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T cell immunotherapy
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Antigen Receptors

CAR

Sadelain et al. Nat Rev Cancer 2003
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Creation of the Chimeric Antigen Receptor (CAR)



CARs genetically retarget T cells



• HLA-independent antigen recognition
• Active in both CD4+ and CD8+ T cells
• Target antigens include proteins, carbohydrates and 

glycolipids 
• Rapid generation of tumor specific T cells 
• Minimal risk of autoimmunity or GvHD
• A living drug, single infusion
• Universal application to all patients

Advantages of CARs



Makes & models of CARs

CAR

Sadelain et al. Nat Rev Cancer 2003



CARs hit a speedbump



T cell activation requires 2 signals

Sadelain et al. Nat Rev Cancer 2003



Next-gen CARs are better in vivo

Brentejens et al. Nat Med 2003 Milone et al. Molecular Therapy 2009



Next-gen CARs

Maus et al. Ann Rev Immunology 2013



CARs in clinical trials

Davila et al. Oncoimmunology 2012



Eligibility and Treatment Schemes

• Adult patients are eligible (>18 
year old).

• Patients must have B-ALL 
refractory, relapsed, MRD+, or in 
CR1.  Ph+, extramedullary 
disease, CNS Leukemia, and/or 
relapsed after prior allo- stem cell 
transplant are all eligible.



Patient and disease characteristics

 

         Patient 
  Characteristics          # Patients        %   
         (n=16) 
 
Age (years) 

Median 
Range 

 
           50 
        23-74 

 
 
 
 

Baseline tumor cytogenetics 
Unfavorable 
Ph+ 
Other 

 
 7 
 4 
 9 

 
     44 
     25 
     56 

Prior Allo-SCT 
Yes 
No 

              
 4 
12 

 
    25 
    75 

Refractory to pre-CAR T 
salvage therapy  

Yes 
No 

           
     
          14 
            2 

 
 
    88 
    12 

Tumor burden in BM before 
CAR T cell infusion 
(n=15)* 
        MRD- 

MRD+ 
overt residual disease 

 
 
 
           2 
           5 
           8 

 
 
 
    13 
    33 
    53 
 



19-28z CAR T cells are an effective salvage therapy
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Treatment of chemotherapy refractory 

B-ALL

• MSK-ALL4
– 59 yo male with relapsed B-ALL after therapy on 

ECOG-2993
– Salvage chemotherapy with vincristine/prednisone
– 63% blast cells in the BM after re-induction 

chemotherapy
• MSK-ALL5

– 56 yo male with relapsed B-ALL after therapy on 
ECOG-2993

– Salvage chemo with high dose AraC and 
mitoxantrone

– 70% BM blasts after re-induction chemotherapy



A B C

MSK-ALL04

MSK-ALL05

Rapid Morphological Remissions Following CAR Modified T 
cell Infusions



CD19-targeted CAR T cell therapy for B-ALL: 

Similar efficacies

Davila et al. Oncoimmunology 2012



CR:          88% (n=16)                   67% (n=21)                     90% (n=30) 

CD19-targeted CAR T cell therapy for B-ALL: 

Similar efficacies

Davila, et al Science Trans Med 2014      Lee et al, Lancet 2014                   Maude et al, NEJM 2014



Adverse Events

• Fevers

• Hypotension

• Hypoxia

• Neurologic changes
mental status change, obtundation, seizures

• Malaise



Fevers post CAR T cell infusion

Morphologic residual
MRD

Davila et al. Sci Trans Med 2014



The toxicities are due to a cytokine release syndrome 
(CRS)

No CRS

CRS

Davila et al. Sci Trans Med 2014



Pharmacologic management for CRS

Davila et al. Sci Trans Med 2014



Summary

• Equivalent high complete response rate in patients with 
chemotherapy refractory disease

• Patients can be transitioned to an allo-SCT
• Steroids are effective at ameliorating the CRS but at the 

cost of lymphotoxicity, resulting in eventual relapses
• Tocilizumab is effective at treating the CRS without 

lymphotoxicity.
• Neurologic toxicities, which are self-limiting, are 

associated with CAR T cell detection in the CNS
• CD19-negative escape leads to relapses



Initial clinical trials using CD19 targeted T cells in 
low grade B cell malignancies



Comparison of trials using CD19 CAR-targeted T cells 
in patients with indolent B cell malignancies

Davila et al. Oncoimmunology 2012



Comparisons of published clinical data

Davila et al. Oncoimmunology 2012



Davila et al. Oncoimmunology 2012

CD19-targeted CAR T cell therapy for CLL: 

Limited efficacies



CR:      0% (n=8)                             43% (n=7)                         29% (n=14) 

CD19-targeted CAR T cell therapy for CLL: 

Limited efficacies

Brentjens et al. Blood 2011                   Kochenderfer et al, Blood 2011      Porter et al, Sc Trans Med 2015        
Kochenderfer et al, JCO 2014 



Future Directions

• Phase II trials for B-ALL

• Definition of the CRS, as well as further management 

optimization

• Why are acute leukemias so much more sensitive than NHL?

• Modification of CD19-targeted to prevent tumor escape

• Targets other than CD19.  What are the next success stories in 

hematologic malignancies or solid tumors?


