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Immunotherapy
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Immunotherapy: overview

Active immunotherapy
► Vaccination
► Cytokines
► Modulatory immunotherapy: checkpoint inhibitors

Passive immunotherapy
► Monoclonal antibodies
► Allogeneic stem cell transplantation
► T cell therapy

- TIL/PBL
- TCR/CAR transduction of circulating T cells
- Antigen specific T cells from stem cells

CAR, chimeric antigen receptor; PBL, peripheral blood lymphocytes; TCR, T cell receptor; TIL, tumour infiltrating lymphocytes.
Galluzi et al. Oncotarget. 2014;5:24:12472–508.
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Checkpoint inhibitors
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Checkpoint inhibitors in hematology

► Reimbursed in Belgium for relapsed Hodgkin’s lymphoma
► Conflicting results in clinical trials for multiple myeloma 

(toxicities)
► Under evaluation in clinical trials for various cancers, including:

- Multiple myeloma, T-NHL, DLBCL, AML, and MDS
- Combination of checkpoint inhibitors and …

AML, acute myeloid leukaemia; DLBCL, diffuse large B-cell lymphoma; MDS, Myelodysplastic syndromes; T-NHL, T-cell non-Hodgkin lymphoma.
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Checkpoint inhibitors in hematology

Chi Young Ok and Ken H. Young, J Haematol & Oncol, 2017

Disclaimer: Any off-label data shown are used to support the educational message of the presentation and not intended to endorse use of any therapy in any way
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Immune-related adverse events 
(focus on checkpoint inhibitors)

Nephritis HepatitisMyocarditis, 
pericarditis, vasculitis

Pneumonitis, pleuritis, 
sarcoid-like 

granulomatosis

Colitis, ileitis, 
pancreatitis, gastritis

Uveitis, conjunctivitis, 
scleritis, episcleritis, 
blepharitis, retinitis

Neuropathy, Guillain-
Barré syndrome, 

myelopathy, meningitis, 
encephalitis, myasthenia 

Hyper- or hypothyroidism, 
hypohysitis, adrenal 

insufficiency, diabetes

Multidisciplinary irAE team
irAE database

Anemia, 
thrombocytopenia, 

neutropenia, 
hemophilia

Rash, pruritus, 
psoriasis, vitiligo,
DRESS, Stevens-
Johnson syndrome

Arthritis, 
dermatomyositis 

DRESS, drug reaction with eosinophilia and systemic symptoms; irAEs, immune-related adverse events.
1. Postow et al. N Engl J Med 2018;378:158–68. 2. Champiat et al. Ann Oncol 2016;27:559–74. 3. Haanen et al. Ann Oncol. 2017;28:iv119-iv142.
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Allogeneic stem cell
transplantation
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T cell therapy
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CAR T cells: the process

Apheresis of 
mononuclear cells

T cells are selected 
and activated in vitro

CAR construct is transferred 
into the T cells

Transduced CAR
T cells are expanded

CAR T cells are reinfused 
into the patient

Gene

An overview of the CAR T-cell immunotherapy clinical process1

1. Davila et al. OncoImmunology 2012;1:1577–83.
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CAR T cell therapy: what happens in vivo?

Keuhn B JAMA. 2017;318:22:2167-69.
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Four generations of CAR T-cell design

First
Second

(dual signaling)
Third

(multiple signaling)
Fourth

(armored TRUCK)

First

Adapted from Fujiwara H. 2014.

Adapted from artwork by Steven 
Van Schandevyl. 

CAR, chimeric antigen receptor; IL-12, interleukin 12; scFv, single-chain variable fragment; . 
1. Fujiwara H, Pharmaceuticals, 2014. Figure adapted, with permission, from original artwork kindly provided by Steven Van Schandevyl.

