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•  Effectors:	
  
– TIL,	
  CAR/TCR,	
  Endogenous	
  
– Clinical	
  results	
  

•  Extrinsic	
  Factors	
  
–  ImmunomodulaFon	
  of	
  Host	
  	
  /	
  TME	
  
– CombinaFon	
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Standard TIL (7-8 weeks) 

Young TIL (4-5  weeks) 

Source 
(Tumor site) 

TIL enrichment Expansion 

Patient Conditioning Infusion Post- Infusion 
HD IL-2 

CY FLU TBI IL-2 

Tumor-Infiltrating Lymphocyte (TIL) Therapy 
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  Infiltra%ng	
  Lymphocyte	
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Adop%ve	
  Therapy	
  following	
  	
  	
  
Non-­‐myeloabla%ve	
  Lymphodeple%on	
  

	
  
Study	
  Design	
  
	
  
•  PaFents	
  with	
  metastaFc	
  melanoma	
  

•  Treated	
  at	
  Fme	
  of	
  progression,	
  refractory	
  disease	
  

•  TIL	
  expanded	
  in	
  vitro	
  to	
  >	
  1010	
  cells	
  

Dudley	
  et	
  al,	
  Science	
  2002	
  

	
  
	
  

CY	
  
60	
  mg/kg	
  x	
  2	
  

FLU	
  
25	
  mg/m2	
  x	
  5	
  

HD	
  IL-­‐2	
  
720K	
  u/kg	
  TID	
  

Tumor	
  Infiltra%ng	
  Lymphocyte	
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Tumor	
  Infiltra%ng	
  Lymphocyte	
  
Pre-­‐	
   Post-­‐	
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•  18	
  /	
  35	
  responders	
  (3	
  CR,	
  15	
  PR)	
  

•  Serious	
  adverse	
  events	
  (	
  ≥Grade	
  4)	
  
–  UveiFs	
  
–  PCP	
  
–  EBV-­‐LPD	
  
–  IntubaFon	
  

•  Clonal	
  response	
  at	
  tumor	
  site	
  

Tumor	
  Infiltra%ng	
  Lymphocyte	
  



FLU	
  
25	
  mg/m2	
  x	
  5	
  

HD	
  IL-­‐2	
  
720K	
  u/kg	
  TID	
  

CY	
  
60	
  mg/kg	
  x	
  2	
  

TBI	
   High-­‐Dose	
  IL-­‐2	
  (600,000	
  u./kg	
  
q8)	
  

Tumor	
  Infiltra%ng	
  Lymphocyte	
  

TIL	
  INFUSION	
  



Tumor	
  Infiltra%ng	
  Lymphocyte	
  



Overall survival of patients receiving TILs with the chemotherapy preparative regimen alone 
(no TBI) or plus 2 or 12 Gy TBI. 

Rosenberg S A et al. Clin Cancer Res 2011;17:4550-4557 

©2011 by American Association for Cancer Research 

Tumor	
  Infiltra%ng	
  Lymphocyte	
  



•  Significant	
  responses	
  
•  PaFent	
  eligibility	
  
•  FaciliFes	
  available	
  
•  2nd	
  and	
  3rd	
  generaFon	
  TIL	
  

– Gene-­‐modificaFon	
  
– SelecFon	
  

TIL	
  Therapy	
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T	
  Cell	
  Expansion	
  &	
  	
  Infusion	
  

Tumor	
  Cell	
  

Chimeric	
  TCR	
  
+	
  zeta	
  

Chimeric	
  	
  	
  Ig	
  +	
  
zeta	
  

Receptor	
  Transfer	
  

TCR	
   CAR	
  

Transferred	
  Receptor:	
  TCR	
  /	
  CAR	
  



Casucci	
  et	
  al,	
  J	
  Cancer	
  2011;	
  2:378-­‐382	
  



Chimeric	
  An%gen	
  Receptor–Modified	
  T	
  Cells	
  in	
  Chronic	
  Lymphoid	
  Leukemia	
  
David	
  L.	
  Porter,	
  M.D.,	
  Bruce	
  L.	
  Levine,	
  Ph.D.,	
  Michael	
  Kalos,	
  Ph.D.,	
  Adam	
  Bagg,	
  
M.D.,	
  and	
  Carl	
  H.	
  June,	
  M.D.	
  
