Table S4. Details from published CAR gene therapy clinical trials for hematological malignancies (29 total) continued


Dataset EV4. Details from published CAR gene therapy clinical trials for hematological malignancies (29 total)[
]
	Antigen
(Ab clone)

Indication
	T cell origin (SCT)

pre-treatment

IL2 administration
	CAR construct

Vector
%CAR+ cells

(median; range)
	T cell dose (dose/infusion)
Persistence (detection)
	n

age

(median; range)
	Phase

Outcome n

(median; range) 

in month
	Toxicities
	Identifier 

(Ref), Status

	BCMA
(11D5-3)

MM
	autologous
+ PT
	scFv/CD28/CD3z

RV

67 (45-93)
	0.3-9x106/kg 
(single dose)

up to 3 month (PCR)
	12
	Phase I
CR: 1 (17)
PR: 3 (8; 2-26+)
SD: 8 (6; 2-12)
	· All patients experienced grade 3/4 cytopenias which could be attributed to the conditioning regimen or when prolong, as observed in two patients, rather to the CAR T cell treatment (highest cell dose)

· Two patients exhibited grade 2/3 signs and symptoms of CRS including mild fever and tachycardia

· One patient had significant fever, tachycardia and hypotension among other grade 2/3 toxicities 

· Two patients had grade 3/4 toxicity consistent with CRS among others
	NCT02215967

(Ali et al, 2016), ongoing

	CD138

MM
	autologous
- PT
	scFv/4-1BB/CD3z

LV

34 (12-41)
	0.44-3.78x107/kg

up to >5 month (PCR)
	5

57 (48-68)
	Phase I
SD: 4 (4,5; 3-7)

PD: 1
	· all patients suffered from transient grade 3 chills and fever, but recovered overnight

· 3 patients developed grade 2 TLS with nausea and vomiting, which was associated with elevated CAR T cell levels in the peripheral blood
	NCT01886976

(Guo et al, 2016), ongoing

	CD19

NHL 
	autologous (+)
+ PT
	scFv/CD28/CD3z

EP(SB)

88,5 (77-96)
	5x108-5x109/m2 
(single and split-infusion over 2-3 days)

average of 201 days (PCR)
	7[
]
55 (36-61)
	Phase I
CR: 6 (26; 6-33)
PD: 1
	
	NCT00968760

(Kebriaei et al, 2016), ongoing

	CD19

Leukemia, Lymphoma
	allogenic (+)
- PT
	scFv/CD28/CD3z

EP(SB)

83 (59-97)
	1x106-5x108/m2 
(single and split-infusion over 2-3 days)

average of 51 days (PCR), in one patient detectable up to 1 year
	19[
]
36 (21-56)
	Phase I
CR: 10 (8; 3-18)
PD: 9
	· Three patients developed GVHD: 
1 grade 1 acute skin GVHD, 
1 chronic skin GVHD and 
1 liver GVHD
	NCT01497184

(Kebriaei et al, 2016), ongoing

	CD19
(FMC63)

DLBCL
	autologous
+ PT
	scFv/CD3z

EP
	4-5 infusions with 1x108-2x109/m2 each

1 day (PCR)
	2
	Phase I
PD: 2
	
	IRB 01160

(Jensen et al, 2010), completed

	CD19
(FMC63)

DLBCL, PBMCL,
DLBCL transf. FL,
MCL
	autologous
+ PT
+/- IL2
	scFv/CD28/CD3z

RV

70 (54-84)
	3x106-3x107/kg 
(single infusion)

up to 14 weeks (PCR)
	21

55 (30-68)
	Phase I
CR: 8 (13; 6-23+)
PR: 8 (7; 1-23+)
SD: 2 (3,5; 1-6)
NE: 3 
	· Two patients died (most likely not related to CAR T cell infusion):

Patient 4b suddenly died 16 days after cell infusion with no signs of CRS, most likely not related to CAR T cell administration

Patient 2a died 18 days after cell infusion of influenza pneumonia, nonbacterial thrombotic endocarditis, and cerebral infarction most likely not related to CAR T cell administration

