• Promising combination with CPB

High-risk melanoma

Newly diagnosed GBM

Ott & Hu Nature (2017)
Sahin Nature (2017)
Carreno Science (2015)

Keskin, Nature (2019); Hilf Nature (2019)Ad
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• SLPs

• Poly-ICLC

• Up to 20 
targets, 
separate pools



Linette & Carreno Trends in Molecular Medicine (2017)



Melanoma Neovax: Enduring CRs after Neovax + α-PD-1

Ott & Hu Nature (2017)



Durable and encouraging long-term responses

T cell 
diversification 
& persistence

Epitope 
spreading

Generation of 
memory 
response

Hu Leet & Allesoe Nat Med (2021); Ott PA Cell 2020 



Tracking of NeoAg T cells to the site of tumor after vax

Hu Leet & 
Allesoe Nat 
Med (2021)

Met melanomaGBM Keskin et al 
Nature (2019)



Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Ongoing Clinical  Trials Testing Neoantigen Targeted Vaccines

Blass, Ott Nature Rev Clin Oncol, 2021

Peptid
eRNA

DNA
Viral

Patrick A Ott



Composite results across studies….

Tracking of T cells to site of 
tumor

Randomized open label phase 2



Where next? 

Fritsch CIR 2020



Ongoing bedside to bench and back 
again efforts

Disease-
specific 

research

Ongoing 
trials

Building 
new 

capabilities

Blass, Ott Nature Rev Clin Oncol, 2021
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