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CHIMERIC	ANTIGEN	
RECEPTORS		

CARs	

An	extracellular	domain	
recognizing	CD19	
derived	from	mAb		

An	intracellular	signaling	
domain	triggering	T-cell	
activation	

modified	from	Chekmasova	AA	et	al.	(2010),	
Discov	Med,	9(44):62-70	

Modified	CAR-T	cells	for	ALL:	
–  CD19	antigen	is	a	highly	expressed	marker	in	B-ALL	
–  scFv	engagement	redirects	T-cell	antigen	specificity	and	

stimulate	T-cell	activation		
–  Co-stimulation	domains	further	enhance	T-cell	function,	

proliferation	and	persistence	

modified	from	Albert	H.,	Gen	Vol,	36(21) 



Grupp	SL	et	al.	NEJM	(2013);	368(16):1509-1518;	Maude	SL	et	al.	NEJM	(2018);	378(5):439-448;	
Park	JH	et	al.	NEJM	(2018);	378(5):449-459;	Gardner	R	et	al.	Blood	(2017);	129(25):3322-3331	

Impressive	efficacy	of	patient-derived	viral	CAR-T	cells	in	patients	with	very	poor	prognosis	

Ø  CR	in	70	to	90%	at	1	month	and	OS	of	60	to	80%	at	12	months	in	adult	and	pediatric	patients	with	r/r	B-ALL,	
whose	chance	of	survival	was	10%	to	30%	with	conventional	therapies	

Ø  CAR	T	cell	robust	in	vivo	expansion	and	persistence	for	3	years	or	longer	in	patients	

7 



Rapidly	evolving	CAR-T	landscape	

Axicabtagene  
ciloleucel 

CD19 
Tisagenlecleucel 

CD19 



We	are	living	the	results	of	the	“first	wave”	of	CAR-T	cell	therapies.		

1. 	Critical	issues	in	ALL:	
• Comparative	data	of	efficacy	in	similar	setting	of	pts?	
• Apheresis	and	success	of	genetic	manipulation;	
• What’s	driving	CAR-T	cell	expansion?	
	

2. Which	patients	should	have	access	to	CAR-Ts?		
3. Future	CAR-Ts	with	less	toxicity?	
4. Challenges	&	complexity	of	translating	success	in	ALL	into	solid	
tumors.	What	have	we	learned?	
5. More	sustainable	approaches?	

	
	



Several	observations	consistent	across	trials	could	improve	the	design	of	trials.	Different	variables	influence	
patient’s	response:	

Ø Lymphodepleting	regime	pre-CAR-T	cell	infusion	can	improve	engraftment	and	persistance			

Ø Subset	composition	of	T	cells	(i.e.	defined	CD8:CD4,	Tnaive-Tscm-TCM-	TEM)	

Ø Immunosuppressive	role	of	the	tumor	microenvironment		

Gene	transfer	
method	

	
1. Retrovirus	
2. Lentivirus	
3. Transposons	
4. Electroporation		

	

T-cell	composition	
	and	CAR	design	

	
1. scFV-z	
2. scFV-CD28-z	
3. scFV-41BB-z	
4. scFV-41BB-CD28-z		

	

Conditioning	
chemotherapy	

Yes/no?	

Chemosensitive	
Disease	
Yes/no?	

Cytokine		
support	
Yes/no?	

Leukapheresis	

1.  patient-derived	
2.  donor-derived	

Adapted	from	Brentjens	TJ,	Curran	KJ.	Hematology	2012;143–51.	



ELIANA:	pivotal	phase-2	study	

•  Tisagenlecleucel	was	
produced	at	a	central	
manufacturing	site	with	
global	distribution	

•  25	sites	across	11	countries	
in	North	America,	Europe,	
and	Asia-Pacific	

ELIANA	is	the	first	global,	multicenter	trial	of	CAR-T	cell	therapy		

Manufacturing	sites	

*	 *	

Maude	SL	et	al.	NEJM	(2018);	378:439-448.		