· 19 patients developed acute grade 3/4 toxicities including fever, hypotension, delirium, and other neurologic toxicities. These toxicities occurred mostly during first 2 weeks after infusion and resolved within 3 weeks after cell infusion

· Three patients showed B cell aplasia for at least 4 month after CAR T cell infusion. Consistent with the in vivo presence of functional CD19 CAR–T cells. Other patients were not evaluated for B cell depletion due to prior rituximab treatment.
	NCT00924326

(Kochenderfer et al, 2015; Kochenderfer et al, 2012; Kochenderfer et al, 2010), ongoing

	CD19
(FMC63)

NHL, ALL, CLL
	allogenic VSTs (+)
- PT
	scFv/CD28/CD3z

RV

(20-48)
	1.5x107-1,2x108/m2 total T cells (single infusion; 1-3x doses)

up to 12 weeks (PCR)
	8[
]
44,5 (9-59)
	Phase I
CR: 3 (3; 2-8+)
PR: 1 (2)
SD: 1 (15+)
PD: 3
	
	NCT00840853

(Cruz et al, 2013), ongoing

	CD19
(FMC63)

ALL, CLL, DLBCL, FL, MCL, PLL
	autologous
+ PT
	scFv/4-1BB/CD3z

LV

20 (5-39)
	2x107-1x108/m2
(single infusion)

up to 4 years (PCR)
	14

66 (51-78)
	Phase NA
CR: 5 (28; 10-53)
PR: 3 (6; 5-13)
NE: 6 (3,5; 1-10)
	· Six patients developed persistence B cell aplasia for up to 1 year, consistent with the in vivo presence of functional CD19-CAR T cells and a positive clinical outcome

· Nine patients developed mild to severe CRS 1 to 14 days after cell infusion, which was associated with a higher peak expansion of CAR T cells

· Five patients showed grade 1-4 neurological events

· Two cases of TLS were noted
	NCT01029366

(Maude et al, 2014; Kalos et al, 2011; Porter et al, 2011; Porter et al, 2015), completed

	CD19
(FMC63)

NHL, HL
	allogenic (+)
- PT
	scFv/CD28/CD3z

RV

58 (34-78)
	0.4-7.8x106/kg 
(single infusion)

up to 1 month (PCR)
	10[
]
49,5 (44-66)
	Phase I
CR: 1 (9+)
PR: 1 (3+)
SD: 6 (3; 1-11+)
PD: 2
	· Three patients developed transient grade 3/4 B cell aplasia, consistent with the in vivo presence of functional CD19 CAR–T cells 

· Patient 3 showed grade 3/4 TLS, fatigue, cardiac ventricular dysfunction, fever, tachycardia, troponin increase, anemia and neutropenia. The etiology of patient 3’s toxicities is unclear because he had pulmonary infiltrates and mild dyspnea before his CAR T-cell infusion

· Two patients experienced grade 3/4 CRS associated toxicities including hypotensions

· all toxicities experienced (except patient 1) resolved completely in <2  weeks after CAR T-cell infusion.

· no patient developed sings of GVHD
	NCT01087294

(Kochenderfer et al, 2013), suspended

	CD19
(FMC63)

ALL, FL, CLL, MCL, DLBCL, PLL
	autologous
+ PT
	scFv/4-1BB/CD3z

LV

21,5 (5,5-45)
	0.76-20.6x106/kg 
(split dose over 1-3 days)

up to 6 month (PCR)
	30[
]
11 (5-22)
	Phase I/II
CR: 27
NE: 3
	· All patients had CRS, 8 patients developed severe CRS which was associated with a higher disease burden before infusion

· 13 patients showed self-limiting signs of neurologic disorders lasting 2-3 days which was associated with CRs

· 27 patients developed persistence B cell aplasia for up to 1 year, consistent with the in vivo presence of functional CD19-CAR T cells and a positive clinical outcome
	NCT01626495

(Maude et al, 2014; Fitzgerald et al, 2016; Grupp et al, 2013), ongoing

	CD19
(FMC63)

DLBCL, DMBCL, DSBCL, FL, MCL
	autologous (+)
+ PT
	scFv/CD3z

LV

84 (45-92)
	2.5 x107-1x108 
(single infusion)

mean of 18.25 days (PCR)
	8[
]
61,5 (50-75)
	Phase I
CR: 5 (24; 6-37+)
PR: 2 (18; 10-26+)
PD: 1
	
