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T cell Activation & Specificity
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Signals 1, 2 and 3

Nature Reviews Immunology 14, 719-730
Nature Reviews Cancer 13, 525–541 (2013)



Evidence for T cell immunotherapies

The allo response
Long term remissions post allo-HSCT

Ag-specific T cells 
Effective vs viruses (eg. CMV, Adeno, EBV)

Immune surveillance
Increased malignancies; Checkpoint inhibitors

Goldstone et al, Blood 2008 (UKALLXII/ECOG2993)

Donor-attributable reduction in relapse

GVL effect mediated by Donor T cells



Current Therapy for Cancer
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Why genetically modify T cells?

• Generate large numbers of Ag-specific T cells of known avidity
• Redirect specificity towards known Ag (eg TAA; viral epitope)
• Augment T cell function
• Enhance in vivo persistence
• Alter homing in vivo
• Include suicide switches
• Influence differentiation status
• Overcome tolerance to self
• Ability to test specific T cell subtypes (eg, Tregs, Tcm)
• Generate the “universal T cell”



Maus M V et al. Blood 2014;123:2625-2635

Chimeric antigen receptors
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Signalling
à activation 
à survival



Reproduced with permission from Pedromics

Generating Super-soldiers



What Do You Need

• Cells – facility, machine, staff

• Logistics/cold chain

• GMP facility

• Gene for receptor

• Mechanism to insert gene (usually viral vector)

• Culture facilities to increase the number of cells/select transduced cells

• Hospital, pharmacy, ITU etc.

• Regulation, Quality Assurance



• Two children with relapsed and refractory pre–B-cell ALL

• CAR-T cells expanded to a level that was more than 1000 times 
as high as the initial engraftment level

• Eight grade 3 or 4 adverse events were noted. The cytokine-
release syndrome and B-cell aplasia developed in both patients 

• Complete remission was observed in both patients



CARs hitting the headlines



Complex production
The Novartis CAR-T therapy CTL019 process 
overview

5

Patient relapse or 
refractory to prior therapy

Patient’s T cells harvested 
at apheresis center Patient’s T cells 

transferred to Novartis
manufacturing facility

T cells activated and 
transduced with 
lentiviral vector

CTL019 infused into 
patient and monitored 
for cytokine release 
syndromea

Patient’s disease 
state evaluated

Modified T cells 
expanded and 
harvested

CTL019 packaged 
and cryopreserved
(reprogrammed 
T cells) 

CTL019 controlled before 
quality release

CTL019 cells transferred to 
European Hub for EU QP 
release

Patient/point of care
Novartis 

Manufacturing 
Facility

Hospital, Apheresis, Cell-Processing, and Infusion Centers

a Serious side effect of CAR-T therapies that may require hospitalization.

CTL019 cells 
transferred to 
infusion center

Confidential - Leukapheresis Training Module – Based on Leukapheresis Reference Manual US v5 and Europe v1



Stem Cell Transplant 
teams

Pharmaceutical 
companies



How to name a CAR

Prefix
Random

Infix1
Manipulation

Infix2
Cell type

Suffix
-cel

To ensure 
a 
distinctive 
name

To specify 
manipulation the cells 
have undergone
e.g.
-gen- (transduced, 
genetic modification)
-fus- (fusion to a cell)

To identify the primary cell type e.g. To name all 
cellular ATMP-den-

-isle-
-mio(b)-
-co(n)-
-fi(b)-
-ker(a)-
-end(o)-
-ep(a)-
-mestro-

-ret-

denritic cells
islet cells
Myoblasts
chondrocytes
fibroblasts
keratinocytes
endothelial cells
hepatocytes
mesenchymal 
stromal cells
retinal epithelial 
cells

-ren-
-pla(c)-
-ur-
-ova-
-tesi-
-cor-
-leu-
-tem-
-deftim-

-tu-

renal tubular cells
placenta cells
urothelial cells
ovary cells
testis cells
umbilical cord cells
lymphocytes
stem cells
differentiated 
stem cells
tumour cells

WHO, INN 2015



NHS England CAR-T centres

King’s
UCLHBristol

Birmingham

Manchester

Newcastle

Leeds

Cambridge

Royal Marsden



Current Licenced/Commissioned products

(axicabtagene ciloleucel)







ELIANA



ELIANA



JULIET

PFS OS

N Engl J Med 2019; 380:45-56



ZUMA-1 (axicabtagene ciloleucel)

Neelapu SS, et al. Blood. 2018;132: Abstract 2967 

Best Overall 
Response

ORR CR
74% 54%



ZUMA-1 (axicabtagene ciloleucel)



ZUMA-1 (axicabtagene ciloleucel)



The growing trial landscape

Dual Specific – ALL, Myeloma
BCMA – Myeloma
CD44v6 – AML & Myeloma

GD2 – Neuroblastoma

Allo CAR



959 Clinical Responses and Pharmacokinetics of MCARH171, a 
Human-Derived BCMA Targeted CAR T Cell Therapy in R/R MM: 
Final Results of a Phase I Clinical Trial 

ASH 2018



960 Low Dose of Human scFv-Derived BCMA-Targeted CAR-T Cells 
Achieved Fast Response and High CR in Patients with R/R MM

ASH 2018



BCMA CAR T-cell Therapies for Myeloma



CAR-T in non-Haem malignancy





Toxicity

• Cytokine Release Syndrome (CRS)
• Neurological (ICANS)
• B cell aplasia
• Tumour escape



Daniel W. Lee et al. Blood 2014;124:188-195

CRS



B cell Aplasia



Tumour escape



Summary

• Treatments utilizing the power of the immune system are producing 
complete responses in patients with refractory disease

• CAR-T cells are complex ‘living drugs’

• Toxic, high cost therapy but NHS has rapidly embraced them


