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Presentation Objectives 
l  Scientific overview of chimeric antigen receptor 

(CAR) T cell therapy 
l  CART Mechanism of action 
l  Overview of CART clinical trials 
l  CART patient eligibility considerations 
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T Cell Receptor Chimeric Antigen Receptor 
CAR T cells are genetically altered to express CAR on the cell surface. 

CAR Design: Critical Elements of T Cell 
Activation and Function in a Single Molecule 

T Cell 

Activation Independent of MHC 
Limited to cell surface proteins 



Kochenderfer, J. N. & Rosenberg, S. A. (2013) Treating B‑cell cancer with T cells expressing anti-CD19 chimeric antigen receptors. 
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2013.46 

Schema of CAR T manufacturing and administration 



Milone MC, et al. Mol Ther. 2009 
Porter DL et al. NEJM 2011 

Kalos M, et al. Sci Transl Med. 2011 
Maude et al. NEJM 2014.!

Lentiviral 
vector 

T cell 

CD19 

Native 
TCR 

Tumor cell 

CTL019 cell 

Dead tumor cell 

Anti-CD19  
CAR construct 

Chimeric Antigen Receptor T cells (CARTs)  



Kenderian et al. Cancer Research 2014 



First Successful Report of CART19 in CLL  
(UPenn Trial) 

Kalos et al, Sci Transl Med 2011 
Porter et al, NEJM 2011 

Results from this report 
ü  3 patients R/R CLL 

ü  2 à sustained CR, 1 àPR 
ü  Eradicated bulky disease 

ü  T cells persisted 
ü  Memory phenotype 

ü  Potent (1 cell killed 1000 
tumor cells) 

ü  Cytokine release syndrome 
ü  Tumor lysis syndrome 
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Grupp et al, ASH Abstract #380  
Maude et al, NEJM 2014 

High Response Rates in ALL 



High Response Rates in ALL 



Cancer Immunotherapy 
Breakthrough of the Year 2013 



l  CAR construct 

l  CAR delivery system 

l  CART phenotype and function 

l  CART persistence 

Critical Components of CART as a Drug 



CAR Construct: What generation is your CAR? 

Pioneered by Eshhar et al 1989	




CAR Construct: CD28 vs 41BB  



CAR Construct: Antigen Selection 

•  CD19 expression is generally restricted to B cells and B cell 
precursors1 

•  CD19 is not expressed on hematopoietic stem cells or other tissue 

•  CD19 is expressed by most B-cell malignancies 

•  CLL, B-ALL, DLBCL, FL, MCL 

Image adapted from Janeway CA, Travers P, Walport M, et al. Immunobiology. 5th ed. New York, NY: Garland Science; 2001:221-293; Scheuermann RH, et al. Leuk 
Lymphoma. 1995;18:385-397; and Feldman M, Marini JC. Cell cooperation in the antibody response.       In: Roitt I, Brostoff J, Male D, eds. Immunology. 6th ed. Maryland 
Heights, Missouri: Mosby;2001:131-146. 
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l  On target, off-tumor toxicity 
l  High binding affinity results in recognition of low 

antigen expression in normal tissue 
l  Ex. Liver injury with anti-carbonic anhydrase IX 

CART 
l  Ex. Pulmonary toxicity with anti-Her2 CART 
l  Can be fatal 

CAR Construct: Antigen Selection 

Morgan RA et al. Mol Ther 2010; 18(4):843-851. 
Lamers CH. JCO 2006;24(13):e20-e22. 



CAR Construct: Delivery System 

Viral System 
l  Lentivirus, retrovirus 
l  Most commonly used in 

trials to date 
l  Permanent genetic 

modification 
l  Costly 

 

Non-Viral System 
l  Transposon/Transposase 

l  Permanent genetic 
modification 

l  Less expensive for 
manufacturing 

l  RNA transfection 
l  Temporary genetic 

expression 
l  Strategy for limiting toxicity 



l  Optimize T cell population 
l  CD4 to CD8 proportion 
l  Central vs effector vs stem memory T cells 

l  Activated vs exhausted state 
l  Duration of culture 
l  Cytokines 

CAR T Phenotype & Function 



CAR T Persistence in vivo:  
Clinical Relevance 

Grupp et al, ASH Abstract #380  
Maude et al, NEJM 2014 

CD19 positive relapses (4/30 patients, 13.3%) 
Poor expansion - CTL019 cells are lost 

CD19 negative relapses (3/30 patients, 10%) 
Good expansion and persistence of CTL019 



CAR T Persistence in vivo:  
Conditioning Chemotherapy 

Cameron J Turtle et al. Blood 2015;126:184 



Challice L Bonifant, published online 
20 April 2016. doi:10.1038/mto.2016.11 

CAR T Toxicities 



Challice L Bonifant, published online 
20 April 2016. doi:10.1038/mto.2016.11 

Strategies to Manage CAR Toxicities  



ONGOING CLINICAL TRIALS 



CART Programs at Academic Centers 

Kenderian et al. BBMT in press. 





Hanren Dai et al. JNCI J Natl Cancer Inst 2016;108:djv439 

CART Research Directions 



The CAR T Cell Race. The Scientist April 2015. 



CART Clinical Trials 

Clinicaltrials.gov 



Hematologic Malignancies 
l  Lymphomas, ALL (n=34) 
l  Myeloma (n=3) 
l  AML (n=2) 

Solid tumors (n=10) 
l  Types 

l  GBM 
l  Neuroblastoma 
l  Pancreas cancer 
l  Sarcoma 
l  NSCLC 
l  Triple negative breast 

cancer 

l  Antigens 
l  EGFRvIII, PSCA, GD2, 

Her2, ROR1, CD171 

CART Clinical Trials 



l  Adequate blood cell count for leukapheresis 
l  Relative disease stability 

l  CART manufacturing generally 2 – 4 weeks 
l  Disease not progressing rapidly through 

manufacturing period 
l  Patient ability to tolerate CAR T toxicities 

l  Good major organ functions  
l  heart, lung, kidney, liver 

l  Neurologic considerations 
l  Seizure risk, CVA, CNS disease 

Patient Eligibility Considerations 



Conclusion 
l  Questions from Audience 
l  Answers from Presenter 


