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“The field of  immunotherapy has 
exploded in the last decade, and 
more and more patients are  
benefiting” — Steven O'Day ASCO 2014

Modified from Steven O'Day
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1. Tumor Immunology



Tumour

T cells

By definition: Cancers are ~invisible to the immune system



The Cancer Immunity Cycle

Cyclic and

self-propagating

START
Chen, Melman Nature



Schreiber R et al. Science 2001

Tumor Editing



Signalling at the Immune Synapse 
3 Signals

Ferris R. JCO 2015 



Activation Phase (1)

Signal 1:

MHC Class I – CD8 TCR

MHC Class II – CD4 TCR

Provides specificity at level 

of  TCR recognition of 

specific antigen in the 

correct MHC context

MHC TCR
APC T cell

CD28

B7
CTLA-4

ACTIVATION
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Activation Phase (2)

Positive Signal 2:

Co-stimulation

CD28 molecules on T cell 

must receive an additional 

+ve signal by binding B7 in 

order to reinforce Signal 1

MHC TCR

ACTIVATION

APC T cell

B7 CD28

B7

CTLA-4
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Activation Phase (3)

MHC TCR

ACTIVATION

APC T cell

B7 CD28

B7
CTLA-4

“Signal 3”

Release of stimulatory cytokines 

CD4+ Thelper

Cytokine receptor
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Activation Phase (4) (= INHIBITION)

Negative Signal 2:

Inhibition

B7 molecules on APC are 

bound to CTLA4 receptor on 

T cells. T cell does not 

receive Signal 2 and is 

inhibited 

MHC TCR

INHIBITION

APC T cell

CTLA-4

CD28B7

B7
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Effector Phase (1)

T cell activation:

Tumour cell does not 

express PD-L1.

TCR recognition of antigen 

results in T cell activation 

against target 

SIGNAL 1 = POSITIVE

MHCTCR

ACTIVATION

T cell Tumour cell

PD1
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T cell activation:

T cell secretes IFNg

(and other cytokines) 

which upregulates 

expression of PD-L1 

on tumour cells 

MHCTCR

ACTIVATION

T cell Tumour cell

PD1

IFNg

Effector Phase (2)

Slide courtesy
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T cell inactivation:

Inhibition of T cell activity by 

binding of an inhibitory 

ligand (PD-L1) to the 

programmed death-1 

receptor

SIGNAL 2 IS NEGATIVE

MHCTCR

INHIBITION

T cell Tumour cell

PD-L1PD1

Effector Phase (3)

Slide courtesy
Kevin Harrington



Overview:

17

1. IO impacts survival (2nd line --> 1st line, earlier is better)

2. Integration into Curative Setting (most immune competent)

3. Side Effects (irAE)

4. Biomarkers

Source: PhRMA TV Commercial, 'Go Boldly: Cells’
Full video at: https://www.ispot.tv/ad/d5CO/phrma-go-boldly-cells

https://www.ispot.tv/brands/nTe/pharmaceutical-research-and-manufacturers-of-america-phrma


2. Immune Checkpoints & T-cells



Activating & Inhibitory Receptors: 
Many Potential Targets!

Mellman et al. Nature. 480, 480-489 (2011) doi:10.1038/nature10673



(PVR) (PVRL2)

Blockade of multiple ”secondary” checkpoints (i.e. beyond PD-1) being tested 

clinically, almost all in combination with anti-PD-1/L1

Slide courtesy
Drew Pardoll

(DNAM)                (PVRIG)

https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-019-1091-2/figures/2
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3. Immune/Tumor Microenvironment



Head & Neck 

Cancer Program

HOT and COLD tumors
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3 Henchmen of Immune 

Escape after PD-1:

a) TGF-beta / Stromal-CAFs 

b) Suppressive myeloid cells

(M2 and MDSCs)

c) Metabolic environment

(Angiogenesis/Hypoxia)

Cristescu SITC 2019
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a) TGF-beta/stromal phenotype
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b) Suppressive Myeloid Cells



Myeloid Cell infiltration
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c) Tumor Metabolism Checkpoint

Leone/Powell Nature Rev 2020



c) Tumor Metabolism Checkpoint
Anti-tumor ‘inflammation’ Pro-tumor ‘inflammation’



1. Tumor Immunology
a) Three Signals of the Immune Synapse

b) Priming and effector phase

2. Novel Immune Checkpoints are emerging
a) TIGIT/LAG3 with proof of principle clinical activity

b) Costimulatory targets with Bispecific format also show activity (SITC 2021)

3. Tumor Microenvironment factors associate with PD-1 resistance
a) TGF-beta/ stromal phenotype

b) Suppressive Myeloid Cells

c) Tumor Metabolism

Conclusions


