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Agenda	

•  Incorpora-ng	MRD	into	ALL	treatment	

• When	treatment	fails	

•  Treatment	in	older	ALL	

•  Future	perspec-ves	



Results of prospective clinical trials on adult Ph-ALL according to MRD response.  

Jacques J. M. van Dongen et al. Blood 2015;125:3996-4009 
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Trial	design	(Ph-	ALL)	

ClinicalTrials.gov NCT-00795756 
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!  HLA testing to identify RD/URD at diagnosis 
!  Radiation-free, CNS prophylaxis (triple IT vs IT liposomal cytarabine) 

BFM-type: C2,C4,C5 Lineage-targeted MTX: HD3,HD5,HD7                    
(B-ALL 2.5 g/m2; T-ALL 5 g/m2; 1.5 g/m2 if age  >55 years) 

 

pre C1   C2 HD3   C4 HD5   C6 HD7 C8 
 

PDN 
CY 

VCR/Dex/ 
IDR/ASP 

CY/IDR/ 
Dex/Ara-C/ 

6MP 
LT-MTX/ 
HD-Ara-C 

VCR/CY/IDR/Dex/ 
Ara-C/ 
6MP 

LT-MTX/ 
ASP/6MP 

VCR/CY/IDR/Dex/ 
Ara-C/ 
6MP 

LT-MTX/ 
HD-Ara-C 

VCR/CY/Dex/ 
IDR/PDN 

TP2 TP3 TP4 MRD TP1 

*t(4;11)/MLL, abn q23, +8, -7,  del6q, t(8;14), 
 low hypodiploid/ near triploidy, complex 

(after C8)  
 
•  SR/HR    MRD <10-4 w10-16, negative w22 
•  SR          MRD unknown 

Maintenance (2-Y)  

•  VHR     all 
•  SR/HR MRD ≥10-4 w10           ≥10-4 w16, positive w22 
•  HR       MRD unknown  

(EARLY HCT after HD3)          (HCT after C8) 
 

Allogeneic HCT (RD/URD) 

SR HR VHR 
• 	No	risk								
feature 

• 	WBC	30-100	
• 	Pro-B	

• 	Late	CR 

• 	WBC	>100	
• 	Early/	
mature-T	
• 	Highly	
adverse	

cytogene=cs* 
1. Risk Stratification  

2. Induction/Consolidation and MRD Study  

3. Risk/
MRD-

Specific 
Therapy  



52,2	

70,8	

81,8	
84,5	

37	

60,4	

69,1	 70,7	

15.2	
10,4	

12,7	 13.8	

47,8	

29,2	

18,2	
15,5	

0	

10	

20	

30	

40	

50	

60	

70	

80	

90	

100	

TP1/w4	
(n=92)	

TP2/w10	
(n=106)	

TP3/w16	
(n=55)	

TP4/w22	
(n=58)	

ORR	
MRD	nega=ve	
MRD<10-4	
MRD>=10-4	

MRD	study	and	risk	classifica-on	

end	of	induc*on	
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•  Integrated	clinical	–	MRD	risk	
classifica-on	for	alloca=on	of	142																															
CR	pa=ents	to	HCT	or	Maintenance	

–  HCT	alloca-on	cohort	
(N	=	87,	61.2%)			
•  VHR	(all) 	 	61		
•  HR	and	MRD	>10-4/pos 	8																		
•  SR	and	MRD	>10-4/pos 	14	
•  HR	MRD	unknown	 	4	

– Maintenance	alloca-on	
cohort			(N	=	55,	38.8%)	
•  SR	and	MRD	<10-4/neg 	35					
•  HR	and	MRD	<10-4/neg 	6		
•  SR	MRD	unknown	 	14
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GIMEMA,	Gruppo	Italiano	Malahe	Ematologiche	dell'Adulto	

hjps://clinicaltrials.gov/ct2/show/NCT02067143	

Na-onal	Treatment	Program	of	Philadelphia	Chromosome-nega-ve	Adult	
Acute	Lymphoblas-c	Leukemia	with	Pegylated	Asparaginase	Added	to	a	
Lineage-Targeted	Risk-	and	Minimal	Residual	Disease-Oriented	Strategy	



Merits	and	limits	of	the	MRD	driven	strategy	

NRM,	non-relapse	mortality	

•  High	predic=ve	power	of	Week	10	MRD	

•  MRD-driven	strategy	failing	in	25%	of	MRD-nega=ve	pa=ents	

•  Poor	results	with	alloHSCT	(high	NRM)	



Event-free	survival	

Rituximab	is	not	approved	for	the	treatment	of	ALL		
Maury	S	et	al.	N	Engl	J	Med	2016;375:1044–1053	

Event-free	survival	and	cumula=ve	incidence	of	relapse	in	the	
rituximab	and	control	groups	
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BiTE® antibody blinatumomab:  
designed to direct T cells to ALL cells 

1. Nagorsen D, Baeuerle PA. Exp Cell Res 2011;317:1255–60; 
2. Baeuerle PA, Reihnardt C. Cancer Res 2009;69:4941–4; 
3. Hoelzer D. Hematology Am Soc Hematol Educ Program 2011;2011:243–9 

(eg α-CD19 antibody) 

Single-chain tumour-
targeting antibody 

Single-chain T-cell 
directed antibody  

(eg α-CD3 antibody) 
 

