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Hallmarks of	Cancer
Hanahan D	&	Weinberg	RA	Immunity 2011	
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Functional interactions between tumor cells & their immune microenvironment

APC: Antigen Presenting Cells 

Tumor Cells/APC 

Inhibitory signal

Activation signal
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• Introduction générale 

• Réponse immunitaire anti-tumorale

• Rationnel biologique de l’utilisation des anti-immune checkpoints

• Mécanismes moléculaires de résistance aux anti-PD1

• Combinaisons

• Autres immunomodulateurs

• Toxicité de ces anticorps



The	history of	cancer	immunotherapy



Major	FDA	approved PD-1	and	PDL-1	



The	Cancer	– Immunity cycle

Functional interactions between tumor cells & their immune microenvironment

Un(e) volontaire pour commenter ce shéma?



The	Cancer	– Immunity cycle

Functional interactions between tumor cells & their immune microenvironment



The	Cancer	– Immunity cycle

Functional interactions between tumor cells & their immune microenvironment

Adenosine



The	Cancer	– Immunity cycle

The goal of immunotherapy is to initiate or reinitiate endogenous anti-tumor immunity

Functional interactions between tumor cells & their immune microenvironment



Immune	checkpoints	inhibitors

The goal of immunotherapy is to initiate or reinitiate endogenous anti-tumor immunity

Functional interactions between tumor cells & their immune microenvironment



PD1	Expression	



Immune	checkpoints	inhibitors

The goal of immunotherapy is to initiate or reinitiate endogenous anti-tumor immunity

Reviving exhausted T cells through PD1/PD-L1 blockade

a) Acute infection

b) Chronic infection / Tumor

c) Reviving exhausted T cells



PD1	/	PD-L1	blokade

Pembrolizumab



Functional interactions between tumor cells & their immune microenvironment

Adapted from Gajewski T et al., Nature Immunology 2013

Impact	of	tumor infiltrate



Resistance to	anti-PD1

• Mutations that inhibit activation and recruitment of T cells (b-catenin, PTEN)
Spranger S et al., Nature 2015, Peng W et al., Cancer discovery 2016

• Mutations that favor tumor immune escape (JAK1-2, b2-microglobulin)
Zaretsky JM et al., New Eng J Med 2016

• Increased expression of other immune checkpoints by effector T cells (TIM-3)
Koyama S et al., Nat Com 2016

Responding Non responding : primary resistance
Initial response with delayed tumor relapse : acquired resistance 



Resistance to	anti-PD1

Functional interactions between tumor cells & their immune microenvironment

Adapted from Spranger S et al., Oncoimmunology 2016

Tumor-intrinsic oncogene pathways mediating immune avoidance



Resistance to	anti-PD1

From Ngiow SF et al., Cancer Research 2015



Combined Therapies

• Combining	checkpoint	inhibitors	in	cancer	therapy

Murine melanoma model



Combined Therapies

• Combining	checkpoint	inhibitors	in	cancer	therapy

- Search	for	predictive	markers	of	clinical	activity	of	checkpoint	inhibitors
- Combination	with	other	regulators	of	the	immune	response?
- Combination	with	conventional	therapies?

Adapted	from	Robert	C,	NEJM	2014	and	Postow MA,	NEJM	2015		

Chemo

a-CTLA4

a-PD1

a-PD1+
a-CTLA4

Human melanoma



Combined Therapies

• Combining	checkpoint	inhibitors	with	conventional	therapies	to	reinforce	
anti-tumor	immunity

Deng	L,	JCI	2014

α!CTLA!4'

+ α!CTLA!4'

4T1 



Combined Therapies

• VEGF-A	blockade significantly reduced PD-1	expression	on	intratumoral
CD8+	T cells (CT26	- colon	preclinical model)

• VEGF-A	blockade synergizes with anti-PD-1	to	prevent tumor growth

Voron T,	J	Exp Med	2015
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Effector T cell
Tumor cells

or 
Immune cells

CD39/CD73/adenosine immunosuppressive pathway

CD39/CD73 

Adenosine 

Other	immunoregulators



Other	immunoregulators

ATP ADP+P AMP+P Adenosine

CD73
(Nt5e)

CD39
(Entpd1)

Adenosine limits anti-tumor 
immune response

ATP is released during 
immunogenic cell death 

(DC priming)

Impact	of	CD39	deficiency immunotherapy &	chemotherapy?	

Chemotherapy
ionizing radiation

HMGB1

CRT



Other	immunoregulators

CD39	deficiency significantly increases treatment efficacy and	mice survival

Oxaliplatin a-PD-1 Oxaliplatin + a-PD-1

***

*
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*

0 20 40 60 80
0

25

50

75

100

Days post-graft

P
er

ce
nt

 s
ur

vi
va

l

OXA
rIgG2A

0 20 40 60 80
0

25

50

75

100

Days post-graft

P
er

ce
nt

 s
ur

vi
va

l rIgG2A
α-PD-1

0 20 40 60 80
0

25

50

75

100

Days post-graft

P
er

ce
nt

 s
ur

vi
va

l

rIgG2A
OXA + α-PD-1

0 20 40 60 80
0

25

50

75

100

Days post-graft

P
er

ce
nt

 s
ur

vi
va

l rIgG2A
OXA

0 20 40 60 80
0

25

50

75

100

Days post-graft

P
er

ce
nt

 s
ur

vi
va

l rIgG2A
α-PD-1

0 20 40 60 80
0

25

50

75

100

Days post-graft

P
er

ce
nt

 s
ur

vi
va

l

rIgG2A
OXA + α-PD-1

WT mice

CD39KO 
mice

MCA205'cells'
1x106''

Tumor'size:'100mm3'

Oxalipla;n'–'10mg/kg/ip'
'

D5'

an;BPD1'or'rIgG2a'
200'µg/ip/2x'wk''

D6'

WT#or#CD39KO#mice#



Side	effects	of	immune	checkpoint	inhibitors

From Force J and Salama AKS ImmunoTargets and Terapy 2017 

a-CTLA4a-PD1 a-PD1 + a-CTLA4


