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Bingo approach Designer approach
Pre-existing immunity Overcomes tolerant repertoire
Multiple tumor indications Single tumor indications
Off-the-shelf Highly personalized

Immune checkpoint blockade and engineered T cells are two 
radically different approaches to cancer immunotherapy 



Engineered T cells are the most powerful anti-tumor effectors 
you can dream of





The basics of CAR-T cells (from synthetic immunology to gene therapy)
A critical reappraisal on the most recent clinical and scientific results
Some hints on data reporting
…

All you need to know about CAR-T cells, but never dared to 
ask



CARs are Frankenstein molecules made up of an mAb-derived 
antigen-binding moiety and a TCR-derived signaling domain 
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TCRs CARs
HLA-dependent HLA-independent
Intracellular Ags Surface Ags
Protein Ags Protein, sugar and lipid Ags
Low affinity (10-3-10-4) High affinity (10-8-10-10)
Killing and proliferation Killing



CARs are highly modular receptors that can fit additional 
signaling domains
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ZAP70 CD3ζ
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Killing
Proliferation/cytokine production
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OX40PI3K, TRAF-2CD28, 4-1BB TRAF-6



CD28 and 4-1BB differently affect the pharmacodynamics (PD) 
of CAR-T cells

CD28 4-1BB
PI3K TRAF-2
Anti-apoptotic Pro-apoptotic?
Glycolysis Fatty acid oxydation



CD28 and 4-1BB differently affect the pharmacokinetics (PK) of 
CAR-T cells
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H2020 CARAT: automated systems for robust, scalable and 
sustainable CAR-T cell manufacturing

CARAT vs operator
Closed system
Automated process
Flexible (electroporator, FACS)
May work in assembly lines

2010s 2020s



2010s 2020s 2030s

The future of CAR-T cell manufacturing will likely move to 
the point-of-care
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It all began with anecdotal impressive clinical results of 
CD19 CAR-T cells in CLL

Porter et al, NEJM 2011



CD19 CAR-T cells achieve up to 90% CR in R/R B-ALL

Maude et al, NEJM 2014



CD19 CAR-T cells show promising signs of efficacy in 
DLBCL

Kochenderfer et al, JCO 2014



Antitumor responses are highly variable and correlate with 
CAR-T cell engraftment

Porter et al, Sci Transl Med 2015



The genomic loss of CD19 is a formidable secondary 
resistance mechanism to CAR-T cells

Maus et al, NEJM 2014



The cytokine release syndrome is a common and potentially 
lethal toxicity of CD19 CAR-T cells



A projected drop in mortality by CD19 CAR-T cells will only 
minimally impact on overall cancer mortality

Leukemia (2/3) 10,000
Lymphoma (1/2) 6,000
TOTAL 16,000 (<5%)

Leukemia (2/3) 7,000
NHL (1/2) 4,000
TOTAL 11,000 (<4%)

Projected mortality drop



The choice of the CAR target antigen is possibly the single 
most important determinant of success

Type Drawbacks
Lineage-restricted (CD19, BCMA) Narrow tumor indications
Over-expressed (EGFR, mesothelin) Off-tumor toxicity
Differently spliced (CD44v6) Off-tumor toxicity (limited)
Differently glycosylated (mucin, CD44v6) ?
Cytoplasmic proteins (RHAMM) ?

CD44v6
Keratinocytes
Monocytes
Epithelial cancers
Blood cancers

Hyaluronic acid

CD44s
Ubiquitous

Osteopontin, RTKs

Merlin, Rho GTPases, Erk1Maps on 11p, MW 37Kd (341 aa)



Preclinical studies
CD3/CD28-beads +
low dose IL-7/IL-15

Bondanza et al, Blood 2006
Kaneko et al, Blood 2009
Bondanza et al, Blood 2011
Bondanza EP1946080 & US13240,009
Cieri et al, Blood 2013

Clinical trials
OKT3 + high 

dose IL-2
Marktel et al, Blood 2003

CAR-T cell manufacturing with CD3/CD28-beads and IL-
7/IL-5 imprints an early-differentiation phenotype



Environmental stimuli
(starvation, irradiation)

BH3-only molecules (Bid)

Bax, Bak
Cytochrome C

Effector caspases

APOPTOSIS

Bcl2, BclxL

IAP

APAF-1

Intinsic (stress) pathway

Caspase 
9

F36V

Caspase-9

Signal transduction
APOPTOSIS

AP1903
(dimerizer)

Inducible caspase-9 is an innovative, fully humanized suicide 
gene



A phase I/IIa clinical trial of anti-CD44v6 CAR-T cells in 
relapsed/refractory AML and MM will begin in 2018

t

Patient screen
& blood draw

Manufacture,
QC & release

(2 weeks)

Cryo-
preservation

Short & long-term follow up:
assessment of safety / efficacy

Lymphodepleting chemotherapy:

Infusion of CAR T cells
d0: 33%, d1: 66%

d-6 to d-2: fludarabine 30mg/mq
d-6 to d-5: cyclophosphamide 2,5g/mq

d0 – d180

Lymphocyto-
apheresis

(4 weeks before
chemotherapy)

Participating centers: San Raffaele, Milano (A Bondanza, C Bonini F Ciceri)
Wurzburg University (H Einsele)
Ospedale Pediatrico Bambino Gesù, Roma (F Locatelli)
Sant Pau Hospital, Barcelona (J Sierra)
University Hospital Ostrava (R Hajek)

LTR LTRHSV-TK mut2 CAR CD44v6∆NSV
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