VL 

VH 

95–100% of B-precursor ALL tumours are CD19+3 

Blinatumomab1,2 

Linker 
•  55 kDa 
•  Very short distance between arms – 

allows T cells and tumour cells to 
come into close proximity  

BiTE® = Bispecific T cell Engager 

kDa, kiloDaltons 



!  Responses were rapid 
‒  All responses occurred within 

the first cycle of treatment 

!  Four patients had stable MRD 
levels as best response 

!  No MRD increase was 
observed during treatment 

!  Responders included: 
‒  3/5 patients were Ph(+) 
‒  1/2 patients were t(4;11)+ 

!  Majority of AEs transient 
‒  Lymphopenia most common 

grade 3/4 AE (seen in 33%) 
‒  No CRS observed *1 patient not evaluable: <1 treatment cycle and lack of response assessment 

 
 
 
Topp MS, et al. J Clin Oncol 2011;29:2493–8 
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Phase II study of blinatumomab in patients with 
MRD+ B-precursor ALL 

Phase II MRD in B-lineage ALL  
(study 202) 



Blinatumomab	for	MRD	posi=vity:	
always	a	bridge	to	transplant?	



© Amgen Inc. All Rights Reserved. 

Confirmatory Phase 2 study of blinatumomab in adults 
with MRD-positive B-precursor ALL: relapse-free survival 
Ph-negative patients in haematological CR  

Gökbuget N, et al. ASH 2015: Abstract 680 and oral presentation 

Median (95% CI) follow-up: 29.9 (24.2, 30.6) months 
The key secondary endpoint was met:  
!  18-month Kaplan–Meier estimate of RFS = 54% (95% CI: 33%, 70%) 

exceeding the pre-specified lower boundary of 28% 
 

2: RFS not censoring at alloSCT and post-blinatumomab chemotherapy (N=110); median 95% CI 18.9 (12.3, 35.2)   

1: RFS censoring at alloSCT and post-blinatumomab chemotherapy (N=110); median 95% CI NR (6.3, NR) 
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AlloHSCT for every Ph+ ALL 
pa4ent in CR1?



Figure 2  

Biology of Blood and Marrow Transplantation 2016 22, 1983-1987DOI: (10.1016/j.bbmt.2016.07.021)  
Federico Lussana, Biology of Blood and Marrow Transplantation  Volume 22, Issue 11, Pages 1983-1987 (November 2016)  



Simon-Makuch	plots	for	RFS	in	CR	pa-ents.	t0	was	the	*me	of	
hematological	CR	achievement	

Chalandon	I.:	Blood	First	Edi-on	Paper,	prepublished	online	April	15,	2015	

A	3-month	RFS	landmark	period	(median	=me	from	CR	to	transplanta=on)	was	used	here,	
as	pa=ents	should	be	alive	but	also	in	first	CR	to	be	actually	transplanted.	This	landmark	
minimizes	the	bias	related	to	early	relapses	
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(64–90). Figure 3 shows the overall survival and event-free 
survival of the patients.

Six patients died in complete remission: the fi rst from an 
unrelated cardiac event 4 months after electing to 
discontinue therapy because of deconditioning and 
logistical reasons, after being placed on imatinib; the 
second from multiple organ failure after sepsis in 
neutropenia after the second cycle (day 13); the third from a 
head injury sustained after a fall after cycle 4 (day 13); and 
the fourth from sepsis and multiple organ failure after 
allogeneic stem-cell transplantation. The two other patients 
had no risk factors and died of arterial vascular events early 
in the study that might have been the result of the high 
initial ponatininb doses. The fi rst patient was aged 37 years, 
was receiving ponatinib 45 mg daily, and had a non-ST 
elevation myocardial infarction after cycle 2 (day 41). The 
second was a woman aged 54 years, was receiving ponatinib 
30 mg daily, and had unexplained chest pain on day 42 of 
cycle 4 that preceded her death. Two (5%) patients  relapsed 
after a median of 18 months (range 10–26). The fi rst patient 
had achieved complete molecular response and then 
decided to switch to dasatinib because of concerns about 
the vascular events encountered in ponatinib trials; she 
relapsed 6 months after changing treatment. No kinase 
domain mutation was found in this patient. She failed to 
respond to two salvage regimens and died. The second 
patient achieved a complete molecular response for 

23 months and was on maintenance therapy with ponatinib 
at 15 mg daily. She relapsed with no kinase domain 
mutation identifi ed and achieved a second complete 
remission after blinatumomab and dasatinib therapy.

Overall, nine patients underwent allogeneic stem-cell 
transplantation when in fi rst complete remission 
(seven with major molecular response and two with 
complete molecular response before transplantation). 
One patient died from complications of transplantation 
and the others are alive and disease-free after 
transplantation. There was no diff erence in overall 
survival when patients were censored or not at the time of 
allogeneic stem-cell transplantation (fi gure 4). After 
transplantation and engraftment, tyrosine-kinase therapy 
was resumed (two patients on imatinib, three on dasatinib, 
one on nilotinib, and two on ponatinib).