	NCT01318317

(Wang et al, 2016b), ongoing

	CD19
(FMC63)

ALL, DLBCL, NHL
	autologous (+/-)
+ PT
	scFv/CD28/CD3z

RV

66 (55-77)
	1-3x106/kg 
(single infusion)

up to 6 weeks (PCR)
	21[
]
13 (1-30)
	Phase I
CR: 14
SD: 3
PD: 4
	· 16 patients experienced mild to severe CRS; 6 patients developed grade 3/4 CRS. Notably, mild CRS was self-limiting for 4-8 days.

· Six patients showed signs of neurotoxicity with CAR T cells detection in the CSF

· Most patients had grade 3/4 cytopenias which were attributed to lymphodepleting chemotherapy

· Two patients of four had dose-limiting toxicity (grade 3/4 CRS) receiving 3x106 cells/kg 

· Nine patients developed grade 3 fever, hypokalemia or neutropenia
	NCT01593696

(Lee et al, 2015), ongoing

	CD19
(FMC63)

CLL, SLL
	autologous
	scFv/4-1BB/CD3z

LV
	
	3

61 (57-68)
	Phase NA
CR: 1
PR: 2
	
	NCT01747486

(Fraietta et al, 2016), ongoing

	CD19
(FMC63)

ALL, CLL, MCL, FL, PLL
	autologous, allogeneic (+/-)
+/- PT
- IL2
	scFv/4-1BB/CD3z
	3.6x106-1.27x107/kg 
(split dose over 3-5 days; up to two infusions)

up to 3 month (PCR)
	9

35 (15-65)
	Phase I
CR: 5 (4,5; 2-8,5)
PD: 2
NE: 1 
death: 1
	· One patient died (most likely related to CAR T cell infusion):

Patient 4 succumbed from acute TLS 12 h after the second CAR T cell infusion due to extensive and bulky adenopahty

· Nearly all patients developed grade 1-3 chills and fever 1-2 h after cell infusion, which subsided overnight

· Three patients developed grade 1/4 CRS. The severity of CRS was linked with the degree of tumor burden.

· Two patients treated after allogenic HSCT suffered from grade 2/3 GVHD 3-4 weeks after cell infusion;
One patient (patient 8) died shortly after receiving anti-GVHD therapy

Notably, none of the patients treated with autologous HSCT prior to CAR T cell infusion developed GVHD
	NCT01864889

(Dai et al, 2015), ongoing

	CD19
(FMC63)

ALL
	autologous (+/-)
+ PT
	scFv/4-1BB/CD3z

LV

CD4: 79,7 (50-96)
CD8: 84,2 (13-96)
	1x105-1.16x107/kg CD4+ CAR T cells and 3x104-1x107 CD8+ CAR T cells

up to >8 month (PCR)
	29[
]
40 (20-73)
	Phase I/II
CR: 26
PD: 1
death: 2
	· Two patients died (most likely related to CAR T cell infusion):

Patient 6 developed severe CRS and multiorgan failure and died 3 days after CAR T cell infusion. Notable, he received a high CAR T cell dose without risk-adapted dosing for high tumor burden and was unresponsive to tocilizumab, etanercept and corticosteroids.

Patient 17 developed transient CRS and achieved a complete response, but finally died 122 days after CAR T cell infusion with irreversible neurologic toxicity

· 28 patients suffered from mild to severe CRS, 7 patients required intensive care. The seven patients exhibiting severe CRS had a high tumor burden and were administered a high CAR T cell does (>2x106 CAR T cells/kg).

