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CAR T cell therapy

scFv single chain variable domain

HLA-independent T cell activation against cancer 

cells

Costimulatory domain (CD28 of 4-1BB)

Enhances proliferation, cytotoxicity and persistence of 

CAR T cells
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Anti-CD19 CAR T cell therapy in rel/refr ALL

ELIANA trial (Tisagenlecleucel - Kymriah®

 Age 3 - 21 years
 92 pts enrolled - 75 pts received infusion

 ORR = 81%
 CR/CRi = 60%/21% (all evaluated for MRD were neg)

 80% of patients MRDneg at 3 mths remain in CR > 2 years
 No relation between cell dose and 

• Expansion
• Clinical responses 

 Persistence of tisagenlecleucel in blood for up to 20 mths

Maude et al. NEJM 2018; 378: 439-448



Rik Schots – UZ Brussel-VUB

Anti-CD19 CAR T cell therapy in advanced lymphoma*

n = 40

n = 111

JULIET trial (Tisagenlecleucel - Kymriah®)

 165 enrolled - 111 pts received infusion - 93 evaluable
 ORR = 52%

 CR = 40%  79% relapse-free at 12 mths
 No association between responses and

• CD19 expression on tumor cells
• Expression immune checkpoint inhibitors

Schuster et al. NEJM 2019; 380: 45-56

ZUMA-1 trial (axicabtagene ciloleucel - Yescarta®)

Neelapu et al. NEJM 2017; 377: 2531-2544

 111 enrolled - 101 pts received infusion
 ORR = 82%

 CR = 54%  77% CCR
 Higher CAR T levels in blood associated with response

*Expected ORR = 26% (CR 7%) and OS at 2 yrs = 20%
(SCHOLAR-1 study (Crump et al. Blood 2017; 130: 1800-1808)
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Tisagenleceucel reimbursement  

► Relapsed/refractory acute B cel lymphoblastic leukemia

- Children and adults up to 25 years

► Diffuse large B cel lymphoma

- Having been treated with at least 2 lines of systemic treatment

► One single infusion is reimbursed

► 4 centers accredited in Belgium

- UZ Gent, UZ Gasthuisberg KUL, CHU Liège and St Luc UCL

► Expensive treatment!

- 320 000 E
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Toxicity of CAR T cell therapy

► Cytokine release syndrome (CRS)
- Cytokine “storm” associated with T cell expansion

- Related to CAR T dose level

- Symptoms = fever, tachycardia, hypotension, hypoxia

- Within first week after CAR T infusion

- Incidence = 50-90% (20-25% grade ≥ 3)

- Early intervention with tocilizumab + steroids reduces grade ≥ 3 incidence to < 5% (with no effect on 
CAR T efficacy) (Topp et al. ASH 2019; abstract n° 243)

► Neurotoxicity
- Mechanism poorly understood (endothelial cell activation? blood-brain-barrier? cytokines?)

- Mostly related to anti-CD19 CAR T cell protocols

- Symptoms = confusion, tremor, aphasia, encephalopathy, seizures, cerebral edema

- First weeks after CAR T infusion

- Incidence = > 60% ( 50% ≥ grade 3), generally transient

- Treatment = steroids, supportive

► Other
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Ongoing progress

Design of CARs

 New targets: CD20, CD22, CD38, CD37
 Double costimulation (CD28/4-1BB)

 Inducible cytokine secretion (IL-12, IL-18)
 Bispecific CARs (e.g. CD19/CD20, CD19/CD22, CD38/BCMA)

 Fully human CARs ( prolonged persistence)

 scFv recognizing 2 epitopes of target antigen 
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LEGEND-2 (rel/refr MM)

Wang et al. ASH 2019; abstr 579
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Ongoing progress

• Sequential infusion (antiCD19  anti-BCMA)

• Increasing persistence (e.g. pembroluzimab)

• Combinations..

• Allogeneic CAR T cells (“off-the-shelf”)

• “Point of care” CAR T cell production

• Enrich T cells for central memory-like phenotype 

• CD4/CD8 fixed composition at infusion (Liso-cel – Seattle)

• …..

Management of toxicities

T cell expansion

CRS

Neurotoxicity

Response evaluation 

Follow-up
Screening

[Bridging therapy]

Apheresis
CAR T cell

infusion

Product preparation

2 - 4 weeks

Lymphodepletion 
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Summary

► High response rates in patients with advanced hematological malignancies

► Responses are profound and durable but relapses do occur

► Toxicities (CRS, neurological, immune deficiency, ..) are managable

► Improvement at several levels is tested in phase I/II trials

► Phase 3 trials are ongoing

► CAR T cell therapy is likely to be introduced at an earlier stage in high-risk patients

► Cost should go down!





Prof Dr P. Coulie, De Duve Institute UCL
Immunology

CAR T cells: more difficult for solid tumors

j
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Frequent

Several per tumor cell

Rare

But possible with some

differentiation antigens

on dispensible cells (!)



Professor Bart Neyns MD PhD
Head of the Department of Medical Oncology

Universitair Ziekenhuis Brussel

Brussels, Belgium



Conventional histopathology

IHC (e.g. PD-L1, CD8+, …)

Multiplex IF

Gene Expression Profiling

Mutation analysis (TMB)

Immune-cell repertoire

T-Cell Inflammed 
Tumor Microenvironment

“Hot Tumor”

T-Cell Excluded
“Cold Tumor”

T-Cell Neglected
“Cold Tumor”
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T-Cell Inflammed 
Tumor Microenvironment

“Hot Tumor”

T-Cell Excluded
“Cold Tumor”

T-Cell Neglected
“Cold Tumor” Insufficient 

foreignness

Loss of antigenicity
(Ag-loss, mutations APM-,

Mutations IFN-, STING pathway)

Defective 
priming



Prof Dr P. Coulie, De Duve Institute UCL
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Mechanism behind combo superior efficacy
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Rational for combinations: different mechanisms less primary or secondary resistance

Almost all resistances have a genetic cause within the tumor cells.

Combination works when the mutations that confer resistances are transmitted independently.

Thus multiple resistant are rare  (10-6 x 10-6 = 10-12 or about 1 kg of tumor)
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Naive T cell Antigen-experienced T cellPriming
(first activation)

Proliferation, 

differentiation
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