TRUCK, T cell redirected for universal cytokine mediated killing
2. Kerre T. Belgian J Hematol 2017;8:94–101. 
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CAR T cell therapy: antigen targets in clinical trials

Hematologic malignancies1

Antigen Cancer

BCMA
CD123
CD138
CD16V
CD19

CD19/CD20 
CD19/CD22
CD20

CD22
CD30
CD33
CD382

CD70
CD1232

Ig k
IL-1RAP
Lewis Y
NKG2D ligand
ROR1

MM
AML, leukemia, lymphoma
MM
DLBCL, MCL, PMBCL, FL
CLL, NHL, ALL, DLBCL, PMBCL, MCL, DLBCL transf. FL, 
lymphoma, FL, PLL, DMBCL, leukemia, SLL, BAL, HL, MLBCL, MM
DLBCL
Leukemia, lymphoma
ALL, CLL, PLL, DLBCL, FL, MCL, leukemia, Lymphoma, SLL, MZL, 
NHL
FL, ALL, NHL, DLBCL, MCL, leukemia, lymphoma
NHL, HL, lymphoma, CD30+ cancer
AML
B cell malignancies
CD70+ cancer
B cell malignancies
CLL, NHL, MM
CLL
MM, AML, MDS
AML, MDS, MM
CLL, SLL, MCL, ALL

Solid malignancies1

Antigen Cancer

CAIX
CEA
C-MET
EGFR
EGFRvIII
EpCam
EphA2
ErbB2/Her2
FAP
FR-a
GD2
GPC3
IL-13Ra2
L1-CAM
Mesothelin
MUC1
MUC16ecto
PD-L1
PSCA
PSMA
ROR1
VEGFR-2

Renal cell carcinoma
Liver metastases, liver, adenocarcinoma, gastric, 
colorectal, breast
Breast
EGFR+ solid tumors, GBM, glioma
Glioma, GBM,  glioblastoma
Liver, stomach, breast
Malignant glioma
HER2+ malignancy, sarcoma, GBM, head and neck, 
breast, glioblastoma, Metastatic mesothelioma
Ovarian 
Neuroblastoma, sarcomas 
Hepatocellular carcinoma, LSCC, GPC3+ solid tumor
Malignant glioma, brain and CNS 
Neuroblastoma
MPM, MPDAC, malignant pleural disease, pancreatic, 
breast, mesothelin+ tumors 
Hepatocellular carcinoma, NSCLC, TNBC, PC, 
malignant glioma, CC, GC
Ovarian 
GBM
Pancreatic
Prostate
NSCLC, breast cancer (TNBC)
various

CAR T cells have been engineered to target many different antigens to treat various cancers

1. Hartmann et al. EMBO Mol Med 2017;9:1183–97. 2. ClinicalTrials.gov. Available from: https://clinicaltrials.gov/ct2/show/NCT03125577. Accessed April 2018.
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CAR T cell therapy in hematology

Hematology
► B cell malignancies (CD19, 20, 22)
► Multiple myeloma (CD138, CD38, CD56, LeY)
► AML (CD33, CD123, LeY, NKG2D ligands)
► Hodgkin lymphoma, T cell lymphoma (CD30)
► ……

Oncology (solid tumours)
► Challenge!  TRUCKs
► …..
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Efficacy of CAR T-cell therapies: additional 
challenges for solid tumors

► The anatomical location
► The heterogeneity of the tumor cells
► The immune-suppressing 

microenvironment

Fourth-generation CARs = TRUCKs

Adapted from artwork by Steven 
Van Schandevyl. 

CAR, chimeric antigen receptor; TRUCK, T cell redirected for universal cytokine mediated killing.
1. Kerre. Belgian J Hematol 2017;8:94–101. Figure adapted, with permission, from original awork kindly provided by Steven Van Schandevyl.
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CAR T cell therapy: selected adverse events

Several dermatologic complications 
have also been described, including 
secondary cutaneous malignancies3

To date, the most prevalent adverse 
effect following infusion of CAR T cells is 
the onset of immune activation, known 

as CRS1  (5.6–90% in clinical trials)2

The development of neurologic toxicities, including 
confusion, delirium, expressive aphasia, 

obtundation, myoclonus, and seizure, has been 
reported in patients who received CD19-specific 