· 15 patients exhibited grade 3/4 neurotoxicites, which completely resolved over days to weeks (except one patient). Notably, severe neurotoxicities correlated with severe CRS

· all patients showed B cell aplasia, consistent with in vivo presence of functional CD19-CAR T cells

· Five of 11 patients were treated with cyclophosphamide alone and developed an immune response against the CAR T cells. Of note, the scFv fragment of the CD19-CAR is derived from a murine origin

· No GVHD was observed in the 11 patients receiving prior allogenic-HSCT
	NCT01865617

(Turtle et al, 2016), ongoing

	CD19
(FMC63)

NHL
	autologous (+)
+ PT
	scFv/CD28/CD3z

LV

61 (24-77)
	5 x107-2x108 
(single infusion)

mean of 20.5 days (PCR)
	8[
]
61,5 (23-71)
	Phase I
CR: 8 (12; 6-14+)
	
	NCT01815749

(Wang et al, 2016b), ongoing

	CD19
(FMC63)

MM
	autologous (+)
+ PT
	scFv/4-1BB/CD3z

LV
	1-5x107

up to 47 days (PCR)
	10

60,5 (48-68)
	Phase I
CR: 1
PR: 3
PD: 4
NE: 2
	· Grade 3/4 neutropenia, thrombocytopenia, mucositis, which were transplantation related and resolved by day 100 after transplantation

· One patient with grade 1 CRS

· One patient with grade 3 enterocolitis due to GVHD
	NCT02135406

(Garfall et al, 2015), ongoing

	CD19
(FMC63)

NHL
	autologous
- PT
	scFv/CD28/CD3z or scFV/CD3z

RV
	0.2-2x108/m2

up to >6 weeks
	6

54,5 (46-59)
	Phase NA

SD: 2 (6,5; 3-10)
PD: 4
	
	(Savoldo et al, 2011), unknown

	CD19
(SJ25C13)

CLL
	autologous
+/- PT
- IL2
	scFv/CD28/CD3z

RV

(23-70)
	1.2-3x107/kg (single dose)
0.4-1x107/kg (split dose over 2 days)

up to 8 weeks (ICH)
	8

60 (44-66)
	Phase I/II
SD: 2 (6; 4-8+)
PD: 5
NE: 1
	· One patient died (most likely not related to CAR T cell infusion):

· Patient CLL-4 experienced persistent fever, developed a sepsis-like syndrome with hypotension and renal failure and died within 48 hours of CAR T cell infusion. However, an infectious cause preceded CAR T cell infusion as evidenced by marked serum cytokine abnormalities

· All patients experienced grade 1/2 rigors, chills and transient fever

· Two patients developed grade 3 febrile neutropenia
	NCT00466531

(Brentjens et al, 2011; Brentjens et al, 2010), ongoing

	CD19
(SJ25C13)

ALL
	autologous (+/-)
+ PT
	scFv/CD28/CD3z

RV

16,8 (5-61)
	3x106/kg 
(split dose over 2 days)

up to 3 month (PCR)
	16[
]

50
	Phase I
CR: 14
PD: 2
	· Six patients developed grade 3/4 CRS with fever and hypotension, which was associated with a higher disease burden before infusion

· Four patients showed neurological complications including delirium and seizure-like activity, associated with CRS. CAR T cells were detected in the CSF for three patients.
	NCT01044069

(Brentjens et al, 2011; Brentjens et al, 2013; Davila et al, 2014), ongoing

	CD20
(HB-9645)

ALL, CLL, PPL, DLBCL, FL, MCL
	autologous

- IL2
	scFv/4-1BB/CD3z

LV

33 (15-50)
	split dose over 3-5 days

up to >5 month (PCR)
	7[
]
65 (37-85)
	Phase NA

CR: 1 (14+)
PR: 4 (3,5; 3-6)
PD: 1
NE: 1 
	· One patient (UPN2) died due to massive alimentary tract hemorrhage 3 weeks after infusion. The death was attributed to disease burden and not to the CAR T cell administration.

· One patient developed grade 4 chills and fever accompanied by temporary and well-tolerated respiratory distress
Five patients experienced transient and well-tolerated grade 1/2 chills and fever

· Four patients showed damage of normal tissue in sites around the lesions and organ dysfunction due to on-target off-tumor toxicity due to low level expression of CD20 on normal tissue

· Four patients developed grade 1-3 CRS and related toxicities including febrile syndrome, serous cavity effusion, capillary leak syndrome among others. Severe cytokine-release syndrome was associated with a higher disease burden before infusion

· One patient showed a sudden tumor lysis syndrome 8 weeks after CAR T cell infusion
	NCT01735604