Pts	who	received	a	tisagenlecleucel	infusion:	75	pts	with	at	least	3	months	of	
follow-up:	OS	81%;	CR	81%	(45	pts)	and	21%	(16)	CR	with	incomplete	
hematologic	recovery	
	
ITT	analysis:	92	pts.	OS	66%	
	
SCT:	8	pts	in	remission,	including	2	in	CR	but	with	MRD+	and	2	with	B-cell	
recovery	within	6	months	after	infusion	
	
Rate	of	relapse-free	survival:		80%	at	6	months	and	59%	at	12	months	
	
Relapse:	1	patient	had	a	CD19+	recurrence	and	15	patients	had	CD19−	(3	with	
concomitant	CD19+	blasts);	6	patients	had	unknown	CD19	status		
	
	
	
		
	

Maude	SL	et	al.	NEJM	(2018);	378:439-448.		
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Tisagenlecleucel in B-Cell Lymphoblastic Leukemia

the null hypothesis of an overall remission rate 
of 20% against the alternative hypothesis of an 
overall remission rate of 45% or higher at an 
overall one-sided significance level of 2.5%.

An interim analysis was planned after the 
first 50 patients who received a tisagenlecleucel 
infusion had completed 3 months of follow-up 
or discontinued participation in the study. The 
results with regard to the primary end point 
were considered to be significant in the interim 
analysis if the one-sided P value was lower than 
0.0057. Key secondary end points were tested 
sequentially (after the primary end point was 
significant) to control the overall alpha.

The results with regard to overall remission 
rate, response duration, event-free survival, over-
all survival, cellular kinetics, and safety that are 
presented in this report are from an updated 
analysis that included 75 patients who received 
tisagenlecleucel and had completed 3 months of 
follow-up or discontinued the study at an earlier 
point. For the time-to-event analyses, Kaplan–
Meier curves were used to estimate survival dis-
tributions after infusion. All statistical tests were 
performed with the use of SAS software, version 

9.4 (SAS Institute). Additional details regarding 
the statistical analysis are provided in the Sup-
plementary Appendix.

R esult s

Patients
Between April 8, 2015, and the data cutoff on 
April 25, 2017, a total of 107 patients were 
screened, and 92 were enrolled (Fig. 1). A total 
of 75 patients received an infusion of tisagenle-
cleucel, with a median time from enrollment 
to infusion of 45 days (range, 30 to 105). The 
median duration of follow-up among patients 
who received a tisagenlecleucel infusion was 
13.1 months. At enrollment, patients who received 
tisagenlecleucel had a median age of 11 years 
(range, 3 to 23), a median of 3 previous therapies 
(range, 1 to 8), and a median marrow blast per-
centage of 74% (range, 5 to 99); 46 patients 
(61%) had undergone previous allogeneic hemato-
poietic stem-cell transplantation (Table S1 in the 
Supplementary Appendix).

Before tisagenlecleucel infusion, 72 of 75 pa-
tients (96%) received lymphodepleting chemo-

75 Underwent infusion

92 Were enrolled

17 Were excluded
7 Had tisagenlecleucel

product-related issues
7 Died
3 Had adverse events

107 Patients were screened

48 Remained in follow-up

27 Discontinued
11 Died
9 Had lack of efficacy
5 Underwent new therapy

for ALL while in complete
remission

2 Withdrew or were withdrawn
by guardian

Figure 1. Screening, Enrollment, Treatment, and Follow-up.

