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When cancer and 
immunology meet 

An old and up-to-date 
history at the forefront of 

immunotherapy of 
hematological malignancies 

 
Ebb and flow of 

Immunology of Cancer 





DIRECT	
  TARGETING	
  OF	
  
SURFACE	
  ANTIGENS	
  

BOOSTING	
  IMMUNE	
  EFFECTOR	
  
NUMBER	
  AND	
  FUNCTION	
  

ACTIVATING	
  TUMOR	
  
ANTIGEN-­‐SPECIFIC	
  IMMUNITY	
  

OVERCOMING	
  INHIBITORY	
  
IMMUNE	
  SUPPRESSION	
  

Monoclonal	
  An*bodies	
  
CD20	
  specific	
  

-­‐  Type	
  I	
  (Rituximab,	
  Ofatumumab)	
  redistribute	
  
CD20	
  into	
  large	
  lipid	
  raIs:	
  ADCC,	
  CDC	
  

-­‐  Type	
  II	
  (obinutuzumab):	
  no	
  rridistribu&on;	
  high	
  
ADCC	
  and	
  direct	
  killing	
  

CD52	
  (alentuzumab)	
  expressed	
  on	
  T	
  and	
  Mo	
  cells	
  
CD30	
  (Brentuximab)	
  
SLAMF7/CS1(Elotuzumamb)	
  
CD38	
  (Daratumumab)	
  
Bispecific	
  T	
  cell	
  engagers	
  (BiTEs)	
  
CD3/CD19	
  (Blinatumomab)	
  
CD3/CD33	
  
	
  
	
  

1	
  

2	
  

CAR	
  T	
  cells	
  
NK	
  cell	
  alloreac*vity	
  
Agonis*c	
  s*mula*on	
  of	
  immune	
  
effector	
  func*on	
  

clinical	
  scenarios	
  post	
  allo-­‐transplant:	
  
-­‐  DLI	
  for	
  leukaemic	
  relapse	
  
-­‐  CTLs	
  for	
  EBV-­‐associated	
  

lymphoprolifera&ve	
  malignancies	
  

Cancer	
  Vaccina*on:	
  
-­‐  WT1	
  
-­‐  BCR-­‐ABL	
  fusion	
  protein	
  

3	
  

4	
  
Co-­‐inhibitory	
  molecules:	
  two	
  main	
  chechpoints:	
  

-­‐ CTLA4	
  (ipilimumab)	
  
-­‐ PD1	
  	
  

-­‐ 	
  PIDILIZUMABI	
  (IgG1,	
  DLBCL	
  aIer	
  ASCT)	
  
-­‐ NIVOLUMAB	
  (cHL),	
  PEMBROLIZUMAB	
  

-­‐ TIM3:	
  (T	
  cell	
  immunoglobulin	
  and	
  mucin	
  domain	
  3)	
  
-­‐ LAG3:	
  (lymphocyte	
  ac&va&on	
  gene	
  3	
  protein)	
  
-­‐ KIRs:	
  (LIRILUMAB	
  binds	
  KIR)	
  

TReg	
  cells,	
  BReg	
  cells	
  and	
  MDSCs	
  
	
  
	
  	
  



1880’s:	
  An&body	
  are	
  described	
  
and	
  the	
  word	
  «lymphocyte»	
  is	
  
not	
  used	
  un&l	
  1960’s	
  

1960’s:	
  the	
  importance	
  of	
  cellular	
  immunology	
  is	
  
recognized	
  

1970’s:	
  no	
  evidences	
  for	
  lymphopcytes	
  
or	
  an&gens	
  in	
  cancer,	
  no	
  successful	
  
immunotherapies	
  

1976:	
  IL-­‐2	
  (T-­‐cell	
  growth	
  factor)	
  is	
  described	
  by	
  
Morgan	
  et	
  al	
  in	
  Science	
  193:	
  1007	
  

1983:	
  IL-­‐2	
  gene	
  sequencing	
  by	
  Taniuguchi	
  et	
  al,	
  
Nature	
  302:	
  305	
  

1984:	
  IL-­‐2	
  recombinant	
  acitvity	
  is	
  determined	
  in	
  
vitro	
  and	
  in	
  vivo	
  by	
  Rosenberg,	
  Science	
  223:	
  1412	
  

1986:	
  Tumor	
  Infiltra&ng	
  Lymphocytes	
  (TIL)	
  are	
  
cells	
  infiltra&ng	
  into	
  the	
  stroma	
  of	
  growing	
  
tumors,	
  Science	
  223:	
  1318	
  

1988:	
  TIL	
  administra&on	
  could	
  mediate	
  the	
  
complete	
  regression	
  of	
  metasta&c	
  melanoma,	
  
NEJM	
  319:	
  1676	
  

2006:	
  Treatment	
  of	
  metasta&c	
  melanoma	
  with	
  
autologous	
  T	
  cells	
  gene&cally	
  engineered	
  to	
  
express	
  an&-­‐MART	
  TCR,	
  Science	
  314:	
  126	
  

2008:	
  Treatment	
  of	
  metasta&c	
  sarcoma	
  and	
  
melanoma	
  using	
  cells	
  gene&cally	
  engineered	
  to	
  
express	
  an&-­‐NYESO-­‐1	
  TCR,	
  JCO	
  29:	
  917	
  (2011)	
  

1989:	
  The	
  concept	
  of	
  CAR	
  is	
  introduced	
  by	
  Esahr	
  
et	
  al,	
  PNAS	
  87:	
  10024	
  





à Established	
  the	
  poten&al	
  to	
  cure	
  metasta&c	
  solid	
  tumor	
  by	
  manipula&ng	
  T-­‐cell	
  responses;	
  
à Treatment	
  for	
  metasta&c	
  melanoma	
  and	
  renal	
  cell	
  carcinoma.	
  

