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Coley’s Toxin:  The beginnings of Immunotherapy

•  William	Coley,	MD	

•  New	York	Cancer	Hospital	
(later	to	become	part	of	
MSKCC)	

•  Bone	Sarcoma	Surgeon	

•  Took	care	of	Elizabeth	
Dashiell,	friend	of	JD	
Rockefeller,	Jr,	who	died	as	
a	teen	of	aggressive	bone	
cancer	

•  19th	century	treatments	
based	on	theory	that	post-
surgical	infecSons	improved	
chance	for	survival	from	
cancer.	

•  “Coley’s	Toxins”	

1891



Learning from ExcepDonal Responders 
“Nature	o*en	gives	us	hints	to	her	profoundest	secrets…”		

(W.	Coley,	1882-1936)	



T cell AcDvaDon

Adapted	from	Fry	et	al,	in	Principles	and	PracSce	of	Pediatric	
Oncology,	Seventh	EdiSon,	2015.	



Basic Science and TranslaDon:  
Report of Tumor RejecDon following anD-CTLA4 Treatment

Complete resolution of 2 subcutaneous 
nodules, 31 lung metastases and 0.5 cm 

brain metastasis.

Clinical Response in Melanoma:  
NCI Surgery Branch anti-CTLA4 Trial

July,	2003	



Ribas	and	Wolchock,	Science	2018	



2018	



The prevalence of somaDc mutaDons is  
low in many cancers

LB Alexandrov et al. Nature 000, 1-7 (2013) doi:10.1038/nature12477 
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RedirecDng Specificity for AdopDve Cell Therapies: 
SyntheDc Immunology

Adapted from Lee et al, Clin Can Res, 2012

CD19       
Advantages	of	CAR	

•  Specific for a 
surface antigen 

•  Free of MHC 
restriction 

•  Signals for full 
activation are 
self-contained 





CD19 CAR: First report	
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Ini$al Experiences with CD19 CAR T cells
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Lee,	D	et	al.		Lancet,	2014	

70-90%	of	pa?ents	achieve	remission		



CD19	CARs:	original	CARs:		
mulSple	variants,	comparable	efficacy	in	early	phase	trials	

Sadelain,	JCI,	2015	



Maude SL et al. N Engl J Med 2018;378:439-448 

CART	Failure	

Leukemic		
Resistance	

C
D

22
 

CD19 



CD22	targeted	CART	achieves	MRD	Nega?ve	Remission		
in	Relapsed/Refractory	ALL	

Haso…Orentas,	Blood	2013	
Haso….Fry,	ASH	2013	

Fry/Shah	et	al.,	Nature	Medicine	2017	
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	CD22	BBz	CAR:		
Relapse	associated	with	CD22	modulaSon	

Shalabi…..Fry,	Shah,	Hematologica,	2017	
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Manufacturing Details MaSer
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Importance	of	CorrelaSve	Science	
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ALL	ALL	

T	Cell	

ALL	ALL	

ALL	ALL	

CD19	

CD22	

CAR	

Poor	T	cell	Expansion	
Lack	of	CAR	Persistence	 CAR	Failure	

Leukemic	Resistance	CAR	expansion	
Remission	
CAR	Persistence	

Paeerns	of	Failure	afer	CAR	T	cell	Therapy	



MulDspecific CAR TargeDng

Bispecific Constructs 

Co-administration 

Co-expression 

+

VLVH scFv

CAR

VLVH scFv

CARAnS-CD19	 AnS-CD22	



Development	of	an	AcSve	CD19/CD22	Bivalent	CAR	
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Clinical AcDvity of TanCAR: Bivalent CD19/22-CAR

Pre-Therapy	 3	mo	Post-Therapy	
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Hossain	et	al,	ASH	2018,	Abstract	490.	
Schultz	et	al,	ASH	2018,	Abstract	898.	



TranslaSon	
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Trial	Planned	CHCO	and	UCH	for	early	2020	

Signal	IntegraSon	



Leukemic	evoluSon	in	the	context	of	targeted	
Immunotherapy	can	be	complex	

Jacoby	et	al,	Nature	CommunicaSons,	2016	

No	CAR	 Early	 Late	
CD11b	

CD19	

Pre-CD19	CAR	
Post-CD19	CAR	

Gardner	et	al,	Blood,	2016	



ALL	ALL	

T	Cell	

ALL	ALL	

ALL	ALL	
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Poor	T	cell	Expansion	
Lack	of	CAR	Persistence	 CAR	Failure	

Leukemic	Resistance	CAR	expansion	
Remission	
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Affinity	for	an,gen	is	~1000	
fold	higher	in	CARs	

10	ITAMs	per	
receptor	

CAR	contains	in-line	co-
s,mulatory	signaling		

Unknown	if	CAR	ac,va,on	
results	in	organized	synapse	

Distance	between	cells	
variable	with	CARs	

CD4/CD8	co-receptors	
not	recruited	by	CARs	

Chimeric	Receptors	are	Not	the	Same	as	the	na2ve	TCR	



Signaling	through	the	mCD19-28z	CAR	leads	to	prolonged	Zap70	
phosphorylaSon	and	decreased	phosphorylaSon	of	Erk	relaSve	to	TCR	
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CAR-mediated	anS-leukemic		
potency	inferior	to	TCR	

CAR-OTI	Dose:	50,000/mouse	
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So, what have we learned?

•  Single	anSgens	comparable	to	CD19	will	be	difficult	
to	find	

•  Details	of	CAR	T	cell	products	maeer	
•  AnSgen	modulaSon	as	well	as	more	complex	

paeerns	of	cancer	resistance	will	frequently	emerge	
•  Current	CAR	formats	do	not	fully	recapitulate	T	cell	

biology	
•  As	syntheSc	receptors,	the	ability	to	modify	is	almost	

endless	
•  Binding	domains,	signaling	domains,	mulSplexing	

COST	of	and	ACCESS	to	complex	therapeuScs	will	
be	a	challenge	



Hematologic 
Malignancy Section 
•   Haiying Qin 
•  Lila Yang 
•  Amy Yang 
•  Chris Chien 
•  Sneha Ramakrishna 
•  Eric Kohler 
•  Zach Walsh 

Pediatric Oncology  
Branch  
•  Nirali Shah 
•  Cindy Delbrook 
•  Bonnie Yates 
•  Sharon Mavroukakis 
•  Haneen Salabi 
•  POB Fellows 
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