The first patient’s first visit occurred on April 8, 2015. The median time from 
tisagenlecleucel infusion to data cutoff was 13.1 months. The reasons for 
patients not enrolling in the study after screening included not meeting the 
inclusion criteria or meeting the exclusion criteria (11 patients, including 
<5% blasts in the bone marrow in 8 patients), death before acceptance of 
the apheresis sample at the manufacturing facility (2 patients; 1 who died 
from pulmonary hemorrhage and 1 who died from multiorgan failure), phy-
sician decision (1), and apheresis-related issue (1). All patients who com-
pleted screening and whose apheresis product was received and accepted 
by the manufacturing facility were enrolled in the study. Of the 75 patients 
who received an infusion, 65 (87%) received bridging chemotherapy be-
tween enrollment and infusion, and 72 (96%) received lymphodepleting 
chemotherapy (fludarabine–cyclophosphamide [71 patients] or cytarabine–
etoposide [1]). Seventeen enrolled patients did not receive a tisagenlecleucel 
infusion because of product-related issues (7 patients), death (7 patients;  
4 from disease progression and 1 each from sepsis, respiratory failure, and 
fungemia), and adverse events (3 patients; 1 each from graft-versus-host 
disease, systemic mycosis, and fungal pneumonia). Tisagenlecleucel product-
related issues included an inability to manufacture as a result of poor cell 
growth for 6 patients and a technical issue unrelated to cell growth for 1 pa-
tient. Patients who received the infusion but discontinued follow-up were 
followed for survival. At the time of data cutoff, 27 patients had discontin-
ued follow-up owing to death (11 patients; 7 from disease progression and 
1 each from encephalitis, cerebral hemorrhage, systemic mycosis, and hepa-
tobiliary disorders related to allogeneic hematopoietic stem-cell transplan-
tation), lack of efficacy (9 patients; nonresponse or relapse), new therapy 
while in complete remission (5), and patient or guardian decision (2); 48 
patients remained in follow-up. ALL denotes acute lymphoblastic leukemia.

The New England Journal of Medicine 
Downloaded from nejm.org at NovartisLibrary on February 1, 2018. For personal use only. No other uses without permission. 
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B-Cell Aplasia
All patients with a response to treatment had 
B-cell aplasia, and most patients in the study 
received immunoglobulin replacement in accor-
dance with local practice. The median time to 
B-cell recovery was not reached (Fig. S4 in the 
Supplementary Appendix). The probability of 
maintenance of B-cell aplasia at 6 months after 
infusion was 83% (95% CI, 69 to 91).

Cytokine Response
Among the 75 patients who received tisagenlec-
leucel, transient increases in serum interleu-
kin-6, interferon gamma, and ferritin levels oc-
curred during the cytokine release syndrome 
after infusion; these increases tended to be more 
pronounced in patients with grade 4 cytokine 
release syndrome than in patients with lower 
grades (Fig. S5 in the Supplementary Appendix). 
Similar trends were observed in the levels of 
other cytokines, including interleukin-10, inter-
leukin-12p70, interleukin-1β, interleukin-2, inter-
leukin-4, interleukin-8, and tumor necrosis fac-
tor α. A transient increase in the C-reactive 

protein level was observed in most patients, but 
with large variability.

Safety
The safety analysis set included all 75 patients 
who received an infusion of tisagenlecleucel; the 
median time from infusion to data cutoff was 
13.1 months (range, 2.1 to 23.5). Eighteen pa-
tients (24%) received their infusions in an outpa-
tient setting. All patients had at least one adverse 
event during the study; 71 of 75 patients (95%) 
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Figure 2. Duration of Remission, Event-free Survival, 
and Overall Survival.

Panel A shows the duration of remission, defined as 
the time to relapse after the onset of remission, in the 
61 patients who had a best overall response of either 
complete remission or complete remission with incom-
plete hematologic recovery. Panel B shows event-free 
survival among the 75 patients who received an infusion, 
defined as the time from tisagenlecleucel infusion to 
the earliest of the following events: no response (8 pa-
tients), relapse before response was maintained for at 
least 28 days (2), or relapse after having complete re-
mission or complete remission with incomplete hema-
tologic recovery (17). A total of 32 patients had still not 
had an event at the time of data cutoff. Data for 16 more 
patients were censored for event-free survival — 8 pa-
tients for allogeneic stem-cell transplantation during 
remission, 7 patients for new cancer therapy other than 
stem-cell transplantation during remission (4 received 
humanized anti-CD19 CAR T cells, 1 received ponatinib, 
1 received vincristine sulfate and blinatumomab, and  
1 received antithymocyte globulin), and 1 patient for 
lack of adequate assessment. Ten patients were followed 
for relapse after new therapy, 4 of whom had a relapse 
or died. Panel B also shows overall survival among the 
75 patients who received an infusion from the date of 
tisagenlecleucel infusion to the date of death from any 
cause. Nineteen patients died after tisagenlecleucel in-
fusion, and 56 patients had their data censored at the 
time of the last follow-up. Tick marks indicate the time 
of censoring.