à T-­‐cells	
  growing	
  from	
  resected	
  metasta&c	
  tumor	
  deposits;	
  
à High	
   response	
   rates	
   and	
   reproducible	
   complete	
   and	
   durable	
   responses	
   in	
   metasta&c	
  

melanoma.	
  

Now,	
  efforts	
  are	
  focused	
  on:	
  
à  Improving	
  TIL	
  therapy	
  
à  Extending	
   TIL	
   and	
   other	
   cellular	
   therapies	
   to	
   different	
  

malignancies	
  
	
  
One	
   promising	
   strategy	
   is	
   to	
   administer	
   T-­‐cells	
   that	
   have	
   been	
  
gen&cally	
  engineered	
  to	
  express	
  tumor-­‐specific	
  an&gen	
  receptors	
  

Hinrichs	
  &	
  Rosenberg;	
  	
  
Immunological	
  Reviews	
  2014,	
  257:	
  56-­‐71	
  



1.  Sensi&ve	
  signal	
  amplifica&on	
  

derived	
  from	
  evolu&on	
  

2.  Low	
  avidity	
  
3.  Targets	
  intracellular	
  proteome	
  

4.  Requires	
  MHCI	
  expressione	
  and	
  

HLA	
  matching	
  on	
  tumor	
  

5.  Life	
  long	
  persistence	
  (14	
  years)	
  
6.  Serial	
  Killers	
  
7.  Toxicity	
  difficult	
  to	
  predict	
  

1.  Signal	
  amplifica&on	
  from	
  

synthe&c	
  biology	
  

2.  Avidity	
  controllable	
  
3.  Targets	
  only	
  surface	
  structures	
  
4. MHC	
  independent:	
  “off	
  the	
  

shelf”	
  

5.  Decade	
  long	
  persistence	
  
6.  Serial	
  Killers	
  

TCR	
  
CAR	
  



Ø  TCR	
  can	
  target	
  intracellular	
  
an&gens	
  

CAR	
  vs	
  TCR	
   CARs	
  vs	
  BiTE	
  

Ø  CAR	
  are	
  not	
  HLA	
  restricted	
  
Ø Off-­‐target	
  effects	
  are	
  more	
  

predictable	
  
Ø  Ar&ficial	
  nature	
  of	
  CARs	
  allows	
  

more	
  engineering	
  possibili&es	
  

Ø Mass	
  produced,	
  simple	
  
therapeu&c	
  agent	
  

Ø  Short	
  hal-­‐life	
  allows	
  control	
  of	
  
toxicity	
  

Ø  Ac&ve	
  migra&on	
  of	
  CAR	
  T	
  cells	
  
may	
  overcome	
  some	
  bo-­‐
istribu&on	
  problems	
  

Ø  Establishment	
  of	
  CAR	
  
immunological	
  memory	
  

Ø  Engineering	
  possibili&es	
  are	
  much	
  
broader	
  for	
  CARs	
  



Ø  Is	
  long	
  term	
  persistence	
  of	
  CAR	
  cells	
  desired?	
  

Ø Which	
  approaches	
  give	
  durable	
  persistence	
  of	
  CARTs?	
  

Ø What	
  is	
  the	
  best	
  vector	
  to	
  introduce	
  the	
  CAR:	
  retroviral	
  or	
  

len*viral	
  

Ø What	
  is	
  the	
  op*mal	
  T	
  cell	
  type	
  and	
  composi*on	
  of	
  the	
  infused	
  

product?	
  



CO
ST
IM

.	
  

Y

ZAP70	
  

Extracellular	
  target-­‐
binding	
  module	
  

Transemembrane	
  
module	
   anchoring	
  
the	
   CAR	
   into	
   the	
  
cell	
  membrane	
  

Intracellular	
  
signaling	
  
module	
  

Usually	
   derived	
   from	
   scFv	
   determinants	
  
isolated	
  from	
  an&bodies	
  

Usually	
  derived	
  from	
  molecules	
  involved	
  
in	
   T-­‐cells	
   func&on	
   such	
   as	
   the	
   CD8	
   and	
  
CD4	
  coreceptor	
  molecules	
  

CARs	
  are	
   synthe&c	
   receptors	
   that	
   combine	
   the	
  extracellular	
   single-­‐chain	
   variable	
   fragment	
  
(scFv)	
  of	
  an	
  an&body	
  with	
  a	
  transmembrane	
  (TM)	
  domain	
  and	
  intracellular	
  signaling	
  domains	
  
derived	
  from	
  molecules	
  involved	
  in	
  T-­‐cell	
  signaling.	
  	