Median time to platelet recovery was 22 days 
(range 17–35) and median time to neutrophil recovery 
was 18 days (13–29) for cycle 1, and 22 days (0–35) and 16 
days (0–28), respectively, for all eight cycles. Adverse 
events are presented in table 3. Venous thrombotic 
events were recorded in three patients, with one renal 
vein thrombosis and two pulmonary emboli. These 
events occurred early on during the induction phase, did 
not recur, and did not further aff ect ponatinib therapy. 
Three patients died from myocardial infarction, of which 
two were unexplained and one was in the context of 

Participants (n=37)

Age

Median (years) 51 (27–75)

≥50 years 20 (54%)

≥60 years 12 (32%)

Males 20 (54%)

ECOG performance status

0–1 31 (84%)

2 6 (16%)

White blood cells (×109 per L) 8 (1–630)

CNS disease 3 (8%)

CD20-positive 11 (30%)

BCR-ABL1 transcript

p190 27 (73%)

p210 10 (27%)

Cytogenetics

Diploid 5 (14%)

Philadelphia chromosome-positive 32 (86%)

Baseline cardiovascular risk factors

Hypertension 18 (49%)

Dyslipidaemia 4 (11%)

Coronary artery disease 4 (11%)

Peripheral arterial disease 1 (3%)

Data are n (%) or median (range). ECOG=Eastern Cooperative Oncology Group.

Table 1: Patient characteristics

Number of patients (%)

Complete response* 36/36 (100%)

Complete cytogenetic response† 32/32 (100%)

Major molecular response 35/37 (95%)

Complete molecular response 29/37 (78%)

Flow cytometry negative‡ 35/36 (97%)

Data are n/N (%). *One patient in complete response at beginning of study. †Five 
patients were diploid by conventional cytogenetics at beginning of study.  ‡One 
patient had no sample sent to fl ow cytometry.

Table 2: Best overall response

Figure 1: Levels of residual disease after one cycle of protocol therapy in 
complete response
Minimal residual disease after one cycle at complete remission by 
BCR-ABL1/ABL1 percentage and fl ow cytometry.
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sepsis; two of these deaths were possibly related to study 
treatment. 13 patients had hypertension; six of the 
episodes were grade 3 and occurred during either 
induction or the fi rst consolidation cycles (table 3).

18 (49%) patients had their dose reduced to 30 mg after a 
median of 13 weeks due to skin rash (n=7), raised 
aminotransferase concentrations (n=4), deconditioning 
(n=3), prolonged thrombocytopenia (n=2), pancreatitis 
(n=1), or pleural or pericardial eff usion (n=1). Two patients 
had further decreases to 15 mg daily after a median of 
9 weeks (range 8–11) because of persistently raised 
aminotransferase concentrations and atrial fi brillation with 
rapid ventricular response (one patient each). An additional 
patient was switched to dasatinib after the sixth cycle 

because of severe bullous skin lesions and another patient 
was switched to  imatinib after the second cycle because of 
generalised deconditioning and exacerbation of comorbid 
medical conditions.

After the increased incidence of vascular toxic eff ects 
was recognised during the pivotal ponatinib trials in 2013 
and based on our own experience with two possible 
related deaths on-study, we elected to modify our strategy 
for safety management. We off ered our patients the 
option to switch tyrosine-kinase inhibitors, and for those 
who elected to stay on ponatinib, we reduced the 
ponatinib dose to 30 mg and further decreased it to 15 mg 
in patients in complete molecular response. 13 patients 
remained on ponatinib, at a dose of 15 mg daily in 

Figure 3: Event-free survival (A) and overall survival (B) of the patients
Dotted lines are 95% CIs.
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Figure 2: Minimal residual disease status by PCR and by fl ow cytometry with follow-up
(A) Minimal residual disease by time from therapy according to BCR-ABL1/ABL1 percentage. The number of patients at the beginning of the trial is only 29 because 
three had previous therapy and fi ve did not have a BCR/ABL1 assessment at the beginning, or it was not quantifi ed. The red line is the median at the stated 
timepoints. Several patients at diff erent time intervals had overlapping values. In one patient, BCR-ABL1 was undetectable at presentation by reverse-transcription 
quantitative PCR and was detected by FISH. (B) Minimal residual disease by time from therapy according to multiparameter fl ow cytometry.
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When	treatment	fails	
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BACKGROUND
Blinatumomab, a bispecific monoclonal antibody construct that enables CD3-positive 
T cells to recognize and eliminate CD19-positive acute lymphoblastic leukemia (ALL) 
blasts, was approved for use in patients with relapsed or refractory B-cell precursor ALL 
on the basis of single-group trials that showed efficacy and manageable toxic effects.

METHODS
In this multi-institutional phase 3 trial, we randomly assigned adults with heavily pre-
treated B-cell precursor ALL, in a 2:1 ratio, to receive either blinatumomab or standard-
of-care chemotherapy. The primary end point was overall survival.

RESULTS
Of the 405 patients who were randomly assigned to receive blinatumomab (271 patients) 
or chemotherapy (134 patients), 376 patients received at least one dose. Overall survival was 
significantly longer in the blinatumomab group than in the chemotherapy group. The 
median overall survival was 7.7 months in the blinatumomab group and 4.0 months in the 
chemotherapy group (hazard ratio for death with blinatumomab vs. chemotherapy, 0.71; 
95% confidence interval [CI], 0.55 to 0.93; P = 0.01). Remission rates within 12 weeks after 
treatment initiation were significantly higher in the blinatumomab group than in the che-
motherapy group, both with respect to complete remission with full hematologic recovery 
(34% vs. 16%, P<0.001) and with respect to complete remission with full, partial, or incom-
plete hematologic recovery (44% vs. 25%, P<0.001). Treatment with blinatumomab resulted 
in a higher rate of event-free survival than that with chemotherapy (6-month estimates, 31% 
vs. 12%; hazard ratio for an event of relapse after achieving a complete remission with full, 
partial, or incomplete hematologic recovery, or death, 0.55; 95% CI, 0.43 to 0.71; P<0.001), 
as well as a longer median duration of remission (7.3 vs. 4.6 months). A total of 24% of the 
patients in each treatment group underwent allogeneic stem-cell transplantation. Adverse 
events of grade 3 or higher were reported in 87% of the patients in the blinatumomab 
group and in 92% of the patients in the chemotherapy group.