(Wang et al, 2014), ongoing

	CD20
(Leu16)

- Leukemia, Lymphoma
	autologous
+/- PT
+/- IL2
	scFv/CD3z

EP
	5x108-4.4x109/m2
(split dose; 2-3x infusions 2-5 days apart)

up to 9 weeks (PCR)
	7[
]
47 (43-77)
	Phase I
CR: 2 (8; 3-13)
PR: 1 (3)
SD: 4 (5,5; 3-12)
	· Two patients suffered from grade 2 skin reaction during IL-2 administration 
	NCT00012207

(Till et al, 2008), completed

	CD20
(Leu-16)

- FL
	autologous (+)
	scFv/CD3z

EP
	3x infusions with 1x108-1x109/m2 each

up to 1 week (PCR)
	2
	Phase I
SD: 1
PD: 1
	· One patient developed cellular immune response against the infused T cell products. The immune reaction was directed against neomycin phosphotransferase but not the CAR construct.
	IRB 98142

(Jensen et al, 2010), completed

	CD20
(Leu-16)

CLL, FL, MCL, SLL, MZL
	autologous
+ PT
+ IL2
	scFv/CD28/4-1BB/CD3z

EP

low level
	4.4x109/m2
(split dose; 3x infusions 2-5 days apart)

up to 1 year (PCR)
	3

63,5 (28-80)
	Phase I
CR: 2 (18; 12-24)
PR: 1 (12)
	· One patient developed transient infusional symptoms

· One patient developed fever and orthostatic hypotension which was attributed to the second CAR T cell infusion

· A heavily pretreated 80-year old patient developed grade 4 cytopenia as well as alopecia and fatigue

· Some patients suffered from dyspnea, fatigue and skin reactions as consequence of low dose IL-2 treatment
	NCT00621452

(Till et al, 2012), completed

	CD30
(Ber-H2)

NHL, HL
	autologous
+ PT
	scFv/4-1BB/CD3z

LV

48 (36-68)
	1.1-2.1x107/kg (split dose over 3 to 5 days)

up to >8 month (PCR)
	18

31 (13-77)
	Phase I
PR: 6 (5; 2-9)
SD: 7 (5; 2-12)
PD: 5
	· One patient (13) suffered from grade 3/4 left ventricular systolic dysfunction associated with previous megadose of adriamycin

· One patient (15) developed elevated alanine and aspartate aminotransferase levels

· One patient (5) experienced instantaneous psychiatric abnormalities of mild anxiety and delirium along with fever syndrome as well as joint swelling and urticaria
	NCT02259556

(Wang et al, 2016a), ongoing

	CD33
(H33Mel)

AML
	autologous
- PT
	scFv/4-1BB/CD3z

LV

38
	1.12x109 (split dose over 4 days)

at least 2 month (PCR)
	1

41
	Phase NA

PR: 1 (0,5)
	· The patients suffered from severe chills and fevers as well as drastic fluctuations of his pre-existing pancytopenia

· The patient experienced a spontaneous and intermittent febrile syndrome and showed signs of low grade CRS
	NCT01864902

(Wang et al, 2015), ongoing

	Ig k 
(CRL-1758)

- CLL, NHL, MM
	autologous
+/- PT
	scFv/CD28/CD3z

RV

91 (70-95)
	9.0x107-1.9x109/m2 
(up to 6 infusions)

up to 6 month (PCR)
	17

59 (43-75)
	Phase I
CR: 2 (17; 2-32+)
PR: 1 (3)
SD: 6 (2; 2-24)
NE: 8
	· Most patients had baseline B cell lymphopenia and poyclonal hypogammaglobulinemia which was associated with prior treatment and/or biology of their underlying disease
	NCT00881920

(Ramos et al, 2016), ongoing

	Lewis Y

MM, AML, MDS
	autologous
+ PT
	scFv/CD28/CD3z

RV

25 (14-39)
	1-5x108

up to 10 month (PCR)
	4

70 (64-71)
	Phase I
PR: 2 (11; 1,5-22)
SD: 2 (3; 1-5)
	· One patient developed a transient skin rash 4 days and 22 after infusion. Histology and immunohistochemistry showed infiltration of the skin with AML blasts.
	NCT01716364

