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Evidences	of	Tumor	Immuno-Surveillance	in	
Immunocompetent	Mice:	Example	of	IFNg1	

Wild	type	129/Sv	
IFN-g	R-/-	

Methylcholanthrene 

Methylcholanthrene-
induced	tumors	in	IFN-g	

R	K.O.mice.1		

1.	Kaplan	DH	et	al.	PNAS.	1998;	95:7556-7560	



Evidences	of	Tumor	Immuno-Surveillance	in	
Immunocompetent	Mice:	Role	of	T	cells1	

1.	Koebel	CM,	LJ	Old,	M	Smyth	&	Schreiber	RD,	Nature	2007,	450(7171):903-7.				
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Evidences	of	Tumor	Immuno-Surveillance	in	Human:	Increased	
Cancer	Incidence	in	Immuno-Depressed	Transplanted	PaNents1	

1.	Birkeland,	Int	J	Cancer	1995	30:	183-9.				

Tumor	Site	 RaNo		

Skin	(non-melanoma)	 24.7	

Thyroid	 14.3	

Endocrine	system	 13.8	

ORL	 10.8	

Vulva,	vagina	 10.3	

Non-Hodgkin	
Lymphoma	

9.1	

Kidney	 5.5	

Colorectal	 3.6	

Lung	 2.4	

Brain	 2.4	

Prostate	 2.1	

Melanoma	 1.7	



Effector	Memory	T	Cells	InfiltraNon	Predict	
Survival	in	Colorectal	Cancer1	

1.	Pages	F	et	al.	N	Engl	J	Med.	2005;353:2654–2666.		
2.	Galon	J	et	al.	Science		2006;313:1960–64.		



Immunogenic	Cell	Death	in	Cancer	Therapy	

Michaud	M,	Kroemer	G.	Science.	2011;	334:1573-7.		
Kroemer	G,	Zitvogel	L.	Annu	Rev	Immunol.	2013;	31:51-72.		
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The	Innate	Immune	System	Fight	Tumors	Via	a	
Variety	of	FuncNonally	Specialized	Cells1	

NK	=	natural	killer.	
1.	Norvell	A.	In:	Prendergast	GC	et	al.	Cancer	Immunotherapy.	2nd	ed.	Elsevier;	2013:11–24.	

Destruc1on	of	Infected	cells	
by	Cytotoxicity,	Phagocytosis	
or	An1body	Dependent	Cell	
Cytotoxicity	
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MutaNonal	Heterogeneity	in	Cancer	Creates	
TherapeuNc	Challenges	and	OpportuniNes	

Altered	proteins	contain	new	epitopes	for	immune	recogniNon,	providing	a	
common	denominaNon	for	immunotherapy		



TUMOR 
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1. Antigens are released by tumor cells and 
captured by dendritic cells. 

Dendritic cell 
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TUMOR 2. Dendritic cells activate 
naive T cells in lymph 

nodes. 

1. Antigens are released by tumor cells and 
captured by dendritic cells. 

Dendritic cell 

LYMPH 
NODE 
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TUMOR 

3. Activated T cells migrate back to the 
tumor. 

2. Dendritic cells activate 
naive T cells in lymph 

nodes. 

1. Antigens are released by tumor cells and 
captured by dendritic cells. 

Activated  
T cell 
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TUMOR 

4. T cells kill tumor cells through 
the release of lytic enzymes or 

induction of apoptosis. 

3. Activated T cells migrate back to the 
tumor. 

2. Dendritic cells activate 
naive T cells in lymph 

nodes. 

1. Antigens are released by tumor cells and 
captured by dendritic cells. 

Activated  
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1. Antigens are released by tumor cells and 
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Activated  
T cell 

Immune checkpoints, such as CTLA-4, 
PD-1, LAG-3, and TIM-3 function at 

different phases in the immune response 
to regulate the duration and level of the T-

cell response. 
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MHC II 

TCR 

Adapté de : Wood, K.J. and Sakaguchi, S. (2003) Nat Rev Immunol 3, 199-210 

conventional T cell 

=/3%2,('+@!K!2@$-)'1@(/6!UK+/3V!.&).W.(!1'&8/&N'&,2!K!1/22!,1N8,N'&!