The New England Journal of Medicine 
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Autologous	
apheresis	and	
viral	manipulation 

Maude	SL	et	al.	NEJM.	2018;	378:439-448.		



•  Persistence	of	tisagenlecleucel	in	the	blood	was	observed	for	20	months	(median	time	168	days)	

•  No	relation	between	dose	and	expansion	

•  Patients	with	B-cell	recovery	within	6	months	had	earlier	loss	of	the	transgene	compared	with	
patients	with	sustained	clinical	response.	

	
	
	
	
		
	

Mueller	KT	et	al.	Clin	Cancer	Res	2018;24(24):6175-84.	

Tisangelecleucel:	persistence	



Adapted	from	Park,	NEJM	2018;378(5)449–59.	

All	pts	except	2	showed	a	T-cell	persistence	of	10-40	days	with	a	median	persistence	of	14	days.	
CAR-T	cells	were	not	detected	beyond	68	days.	They	did	not	find	correlation	between	persistence	
of	CAR-T	cells	and	LT	survival.		

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 378;5 nejm.org February 1, 2018 449

From the Leukemia Service, Department 
of Medicine (J.H.P., C.S., P.M., R.J.B.), 
the Michael G. Harris Cell Therapy and 
Cell Engineering Facility (I.R., X.W., B. Sé-
néchal, Y.W.), the Center for Cell Engi-
neering (J.H.P., I.R., X.W., R.J.B., M.S.), 
and the Departments of Epidemiology and 
Biostatistics (M.G.), Pediatrics (K.J.C.), 
Neurology (B. Santomasso), Anesthesi-
ology and Critical Care Medicine (E.M.), 
and Pathology (M.R.), Memorial Sloan 
Kettering Cancer Center, and the Depart-
ment of Medicine, Joan and Sanford 
Weill Medical College of Cornell Univer-
sity ( J.H.P., C.S., R.J.B.) — all in New 
York; and the Department of Blood and 
Marrow Transplant and Cellular Immuno-
therapy, H. Lee Moffitt Cancer Center, 
Tampa, FL (M.D.). Address reprint re-
quests to Dr. Sadelain at the Memorial 
Sloan Kettering Cancer Center, 1275 York 
Ave., Box 184, New York, NY 10065, or at 
 m-sadelain@  ski . mskcc . org.

Drs. Brentjens and Sadelain contributed 
equally to this article.

N Engl J Med 2018;378:449-59.
DOI: 10.1056/NEJMoa1709919
Copyright © 2018 Massachusetts Medical Society.

BACKGROUND
CD19-specific chimeric antigen receptor (CAR) T cells induce high rates of initial 
response among patients with relapsed B-cell acute lymphoblastic leukemia (ALL) 
and long-term remissions in a subgroup of patients.

METHODS
We conducted a phase 1 trial involving adults with relapsed B-cell ALL who re-
ceived an infusion of autologous T cells expressing the 19-28z CAR at the Memo-
rial Sloan Kettering Cancer Center (MSKCC). Safety and long-term outcomes were 
assessed, as were their associations with demographic, clinical, and disease char-
acteristics.

RESULTS
A total of 53 adults received 19-28z CAR T cells that were manufactured at MSKCC. 
After infusion, severe cytokine release syndrome occurred in 14 of 53 patients 
(26%; 95% confidence interval [CI], 15 to 40); 1 patient died. Complete remission 
was observed in 83% of the patients. At a median follow-up of 29 months (range, 
1 to 65), the median event-free survival was 6.1 months (95% CI, 5.0 to 11.5), and 
the median overall survival was 12.9 months (95% CI, 8.7 to 23.4). Patients with 
a low disease burden (<5% bone marrow blasts) before treatment had markedly 
enhanced remission duration and survival, with a median event-free survival of 
10.6 months (95% CI, 5.9 to not reached) and a median overall survival of 20.1 
months (95% CI, 8.7 to not reached). Patients with a higher burden of disease 
(≥5% bone marrow blasts or extramedullary disease) had a greater incidence of 
the cytokine release syndrome and neurotoxic events and shorter long-term sur-
vival than did patients with a low disease burden.