CONCLUSIONS
Treatment with blinatumomab resulted in significantly longer overall survival than che-
motherapy among adult patients with relapsed or refractory B-cell precursor ALL. (Funded 
by Amgen; TOWER ClinicalTrials.gov number, NCT02013167.)
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remission with full, partial, or incomplete hema-
tologic recovery, 76% of the patients in the blina-
tumomab group and 48% in the chemotherapy 
group achieved a negative status (i.e., remission) 
for minimal residual disease (treatment differ-
ence, 28 percentage points; 95% CI, 9 to 47).

Event-free Survival and Duration  
of Remission

Among the patients who had complete remis-
sion with full, partial, or incomplete hemato-
logic recovery, the median duration of remission 
was 7.3 months (95% CI, 5.8 to 9.9) in the blina-

Figure 2. Subgroup Analyses.

Panel A shows the results of an analysis of overall survival in prespecified subgroups of the intention-to-treat population that were 
 defined according to baseline characteristics. Overall survival was calculated as the time from randomization to death from any cause. 
Panel B shows the results of an analysis of remission rates in prespecified subgroups of the intention-to-treat population that were de-
fined according to baseline characteristics. The remission rate was defined as the percentage of patients who had complete hematologic 
remission with full, partial, or incomplete hematologic recovery by week 12. For both analyses, bone marrow blast data were from the 
central laboratory, if available; otherwise, data from the local laboratory were used. Central and local baseline results for bone marrow 
blasts were missing for one patient in the blinatumomab group.
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•  The	primary	objec=ve	was	to	assess	blinatumomab	as	a	bridge	to	transplant	in	adults	
with	r/r	ALL	

•  Among	pa=ents	who	went	on	to	receive	alloSCT	aper	achieving	CR/CRh,	this	
exploratory	analysis	inves=gated:	

–  Relapse-free	survival	
–  Overall	survival		
–  Mortality	within	100	days	aper	alloHCT	

•  Pa=ents	who	relapsed	before	alloSCT	and	pa=ents	who	had	other	an=leukemic	
therapy	aper	blinatumomab	but	before	alloSCT	were	excluded	from	this	analysis	

Objec-ves	of	this	exploratory	analysis		

Stein	AS,	et	al.	ASBMT	Mee=ng,	2016	



N=34	
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Median	follow-up:	13.9	(8.5−17.1	months)	

Median	follow-up:	13.4	(9.4–14.6)	months	

Relapse-free	and	overall	survival	in	pa-ents	receiving	
alloSCT	aher	achieving	CR/CRh	with	blinatumomab	

NE,	not	es=mable;	RFS,	relapse-free	survival	
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BACKGROUND
The prognosis for patients with acute lymphoblastic leukemia is poor. We sought to 
determine whether inotuzumab ozogamicin, an anti-CD22 antibody conjugated to 
calicheamicin, results in better outcomes in patients with relapsed or refractory 
acute lymphoblastic leukemia than does standard therapy.

METHODS
In this phase 3 trial, we randomly assigned adults with relapsed or refractory acute 
lymphoblastic leukemia to receive either inotuzumab ozogamicin (inotuzumab 
ozogamicin group) or standard intensive chemotherapy (standard-therapy group). 
The primary end points were complete remission (including complete remission 
with incomplete hematologic recovery) and overall survival.

RESULTS
Of the 326 patients who underwent randomization, the first 218 (109 in each group) were 
included in the primary intention-to-treat analysis of complete remission. The rate of 
complete remission was significantly higher in the inotuzumab ozogamicin group than 
in the standard-therapy group (80.7% [95% confidence interval {CI}, 72.1 to 88.7] vs. 
29.4% [95% CI, 21.0 to 38.8], P<0.001). Among the patients who had complete remission, 
a higher percentage in the inotuzumab ozogamicin group had results below the thresh-
old for minimal residual disease (0.01% marrow blasts) (78.4% vs. 28.1%, P<0.001); the 
duration of remission was longer in the inotuzumab ozogamicin group (median, 4.6 
months [95% CI, 3.9 to 5.4] vs. 3.1 months [95% CI, 1.4 to 4.9]; hazard ratio, 0.55 [95% 
CI, 0.31 to 0.96]; P = 0.03). In the survival analysis, which included all 326 patients, pro-
gression-free survival was significantly longer in the inotuzumab ozogamicin group 
(median, 5.0 months [95% CI, 3.7 to 5.6] vs. 1.8 months [95% CI, 1.5 to 2.2]; hazard 
ratio, 0.45 [97.5% CI, 0.34 to 0.61]; P<0.001); the median overall survival was 7.7 months 
(95% CI, 6.0 to 9.2) versus 6.7 months (95% CI, 4.9 to 8.3), and the hazard ratio was 0.77 
(97.5% CI, 0.58 to 1.03) (P = 0.04). In the safety population, the most frequent grade 3 or 
higher nonhematologic adverse events with inotuzumab ozogamicin were liver-related. 
Veno-occlusive liver disease of any grade occurred in 15 patients (11%) who received 
inotuzumab ozogamicin and in 1 patient (1%) who received standard therapy.