!! Involved in auto-immunity  

!!  Contributing to tumor development 

-! Increase Treg frequency in blood of 
patients suffering from different cancer 
types (Udaya 2002, Wolf 2003) 

 
- Negative Impact on patients survival in 

ovarian cancer (Curiel 2004) 
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Regulatory	T	cell	(Treg)	InfiltraNon	Is	a		
Bad	Prognosis	Factor	in	Ovarian	Tumor		

Curiel.	Nat	Med.	2004;10:942.	

All	stages	

Stages	III	 Stages	IV	
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Immune	Checkpoints	
•  Checkpoint	pathways	

–  CTLA-4	and	PD-1	
•  Other	Checkpoints:	B7	family	and	others	
•  Beyond	Checkpoints:	Cos1mulators	
•  Beyond	T	cells:	NK,	DC,	Macrophage	
•  Markers	for	checkpoint	pathway	inhibi1on	
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GJ	Freeman	&	AH	Sharpe.	Nat	Immunol.	2012.	

Tumor	InfiltraNng	Lymphocytes	Express	MulNple	
Immunoinhibitory	Receptors	

These	are	druggable	targets	for	tumor	immunotherapy	

Signal	1	

Signal	2	



CTLA-4	and	PD-1	Pathway	Inhibits	T	Cell	Responses	

G	Freeman	2008;	PNAS	105:10275	



#-.2.$%$,W!U:&N"!0K?:cV!#$-+'8/!?'&3!K/+$!
B%+8.8,2!.&!D/(,6(,N1!D/2,&'$,!

<3%7%&'&,-!37')!2,6,.-,b%($!0/.!
3.$;%/')7*!'(+.$,+$2!&$+,)+,16!
&$7,(/&,?>!
!

<&3./;$2!)'.;%;,7!:%+#!
%3%7%&'&,-!%(!3,1$(+)!:%+#!
&$+,)+,16!&$7,(/&,?!R!

>?!Q/-$.+!5K!"#/&,)!LK!$+!,7?!"&1-23&.&4+5?!RI>>D!VGS8RE>FHRG?!
R?!9/2%!\OK!NgA,*!OMK!$+!,7?!"&1-23&.&4+5%&RI>ID!VGV8F>>HRV!



AnN-CTLA4	of	IgG2a	isotype	Enhance	AnNtumor	
AcNvity	Through	DepleNon	of	Intratumoral	Tregs	

Selby	MJ	&	Korman	AJ.	Cancer	Immunol	Res.	2013;1:32-42.		



Fc-Dependent	DepleNon	of	Tumor	InfiltraNng	Treg	co-
Defines	the	Efficacy	of	anN-CTLA4	Therapy	

Simpson	TR	&	Quezada	A.	J	Exp	Med.	2013;	210:1695-710.	



GJ	Freeman	&	AH	Sharpe.	Nat	Immunol.	2012.	

Tumor	InfiltraNng	Lymphocytes	Express	MulNple	
Immunoinhibitory	Receptors	

These	are	druggable	targets	for	tumor	immunotherapy	



Potent	TherapeuNc	Efficacy	of	Pembrolizumab		
(anN-PD1	MSD)	in	Melanoma	

Hamid	O.	NEJM.	2013.	

N=135,	13%		grade	3/4	toxicity	

53%	objec1ve	Responses		





Ribas	A.	N	Engl	J	Med.	2012;366:2517-2519.	

