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Cancer Immunotherapy: 
Remarkable Success
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Cancer Immunotherapy Premise

• Normally, the immune system eliminates precancerous and malignant cells

• Tumors evolve mechanisms to locally disable the immune system.

The goal of the immunotherapy field is to develop medicines that restore the
capacity of the patients’ immune system to recognize and kill cancer.



1: Render immune dysfunction: 

-T cells become exhausted via chronic stimulation

-Tumors upregulate molecules that cause T cell dysfunction. 

2: Avoiding an immune response: 

-Tumor remains invisible

-Lack of antigens (T cells don’t ”see” tumor)

Two mechanisms of tumor immune escape 

Knochelmann HM, et al. Frontiers in Immunol 2018

THE HOPE:



Immune evasion – Hot vs cold tumors

Ascierto P.A.,  Paulos CM, JITC 2019

Horton J, Knockelmann HM, et al. Trends in Cancer 2018
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Initiating innate immunity

Innate immune sensing (i.e. Sting activation) 

APC maturation
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Modified from Corrales et al. Cell Res. 2017



Results in T cell activation
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Modified from Corrales et al. Cell Res. 2017



T cell are activated if there are 3 signals

Image courtesy of NCI



Mediating T cell proliferation & migration to tumor

Innate immune sensing (i.e. Sting activation) 

APC maturation

&

Transport to lymph node

Cytotoxic T cell activation

T cell recruitment 

Modified from Corrales et al. Cell Res. 2017
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Many problems remain….

Knochelmann HM, et al. Frontiers in Immunol 2018



But there are some solutions…

• Checkpoint blockade immunotherapy 

• Cancer vaccines 

• Adoptive cell transfer

• Oncolytic viruses



Activation Inhibition Re-Activation

CD28

CTLA-4 or PD-1

Goal: 

Regain effector T cell activity by reducing inhibitory 
signals and/or enhance stimulatory signals

T cell

Checkpoint blockade unleashes the “brakes”



A
C

TI
V

A
TI

O
N

SU
P

P
R

ES
SI

O
N IN

H
IB

ITIO
N

STIM
U

LA
TIO

N

PVR

TIGIT CD226

T CELL

TUMOR/APC

TUMOR/APC

- +

CD80

CTLA-4 CD28

- +

PD-L1/2

PD-1

-
LAG3 TIM3 BTLA4

VISTA-R

GITR*

MHCII HVEMCD86

PD-L1

-

Gal-9

-
VISTA

-

4-1BB Ox40 ICOS

CD40ICOSL

CD40L

Ox40L4-1BBL

+ + +

+

Nivolumab
Pembrolizumab

Atezolizumab
Avelumab

Durvalumab

Ipilimumab

Tremelimumab Relatlimab TSR-022
MBG43

Urelumab

PF-04518600Utomilumab GSK3359609

GITRL

MEDI1873 

TRX518

BMS986207
OMP-313M32

CA-170-

+ -

Horton J, Knochelmann HM, et al. Trends in Cancer, 2019



Goal: 

To increase the immunogenicity of antigens to 
generate more tumor-specific T cells.

Therapeutic Cancer Vaccines

Image courtesy of NCI



Goal: 

Overwhelm the tumor with a 
higher frequency of antigen-
specific T cells and/or engineer 
immune cells to cancer.

Image courtesy of NCI
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Adoptive T cell transfer (ACT) therapy

Made by Aubrey Smith, Senior Grad Student in Paulos Lab



Oncolytic Viruses

Goal: 

Specifically target and kill 
tumor cells through viral 
replication AND release 
innate immune activators 
and tumor antigens

Modified from Bommereddy et al. JCI 2018



Multi-layered Immunosuppression

• Tumors insulate themselves

• Overcoming suppression in the tumor 
is a daunting challenge for T cells 

• Immunotherapy can “peel back” layers

• Combination therapy might be needed



Combination Immunotherapies
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Cesano et al. Biomedicines 2018

Immunotherapy Biomarkers



Further Resources