CONCLUSIONS
The rate of complete remission was higher with inotuzumab ozogamicin than with 
standard therapy, and a higher percentage of patients in the inotuzumab ozogamicin 
group had results below the threshold for minimal residual disease. Both progres-
sion-free and overall survival were longer with inotuzumab ozogamicin. Veno-occlu-
sive liver disease was a major adverse event associated with inotuzumab ozogamicin. 
(Funded by Pfizer; INO-VATE ALL ClinicalTrials.gov number, NCT01564784.)
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Treatment	in	older	ALL	



Overall	survival	by	age	at	entry	

Overall	survival	of	those	who	achieved	CR	by	age	
at	entry	

Sive	JI	et	al.	Br	J	Haematol	2012;157:463–471	

Survival	in	older	ALL	pa=ents	in	the	UKALLXII/ECOG2993	trial		
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Rituximab	is	not	approved	for	the	treatment	of	ALL		
Sasaki	K	et	al.	Presented	at	ASH	2016	(Abstract	588)	

Study	design	

1	 2	 3	 4	 5	 6	 7	 8	

D3	 D3	 D3	 D3	

Intensive	phase	

Maintenance	phase	

Mini	HCVD	cyclophosphamide	(150	mg/m2)	and	dexamethasone	(20	mg)	at	50%	dose	reduc=on	

Mini-MTX-cytarabine	methotrexate	(250	mg/m2)	at	75%	dose	reduc=on,	cytarabine	(0.5	g/m2)	at	83%	reduc=on	

POMP	maintenance	(36	months)	Inotuzumab	

•  Inotuzumab	dose	reduc=on	at	start	of	study	
•  Rituximab	and	intrathecal	chemotherapy	were	

also	given	during	the	first	4	courses	

Inotuzumab	 First	6	pa-ents	 7	–	34		 35	+	

First	cycle	(mg/m2)	 1.3	 1.8	 1.3	

C2–4	(mg/m2)	 0.8	 1.3	 1.0	



Characteris-c	 Median	(range)	/	n	(%)	N=47	

Age	(years),	median	(range)	 68	(60–81)		

Male	sex,	n	(%)	 29	(62)	

ECOG	PS	≥2,	n	(%)	 7	(15)	

WBC	at	diagnosis	
≥50,	n	(%)	 3	(7)	

Median	(range)	 3.0	(0.6–111.0)	

Karyotype	
Diploid	,	n	(%)	 14	(30)	

Complex	,	n	(%)	 19	(40)	

Misc,	n	(%)	 6	(13)	

IM/ND,	n	(%)	 8	(17)	

Immunophenotype	
CD22	posi=ve,	median	(range)	 97	(72–100)	

CD20	≥20,	n	(%)	 28	(60)	

Sasaki	K	et	al.	Presented	at	ASH	2016	(Abstract	588)	

Pa=ent	characteris=cs	



Response	 N	 %	

CR	 36	 84	

CRp	 5	 12	

CRi	 1	 2	

ORR	 42	 98	

No	response	 1	 2	

Early	death	 0	 0	

Cytogene=c	CR	 22	abn	at	start	(22/22)	 100	

Nega=ve	MRD*	

Day	21	 31/41	 76	

Overall	 44/46	 96	

Response	rates	

*MRD	assessed	by	6-colour	mul=parameter	flow	
Sasaki	K	et	al.	Presented	at	ASH	2016	(Abstract	588)	



Sasaki	K	et	al.	Presented	at	ASH	2016	(Abstract	588)	
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The methods and duration of T-cell culture used in the manu-
facturing of CAR T cells may also be an important variable in the
composition of the final CAR T-cell product. Generally, the options
have involved combinations of TCR stimulation through antibodies
and supportive cytokines or artificial antigen-presenting cells that are
either cell based or bead based.16 Culture conditions that combine
costimulation and various cytokines support the maintenance of a
central memory phenotype.17,18

Review of clinical data with CAR T cells in
hematologic malignancies

There are 14 publications reporting clinical trials of CAR T cells in
hematologic malignancies. All but one of these focused on B-cell
malignancies by targeting CD19 or CD20; the other focused on acute
myeloid leukemia (AML) by targeting Lewis-Y antigen. The CAR
design,manufacturingprocess, and results are summarized inTable 1.

Each group has designed slightly different protocols, and they
vary with regard to design of the CAR, expression of the CAR on the
T cells, T-cell culture conditions, lymphodepleting strategy, cytokine
support for the infused T cells, disease targeted, and timing of CAR
T-cell infusion with regard to standard therapy such as bone marrow
transplantation. Although the number of variables across trials makes
for challenging comparisons, together the clinical data suggest that
themost effective CART cells exhibit high levels of CAR expression
before infusion and expand and persist in vivo, ie, “engraft,” for at
least several weeks. Not surprisingly, the most effective CAR T-cell
products are also associated with on-target toxicity. The details of
trials conducted at the FredHutchinsonCancer Research Center, City
of Hope, Baylor College of Medicine, MD Anderson Cancer Center,
National Cancer Institute, Memorial Sloan-Kettering Cancer Center
(MSKCC), the University of Pennsylvania, and the University of
Melbourne are found in supplemental “Materials”.19-41