Differences	Between	Blocking	CTLA4/B7	and	
Blocking	PD-1/PD-L1	



Tumor	AnNgen–Specific	CD8	T	cells	InfiltraNng	the	Tumor	
Express	High	Levels	of	PD-1	and	Are	FuncNonally	Impaired	

Tumor	infiltraNng	T	cells	upregulate	PD1	 PD1	expressing	T	cells	are	dysfuncNonal	

Ahmadzadeh	M		&	Rosenberg	SA.	Blood.	2009;	114:1537-44	



PD-L1:	B7-1	Pathway	Also	Inhibits	T	Cell	
Responses	

•  B7-1	interacts	more	strongly	with	PD-L1	(1.7μM)	than	with	CD28	(4μM)	but	less	strongly	than	with	
CTLA-4	(0.2	μM)	

•  All	therapeu1c	PD-L1	Abs	are	dual	blockers	
•  B7-1:	PD-L1	interac1on	inhibits	T	cell	responses	predominant	role	in	controlling	effector	T	cell	responses	

Bule,	et	al.	Immunity.	2007.	
Paterson,	et	al.	JI.	2011.	



AnN-PD-1	and	AnN-PD-L1	mAbs	Block	DisNnct	
InteracNons	



AnN-PD-1	and	AnN-PD-L1	mAbs	Block	DisNnct	
InteracNons	



Immune	Checkpoints	
•  Checkpoint	pathways	

–  CTLA-4	and	PD-1	
•  Other	Checkpoints:	B7	family	and	others	
•  Beyond	Checkpoints:	Cos1mulators	
•  Beyond	T	cells:	NK,	DC,	Macrophage	
•  Markers	for	checkpoint	pathway	inhibi1on	
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•  Ig	superfamily	member	
•  Binds	MHC	class	II	(like	CD4)	
•  Expressed	by	acNvated	T	cells	
•  LAG-3	ligaNon	inhibits	TCR	signaling	
•  Also	expressed	by	Tregs.	Blocking	of	LAG-3	results	in	
inhibiNon	of	suppressive	capacity	

•  AcNvaNon	of	CD8+	T	cells	leads	to	LAG-3	upregulaNon		
•  LAG-3	may	render	CD8+	T	cells	in	a	tolerogenic	state	
•  Combined	anN-PD1	and	anN-LAG-3	may	have	bejer	
anN-tumor	effects	

LAG-3	(lymphocyte	acNvaNon	gene-3)	



TIM-3	(T	cell	immunoglobulin-3)	
•  Ig	superfamily	member	consists	of	an	N-terminal	IgV	

domain	and	a	mucin	domain	
•  Tim-3	ligand:	S-type	lecNn	galecNn-9	(Gal-9),	soluble	

molecule	widely	expressed,	upregulated	by	IFN-γ	
•  Tim-3	as	a	negaNve	regulatory	molecule:	negaNve	

regulator	of	IFN-g-secreNng	CD4+	T	helper	1	and	CD8+	T	
cytotoxic	1	cells	

•  Promote	development	of	CD8+	T	cell	exhausNon		
•  In	vivo	blockade	results	in	exacerbated	autoimmunity	and	

abrogaNon	of	tolerance	in	experimental	models,		
•  Induce	expansion	of	myeloid-derived	suppressor	cells	

(MDSC),	expressing	high	levels	of	Gla-9	
•  Tumor	infiltraNng	lymphocytes	co-expressed	PD-1	and	

TIM-3	
	

Sakuishi	K,	Trends	Immunol.	2011;	32:345-9	
Anderson	AC.	Curr	Opin	Immunol.	2012;	24:213-6		
	
	



New	Combina1on	Immunotherapies:	

	
•  An1-PD1/PDL1	+	an1-LAG3	
•  An1-PD1/PDL1	+	an1-TIM-3	
•  An1-PD1	+	agonis1c	an1-GITR	
•  An1-PD1	+	other	agonis1c	an1bodies	
•  Triple	combina1ons?	
(an1-CTLA4	+	an1-PD1	+	3rd	new	drug)		



Woo	S	et	al.	Cancer	Res.	2012;72:917-927.	