CONCLUSIONS
In the entire cohort, the median overall survival was 12.9 months. Among patients 
with a low disease burden, the median overall survival was 20.1 months and was 
accompanied by a markedly lower incidence of the cytokine release syndrome and 
neurotoxic events after 19-28z CAR T-cell infusion than was observed among pa-
tients with a higher disease burden. (Funded by the Commonwealth Foundation 
for Cancer Research and others; ClinicalTrials.gov number, NCT01044069.)

A BS TR AC T

Long-Term Follow-up of CD19 CAR Therapy 
in Acute Lymphoblastic Leukemia

Jae H. Park, M.D., Isabelle Rivière, Ph.D., Mithat Gonen, Ph.D., 
Xiuyan Wang, Ph.D., Brigitte Sénéchal, Ph.D., Kevin J. Curran, M.D., 

Craig Sauter, M.D., Yongzeng Wang, Ph.D., Bianca Santomasso, M.D., Ph.D., 
Elena Mead, M.D., Mikhail Roshal, M.D., Peter Maslak, M.D., 
Marco Davila, M.D., Ph.D., Renier J. Brentjens, M.D., Ph.D.,  

and Michel Sadelain, M.D., Ph.D.  

Original Article
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Ø  Patients	with	low	disease	
burden	benefited	the	most	
from	CAR-T	therapy	



Seattle	Children’s	Hospital:	
	
• 	93%	CR		(40/43	patients)	

•  100%	MRD-negative	(40/40)	
• 	1-year	OS:	69.5%	

•  10/43	severe	CRS,	21/43	severe	
neurotoxicity	

Ø  Persistence	of	CAR-T	cells,	
antigen	escape,	and	complexity	
of	manufacturing	are	key	
aspects	for	further	optimization	

From	Gardener	R,	et	al.	Blood	2017	;129(25):3322-31.	



Ø  Robust	CAR-T	cell	expansion	was	strongly	
associated	with	the	probability	of	
achieving	MRD-negative	CR	in	adult	B-ALL	

Ø  Pre-lymphodepletion	LDH	concentration	and	
platelet	count	reflected	an	aggressive	
progression	and	increased	bulk	of	disease	
requiring	bridging	therapy	

Ø  Allogeneic	HCT	after	CD19	CAR-T	cell	therapy	is	
associated	with	better	EFS	

From	Hay	KA,	et	al.	Blood	2019;	133(15):1652-63.	



From	Finney	OC,	et	al.	JCI	2019;	129:2123-32.	

Ø  Positive	correlation	between	B-cell	aplasia	(BCA)	
and	leukemia	free	survival	(LFS)	

Ø  CD19	antigen	burden	was	the	only	independent	
variable	that	affected	BCA	durability	

Ø  Exhaustion	phenotype	of	the	cellular	product	was	
associated	with	short	BCA	and	reduced	CAR-T	cell	
expansion	

Short	BCA	correlates	with	high	risk	of	relapse	in	pediatric	patients	



Ø  Low-affinity	CAT	CD19	CAR	and	PGK	promoter	which	drives	better	CAR	
expression	

Ø  Excellent	expansion	was	achieved	despite	the	majority	of	the	patients	
having	lower	tumor	burden	compared	to	patients	treated	with	
tisagenlecleucel	

Ø  Higher	expression	of	IL-7R	and	Bcl-2	in	CAT	CAR-T	cells	might	promote	
homeostatic	proliferation	and	prevent	apoptosis	

From	https://acir.org	

The	design	of	CAR	construct	has	an	impact	on	response	and	persistence		



From	Neelapu,	et	al.	Nature	Reviews	Clinical	Oncology,	2018;15:47-62.	



Cytokine	release	syndrome	(CRS):	Eliana	study	

10 

CRS was graded using the Penn scale and managed by a protocol-specific algorithm1 

ICU, intensive care unit. 
1.   Porter DL, et al. Sci Transl Med. 2015;7(303):303ra139. 