  
They	
  can	
  confer	
  to	
  T-­‐cells	
  non-­‐MHC-­‐restricted	
  recogni&on	
  of	
  cell	
  surface	
  an&gens.	
  



α-­‐TAA	
  mAb	
  

TCR	
  complex	
  

α-­‐TAA	
  scFv—CD8-­‐ζ	
  	
  

CAR	
  retroviral	
  vector	
  



αTAA	
  scFv	
  

CD3	
  	
  ζ	
  
1.	
  Construct	
  a	
  chimeric	
  
an*gen	
  receptor	
  (CAR)	
  

TAA	
  CAR	
  

SFG-­‐CAR	
  

2.	
  Subclone	
  CAR	
  gene	
  
into	
  a	
  retroviral	
  vector	
  
(SFG)	
  

CD8	
  

3.	
  Transduce	
  and	
  
expand	
  pa*ent	
  T	
  cells	
  
ex	
  vivo	
  

TAA	
  CAR	
  

Na*ve	
  TCR	
  

4.	
  Infuse	
  
transduced	
  T	
  
cells	
  to	
  
eradicate	
  TAA+	
  
tumor	
  cells	
  

TAA	
  



Third-­‐Genera*on	
  CAR	
  
scFv-­‐CD28-­‐4-­‐1BB-­‐CD3ζ	
  
scFv-­‐CD28-­‐OX40-­‐CD3ζ	
  

Second-­‐Genera*on	
  CAR	
  
scFv-­‐CD28-­‐CD3ζ	
  

First-­‐Genera*on	
  CAR	
  
scFv-­‐CD3ζ	
  

	
  

svFC	
  

CD8	
  

CD3ζ	
  

CD28	
  or	
  
4-­‐1BB	
  or	
  
OXO40	
  

CD3ζ	
  
4-­‐1BB	
  or	
  
OXO40	
  

CD28	
  



First-­‐genera*on	
  CARs	
  
CARs	
  contained	
  only	
  the	
  CD3ζ	
  chain	
  signaling	
  domain	
  	
  

Second-­‐genera*on	
  CARs	
  
Incorpora&on	
  of	
  addi&onal	
  signaling	
  domains	
  from	
  
cos&mulatory	
  (i.e.	
  CD28)	
  and	
  accessory	
  func&onal	
  
T-­‐cell	
  molecules,	
  	
  

Third-­‐genera*on	
  CARs	
  
Incorpora&on	
   of	
   a	
   second	
   cos&mulatory	
   domain	
   to	
   further	
  
improve	
  T-­‐cell	
  expansion,	
  cytotoxicity	
  and	
  in	
  vivo	
  persistance.	
  

CAR-­‐engineered	
   T	
   cells	
   have	
   been	
   generated	
   against	
   many	
   different	
   TAA	
   for	
   both	
   solid	
   and	
   hematologic	
  
malignancies:	
   CD19,	
   CD20,	
   CD33,	
   B-­‐cell	
   matura*on	
   an*gen,	
   CD22,	
   CD23,	
   CD30,	
   CD38,	
   CD44v6,	
   ROR1,	
   k-­‐light	
  
chain,	
   Lewis	
   Y	
   an*gen,	
   NKp30,	
   TAG-­‐72,	
   CD70,	
   CA-­‐IX,	
   ErbB2/Her-­‐2/Neu,	
   GD2,	
   GD3,	
   L1CAM,	
   VEGF-­‐R2,	
   EGFR,	
  
MUC-­‐1,	
  MUC-­‐16,	
   PSMA,	
   PSCA,	
   5T4	
   oncofetal	
   an*gen,	
   NCAM,	
  mesothelin,	
   fibroblast	
   ac*va*ng	
   protein,	
   folate	
  
receptor-­‐α,	
  NKG2D,	
  IL-­‐11	
  receptor	
  α-­‐chain,	
  CEA,	
  IL-­‐13Rα2	
  and	
  EphA2.	
  	
  	
  

IN
CREASED	
  	
  