AnN-LAG-3			+			AnN-PD-1	

Combinatorial	anN–LAG-3/anN–PD-1	
Treatment	Inhibits	Tumor	Growth	



Effect	of	TargeNng	the	Tim-3	and	PD-1	Signaling	
Pathways	on	Tumor	Growth.		

Sakuishi K et al. J Exp Med 2010;207:2187-2194 

CT26 tumor cells implanted into wild-type BALB/c mice. 	
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Immune	Checkpoints	
•  Checkpoint	pathways	

–  CTLA-4	and	PD-1	
•  Other	Checkpoints:	B7	family	and	others	
•  Beyond	Checkpoints:	CosNmulators	
•  Beyond	T	cells:	NK,	DC,	Macrophage	
•  Markers	for	checkpoint	pathway	inhibi1on	
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T	cell	Targets	for	Immunoregulatory	AnNbody	
Therapy	

Mellman	et	al.	Nature.	2011;480,480-489.	

BMS-663513	

• 	BMS-936558	
• 	CT011	
• 	MK-3475	SCH	900475	

AnN	PDL-1	
BMS-936559	

TRX518	

Agonist		
anN-OX40	

ICOS	 ICOS	

Ipilimumab	



Beyond	Checkpoints:	GITR	Co-sNmulaNon	

•  GITR	(Glucocor1coid-Induced	Tumor	necrosis	factor-related	Receptor)	is	
cons1tu1vely	expressed	at	high	levels	on	Tregs	and	at	low	on	res1ng	CD4+	and	
CD8+	T	cells,	and	NK	cellss1,2	

•  GITR	expression	is	highly	upregulated	on	ac1vated	CD4+	and	CD8+	T	cells	and	NK	
cells,	including	tumor	infiltra1ng	lymphocytes	

•  GITR	modula1on	has	been	indicated	as	one	of	the	top	25	most	promising	research	
areas	by	the	American	Na1onal	Cancer	Ins1tute,	and	clinical	trials	started2	

•  GITR	liga1on	by	GITRL	(or	an1-GITR	agonist	an1bodies)	provides	a	cos1mulatory	
signal	that	enhances	both	CD4+	and	CD8+	T	cell	prolifera1on	and	effector	
func1ons	leading	to	enhanced	cellular	and	humoral	immunity	

•  In	addi1on,	cos1mula1on	through	GITR	has	been	shown	to	render	naive	or	
effector	T	cells	(Teffs)	resistant	to	the	suppressive	effects	of	Tregs	

•  In	contrast,	blocking	GITR-GITRL	signaling	with	antagonist	an1-GITRL	an1bodies	
inhibits	T	lymphocyte	ac1va1on	

1.  Mouse	glucocor1coid-induced	tumor	necrosis	factor	receptor	ligand	is	cos1mulatory	for	T	cells.	Tone,	M.,	Tone,	Y.,	Adams,	E.,	Yates,	S.	F.,	Frewin,		M.	R.,	
Cobbold,	S.	P.	&	Waldmann,	H.	(2003)	Proc.	Natl.	Acad.	Sci.	USA	100,	15059–15064	

2.  Pharmacological	modula1on	of	GITRL/GITR	system:	therapeu1c	perspec1ves.	Giuseppe	Nocen1ni,	Simona	Ronches,	Maria	Grazia	Petrillo	and	Carlo	
RiccardiBri1sh	Journal	of	Pharmacology	(2012)	165	2089–2099	2089	



Beyond	Checkpoints:		CD137/4-1BB	Co-sNmulaNon	

•  CD137/4-1BB,	member	of	the	TNF	receptor	superfamily	T	cell	cos1mulatory	
receptor,	is	induced,	when	T	cells	receive	an1gen-specific	signals		

•  Signals	via	CD137/4-1BB	are	cos1mulatory	in	nature		
•  CD137/4-1BB	signaling	by	an1-4-1BB	ac1vates	various	immune	competent	cells	,	

including	T	and	NK	cells,	and	APCs,	leading	to	ac1va1on,	cytokine	induc1on,	
upregula1on	of	CTL	ac1vity,	and	increased	survival	