Patients infused   
(N = 79) 

Patients developed CRS, n (%) 61 (77) 
Time to onset, median (range), days 3.0 (1-22) 
Duration of CRS, median (range), days 8.0 (1-36) 
ICU admission, n (%) 38 (48) 
Anticytokine therapy, n (%) 31 (39) 
Tocilizumab, n (%) 31 (39) 

1 dose 18 (23) 
2 doses 10 (13) 
3 doses 3 (4) 

Corticosteroids, n (%) 16 (20) 
Hypotension that required intervention, n (%) 42 (53) 
High-dose vasopressors, n (%) 19 (24) 
Intubation, n (%) 12 (15) 
Dialysis, n (%) 8 (10) 



•  Macrophages	and	other	innate	immune	cells	become	activated	and	contribute	to	the	release	of	soluble	mediators.		

•  CAR-T	cells	are	routinely	observed	in	cerebral	spinal	fluid	and	the	cytokines	may	increase	permeability	to	soluble	
mediators.		

June	C,	et	al.	Science	2018;359(6382):1361-65.	

Soluble	mediators	in	CAR-T	cells	account	for	toxicities	
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Activated	
T	cells	

Activated	
macrophages	

Chemotactic	for	
macrophages	

Tissue	damage	
and	inflammation	

Negative	regulators	

Teachey	et	al.	Cancer	Discov.	2016;	6:664-79		 By	kind	courtesy	of	Maude	SL	and	the	Children's	Hospital	of	Philadelphia	

Ø  IL-8	and	MCP1	are	associated	
with	CRS	occurrence	

Ø  CRS	is	also	more	evident	with	
41BB	costimulation	



•  Development	of	a	murine	model	of	CRS	that	develops	within	2–3	d	of	CAR-T	cell	infusion	and	that	is	
potentially	lethal	and	responsive	to	IL-6	receptor	blockade	(Raji	tumor	cells	were	intraperitoneally	injected	in	
SCID-BEIGE	mice).		

•  Its	severity	is	mediated	not	by	CAR-T	cell-derived	cytokines,	but	by	IL-6,	IL-1	and	nitric	oxide	(NO)	produced	
by	recipient	macrophages.	

Giavridis	T,	et	al.	Nat	Med	2018,	24(6):731-38.	



Norelli	M,	et	al.	Nat	Med	2018,	24(6):739-48.	

•  Development	of	a	mouse	model	recapitulating	key	features	of	CRS	and	neurotoxicity	(Human	HSPCs	were	
intrahepatically	injected	into	SGM3	mice	with	high	leukemia	burden).		

•  Human	monocytes	were	the	major	source	of	IL-1	and	IL-6	during	CRS.		

•  Tocilizumab	cured	CRS	but	failed	to	protect	mice	from	delayed	lethal	neurotoxicity.	

•  The	IL-1	receptor	antagonist	anakinra	abolished	both	CRS	and	neurotoxicity.	



Future	CAR-Ts	with	less	toxicity?	

•  Higher	CAR-T	cell	dose	and	use	of	lymphodepletion	incorporating	Flu	were	associated	with	development	of	grade	≥4	
CRS	

•  Pre-existing	neurological	comorbidity	and	factors	associated	with	higher	number	of	CAR-T	cells	in	vivo	(Cy/Flu	
lymphodepletion,	higher	infused	CAR-T	cell	dose	and	higher	burden	of	CD19+	malignant	cells	in	marrow)	increased	
the	risk	of	grade	≥3	neurotoxicity	

	
	

Chou	CK,	et	al.	BMT.	2019;54:780–84.	



Time	of	tocilizumab	administration	
 

•  Early	tocilizumab	(pre-emptive/+2	days	post	infusion)	is	not	recommended:	might	increase	CNS	IL-6	
levels	through	binding	of	the	IL-6	receptor	in	serum,	potentially	aggravating	neurotoxicity	

•  Administration	of	tocilizumab	and	steroids	in	mild/early	stage	CRS	was	not	associated	with	a	change	in	
neurotoxicity	grade	and	did	not	impact	on	CAR-T	cell	engraftment	and	persistence	

	

Early	tocilizumab	treatment	of	CRS	is	not	associated	with	a	change	in	
neurotoxicity	risk	relative	to	CRS	severity	

Ghust	J,	et	al.	Ann	Neurol.	2019;86:42–54.	