CO
-­‐STIM

U
LATO

RY	
  
ACTIVITY	
  

Modest	
   efficacy	
   on	
   lymphoma	
  
and	
  ovarian	
  cancer	
  

Las*ng	
   complete	
   responses	
   in	
  
clinical	
   trials	
   in	
   most	
   pediatric	
  
and	
   adult	
   pa*ents	
   with	
   R/R	
   ALL	
  
and	
  some	
  adult	
  pa*ents	
  with	
  R/R	
  
CLL	
  







•  HLA-­‐independent	
  an*gen	
  recogni*on	
  

•  CARs	
  ac*ve	
  in	
  both	
  CD4+	
  and	
  CD8+	
  T	
  cells	
  

•  Target	
  an*gens	
  include	
  proteins,	
  carbohydrates	
  
and	
  glycolipids	
  

•  Significant	
  quan**es	
  of	
  tumor	
  specific	
  T	
  cells	
  are	
  
rapidly	
  generated	
  

•  Minimal	
  risk	
  of	
  genera*ng	
  undesired	
  
autoimmunity	
  or	
  GvHD	
  



MHC	
  I	
  	
  
molecule	
  

signaling	
  

apoptosis	
  

TCR	
  

Proinflammatory	
  cytokines	
  
IL-­‐2,	
  IFN-­‐γ,	
  TNF-­‐α	
  

TAA	
  

Granzymes	
  
Perforin	
  

TR
AI
L	
  

FA
S	
  

Tumor	
  cell	
  

T-­‐cell	
  

CAR-­‐modified	
   T	
   cells	
   can	
   recognize	
  
tumor	
  cells	
  via	
  binding	
  of	
  the	
  CAR	
  to	
  
its	
   TAA	
   independent	
   of	
   TCR-­‐MHC/
Pep&de	
  interac&ons.	
  	
  

T	
  cells	
  are	
  ac&vated	
  and	
  can	
  efficiently	
  eliminate	
  tumor	
  cells	
  by	
  the	
  secre&on	
  of	
  
perforin	
  and	
  granzymes	
  as	
  well	
  as	
   the	
  expression	
  of	
  FasL	
  and	
   tumor	
  necrosis	
  
factor-­‐related	
   apoptosis	
   inducing	
   ligand	
   (TRAIL).	
   In	
   addi&on,	
   other	
   tumor-­‐
infiltra&ng	
  immune	
  cells	
  can	
  be	
  ac&vated	
  by	
  the	
  secre&on	
  of	
  various	
  cytokines.	
  



Technology	
   CART	
   ADC	
   BITE	
  

Example	
  

CART19	
  (Penn)	
  
CTL019	
  (Novar&s)	
  
(autologous	
  ex	
  vivo	
  
expanded	
  T	
  cells	
  
transduced	
  with	
  an	
  an&-­‐
CD19	
  scFv)	
  

Inotuzumab	
  (an&-­‐CD22	
  
Mab	
  linked	
  to	
  calichemycin)	
  

Bilatumumab	
  (an&-­‐CD3	
  
an&-­‐CD19	
  bispefic	
  
an&body)	
  

Dosing	
   One	
  infusion	
   Once	
  every	
  3	
  weeks;	
  or	
  
weekly	
  

Con&nuous	
  inusion	
  28	
  days	
  
on,	
  14	
  days	
  off	
  

Complete	
  response	
  	
  
(relapsed/refractory	
  B-­‐ALL	
   90%	
  (173)	
   19%	
  (174)	
   66%	
  (1675)	
  

Survival	
   78%	
  6	
  months	
  OS	
   5-­‐6	
  months	
  median	
   9	
  months	
  median	
  

Major	
  toxicity	
   Cytokine	
  release	
  syndrome,	
  
encephalopathy	
   Fever,	
  hepatotoxicity	
   Cytokine	
  release	
  syndrome,	
  

encephaloathy	
  

An*gen-­‐loss	
  relapses	
  
noted?	
   Yes	
   No	
   Yes	
  

Major	
  challenges	
  
Complex	
  process	
  to	
  
manufacture	
  an	
  
invidualized	
  product	
  

Rela&vely	
  lower	
  response	
  
rates	
  

Burdensome	
  infusion	
  
regimen	
  

Gill	
  et	
  al.	
  Immunol	
  Rev.	
  2015;263(1):68-­‐89.	
  



CAR-T cells  

in CLL 





•  CD19	
  expression	
  is	
  restricted	
  to	
  B	
  cells	
  and	
  possibly	
  follicular	
  
dendri*c	
  cells	
  

•  CD19	
  is	
  not	
  expressed	
  on	
  pluripotent	
  bone	
  marrow	
  stem	
  cells	
  

•  CD19	
  is	
  expressed	
  on	
  the	
  surface	
  of	
  most	
  B	
  cell	
  malignancies	
  	
  

•  An*bodies	
  agaist	
  CD19	
  inhibit	
  growth	
  of	
  tumor	
  cells	
  



•  30 patients with advanced, heavily pre-

treated CLL  

 

 - 11 with del17p 

 - 1-10 prior regimens 



•  Single	
  center	
  pilot	
  trial	
  of	
  CTL019	
  (formally	
  CART19)	
  cells	
  

•  Primary	
  objec*ve:	
  

•  safety,	
  feasibility	
  and	
   	
  immunogenicity	
  of	
  CTL019	
  in	
  pa*ents	
  with	
  

CD19+	
  leukemia	
  and	
  lymphoma	
  

•  	
  Detailed	
  inclusion/exclusion	
  at	
  clinicaltrials.gov	
  (NCT01029366)	
  

•  CD19+	
  B	
  cell	
  malignancies	
  with	
  no	
  available	
  cura*ve	
  op*ons	
  (such	
  as	
  

autologous	
  or	
  allogeneic	
  SCT)	
  

•  CLL:	
  failed	
  ≥2	
  prior	
  therapies,	
  progression	
  withih	
  2	
  years	
  of	
  last	
  

treatment.	
  