•  Signals	through	4-1BB	are	more	biased	toward	CD8+	T	cells	and	NK	cells,	both	in	
vitro,	and	in	vivo		

•  In	vivo	administra1on	of	agonis1c	an1-CD137/4-1BB	into	mice	promote	CD8+	T	
cell	expansion,	and	protect	against	several	pathological	condi1ons,	including	
autoimmunity,	cancer,	and	transplanta1on.	The	reasons	underlying	the	in	vitro	
vs.	in	vivo	func1ons	of	an1-4-1BB	are	currently	unclear.		

•  Targe1ng	CD137/4-1BB	either	by	an1-	4-1BB	alone,	or	in	combina1on	with	other	
agents,	has	powerful	an1cancer	proper1es.	

•  A	fully	human	IgG4	an1-CD137	an1body	is	under	development	with	signs	of	
clinical	ac1vity	and	dose-dependent	effects.	

Vinay	DS,	Kwon	BS.	4-1BB	(CD137),	an	inducible	cos1mulatory	receptor,	as	a	specific	target	for	cancer	
therapy.	BMB	Rep.	2014	Mar;47(3):122-9.	
Ascierto	PA,	Simeone	E,	Sznol	M,	Fu	YX,	Melero	I.	Clinical	experiences	with	an1-CD137	and	an1-PD1	
therapeu1c	an1bodies.	Semin	Oncol.	2010	Oct;37(5):508-16.	



Immune	Checkpoints	
•  Checkpoint	pathways	

–  CTLA-4	and	PD-1	
•  Other	Checkpoints:	B7	family	and	others	
•  Beyond	Checkpoints:	Cos1mulators	
•  Beyond	T	cells:	NK,	DC,	Macrophage	
•  Markers	for	checkpoint	pathway	inhibi1on	
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Immuno-modulation des lymphocytes NK 

Innate-pharma.com 57 



Kandalau.	J	Clin	Oncol.	2011.	

AnN-CD40	to	SNmulate	DC	and	Induced		
AnN-Tumor	Immunity	



AnN-CD40	mAb	induce	objecNve	responses	(20%)	in	pancreaNc	
and	ovarian	cancers	

Bealy	GL,	Science	2011	

PancreaNc	cancer	

Vonderheide	RH,	Oncoimmunology	2013	

PR,	N=6	(20%)	
1	Ovarian	cancer	

PR,	N=5	(20%)	

Ovarian	cancers	



Block	the	“Don’t	Eat	Me”	Signal	

Houot	R,	Kohrt	HE,	Marabelle	A,	Levy	R.	Targe1ng	immune	effector	cells	to	promote	an1body-induced	
cytotoxicity	in	cancer	immunotherapy.	Trends	Immunol.	2011;32:510-6.	

AnN-tumor	mAb	+	anN-CD47:	Boost	Macrophages	
AnNbody	Dependent	Cell	Phagocytosis	(ADCP)	



AnN-CD47	mAb	Synergizes	with	Rituximab	to	Promote	
Phagocytosis	and	Eradicate	Non-Hodgkin	Lymphoma.	

Chao	MP,	&,	Levy	R,	Weissman	IL,	Maje1	R.	An1-CD47	an1body	synergizes	with	rituximab	to	
promote	phagocytosis	and	eradicate	non-Hodgkin	lymphoma.	Cell.	2010	Sep	3;142(5):699-713.	



