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How did we get here?

Where are we going?

13 Years 

Cancer 

Free!
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Overcoming the Scarcity of Tumor Specific Immunity 
and Tumor Suppression: Creation of Re-directed T cells

CAR’s

-surface Ags

-MHC independent 

(off the shelf)

-intracellular Ags

-MHC dependent

-surface Ags

-MHC independent

Fesnak, June, Levine;  Nature Reviews Cancer; Aug, 2016
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Engineered T Cell Receptor Population Challenges
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Engineered Immunity: 

Chimeric Antigen Receptor (CAR) T Cells To Kill Cancer

CAR T Cell

Tumor Cell
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CAR T Cell

Tumor Cell

Engineered Immunity: 

Chimeric Antigen Receptor (CAR) T Cells To Kill Cancer
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Improved Persistence of CD4z-modified CD8 CAR T Cells
Now Manufactured With Anti-CD3/Anti-CD28 Beads
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First clinical experiences in cancer: 
 Lamers et al. J Clin Oncol. 24:e20, 2006 
 Kershaw et al.  Clin Cancer Res. 12: 6106, 2006
 Park et al. Mol Ther. 15:825-833, 2007
 Pule et al. Nat Med, 14:1264, 2008

> Trials disappointing due to poor T cell engraftment

Gartner Hype Cycle
CONTENT OWNED BY BRUCE LEVINE, PHD THE UNIVERSITY OF PENNSYLVANIA



2023
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TILs (melanoma)

 Netherlands

 Lifileucel

TCR (Synovial Sarcoma)

 Afami-cel

Allogeneic post HCTEngineered Stem Cells

Sickle Cell Disease

 Exa-cel (PDUFA 12/8)

 Lovo-cel (PDUFA 12/20)

CONTENT OWNED BY BRUCE LEVINE, PHD THE UNIVERSITY OF PENNSYLVANIA



CONTENT OWNED BY BRUCE LEVINE, PHD THE UNIVERSITY OF PENNSYLVANIA



Credit: Bertrand Delsuc

Global CAR T Sales (Millions $US by Q)
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Sci Transl Med 4, 132ra53 (2012)

HIV
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Tracking CAR T Cells For A Decade

Melenhorst, JJ et al. Nature. 2022 Feb;602(7897):503-509
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Teach Every T Cell To Be 

All That It Can Be
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Immunotherapy in Solid Tumors 

The Challenges

• Antigen Escape

• Antigen Heterogeneity

• Trafficking

• Hostility of the tumor microenvironment
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T Cell Quality/Potency Improvements

• Activators

• Cytokines

• Metabolism / transcriptional regulation

• Gene knockouts

• Which combinations?

Hotpot.ai
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Prinzing et al., Sci. Transl. Med. 13, eabh0272 (2021) 
17 November 2021

9 December 2021

• Unlike WT CAR T cells, ID3 and SOX4 knockout CAR T cells 
retain anti-tumor immunity

Data on Improving Cell Function Is Coming In Fast and Furiously

Dasatinib
Periodic stimulation
DNMT3a
IFN KO
IL-7/IL-15/IL-21
TWS119
SOCS3
ID3 SOX4
7SL
Anti-4-1BB
PD1 KO
TIGIT KO
TGFbDNR
CISH

MICA/MICB
c-jun
CBL-B
BCL2L1 to upregulate BCL XL
PI3K inhibit. (e.g. bb21217)
Flt3L
TNFR2
PRODH2
Arginine 
IL-18 
RASA2 ablation
FOXO1
Lymphotoxin-β receptor
BLIMP1 and NR4A3

16 August 2021
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SCIENTIFIC SUMMIT 2023   |   23
Fesnak, Nat Rev Cancer, 2016

Next Generation CARs

Dominant 

Negative 

Receptor

High Expression of Immune 

Suppressive Cytokine

d.(2) Armored CAR v2

CONTENT OWNED BY BRUCE LEVINE, PHD THE UNIVERSITY OF PENNSYLVANIA



TRUCKs = T cells redirected for antigen-

unrestricted cytokine-initiated killing

Biliang Hu, PhD
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Manufacturing Improvements:

Faster CAR’s
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Cancer Immunology Research Ghassemi et al, 2018

Making Better and Cheaper CAR T

Now Enrolling NCT04684563: 

Phase I Trial of huCART19-IL18 Cells in Patients With R/R CD19+ NHL or CLL
Contact: Abramson Cancer Center Clinical Trials Service    1-855-216-0098    

PennCancerTrials@emergingmed.com
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YTB323 favorable safety profile

demonstrated efficacy at DL1, DL2.  

Comparable in vivo expansion to tisagen at 25X lower dose

<2 Day Expansionless CAR T Cell Manufacturing

Cancer Discov. 2023 Sep 6;13(9):1982-1997
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24-Hours Manufacture of Anti-

CD19/CD22 Dual CAR T Cells for 

Multiple Myeloma 

RRMM patients with median 5 lines of therapy

ASCO 2023
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Quality Control Release Testing

Conventional 9-10 Day Expanded CAR T 24 hr Non-Activated

• CAR expression?