Lessons learned from clinical experience

The results of these clinical trials point to several key factors
that may have an impact on the efficacy of CAR-modified T cells
in hematologic malignancies. One is that the disease under study
may be differentially susceptible to CAR-mediated T-cell killing;

for example, although all express CD19, it appears that acute
lymphocytic leukemia (ALL) has a higher response rate than chronic
lymphocytic leukemia (CLL) or indolent lymphomas, with an
impressive (;80%) response rate across CAR designs, trial designs,
and institutions. This could be true for several reasons, including host
T-cell defects in lymphomas such as those described in CLL
patients,42,43 inhibitory effects of the tumor microenvironment,44,45

the length and nature of prior treatments, the age of the patient, and the
robustness and composition of the T cells in the starting product and in
the infused product. At the level of product characterization, the
relative importance of the CD4:CD8 ratio or the proportion of
regulatory T cells (Tregs) in the final product is not clear, and it is not
known if the T-cell product can be improved upon by selection or
graft engineering. Characterization of the tumor microenvironment,
and in particular the inhibitory factors that may affect or abrogate
CAR T-cell lytic functions, will be even more complex to sort out.
Both gene expression profiling and flow cytometric analysis of
recoveredT cells postinfusion show that infusedCARTcells express
PD134,46 and are susceptible to PD1/PD-L1 interactions. Encourag-
ingly, based on preclinical animal modeling,47 checkpoint blockade
is already being tested in clinical trials in combination with CAR
T cells. Several investigators have also aimed to address the question
of whether or which lymphodepletion strategy to use and whether
supporting the infused T cells with systemically administered cyto-
kines will improve their expansion or persistence; although both
strategies appear to be improve T-cell engraftment, they may con-
found interpretation of efficacy and toxicity, and neither appears to
be universally required for CAR T-cell–mediated responses.

At least a few key characteristics of efficacious CART-cell products
have emerged. One is that expression of the CAR at the cell surface
seems to be required for efficacy; another is that in vivo detection of the
CAR T-cell product in the blood is a sign of adequate engraftment and
that engraftment is required for responses. Detection of the CAR
transgene by polymerase chain reaction does not inform about the
surface expression of the CAR, which is the only form that matters for
efficacy. Thus, the availability of reagents to specifically detect CARs
at the cell surface by flow cytometry is crucial to understand the
activity and engraftment ofCARTcells. In addition, it is not yet clear if
there is a relationship between the dose of CAR T cells administered
and the levelof engraftment that is achieved, ie, the in vivo dose.When
CARTcells expand efficiently, very lowdoses ofCARTcells can still

Figure 2. Chimeric antigen receptors. CARs target

surface antigens in an MHC-independent fashion and
consist of an ectodomain, hinge domain, transmem-
brane domain, and endodomain. The initial trials tested

first-generation CARs that have a single cytoplasmic
domain. Current trials are testing second- and third-
generation CARs that have combinations of signaling

domains.
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BACKGROUND
Relapsed acute lymphoblastic leukemia (ALL) is difficult to treat despite the avail-
ability of aggressive therapies. Chimeric antigen receptor–modified T cells targeting 
CD19 may overcome many limitations of conventional therapies and induce remis-
sion in patients with refractory disease.

METHODS
We infused autologous T cells transduced with a CD19-directed chimeric antigen 
receptor (CTL019) lentiviral vector in patients with relapsed or refractory ALL at 
doses of 0.76×106 to 20.6×106 CTL019 cells per kilogram of body weight. Patients 
were monitored for a response, toxic effects, and the expansion and persistence of 
circulating CTL019 T cells.

RESULTS
A total of 30 children and adults received CTL019. Complete remission was 
achieved in 27 patients (90%), including 2 patients with blinatumomab-refractory 
disease and 15 who had undergone stem-cell transplantation. CTL019 cells prolif-
erated in vivo and were detectable in the blood, bone marrow, and cerebrospinal 
fluid of patients who had a response. Sustained remission was achieved with a 
6-month event-free survival rate of 67% (95% confidence interval [CI], 51 to 88) 
and an overall survival rate of 78% (95% CI, 65 to 95). At 6 months, the probabil-
ity that a patient would have persistence of CTL019 was 68% (95% CI, 50 to 92) 
and the probability that a patient would have relapse-free B-cell aplasia was 73% 
(95% CI, 57 to 94). All the patients had the cytokine-release syndrome. Severe 
cytokine-release syndrome, which developed in 27% of the patients, was associ-
ated with a higher disease burden before infusion and was effectively treated with 
the anti–interleukin-6 receptor antibody tocilizumab.