•  Limited	
  prognosis	
  (<2	
  years	
  )	
  with	
  avaible	
  therapies	
  



•  N=14	
  
•  12	
  men,	
  2	
  women	
  

•  Median	
  age	
  66	
  (51-­‐78)	
  

•  Prior	
  therapies;	
  median	
  4	
  (1-­‐10)	
  

•  P53	
  dele*on,	
  6/14	
  
•  Lymphodeple*ng	
  chemotherapy	
  

•  Bendamus*ne	
  (6)	
  

•  PC	
  (5)	
  
•  FC	
  (3)	
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  50	
  
CR	
  

CR	
  

PR	
  

PR	
  or	
  CR	
  

PR	
  

PR	
  

PR	
  

PR	
  

NR	
  

NR	
  

NR	
  

NR	
  

NR	
  

NR	
  

ORR	
  8/14	
  (57%)	
  
CR	
  3/14	
  (21%)	
  
PR	
  5/14	
  (36%)	
  
NR	
  6/14	
  (43%)	
  

=	
  ongoing	
  response	
  

=	
  disease	
  progression	
  

Months	
  

Pa
*e

nt
s	
  #

	
  

Randomized	
  Phase	
  II	
  Dose	
  Op*miza*on	
  in	
  R/R	
  CLL	
  	
  
Porter	
  et	
  al.	
  	
  



•  Randomiza*on	
  between	
  5	
  x	
  10^7	
  and	
  5	
  x	
  10^8	
  

CTL019	
  cells	
  

•  16	
  pa*ents	
  28+	
  days	
  (21	
  enrolled)	
  
•  Primary	
  endpoint	
  CR	
  by	
  3	
  mo	
  

•  Demographics	
  

•  12	
  men,	
  4	
  women	
  median	
  age	
  62	
  (54-­‐78)	
  

•  4	
  prior	
  therapies	
  



•  CR 	
   	
   	
   	
   	
  7/30 	
   	
  (23%)	
  

•  PR 	
   	
   	
   	
   	
  7/30 	
   	
  (23%)	
  

•  Major	
  responses 	
   	
  14/30	
   	
  (46%)	
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•  No	
  significant	
  infusional	
  toxicity.	
  
•  Hepatotoxicity	
  (reversible,	
  grade	
  3-­‐4	
  responding	
  pa*ents).	
  
•  Renal	
  toxicity	
  (grade	
  3-­‐4)	
  

•  Related	
  to	
  TLS,	
  ATN	
  from	
  hypotension	
  

•  Reversible.	
  

•  B	
  cell	
  aplasia	
  and	
  hypogammaglobulinemia	
  in	
  pa*ents	
  achieving	
  CR	
  

•  Supported	
  with	
  IVIG	
  
•  No	
  excessive	
  or	
  frequent	
  infec*ons.	
  

•  	
  Tumor	
  Lysis	
  syndrome.	
  

•  Cytokine	
  Release	
  Syndrome	
  (CRS).	
  



•  All	
  responding	
  pa*ents	
  developed	
  a	
  CRS	
  

•  High	
  fevers,	
  myalgias,	
  nause,	
  hypotension,	
  hypoxia,	
  etc.	
  

•  Very	
  high	
  levels	
  of	
  IL6	
  

•  IFN-­‐gamma,	
  modest	
  TNF-­‐alfa	
  

•  Mild	
  increases	
  in	
  IL2	
  

•  pa*ents	
  with	
  NR	
  had	
  CRS	
  

•  Rapidly	
  reversed	
  with	
  steroids,	
  tocilizumab	
  

•  Treatment	
  CRS	
  day	
  2-­‐10	
  

•  	
  pa*ents	
  with	
  CR/PR	
  treated,	
  1	
  NR	
  pa*ent	
  treated	
  

•  Will	
  early	
  treatment	
  for	
  CRS	
  abrogate	
  response?	
  

•  CRS	
  associated	
  with	
  HLH/MAS	
  (Hemofagocytosis,	
  hemolysis,	
  DIC,	
  ferri*n	
  >	
  

500,000,	
  altered	
  MS	
  	
  





•  T	
  cell	
  expansion	
  
•  All	
  responding	
  pa*ents	
  develop	
  CRS	
  
•  Unknown	
  

•  Preinfusion	
  T	
  cell	
  ac*vity?	
  
•  Preinfusion	
  CD8	
  func*on	
  
•  Post	
  expansion	
  CD8	
  func*on	
  

•  Cytokine	
  profile	
  
•  Pa*ent	
  characteris*cs?	
  
•  Disease	
  characteris*c?	
  