Immune	Checkpoints	
•  Checkpoint	pathways	

–  CTLA-4	and	PD-1	
•  Other	Checkpoints:	B7	family	and	others	
•  Beyond	Checkpoints:	Cos1mulators	
•  Beyond	T	cells:	NK,	DC,	Macrophage	
•  Markers	for	checkpoint	pathway	inhibiNon	



Markers	for	Checkpoint	Pathway	InhibiNon	

•  Issues	in	clinical	trials	
–  Predict	the	paNents	that	will	benefit	from	the	treatment	(to	
limit	unbeneficial	tox)	

–  Define	alternaNve	therapeuNc	approaches	for	non-
responding	paNents	

–  Determine	best	potenNal	associaNon	with	tumor	targeted	
therapies	

–  Define	biomarker	for	immunotherapy	treatment	suspension	
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ORR	according	to	PD-L1	Expression	in	PaNents	
with	Solid	Tumors	

Rx	AnNbody	 TesNng	Method	 N	 PD-L1	+	RR	 PD-L1	-	RR	
Nivolumab1	 Manual	staining	–	5H1	

5%	cutoff	
Tumor	staining	

49	 13/31	
42%	

0/18	
0%	

Nivolumab2	 Dako	automated		
5%	cutoff	
Tumor	staining	

38	 7/17	
41%	

3/21	
14%	

MPDL3280A3	 Automated		
Roche	Dx	IHC	
1%	cutoff	
Tumor	immune	cell	staining	

103	 13/36	
36%	

9/67	
13%	

Ipi/Nivo4	 Dako	automated	
5%	cutoff	
Tumor	staining	

56	 8/14	
57%	

17/42	
40%	

MPDL3280A	
(an1-PD-L1)5	

130	 26/60	
43%	

8/70	
11%	

From:	Immuntherapy	in	Cancer:	From	Principles	to	Prac1ce	
1.	Topalian	SL,	et	al.	N	Engl	J	Med.	2012;366:2443-54.	2.	Grosso	J,	et	al.	ASCO	2013.	Abstract	3016.	3.	
Herbst	RS,	et	al.	ASCO	2013.	Abstract	3000.	4.	Sznol	M,	et	al.	ASCO	2014.	LBA9003.	5.	Powles	T,	
Nature	2014;	515:558-562	
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53	pa1ents	included,		
40%	objec1ve	clinical	responses,		
65%	with	either	immune	or	clinical	response	
At	the	highest	dose,	53%	clinical	response	with	80%	tumor	regression			

Nivolumab	(AnN-PD1)	+	Ipilimumab	(anN-CTLA4)		
in	advanced	melanoma	

Nivolumab + Ipilimumab in advanced melanoma. 
Wolchok SL, et al., N Engl J Med. 2013  



Progression-free Survival. 

Larkin J et al. N Engl J Med 2015;373:23-34 



Baseline	Density,	LocaNon	and	Proximity	of	CD8+,	PD-1+,	PD-L1+	and	
T-cell	Repertoire	Predict	AnN-PD1	Treatment	Outcome.	

PC Tumeh et al. Nature 515, 568-571 (2014) 

Response Progression 

Tum
or 

Invasive m
argin 



PC Tumeh et al. Nature 515, 568-571 (2014) 

CD8	T	Cell	InfiltraNon	Increases	Following		
AnN-PD1	Treatment	

CD8	T	cells	proliferate	following		
anN-PD1	treatment	



MutaNonal	Landscape	of	Tumors	According	to	Clinical	
Benefit	from	Ipilimumab	Treatment	(melanoma).	

Snyder	A	et	al.	N	Engl	J	Med	2014.		



MutaNonal	landscape	determines	sensiNvity	to	PD-1	
blockade	in	non–small	cell	lung	cancer	

Rizvi	NA	et	al.	Science	2015	
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Combinaisons 
thérapeutiques 



Approches explorées1-4 
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Chimiothérapie 
+ 

+  
Immunothérapie 

Radiothérapie 
+ 

+ 
Thérapie ciblée 

Immunothérapie 
active 

•  Rationnel, stratégie, séquence ? 

1. Drake CG. Ann Oncol 2012;23(suppl 8):viii41-viii46. 2. Hannani D, et al. Cancer J 2011;17:351-8.  
3. Ménard C, et al. Cancer Immunol Immunother 2008;57:1579-87. 4. Ribas A, et al. Curr Opin Immunol 2013:25:291-6. 
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