CONCLUSIONS
Chimeric antigen receptor–modified T-cell therapy against CD19 was effective in 
treating relapsed and refractory ALL. CTL019 was associated with a high remis-
sion rate, even among patients for whom stem-cell transplantation had failed, and 
durable remissions up to 24 months were observed. (Funded by Novartis and oth-
ers; CART19 ClinicalTrials.gov numbers, NCT01626495 and NCT01029366.)
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sequences remained detectable by means of quan-
titative polymerase-chain-reaction (PCR) assay in 
patients with sustained remissions until 2 years 
(Fig. 2C and data not shown). This assay showed 
very high levels of proliferation of CTL019 cells; 
all patients had peak levels greater than 5000 cop-
ies per microgram of genomic DNA, and 26 pa-
tients had peak levels greater than 15,000 copies 

per microgram of genomic DNA. One patient 
(Patient 17) received infusions again at 3 months 
and 6 months because of early loss of CTL019 
cells with B-cell recovery, and this patient sub-
sequently had persistence of CTL019. In the 
patient with the longest remission (2 years), B-cell 
aplasia (absence of CD19-positive cells) (Fig. 3) 
continued for a year after the loss of CTL019 
cells detectable by f low cytometry, suggesting 
functional persistence of CTL019 cells below 
the limits of detection by flow cytometry, where-
as CTL019 remained detectable by means of 
quantitative PCR. The probability of relapse-
free B-cell aplasia at 6 months was 73% (95% 
CI, 57 to 94).

CTL019 for Relapse after Allogeneic Stem-Cell 
Transplantation

In the 18 patients who were treated for relapse 
of disease after allogeneic stem-cell transplanta-
tion, the median donor chimerism at the time of 
leukapheresis was 100% (range, 68 to 100). No 
graft-versus-host disease was observed after in-
fusion of CTL019. Event-free survival and overall 
survival did not differ significantly between the 
patients who had previously undergone stem-cell 
transplantation and those who had not under-
gone stem-cell transplantation (P = 0.21 for event-
free survival and P = 0.24 for overall survival).

Therapy after Administration of CTL019
Five patients withdrew from the study after the 
administration of CTL019 to receive other thera-
py; three of these patients underwent allogeneic 
stem-cell transplantation while their disease was 
in remission, and the disease remained in remis-
sion 7 to 12 months after the infusion of CTL019. 
Patient 12, who had undergone a previous stem-
cell transplantation, had a post-transplantation 
relapse of T-cell ALL that aberrantly expressed 
CD19, was refractory to two intensive reinduc-
tion regimens, and entered a morphologic remis-
sion after the infusion of CTL019, but the patient 
had minimal residual disease (0.09%). She sub-
sequently received bortezomib and an infusion 
of donor lymphocytes, and the disease remained 
in remission without minimal residual disease at 
11 months. In Patient 11, the myelodysplastic 
syndrome developed and led to overt acute my-
eloid leukemia with a monosomy 8 clone that 
also shared cytogenetic features with the original 
B-cell ALL.

Figure 1. Probability of Event-free and Overall Survival 
at 6 Months.

Panel A shows the time to an event after infusion of 
CTL019. Events were relapse (in seven patients), no  
response (in three patients), and the myelodysplastic 
syndrome (in one patient). Tick marks indicate the 
time of data censoring at the last follow-up or on the 
date of initiation of alternative therapy (in four pa-
tients). The curve in Panel B shows overall survival. 
Data were censored at the time of the last follow-up.  
In both panels, dashed lines represent 95% confidence 
intervals.

Pr
ob

ab
ili

ty
 o

f E
ve

nt
-fr

ee
 S

ur
vi

va
l 1.0

0.8

0.9

0.7

0.6

0.4

0.3

0.1

0.5

0.2

0.0
0 3 96 1512 18 21 24

Months since Infusion

B

A

No. of 
Patients 

30 19 14 5 1 1 1 1 1

Survival rate at 6 mo,
67% (95% CI, 51–88)

Pr
ob

ab
ili

ty
 o

f O
ve

ra
ll 

Su
rv

iv
al

1.0

0.8

0.9

0.7

0.6

0.4

0.3

0.1

0.5

0.2

0.0
0 3 96 1512 18 21 24

Months since Infusion

No. of
Patients 

30 26 19 10 4 2 1 1 1

Survival rate at 6 mo,
78% (95% CI, 65–95)

The New England Journal of Medicine 
Downloaded from nejm.org at SBBL on November 1, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 

n engl j med 371;16 nejm.org October 16, 20141510

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

sequences remained detectable by means of quan-
titative polymerase-chain-reaction (PCR) assay in 
patients with sustained remissions until 2 years 
(Fig. 2C and data not shown). This assay showed 
very high levels of proliferation of CTL019 cells; 
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of disease after allogeneic stem-cell transplanta-
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leukapheresis was 100% (range, 68 to 100). No 
graft-versus-host disease was observed after in-
fusion of CTL019. Event-free survival and overall 
survival did not differ significantly between the 
patients who had previously undergone stem-cell 
transplantation and those who had not under-
gone stem-cell transplantation (P = 0.21 for event-
free survival and P = 0.24 for overall survival).

Therapy after Administration of CTL019
Five patients withdrew from the study after the 
administration of CTL019 to receive other thera-
py; three of these patients underwent allogeneic 
stem-cell transplantation while their disease was 
in remission, and the disease remained in remis-
sion 7 to 12 months after the infusion of CTL019. 
Patient 12, who had undergone a previous stem-
cell transplantation, had a post-transplantation 
relapse of T-cell ALL that aberrantly expressed 
CD19, was refractory to two intensive reinduc-
tion regimens, and entered a morphologic remis-
sion after the infusion of CTL019, but the patient 
had minimal residual disease (0.09%). She sub-
sequently received bortezomib and an infusion 
of donor lymphocytes, and the disease remained 
in remission without minimal residual disease at 
11 months. In Patient 11, the myelodysplastic 
syndrome developed and led to overt acute my-
eloid leukemia with a monosomy 8 clone that 
also shared cytogenetic features with the original 
B-cell ALL.
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Panel A shows the time to an event after infusion of 
CTL019. Events were relapse (in seven patients), no  
response (in three patients), and the myelodysplastic 
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BACKGROUND
Relapsed acute lymphoblastic leukemia (ALL) is difficult to treat despite the avail-
ability of aggressive therapies. Chimeric antigen receptor–modified T cells targeting 
CD19 may overcome many limitations of conventional therapies and induce remis-
sion in patients with refractory disease.