CAR-T cells  

in ALL 



Reference	
   Year	
   Therapy	
  	
   N	
  Pts	
   CR	
  Rate	
   Survival	
  

1st	
  Salvage	
   34-­‐44%	
  

Thomas	
  et	
  al.	
   1999	
   Various	
   314	
   31%	
   6%	
  

Tavernier	
  et	
  al.	
   2007	
   Various	
   421	
   44%	
   8%	
  

Fielding	
  et	
  al.	
   2007	
   Various	
   609	
   44%	
   7%	
  

Vives	
  et	
  al.	
   2008	
   Various	
   198	
   42%	
   5%	
  

Gokbuget	
  et	
  al.	
   2012	
   Various	
   547	
   42%	
   24%	
  

2nd	
  Salvage	
   18-­‐33%	
  

O’Brien	
  et	
  al.	
   2008	
   Various	
   288	
   18%	
   3mo	
  

Gokbuget	
  et	
  al.	
   2012	
   Various	
   82	
   33%	
   13%	
  

Relapsed	
  axer	
  SCT	
   23%	
  

Gokbuget	
  et	
  al.	
   2012	
   Various	
   48	
   23%	
   15%	
  

Number	
  Pts 	
  >	
  2000	
  
Survival 	
   	
  <	
  10%	
  at	
  2	
  yrs	
  

N.	
  Goekbuget,	
  German	
  Mul*center	
  ALL	
  



N	
  Engl	
  J	
  Med	
  2014.	
  



Maude  SL  et  al.  N  Engl  J  Med  2014;371:1507-­‐1517.




Maude  SL  et  al.  N  Engl  J  Med  2014;371:1507-­‐1517.




Maude  SL  et  al.  N  Engl  J  Med  2014;371:1507-­‐1517.




Maude  SL  et  al.  N  Engl  J  Med  2014;371:1507-­‐1517.


CR	
  27/30	
  pts	
  (90%)	
  
	
  
CRS	
  8/30	
  	
  	
  pts	
  (27%)	
  



Lancet,	
  2015	
  



Lee	
  et	
  al.	
  Lancet.	
  2015;385(9967):517-­‐28.	
  	
  

12	
  pts	
  2	
  pts	
  



Lee	
  et	
  al.	
  Lancet.	
  2015;385(9967):517-­‐28.	
  	
  



Lee	
  et	
  al.	
  Lancet.	
  2015;385(9967):517-­‐28.	
  	
  

CR	
  14/21	
  pts	
  (66%)	
  
	
  
CRS	
  6/24	
  pts	
  (25%)	
  



Lee	
  et	
  al.	
  Lancet.	
  2015;385(9967):517-­‐28.	
  	
  



Reference	
   N:	
  of	
  pa*ents	
   CAR	
  vector	
   Response	
  
consolida*on	
  

Brentjens	
  et	
  al.	
  
2011	
   1	
   SJC25C1-­‐CD28-­‐ζ	
  

retro	
  
Remained	
  in	
  CR	
  

èallo	
  

Brentjens	
  et	
  al.	
  
2013	
  
Davila	
  et	
  al.	
  2014	
  
	
  

10	
  (4	
  post	
  allo)	
  
SJC25C1-­‐CD28-­‐ζ	
  

retro	
  
	
  

10	
  CR	
  +	
  4CRI	
  
100	
  MRD-­‐	
  
è7	
  allo-­‐SCT	
  

Grupp	
  et	
  al..	
  2013	
  
Maude	
  et	
  al.,	
  2014	
  

30	
  
(18	
  post	
  allo-­‐sct<)	
  

FMC63-­‐41BB—ζ	
  
len&	
  

27	
  CR	
  
22	
  MRD-­‐	
  

è3	
  allo-­‐SCT	
  
	
  

Lee	
  et	
  al.,	
  2015	
   20	
  
(7	
  post	
  allo-­‐sct)	
  

FMC63-­‐CD28—ζ	
  
retro	
  
	
  

13	
  CR	
  +	
  1	
  Cri	
  
12	
  MRD-­‐	
  

è10	
  	
  allo-­‐SCT	
  
	
  

67	
  pa&ents	
  treated,	
  complete	
  rsponse	
  rate	
  82%,	
  63%	
  MRD-­‐	
  





u  Define	
  op&mal	
  CAR	
  design	
  +	
  effector	
  popula&on	
  

u  Can	
  we	
  modulate	
  immunotoxicity	
  without	
  loing	
  efficacy?	
  

u  Defining	
  placement	
  of	
  CAR	
  therapy:	
  

u  Frank	
  relapse	
  vs	
  deepen	
  remission	
  

u  Bridge	
  to	
  allo-­‐SCT	
  vs	
  alterna&ve	
  to	
  SCT?	
  

u  When	
  to	
  give	
  in	
  rela&on	
  to	
  chemo:	
  given	
  likely	
  cost,	
  which	
  paa&ents	
  benefit	
  most?	
  

u  How	
  do	
  we	
  op&mally	
  combine	
  with	
  other	
  biologics?	
  

u  Need	
  well	
  designed	
  randomised	
  studies	
  with	
  survival	
  end-­‐points	
  

u  Reduce	
  cost	
  and	
  complexicity	
  of	
  manifacture	
  

u  Extension	
  to	
  other	
  B-­‐cell	
  malignancies	
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u  Can	
  we	
  modulate	
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  without	
  loing	
  efficacy?	
  

