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Expression of immunoglobulin-T-cell receptor chimeric molecules
as functional receptors with antibody-type specificity
(chimeric genes/antibody variable region)
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This approach can be
exploited, for example, to direct cytotoxic T lymphocytes to
kill tumor or virally infected cells. Construction of cTcRs
with anti-tumor specificity will enable testing of the feasibility
of this approach in combating human tumors.
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Currently recruiting CAR T cell therapy trials by antigen.

Center Disease Patients Co-stimulation ~ Gene  Notes Clinicaltrials.gov
transfer identifier
BCMA
NCI MM 18-73 NA NA NCT02215967
w19
MSKCC L =18y0 28 RV Dose-escalation NCT00466531
BOM B-cell malignancy Any 28 RV With ipilimumab NCT00586391
BOM B-cell malignancy Any 28 RV Dose escalation NCT00608270
BOM B-cell malignancy Any 28 RV After AllHCT, viral co-specificity NCT00840853
NCI B-cell malignancy 18-68 28 RV With IL2 NCT00924326
MDACC Bcell lymphoma 18-65 With or without IL2 NCT00968760
MSKCC B-ALL >18yo0 28 RV NCT01044069
NCl Bcell malignancy 18-75 D28 RV Post alloHCT; active GVHD not allowed  NCT01087294
MSKCC ci >18yo 28 RV Upfront therapy NCT01416974
MSKCC B-ALL <19yo @28 RV After AlloHCT, viral co-specificity NCT01430390
Manchester, UK B-cell malignancy >18 yo None RV NCT01493453
MDACC B-cell malignancy 1-65 After AlloHCT NCT01497184
NCI B-cell malignancy 1-30yo0 @28 RV NCT01593696
CHOP CD19+ leukemia & lymphoma 1-24y0 4-1BB v NCT01623495
Seattle Children’s CD19* ALL Age 1-26 EGFR* construct (may allow deletion) ~ NCT01683279
Penn CLL/SIL =18y 4-18B Y 2 dose level comparison NCT01747486
MSKCC Aggressive B-NHL, relapsed/refractory  18-70 28 RV After autologous SCT NCT01840566
BOM B—cell malignancy Upto7Syo  (D28+/—4-1BB RV NCT01853531
MSKCC B-ALL <26y0 RV NCT01860937
Beijing B-cell malignancy 5-90 yo 4-1BB RV NCT01864889
FHCRC Bcell malignancy =18y 4-1BB W NCT01865617
Penn B-cell NHL =18 yo 4-1BB Y NCT02030834
Seattle Children's B-ALL NA 4-1BB Y EGFR* construct (may allow deletion) ~ NCT02028455
Penn B-ALL >18 yo 4-1BB v NCT02030847
BOM B-cell malignancy NA @28 RV After AlloHCT NCT02050347
Beijing Mantle cell lymphoma 50-80 4-1BB RV NCT02081937
Sweden B-cell malignancy >18yo (D28 and 4-1BB RV NCT02132624
Japan B cell NHL 20-70 @28 RV NCT02134262
COH ALL =18 @28 v NCT02146924
Beijing/Florida B-cell lymphoma =18 27 Y Caspase 9 suicide gene NCT02247609
Penn Hodgkin =18 4-18B RNA NCT02277522
Kite/COH NHL =18 NA NA NCT02348216
Southwest Hospital, China ~ B-cell malignancy 18-70 NA NA NCT02349698
Shenzhen B-cell malignancy 1-85 @28 [ NCT02456350
@20
Beijing B cell NHL 18-90 4-1BB RV NCT01735604
@22
NCI B-cell malignancies 1-30 4-1BB Y NCT02315612
@30
BCM Hodgkin and NHL @28 RV NCT01316146
Beijing CD30+ lymphoma 16-80 NA NA NCT02259556
@33
Beijing AML 5-90 yo 4-1BB v NCT01864902
@138
Beijing Myeloma 18-80yo 4-1BB v NCT01886976
w171
Seattle Neuroblastoma <18 D28 and 4-1BB LV NCT02311621
CEA
Southwest Hospital, China  CEA + malignancies 18-70 NA NA NCT02349724
EGFR
Beijing EGFR+ solid tumors 18-80yo 4-1BB Y NCT01869166
Renji Hospital GBM NA NA NA NCT02331693
EGFRVIII
NCI GBM 18-66 @28 RV NCT01454596
Penn/UCSF GBM =18 4-1BB Y NCT02209376
ErbB
London Head & Neck cancer >18y0 @28 RV Intratumoral NCT01818323
FAP
Zurich Mesothelioma 18-75 NA RV NCT01722149
co2
Kansas Neuroblastoma 1.5-17 yo None RV Multivirus-specific NCT01460901
BOM Neuroblastoma (D28 and 0X40 Suicide gene NCT01822652
BOM Sarcoma D28 and 0X40 RV Suicide gene, Co-specificity for VZV NCT01953900
NCI GD2 + solid tumors excluding 1-35yo0 CD28 and 0X40 Suicide gene NCT02107963
neuroblastoma
Glypican 3
Renji Hospital HeC 18-70 NA NA NCT02395250
Her2
BOM Sarcoma 28 RV NCT00902044
BOM GBM 28 RV Co-specificity for MV NCT01109095
BOM Lung cancer >3yo TGFbeta resistance, Co-specificity NCT01889954
for EBV
Beijing Her2+ solid tumors 18-80yo 4-18B v NCT01935843
IL13Ra2
BOM GBM 18-75 4-1BB RV Intracranial administration NCT02208362
Kappa light chain
BOM B-cell malignancy or myeloma 28 RV NCT00881920
Mesothelin
Penn Mesothelin-expressing cancer >18 4-18B Y NCT02159716
Penn/UCSF Pancreatic >18 4-1BB Y Combined with anti-CD19 CAR Tcells  NCT02465983
NKG2D ligands
DFCI AML, MDS, MM 18yoorolder NA NA NCT02203825