N.	
  Engl	
  J	
  Med	
  2011;	
  365:725-­‐733	
  

T	
  Cells	
  with	
  Chimeric	
  An%gen	
  Receptors	
  Have	
  Potent	
  An%tumor	
  Effects	
  and	
  Can	
  
Establish	
  Memory	
  in	
  Pa%ents	
  with	
  Advanced	
  Leukemia	
  
Michael	
  Kalos,	
  Bruce	
  Levine,	
  David	
  Porter,	
  Sharyn	
  Katz,	
  Stephan	
  Grupp,	
  Adam	
  
Bagg,	
  Carl	
  H.	
  June	
  
Sci	
  Transl	
  Med	
  10	
  August	
  2011:	
  Vol.	
  3,	
  Issue	
  95,	
  p.	
  95ra73	
  	
  

An%-­‐CD19-­‐4-­‐1BBz	
  
Transferred	
  Receptor:	
  TCR	
  /	
  CAR	
  



Transferred	
  Receptor:	
  TCR	
  /	
  CAR	
  

3	
  PaFents	
  with	
  advanced	
  CLL.	
  LymphodeplFon	
  but	
  no	
  IL-­‐2	
  post-­‐infusion	
  
CAR:	
  anF-­‐CD19	
  +	
  CD137/CD3-­‐zeta	
  
BM	
  70%	
  CLL 	
  BendamusFne	
   	
   	
   	
  1.6	
  x	
  10^7 	
  CR 	
  	
  
BM	
  95%	
  CLL 	
  BendamusFne	
  /Rituximab 	
  1.0	
  x	
  10^6 	
  PR	
  
BM	
  40%	
  CLL 	
  PentostaFn/CTX 	
   	
   	
  1.5	
  x	
  10^5 	
  CR	
  (Tumor	
  lysis)	
  



Persist	
  >	
  6	
  months,	
  >	
  1000-­‐fold	
  expansion,	
  >1000:1	
  killing,	
  >	
  1	
  kg	
  tumor	
  
No	
  immunogenicity	
  to	
  vector	
  



Safety	
  and	
  persistence	
  of	
  adop%vely	
  transferred	
  autologous	
  CD19-­‐targeted	
  T	
  
cells	
  in	
  pa%ents	
  with	
  relapsed	
  or	
  chemotherapy	
  refractory	
  B-­‐cell	
  leukemias	
  
(CLL).	
  
Blood.	
  2011	
  Nov	
  3;118(18):4817-­‐28.	
  Brentjens	
  RJ…Sadelain	
  M	
  

An%-­‐CD19-­‐CD28z	
  

Transferred	
  Receptor:	
  TCR	
  /	
  CAR	
  

CD19-­‐targeted	
  T	
  cells	
  rapidly	
  induce	
  molecular	
  remissions	
  in	
  adults	
  with	
  
chemotherapy-­‐refractory	
  acute	
  lymphoblas%c	
  leukemia.	
  Sci	
  Transl	
  Med.	
  
