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First Idea of Gene Therapy
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CAR T Cell Therapy: a process not a drug

• Autologous T cells

• Allogeneic “3rd party” T cells

• Cord blood

• Healthy donor

• iPSC

https://cen.acs.org/pharmaceuticals/oncology/Controlling-CAR-T-scientists-plan/96/i19



The Genealogy of CAR T Cells

Ben Philipson, MD PhD
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CT019 (tisagenlecleucel) 
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CTL019 Is Expressed on the Cell Surface in 
CLL patient #1 10 years after infusion

Melenhorst, Nature 2022



CAR  T in Hematologic Malignancies: summary

1. Many FDA approvals for many blood cancers using CD19 and BCMA specific CAR T cells

2. More than 50,000 patients have been treated world-wide with commercial and academic 

products. Rare cases of T cell transformation with autologous CAR T cells

3. Allogeneic CAR T cells and NK CAR T are in early stage trials.  Safety profile of allogeneic 

cells remains to be established

4. Combinations of CAR T w targeted agents:  CD19 CAR T + ibrutinib example

5. Progress in commercial scale out of cell manufacturing

1. Automation
2. Vein to vein time
3. Multiplex human genome editing safe and feasible



Defining the Role of Multiplex Genome Editing in CAR T and TCR T

Stadtmauer et al, Science 2020                                                          

• Feasibility of large-scale manufacture with lentiviral modification 
and CRISPR/Cas9 RNP electroporation was demonstrated

• Multiplex editing at the level of a single human genome is safe 
and feasible in T cells

• Off-target edits were rare, however chromosomal translocations 
were detected. 

 => Cells with translocations had decreased fitness



CRISPR-Cas9 genome editing of TRAC results in chromosome loss 

Tsuchida et al, Cell, 2023

TRAC (Chr14)                           PDCD1 (Chr2)                        TIGIT (Chr3) 



Engineering T Cells: Details Matter

Tsuchida et al, Cell (2023)

Expression of p53 correlated with protection 
from chromosome loss 



Quadruple Adenine-Base Edited CAR T Superior to CRISPR/Cas9



CAR Cells Move Beyond Oncology

• CAR T Cells for HIV/AIDS

• CAR T Cells for autoimmunity and organ 

transplantation

• CAR macrophages for cancer

• CAR T Cells for heart failure and fibrosis



2024: Year of CAR T in Autoimmune Disease?

Baker et al, Nature 2023



CAR T Lymphomas: FDA warning November 2023
• 22 cases/8,000 in FAERS

– Maybe >11,000 AER’s
• 3 cases/11,345 in CIBMTR
• Cases in 5/6 approved CAR’s
• 1 to 19 months post CAR
• FAERS and CIBMTR are voluntary
• >34,400 commercial CAR’s

– 27K in US
• 3 are CAR positive
• New “Black Box” warnings



Overall Low Risk of Secondary Malignancy Occurring from T-cell Engineering

1 in 1440 patients treated with modified T cells 
may develop a secondary malignancy attributed to 

probable transgene insertional mutagenesis
(true rate is almost certainly much lower)

• Now ∼40-50 thousand patients 
treated with CAR T cell products 
and trillions of engineered cells 
infused

• Rare examples of clonal 
expansion associated with 
insertional mutagenesis

• 2025: two cases with vector 
integration in tumor suppressors 
and T cell malignancy

• T cells are relatively resistant to 
genotoxicity, but mature T cell 
transformation is possible under 
unusual settings

Fraietta, Levine, Ruella, Hexner, Jadlowski



Engineered Cell therapy: a diversity of CAR T, TCR T, CAR NK and TIL



Cell and Gene Therapy: A Global Disruptive Therapy
• The rate of FDA approvals is more rapid than the previous disruptive therapy
• There are 976 clinical trials testing CAR T cells therapy (clinicaltrials.gov): many 

more are on the way!
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