	
Eliana	study	(75	patients)	:	1	patient	had	a	CD19+	recurrence	and	15	patients	
had	CD19−	(3	with	concomitant	CD19+	blasts);	6	patients	had	unknown	CD19	
status.	
	
	
		
	

Maude	SL	et	al.	NEJM	(2018);	378:439-448.		

Relapse	after	CAR-T	in	ALL	

CD19+ relapse 
due to short 
persistence  

T-cell intrinsic? 

Immune-mediated 
rejection? 

CD19: relapse due 
to antigen escape 

Is CD19 deleted/mutated/
no longer expressed? 

	

Ø Removal	of	CAR-recognized	epitope	as	a	result	of	
alternative	exon	splicing	forms	of	the	CD19	gene	where	
exon	2	was	spliced	out	(Sotillo	et	al.	Cancer	Discov.	2015);	

Ø Myeloid	switch	and	loss	of	B	lymphoid	antigens	in	
patients	with	Mixed-phenotype	leukemia	and	MLL	
rearrangement	(Gardner	et	al.	Blood,	2016);	

Ø Trafficking	alteration	of	CD19	protein	to	the	cell	
membrane	of	blast	cells	(Braig	et	al.	Blood,	2016)	

Ø Induction	of	resistance	to	chimeric	antigen	receptor	T-cell	
therapy	by	transduction	of	a	single	leukemic	B	cell	(	Ruella	M	
et	al.	Nature	Med,	2018)	
	



What	do	we	want	now?	

•  To	know	who	needs	or	not	HSCT	
•  Longer	term	results	
•  More	effective	CARs	

–  Controlling	the	clonal	escape	(in	fact	already	present	and	maybe	more	if	pre-exposure	to	
blinatumomab)	:	bispecific	CARs	

–  CARs	for	T-cell	ALL	but	avoiding	fratricide	fight	and	not	persisting	too	long	
•  Reduce	toxicity	of	CARs:		

•  Preemptive	treatment	with	tocilizumab?	
•  Other	treatment	to	prevent	and/or	treat	CRS	&	neurotoxicity:		

Ø  Anti	R-IL1	:	anakinra	(Nat	Medicine	2018	x	2)	
Ø  Anti-GMCSF	:	lenzilumab	(Sterner	RM	et	al,	Blood	2019)	

•  Reduced	affinity	for	target:	(CARPALL,	NCT02443831)	:	Nature	Medicine	2019	
•  Better	design	:	Ying	et	al,	Nature	Medicine	2019	
•  Inducible	or	suicidable	CARs?	

Baruchel	A,	SIOPE	2019	



Possible	concepts	in	a	near	future	for	B-ALLs	
	

•  Replace		allo	HSCT	by	persisting	CARs	
– Advanced	disease	(relapse	≥	2,	relapse	post	HSCT)	
–  1st	high-risk	relapse	
–  1st	line	very-high	risk	ALL	(non	responding	to	chemo)	
–  1st	line	HR	ALL	(replacement	of	prolonged	intensive	chemo?)	
	
time	

•  Allogenic	CARs:	more	a	bridge	to	transplant	except	if	repeated	
infusions	are	possible	after	milder	LD	chemotherapies	
	
	

Baruchel	A,	SIOPE	2019	



From	hematological	malignancies	to	solid	tumors	

Hurdles	to	overcome	for	targeting	solid	tumors	

•  Trafficking	to	the	tumor	site	
•  Tumor	heterogeneity	
•  Unfavorable	and	immunosuppressive	microenvironment	

CAR-T	cell	

Tumor	cell	

TAA	

Stromal	cells	

Myeloid-derived		
suppressor	cells	

T	reg	

Inhibitory	molecules	



CAR-T	cell	therapy	in	neuro-oncology	

Summary	of	CAR-T	cell	active	and	recruiting	clinical	trials	for	brain	tumors;	source:	Clinicaltrials.gov		