2013	
  Mar	
  20;5(177):177.	
  Renier	
  J.	
  Brentjens	
  et	
  al.	
  	
  

5	
  of	
  5	
  paFents	
  with	
  ALL	
  (2	
  Ph+)	
  	
  MRD-­‐	
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T	
  Cell	
  Expansion	
  &	
  	
  Infusion	
  

Tumor	
  Cell	
  

Chimeric	
  TCR	
  
+	
  zeta	
  

Chimeric	
  	
  	
  Ig	
  +	
  
zeta	
  

Receptor	
  Transfer	
  

TCR	
   CAR	
  

Transferred	
  Receptor:	
  TCR	
  /	
  CAR	
  



Target	
  AnFgen/	
  Cancer	
  
An%gen	
   CAR	
  or	
  TCR	
   Cancer	
  

MART-­‐1,	
  gp100	
   TCR	
   Melanoma	
  

NY-­‐ESO-­‐1	
   TCR	
   Sarcoma,	
  Myeloma,	
  (Breast,	
  Lung)	
  

MAGE-­‐A3	
   TCR	
   Any	
  cancer	
  MAGE-­‐A3+	
  

P53	
   TCR	
   Any	
  cancer	
  overexpress	
  p53	
  

CD19	
   CAR	
   Lymphoma	
  

EGFRvIII	
  	
   CAR	
   Glioblastoma,	
  Breast,	
  Lung	
  

Kappa	
  Light	
  Chain	
   CAR	
   CLL,	
  B	
  cell	
  NHL	
  

Her2Neu	
   CAR	
   Osteosarcoma,	
  Breast	
  

CD30	
   CAR	
   Lymphoma	
  (NHL	
  and	
  HD)	
  

GD2	
   CAR	
   EBV-­‐specific	
  CTL	
  targeFng	
  GBM	
  

Transferred	
  Receptor:	
  TCR	
  /	
  CAR	
  

“The	
  Basic	
  Principles	
  of	
  Chimeric	
  AnFgen	
  Receptor	
  Design”	
  
Michel	
  Sadelain	
  ,	
  Renier	
  Brentjens	
  ,	
  and	
  Isabelle	
  Rivière.	
  Cancer	
  
Discov;	
  3(4);	
  388–98.	
  



	
  
Molecular	
  Construct	
  Issues	
  
•  CAR/TCR:	
  affinity	
  

•  Phage	
  display,	
  mutaFons	
  
•  Safety,	
  cross-­‐reacFvity	
  

•  TCR:	
  pairing	
  
•  Disulfide,	
  murine,	
  zipper	
  

•  TransfecFon	
  efficiency	
  
•  LenFviral,	
  SB	
  transposon	
  

•  Cell	
  type	
  
•  Immunogenicity	
  

Transferred	
  Receptor:	
  TCR	
  /	
  CAR	
  



Clinical	
  Issues	
  
•  Cytokine	
  release	
  syndrome	
  toxicity	
  
•  On-­‐target	
  ToxiciFes	
  

•  Minimize/escalate	
  condiFoning	
  
•  Dose	
  escalaFon	
  	
  
•  Split	
  infusion	
  dosage	
  

Transferred	
  Receptor:	
  TCR	
  /	
  CAR	
  



Choice	
  of	
  Effectors	
  
TIL Transferred 

Receptors 
CAR/TCR 

Endogenous 
Receptor 

Requires tumor 
 
HD IL-2 dependence 
 

Transduction 
efficiency 
 
Regulatory approval 

Labor-intensive 
 
 

Least labor intensive Uniform specificity 
 
Most efficient 

Most physiologic 



Expansion Cell Selection 
Stimulation  
Enrichment Infusion Source 

(Peripheral blood) 

Cloning 

Cell sorting 

Immunomagnetic selection 

1	
  	
  

2	
  	
  

3	
  	
  

5	
  	
  

6	
  	
  

aAPC 
K562 

Insect cell  Magnetic  
bead 

Dendritic  
cell 

Endogenous	
  Receptor	
  



HD	
  IL-­‐2	
  
720K	
  u/kg	
  TID	
  

CY	
  
60	
  mg/kg	
  x	
  2	
  

High-­‐Dose	
  IL-­‐2	
  (600,000	
  u./kg	
  q8)	
  Low-­‐Dose	
  IL-­‐2	
  (250,000	
  U	
  s.c	
  q12	
  h)	
  