• Vector copy number?

• RCL?

• Potency?
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Ex Vivo Immune Cell Engineering

Processing Flow

Courtesy of Krish Roy
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Not All Collections and Manufacturing 

Runs Are Predictable

Perfect is the Enemy of Good Enough

What is Good Enough?
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CQA’s of Raw Material

• How do you know you (always) have the right cells?

• What cellular raw material is acceptable?

1) Are all of these colors blue?

2) Are all of these colors blue enough?

3) Do all of these colors have blue in them?
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Activated T Cell Ex Vivo 

Processing Flow

X
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Rapid Evolution of Gene Editing Tools

Epigenetic Editing?
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• Efficiency

• Cargo Size

• Lack of toxicity

– Gene disruption, metabolic disruption, viability

• Cell Yield

• Repeatability

• Regulatory compliance (DMF, 21 CFR Part 11)

New Technologies For Viral Free Cargo Delivery
What is important for Clinical Development?
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CAR Cells Move Beyond Oncology

• CAR T Cells for HIV/AIDS

• CAR T Cells for Autoimmunity/Tolerance

• CAR T Cells for Heart Failure and Fibrosis

• CAR T Cell for Aging?

Aghajanian et al. 2019

Amor et al. Nature, 2020

Mackensen et al. September 15, 2022
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T Cells Beyond CARs- TCRs and TILs
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• CAR NK/iNK

• CAR macrophages

• CAR in blood stem cells

• CARs derived from iPSC

https://visualsonline.cancer.gov/details.cfm?imageid=7177

CAR Cells Move Beyond T Cells
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Future prospects

• Autologous?

• Off the shelf/allogeneic?

• Both? How is that possible?
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Rurik et al.
Science 375, 91–96 (2022) 
7 January 2022
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Cell Therapy & Transplant  |  Penn Medicine

Penn Medicine:
Developing Tools to Widen Patient Access to 
Complex Therapies

CELL  TH ERA PY  &  TRA N S P LA N T
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Cell Therapy & Transplant  |  Penn Medicine

Hub and Spoke Model

Penn goal:  To develop FACT 
accredited IEC sites at Penn 
community hospitals

• This model fosters continued 
growth of gene and cell therapy 
space to locations where access is 
undeveloped and allows academic 
to onboard next gen treatments

• Develops hospitals to manage 
toxicities consistent with REMS 
guidance from the FDA, keeping 
patients closer to home

44

Academic
Center

Community
Hospital

Community
Hospital

Community
Hospital

Community 
Practice

Community 
Practice

Community 
Practice

Courtesy of Robert Richards, MS, MBA

CONTENT OWNED BY BRUCE LEVINE, PHD THE UNIVERSITY OF PENNSYLVANIA



Cell Therapy & Transplant  |  Penn Medicine

Developing a 
Cell Therapy 
Infrastructure

45

The Hospital of the
University of Pennsylvania

Penn Presbyterian
Medical Center

Pennsylvania Hospital

Chester County Hospital

Lancaster General Health

Princeton Health

Pharmaceutical 
Company

Courtesy of Robert Richards, MS, MBA
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Cell Therapy & Transplant  |  Penn Medicine

Key Questions in Developing Cell Therapy Sites 

1.) Standardization (Operations)

- How do you assure standardization of process/procedures but give autonomy to 
each site?

2.) Education

- How do standardize training of staff?

3.) Data

- How do you collect data to assure that new sites are performing at a high quality 
and have comparable outcomes to established transplant/cell therapy centers?

4.) Cost

- How do you develop a program at a site, at a low cost footprint, that likely has little 
or no resources for cell therapy?

46Courtesy of Robert Richards, MS, MBA
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Challenges in Delivering Cell Therapies to Patients

47

Research

& Development

Regulatory 

Approval

& 

Patient 

Access
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(Some) Critical Path Issues for Wider Patient Access

• Enhancing potency, especially for solid tumors

–Armor, switches, combination therapies

• ex vivo Manufacturing complexity: cell-based living drugs, viral vectors

–Automation/shortened ex vivo culture/shortened vein to vein

• Education & Training at all levels

–ASTCT, ISCT, NMDP, et al.
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(Some) Critical Path Issues for Wider Patient Access

• Enhancing potency, especially for solid tumors

–Armor, switches, combination therapies

• ex vivo Manufacturing complexity: cell-based living drugs, viral vectors

–Automation/shortened ex vivo culture/shortened vein to vein

• Education & Training at all levels

–ASTCT, ISCT, NMDP, et al.

• Disparities: Geography, Race, Income, Caregiver

• Financial complexity/affordability

–Predictive biomarkers

–Value based payment links price to outcome
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ACKNOWLEDGEMENTS

Study 

Participants

@BLLPHD
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It Takes A Village@BLLPHD
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