METHODS
We infused autologous T cells transduced with a CD19-directed chimeric antigen 
receptor (CTL019) lentiviral vector in patients with relapsed or refractory ALL at 
doses of 0.76×106 to 20.6×106 CTL019 cells per kilogram of body weight. Patients 
were monitored for a response, toxic effects, and the expansion and persistence of 
circulating CTL019 T cells.

RESULTS
A total of 30 children and adults received CTL019. Complete remission was 
achieved in 27 patients (90%), including 2 patients with blinatumomab-refractory 
disease and 15 who had undergone stem-cell transplantation. CTL019 cells prolif-
erated in vivo and were detectable in the blood, bone marrow, and cerebrospinal 
fluid of patients who had a response. Sustained remission was achieved with a 
6-month event-free survival rate of 67% (95% confidence interval [CI], 51 to 88) 
and an overall survival rate of 78% (95% CI, 65 to 95). At 6 months, the probabil-
ity that a patient would have persistence of CTL019 was 68% (95% CI, 50 to 92) 
and the probability that a patient would have relapse-free B-cell aplasia was 73% 
(95% CI, 57 to 94). All the patients had the cytokine-release syndrome. Severe 
cytokine-release syndrome, which developed in 27% of the patients, was associ-
ated with a higher disease burden before infusion and was effectively treated with 
the anti–interleukin-6 receptor antibody tocilizumab.

CONCLUSIONS
Chimeric antigen receptor–modified T-cell therapy against CD19 was effective in 
treating relapsed and refractory ALL. CTL019 was associated with a high remis-
sion rate, even among patients for whom stem-cell transplantation had failed, and 
durable remissions up to 24 months were observed. (Funded by Novartis and oth-
ers; CART19 ClinicalTrials.gov numbers, NCT01626495 and NCT01029366.)
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Chimeric Antigen Receptor T Cells for Leukemia

levels of proliferation with a short duration of 
persistence is sufficient to achieve remission and 
eligibility for stem-cell transplantation. However, 
in patients who are ineligible for stem-cell trans-
plantation, short persistence of chimeric antigen 
receptor T cells is unlikely to produce long-term 

remission. We observed prolonged persistence 
of CTL019 cells and B-cell aplasia for as long as 
2 years in this cohort and for more than 3 years 
in patients with CLL.4

There was no discernible effect of the density 
of CD19 antigen or cell dose on either efficacy 
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Persistence	of	CAR-
T	cells	correlates	
with	clinical	
outcome	
	



Cellular	therapy	with	Cytokine	Induced	Killer	(CIK)	cells	

•  CIK	cells	are	NK-T	cells	(CD56+CD3+)	
expanded	from	peripheral	blood	
mononuclear	cells	(first	described	in	
NK	cell	clones	by	T.	Hercend)	

•  CIK	cells	show	non-specific	an*-tumor	
ac*vity	and	home	to	tumors	without	
significant	GVHD	in	several	animal	
models	

•  CIK	cells	can	be	reproducibly	
expanded	in	vitro	under	strict	GMP	
condi*ons	
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Target  
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Non MHC-restricted          
killing Restricted            

killing + TCR 
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CIK cell 

Introna	et	al,	BMT,	2006	
Marin	et	al,	Exp.	Hematol,2006	
Francesche\	et	al,	Exp	Hematol,	2009	
Introna	et	al,	BBMT,	2010	
Pievani	et	al,	Blood,	2011	
Pievani	et	al,	Blood,	2011	



Open	label,	single	arm,	mul-center,	dose	escala-on	Phase	I,	trial	to	
determine	the	safety	of	Allogeneic	(donor	derived)	Cytokine	Induced	Killer	
(CIK)	cells	transduced	with	a	transposon	CD19	Chimeric	An-gen	Receptor	
(CAR)	gene	(CARCIK.CD19)	in	adult	and	pediatric	pa-ents	with	relapsed	or	

refractory	B-cell	precursor	acute	lymphoblas-c	leukemia	(ALL),	aher	
Hematopoie-c	Stem	Cell	Transplanta-on	(HSCT)	

	



	
MRD	remains	the	most	powerful	predictor	of	outcome.	Post-remissional	therapy	must	
be	guided	by	MRD	
	
AlloHSCT	remains	the	post-remissional	treatment	of	choice	for	HIGH	RISK/MRD+	
pa=ents	who	must	be	allocated	early	to	alloHSCT.	Non	relapse	mortality	remains	a	
major	problem		
	
TKIs	and	chemotherapy	may	achieve	long	term	remission	even	without	a	transplant	
consolida=on	to	cure	
	
New	an=bodies	and	TKIs	may	represent	an	effec=ve	innova=ve	treatment	approach	to	
improve	the	cure	rate	and	reduce	treatment	related	toxicity	and	mortality	
	
CART	cells	are	an	extraordinary	inves=ga=onal	tool	for	future	treatment	of	advanced	
ALL	pa=ents	
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