"
Objectives : ""Eligibility Criteria :"
 - Evaluate Safety ""- Stage IV (Metastatic)"
 - Evaluate T Cell Persistence ""- HLA-A2"
 - Evaluate anti-tumor efficacy """

"""
T Cell Infusion:"
 - Antigen-specific CD8+ T cell clones"
 - Targeting MART-1, gp100"
 - Dose: 1010 cells / m2"
 ""

Endogenous	
  Receptor	
  

Chapuis	
  A.	
  et	
  al,	
  PNAS.	
  March	
  2012	
  



Endogenous	
  Receptor	
  
On-­‐target	
  toxicity	
  



T	
  cell	
  persistence	
  in	
  vivo	
  

0 

50000 

100000 

150000 

200000 

250000 

0 50 100 150 200 250 300 
Days post Infusion 

9.4%	
  

5.3%	
  

1.1%	
  

D18	
  

2140-­‐1	
  

CD45	
  RO+	
  
CD28++	
  
CD127-­‐hi	
  

Endogenous	
  Receptor	
  



Clinical	
  Response	
  
Patient Target Toxicity Persistence Disease Sites Response 
2140-1 Tyrosinase F,N,R >290 days Cervical,supraclavicular LN, 

Chest Wall, Breast 
Pulmonary nodules 

MR  

2140-2 Tyrosinase F  16 days Mediastinal, Pulmonary nodules PD 

2140-3 gp100 F,N,R >85 days Mesenteric LN, scapular 
subcutaneous dz 

CR (> 12 mths) 

2140-4 MART-1 F, N, R > 30 days Pulmonary, inguinal, 
subcutaneous 

SD 

2140-5 MART-1 F, N,R > 30 days Right and left kidneys, adrenal, 
liver 

PR 

2140-6 MART-1 F, N, R > 30 days Mediastinal, supra clavicular, 
mammary chain, periportal, 
portacaval nodes. 

PR 

Endogenous	
  Receptor	
  



•  aAPCs	
  (K562,	
  CD80,	
  CD83,	
  HLA-­‐A2)	
  
•  MART-­‐1	
  specific	
  CTL	
  +	
  IL-­‐2/	
  IL-­‐15	
  
•  Treatment	
  plan:	
  	
  

– CTL	
  alone	
  (no	
  condiFoning	
  or	
  IL-­‐2)	
  

Endogenous	
  Receptor	
  



Endogenous	
  Receptor	
  



•  EffecFve,	
  RelaFvely	
  low	
  toxicity	
  
•  Clinical	
  Responses	
  (RECIST)	
  
•  Longterm	
  persistence	
  
•  Reversion	
  to	
  Memory	
  (?)	
  
•  Effector	
  Cell	
  type?	
  
•  Time	
  to	
  generaFon	
  of	
  Effector	
  Cells	
  

Endogenous	
  Receptor	
  



Expansion Cell Selection 
Stimulation  
Enrichment Infusion Source 

(Peripheral blood) 

Endogenous	
  Receptor	
  

12-­‐14	
  weeks	
  

Cloning	
  



Expansion Cell Selection 
Stimulation  
Enrichment Infusion Source 

(Peripheral blood) 

Endogenous	
  Receptor	
  

4	
  weeks	
  

Cell	
  sorFng	
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0
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F
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C
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22.6 0.37

8.34e-377

0.37% 93.6% 

Clinical	
  Grade	
  pMHC-­‐mul%mer-­‐based	
  Sor%ng	
  



•  Effectors:	
  
– TIL,	
  CAR/TCR,	
  Endogenous	
  
– Clinical	
  results	
  

•  Extrinsic	
  Factors	
  
–  ImmunomodulaFon	
  of	
  Host	
  	
  /	
  TME	
  
– CombinaFon	
  

The	
  bigger	
  picture…	
  