(Ritchie et al, 2013), ongoing


Ab, antibody; n, number of treated patients; PT, pre-treatment like lymphodepletion or chemotherapy; SCT, stem cell transplantation; IL2, systemic IL-2 administration; +, yes; -, no; +/-, variable; allo, allogenic; auto, autologous; RV, retroviral vector; LV, Lentiviral vector; EP, electroporation; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NE, no response; BCMA, B-cell maturation antigen; Ig k, Ig kappa light cahin; ALL, acute lymphoid leukemia; AML, acute myeloid leukemia; CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B cell lymphoma; DMBCL, diffuse medium B cell lymphoma; DSBCL, diffuse small B cell lymphoma; FL, follicular lymphoma; HL, Hodgkin lymphoma; MCL, mantle cell lymphoma; MDS, myelodysplastic sndrome; MM, multiple myeloma; MZL, marginal zone lymphomas; NHL, non-Hodgkin lymphoma; PLL, B cell prolymphocytic leukemia; SLL, small lymphocytic lymphoma; SCT, Sinobioway Cell Therapy
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[�] Data from 29 CAR T cell clinical trials for haematological malignancies published by the end of 2016 were collected. In the first column, the targeted antigen, the antibody clone of the scFv and the treated indication are listed. The second column provides information about the T cell origin and whether stem cell transplantation, a pre-treatment like lymphodepletion, or chemotherapy, or systemic IL-2 administration were applied. In the third column the domain organisation of the CAR construct, the used vector to generate CAR T cells as well as the percentage of generated CAR T cells are mentioned. In the next column information about the applied T cell dose and number of infusions is provided as well as information on of CAR T cells persistence (longest observed time frame in single patients) and the applied detection method. In addition, information on the number, age and clinical outcome of treated patient as well as the phase of the trial and observed toxicities are provided. In the last column, the trial identifier, publication reference and the status of the trial (ongoing, completed; suspended; unknown) are indicated. Information about disease status is provided in further footnotes.


[�] Targeting of MRD after hematopoietic stem cell transplantation in patients with multiply relapsed B cell NHL.


[�] Targeting of MRD after hematopoietic stem cell transplantation in patients with advanced-stage disease (multiply relapsed B-lineage ALL or B cell NHL).


[�] Six patients had detectable leukemic cells (n=4) or MRD (n=2) at the time of the CAR T cell infusion. Two patients were in remission at the time of CAR T cell infusion but at a high risk for relapse. Both patients in remission achieved a continuing complete response. The two patients with MRD had a complete response and stable disease as best clinical outcome, respectively. 


[�] Two patients were in partial remission after most recent standard donor lymphocyte infusion before CAR T cell infusion and reached stable disease (SD) as best clinical outcome.


[�] The clinical trial included patients with absent minimal residual disease (n=5), detectable disease (n=24) and morphologic remission (n=1). 


[�] At baseline disease assessment, 3 (38%) participants had a complete response (CR), 2 (25%) had a partial response (PR), 2 (25%) had stable disease (SD), and 1 (13%) had failed primary induction with stable disease after salvage therapy at transplant.


[�] The median leukemia burden was 26% marrow blast of mononuclear cells (0.03-96%) before CAR T cell infusion. Six patients had never attained an MRD-negative remission and two patients had measurable CNS leukemia. No difference in the best clinical outcome dependent on the baseline disease assessment could be observed.


[�]The clinical trial included patients with minimal residual disease (<5% blasts; n=10) and patients with morphologic disease (>5% blasts; n=20).


[�] At baseline disease assessment, 6 (75%) participants had a complete response (CR) and 2 (25%) had a partial response (PR).


[�] The clinical trial included patients with minimal residual disease (n=7) and morphologic residual disease (n=9). No differences in the clinical outcomes of patients with MRD versus those patients with overt morphologic residual leukemia were observed.


[�] One patient had partial remission at baseline disease assessment and achieved a complete response as best clinical outcome. 


[�] The treated patients had stage II to IV relapsed or refractory indolent B-cell NHL or MCL. After cytoreductive chemotherapy two patients achieved already complete response and ended up with no evidence of disease after CAR T cell infusion. 