Huidige situatie:

- > 65 trials
- merendeels CD19+ CART cells

Gill ea, Blood Reviews, 2016



Normale T cel activatie: signaal 1 en signaal 2




Tumor cellen ontsnappen aan het immuunsysteem

.
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T cel activatie: Geen signaal 1/ 2:
signaal 1 en 2 geen activatie




Tumor cellen ontsnappen aan het immuunsysteem

T cel activatie: Geen signaal 1/ 2: Inhiberend signaal:
signaal 1 en 2 geen activatie geen activatie



Tumor immuno-therapie (1): opheffen van de blokkade

‘Checkpoint inhibitors’ / PD1 blokkade: TUMOR

- bokkeert de interactie tussen PD-1 op CEL

de T cel en PDL-1 op de tumor

- daardoor opheffing van het immuun “ ll

suppressieve signaal van deze
interactie 2 T cel activatie

Voorbeelden: (f

- Pembrolizumab (Keytruda) R CES

- Nivolumab (Opdivo)



Tumor immuno-therapie (2): recruteren van T cellen

Recruteren van T cellen:

- BITE: bispecific T cell engager

- brengt T cel bij tumor cel waardoor
tumor cel gedood wordt &

o ¥
Voorbeelden: 4o

- Blinatumomab (Blincyto): CD19+ ALL

i



Tumor immuno-therapie (3): CAR T cells

CART cells: TUMOR
- Chimeric antigen receptor T cell LEL
- Exvivo genetisch gemodificeerde '

tumorspecifieke cytotoxische T cel

CAR
Voorbeelden: T CEL

- KTE-C19 (Kite Pharma): DLBCL
- JCARO15 & 017 (Juno): CD19+ ALL, CLL, B-NHL
- CTLO19 (Novartis): CD19+ ALL, CLL, DLBCL, folliculair B-NHL



CAR T cells: productie

T cellen Introductie CAR proteins
geisoleerd via virus of andere
uit patiént technieken in T cel



CAR T cells: design

v Antigeen: protein, glycoprotein, glycolipids
(niet intracellulair)

TUMOR

CEL

u scFv: single chain variable fragments
' v - Linker: lengte is van belang
LV - Hinge: meestal van CD8 of IgG4

O

' ’“ ] 1 of 2 co-stimulataire moleculen:
CAR CD28, ICOS, 4-1BB (CD137), OX40
i CE[s

! CD3 of FcRy zeta keten voor signaal
transductie naar kern



CAR T cells: productie

T cellen Introductie CAR CART cel Expansie
geisoleerd  proteins via virus of
uit patiént lander systeem in T cel

10 dagen



CAR T cells: productie

Chemo/radiotherapie:
lymfocyten depletie

T cellen Introductie CAR CART cel Expansie Infusie in
geisoleerd  proteins via virus of patiént
uit patiént lander systeem in T cel

10 dagen



CAR T cells: werkzaamheid

- CAR T cel design: co-stimulatie, cytokine

TUMOR productie, specificiteit antigeenreceptor

CEL
- inhiberende factoren in tumor environment

(PD1, Tregs)
£/

- levensduur CAR T cells




CAR T cells: bijwerkingen

Cytokine release syndrome (CRS):

- koorts, hypotensie, vascular leakage,
spierpijnen, gewrichtspijnen

- te behandelen met IL-6 inhibitor tocilizumab

TUMOR
CEL

- Tumorlysis syndroom
CAR Neurologische klachten:
T CEL

- afasie, verwardheid, parese, insulten
- oorzaak onduidelijk
- i.h.a. spontaan en volledig herstel



CART cells:
1¢ gepubliceerde trial diffuus grootcellig B- NHL

Patiént | Leeftijd Cyclofosfamide Aantal CART Respons Duur
(jr) (mg/kg) (x10°/kg) e (mnd)

1 43 60 5 22+

2 30 120 2.5 CR

3 42 60 2.5 NE O+

4 44 60 2.5 CR 12+

5 38 120 2.5 CR 1

6 58 60 1 SD 1

7 60 60 1 PR

8 43 60 1 NE 6

9 64 60 1 CR 6+
Ad PR

co-stimulatoir signaal: CD28
Kochendorfer ea, JCO, 2015



CART cells:
4 van de 7 evalueerbare patiénten complete remissie

patient 1 patient 4 patient 8

Kochendorfer ea, JCO, 2015



CAR T cells: aantoonbaar in tumor

31%

anti-CAR —

Kochendorfer ea, JCO, 2015



CAR T cells: merendeels cytotoxische T cellen

3.2%

anti-CAR —

— CD4 ——

Kochendorfer ea, JCO, 2015



CAR T cells: de toekomst

Verbeteren en verbreden werkzaamheid

- door combinatie therapie met checkpoint inhibitors (bv CLL)
- post-allogene hematopoietische stamceltransplantatie

- ‘bridge to..?

Toepassing voor CD19- hematologische maligniteiten

- identificatie van tumor-specifieke targets (AML, myeloom) TUMOR

- ‘uitzetten’ van CAR T cellen d.m.v. ‘switch’ R

PBS _LCNT _HCNT _NTBV _LCCL__HCCT ry

i R
0#“#?!"? ;
mim‘ PR

Rodgers ea, PNAS, 2016
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