Targeting	neuroblastoma	

1	study	withdrawn	
2	studies	completed	
2	studies	active,	not	recruiting	

Source:	Clinicaltrials.gov	



Targeting	neuroblastoma:	clinical	evidence	

•  Product:	GD2.z	 in	EBV	CTLs	 (NCT00085930)	 (Baylor	College	of	Medicine)	à	11	patients	 treated,	CR	

27%	 (3/11)	 (2	 sustained).	 Low	 T-cell	 persistence	 associated	 with	 longer	 survival.	 Transient	 pain	 (≤	

grade	3)	only	at	site	of	disease	in	3/19	patients	(Louis	et	al.	2011;	Pule	et	al.	2008).		

•  Product:	 iC9-GD2.28.Ox40.z	 	(NCT01822652)	(Baylor	College	of	Medicine)	à	11	patients	treated.	No	

objective	responses.	T-cell	expansion	after	 lymphodepletion,	but	transient	persistence;	no	benefit	 to	

addition	of	anti-PD-1	therapy	(Heczey	et	al.	2017).	

•  Product:	 L1CAM.z	 (Seattle	 Children's	 Hospital,	 City	 of	 Hope)	à	 6	 patients	 treated.	 No	 objective	

responses.	No	lymphodepletion;	minimal	T	cell	persistence.	(Park	et	al.	2007).	



Improving	CAR-T	cell	efficacy	in	solid	tumors:		
next	generation	CARs	

Chemokine	receptor	engineering	of	CAR-T:	

CCR4.CD30.CAR	against	HL	

(Di	Stasi	A	et	al,	Blood	2009,	NCT03602157)	

Matrix	degrading	enzyme	engineering	of	CAR-T:	

GD2.heparanase.CAR	

(Caruana	I	et	al,	Nat	Med	2015)	

Multispecific	CARs:	

		-	Tandem	CAR	Her2/IL13Rα2		
				(Hedge	M	et	al.,	J	Clin	Invest	2016)	

		-	Trivalent	CAR	Her2/IL13Rα2	/EphA2		
				(Bielamowicz	K	Neuro	Oncol.	2018)	
	

Armored	CAR-T:			
-	CEA.CAR+	IL12,	CD30.CAR	+	IL12		
			Chmielewski	M,	Cancer	Res	2011		

-	CD19.CAR+	IL18,	MESO.CAR	+	IL18			
		Hu	B	Cell	Rep	2017	
-	GD2.CAR+	IL15	
			Chen	Y	Clin	Cancer	Res.	2019	
			NCT03721068	
	

CAR	-T	+	Immune	Checkpoints:		

-	PD-1,	CTLA4	in	addition	to	CARs	

	(Li	S	Clin	Cancer	Res	2017)	

-	UNIVERSAL	CAR	T	resistant	to	PD-1	inhibition		

(by	CRISPR/Cas9	editing)		

(Ren	J,Clin	Cancer	Res	2017)	

Some	of	these	strategies	are	already	exploited	in	clinical	trials		

(i.e.	for	Glioblastoma	EGFRVII	CAR	+	PEMBROLIZUMAB	NCT03726515)	 Adapted	from	Majzner	RG	and	Mackall	CL,	Nat	Med	2019	



1.  Adoptive	transfer	of	CAR	modified	T	cells	is	a	realistic	therapeutic	opportunity,	
although	at	very	high	cost!		

2.  Major	breakthrough	but	still	many	questions!	

3.  Efficacy	vs.	toxicity	balance.	

4.  Composition	of	the	different	cell	products	(different	gene	delivery	methods….	
NON-VIRAL:	trasposons,	mRNA;	T-cell	subsets…).	

5.  Need	for	“suicide”	gene	control?	

6.  Bridge	to	SCT	or	substitute	for	its	need?	

7.  How	and	when	CAR	can	be	considered	in	the	ALL	strategy?			

8.  Engagement	of	large	pharmaceutical	companies	…	still	place	for	academic	
involvement?		