u  Defining	
  placement	
  of	
  CAR	
  therapy:	
  

u  Frank	
  relapse	
  vs	
  deepen	
  remission	
  

u  Bridge	
  to	
  allo-­‐SCT	
  vs	
  alterna&ve	
  to	
  SCT?	
  

u  When	
  to	
  give	
  in	
  rela&on	
  to	
  chemo:	
  given	
  likely	
  cost,	
  which	
  paa&ents	
  benefit	
  most?	
  

u  How	
  do	
  we	
  op&mally	
  combine	
  with	
  other	
  biologics?	
  

u  Need	
  well	
  designed	
  randomised	
  studies	
  with	
  survival	
  end-­‐points	
  

u  Reduce	
  cost	
  and	
  complexicity	
  of	
  manifacture	
  

u  Extension	
  to	
  other	
  B-­‐cell	
  malignancies	
  

u Extension	
  to	
  other	
  B-­‐cell	
  malignancies	
  



J	
  Clin	
  Oncol.	
  2015	
  



Kochenderfer J.N. J Clin Oncol. 2015; 20;33(6):540-9.  	
  

CR	
  9/15	
  



13	
  months	
  axer	
  
CAR	
  T	
  cell	
  	
  infusion	
  

Recovery	
  of	
  
polyclonal	
  B	
  cells	
  and	
  
con*nued	
  absences	
  of	
  

CLL	
  cells	
  

Kochenderfer J.N. J Clin Oncol. 2015; 20;33(6):540-9.  	
  



•  Hypotension	
  
•  Neurologic	
  toxicity	
  	
  

•  confusion	
  and	
  obtunda*on,	
  aplasia	
  and	
  myoclonus	
  (when	
  CAR	
  

T	
  cells	
  are	
  administered	
  without	
  IL-­‐2)	
  	
  





TARGETS	
  for	
  CAR-­‐T	
  

CD138	
   Guo	
  B	
  et	
  al,	
  J	
  Cell	
  Immunth	
  2015	
  
BCMA	
   Ayed	
  Ao	
  et	
  al,	
  Crit	
  Rev	
  Onc/Hem	
  2015	
  

CD317	
   Ayed	
  Ao	
  et	
  al,	
  Crit	
  Rev	
  Onc/Hem	
  2015	
  

CS1	
   Chu	
  J	
  et	
  al,	
  Clin	
  Cancer	
  Res.2014	
  
CD38	
   Ayed	
  Ao	
  et	
  al,	
  Crit	
  Rev	
  Onc/Hem	
  2015	
  

CD56	
   Ayed	
  Ao	
  et	
  al,	
  Crit	
  Rev	
  Onc/Hem	
  2015	
  

CD74	
   Ayed	
  Ao	
  et	
  al,	
  Crit	
  Rev	
  Onc/Hem	
  2015	
  

TARGETS	
  for	
  CAR-­‐NK	
  

CD138	
   H.	
  Jiang	
  et	
  al,	
  Mol.	
  Oncol.	
  2014	
  
CS1	
   J.	
  Chu	
  et	
  al,	
  Clin.	
  Cancer	
  Res.	
  2014	
  



VH	
  

VL	
  

CD8a	
  
TM	
  	
  

4-­‐1BB	
  

CD3ζ	



Guo	
  B	
  et	
  al,	
  J	
  Cell	
  Immunth	
  2015	
  



The	
  M	
  protein	
  remain	
  stable	
  on	
  day	
  14	
  aIer	
  cell	
  infusion.	
  The	
  best	
  response	
  was	
  SD.	
  
The	
  PFS	
  was:	
  UNP1	
  3	
  months,	
  UPN2	
  5	
  moths,	
  UPN3	
  8	
  months,	
  UPN4	
  1	
  months,	
  UPN5	
  8	
  months.	
  
Median	
  *me	
  to	
  progression	
  was	
  5	
  months	
  (range	
  1-­‐8m)	
  
	
  
	
  

Guo	
  B	
  et	
  al,	
  J	
  Cell	
  Immunth	
  2015	
  





Chu	
  J	
  et	
  al,	
  Clin	
  Cancer	
  Research	
  2014	
  



Pa&ents	
  with	
  R/R	
  mul&ple	
  myeloma	
  received	
  a	
  second	
  auto-­‐SCT:	
  
Melphalan	
  140mg/m2	
  à	
  Auto-­‐CST	
  à	
  CTL019	
  cells	
  (autologous	
  an&-­‐CD19	
  CAR-­‐T	
  cells)	
  

Garfall	
  AL,	
  NEJM	
  2015	
  

pre	
  auto	
   pre	
  auto	
  



•  CD19	
  Cars	
  have	
  potent	
  an*-­‐leukemic	
  effects	
  in	
  ALL	
  and	
  CLL	
  with	
  

durable	
  responses	
  >4	
  years	
  

•  CD19	
  CARs	
  induce	
  B	
  cell	
  aplasia.	
  Managed	
  with	
  IVIG	
  infusion	
  

•  CRS:	
  related	
  to	
  tumor	
  burden.	
  Tocilizumab.	
  

•  Mul*center	
  trials	
  are	
  underway	
  (Novar*s)	
  

•  CTL019	
  has	
  robust	
  ac*vity	
  in	
  DLBCL	
  and	
  triple	
  refractory	
  FL	
  

•  CTL019	
  in	
  myeloma	
  has	
  accetable	
  safety	
  and	
  promising	
  efficacy	
  

CAR	
  T	
  cells	
  with	
  CD27	
  and	
  ICOS	
  signaling	
  domains	
  are	
  promising	
  	
  

Kawlekar	
  et	
  al.	
  ASH	
  



Disease	
   CARs	
  T	
  target	
   Adverse	
  Events	
  

Acute	
  Myeloid	
  Leukemia	
  
(AML)	
  

CD123	
  
CD33	
  
CD44v6	
  
CLEC12A	
  and	
  Lewis	
  Y	
  

severe	
  hematopoie&c	
  toxicity	
  
profound	
  myeloabla&on	
  
lethal	
  epithelial	
  toxicity	
  
minimal	
  toxicity	
  	
  

Hodgking’s	
  Lymphoma	
  (HL)	
  	
   CD30	
  
	
  

could	
  theore&cally	
  induce	
  fratricide	
  of	
  
ac&vated	
  T	
  cells	
  

T-­‐cell	
  Non	
  Hodgking’s	
  
Lymphoma	
  	
  

CD30	
  
	
  
possible	
  approach	
  would	
  be	
  to	
  use	
  natural	
  killer	
  
cells	
  to	
  treat	
  T-­‐cell	
  malignancies	
  targe&ng	
  non-­‐
shared	
  an&gens	
  

most	
  difficult	
  applica&on	
  	
  
	
  
the	
  persistence	
  of	
  the	
  NK	
  cells	
  would	
  
have	
  to	
  be	
  closely	
  regulated	
  to	
  
prevent	
  prolonged	
  T-­‐cell	
  lymphopenia	
  

Myeloma	
  	
  

CD137-­‐cos&mulated	
  CAR	
  against	
  CD138	
  
CD38	
  
BCMA	
  
CD44v6	
  

Gill	
  et	
  al.	
  Immunol	
  Rev.	
  2015;	
  263(1):68-­‐89	
  





•  Transient	
  or	
  inducible	
  expression	
  	
  
•  Engineer	
  T	
  cell	
  with	
  suicide	
  gene	
  
•  Combinatorial	
  an&gen	
  specificity	
  for	
  
tumour	
  an&gen	
  X	
  and	
  normal	
  &ssue	
  
an&gen	
  Y	
  (X	
  ANDNOT	
  Y)	
  

Improved	
  T	
  cell	
  survival:	
  
•  Death	
  receptor	
  blockade	
  (TRAIL,	
  Fas)	
  
•  Engineer	
  for	
  expression	
  of	
  an&-­‐apopto&c	
  
molecules	
  

•  Select	
  virus-­‐specific	
  T	
  cells	
  for	
  transudc&on	
  

Increased	
  CAR	
  signalling:	
  
•  Combina&ons	
  of	
  co-­‐s&mulatory	
  domains	
  (3rd	
  

genera&on	
  CAR)	
  
•  Combinatorial	
  specificity	
  for	
  tumour	
  an&gens	
  X,	
  

Y	
  (X	
  AND	
  Y)	
  
•  Op&mised	
  spacer	
  design	
  

Improved	
  effector	
  func*on:	
  
•  Selec&on	
  of	
  T	
  cell	
  subsets	
  for	
  CAR	
  transfer	
  
•  Engineer	
  with	
  chemokine	
  receptors	
  for	
  
improved	
  tumour	
  trafficking	
  

•  Combina&on	
  therapy	
  with	
  inhibitory	
  receptor	
  
blockade	
  (e.g.	
  PD-­‐1	
  blockade)	
  

Overcome	
  immunosuppression:	
  
•  Treg	
  suppression	
  
•  Inhibitory	
  ligand/receptor	
  blockade	
  
•  Co-­‐express	
  chimeric	
  CARs	
  conver&ng	
  co-­‐inhibitory	
  
signal	
  to	
  a	
  co-­‐s&mulatory	
  one	
  

•  Express	
  dominant	
  nega&ve	
  receptors	
  (e.g.	
  TGFβ)	
  

Strategies	
  to	
  improve	
  efficacy	
  

Combined	
  immune	
  therapies	
  

Strategies	
  to	
  improve	
  safety	
  

•  With	
  co-­‐inhibitory	
  receptor	
  blockade	
  
(an&-­‐PD-­‐1)	
  

•  With	
  monoclonal	
  an&body	
  therapy	
  

CAR	
  T	
  
cell	
  

Br	
  J	
  Haematol.	
  2015;169(4):463-­‐78.	
  



Livio	
  Tren*n,	
  M.D.	
  
Dipar&mento	
  di	
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Ematologia	
  
Università	
  degli	
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  di	
  Padova	
  

CAR-­‐T:	
  la	
  nuova	
  fron*era	
  
dell’immunoterapia	
  

	
  
Stato	
  dell’arte	
  