CAR T cells1 (12–48% in clinical trials)2

The severity of reported events for ‘on-target, off-
tumor’ toxicity has ranged from manageable 

lineage depletion (B-cell aplasia) to severe toxicity 
(death), depending on the target1

Both cellular and humoral rejection of CAR 
T cells have been demonstrated due to the 

immunogenicity of foreign protein. Host reaction 
can manifest as anaphylaxis or allergy1

CD19

B cell

Malignant 
B cell

CAR 
T cell

B-cell 
aplasia

Tumor cell 
eradication

CD19

The risk of insertional oncogenesis following gene 
transfer into T cells is seemingly

low; however, investigators must remain vigilant 
and adhere to strict monitoring1

Release of cytokines 
from immune cells

C
yt

ok
in

e

Time

antibody

CAR 
T cell

Reported/potential toxicities following the use of CAR T cells1

CAR, chimeric antigen receptor; CD, cluster of differentiation; CRS, cytokine-release syndrome.
1. Bonifant et al. Mol Ther Oncolytics 2016;3:16011. 2. Kerre. Belgian J Hematol 2017;8:94–101. 3. Rubin et al. J Am Acad Dermatol 2016;75:1054–7



20

CAR T cell therapy: clinical trials and targets

► Clinical trials and targets

Sadelain M. Cell 2017;171:7:1471.
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CAR T cell therapy: timeline

1990 1995 2000 2005 2010 2015

1992
Primary T cell engineering 

1992
First-generation CARs
(CD3ζ-based)

2002
Second-generation CARs (CD28-based)

2003
Demonstration of CD19 
as valid CAR target

2004
Second-generation CARs
(CD4-1BB-based)

2007
First IND for CD19

CAR therapy

2010
First case report of CA19 
CAR therapy in NHL

2011
First case report of CA19 
CAR therapy in CLL

2013
First case report of CD19 
CAR therapy in ALL

2017
FDA approval of CD19 
CAR therapy for
pediatric ALL and NHL

Adapted from Sadelain M. 2017 

2018
EMA approval of CD19 
CAR therapy for
pediatric ALL and NHL

Sadelain M, Cell 2017;171:7:1471.
.
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CAR T cell therapy: CAR at UZ Gent 

► First CAR T cell therapy began 3 years ago
► 12 trials:

- 1 closed
- 5 actively recruiting
- 6 start-up

► 16 patients



23

CAR T cell therapy: challenges

TCR-T     CAR-T     

In vitro phase of T-cell manipulationIn vivo phase of clinical  procedure

Proper Ag choice

Proper gene-transfer system

Naïve or Tcm or memory stem cells?

Optimised artificial APCs/Culture system

Optimised intra-
cytoplasmic domain

Optimised avidity
(affinity)

Braking system 

Additional gene-modification 
targeting stromal/vasculature cells

Suitable patient
selection

T cell harvest /selection

Lymphodepleting 
preconditioning

Infusion schedule

On/off-target AEs

Tumour trafficking 

Persistance/exhaustion 

Immunosuppressive
tumour 

microenvironment 

AE, adverse event; Ag, antigen; APC, antigen presenting cells; CAR-T, chimeric antigen receptor therapy; Tcm, central memory T; TCR-T, T cell receptor therapy.
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CAR T cell therapy: procedure

COP, Cell Orchestration Platforms, COP.
Lamb M et al. Cell Gene Therapy Insights 2017;3:10:815-33.
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Immuno-T engels invoeren

immuno-T.inmotion.care25
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Disclaimer

While Bristol-Myers Squibb uses reasonable efforts to include accurate and up-to-date
information in this material, Bristol-Myers Squibb makes no warranties or representations as to its
accuracy. Bristol-Myers Squibb assumes no liability or responsibility for any errors or omissions
in the content of the material. Neither Bristol-Myers Squibb nor any other party involved in
creating, producing or delivering the material is liable for any direct, incidental, consequential,
indirect or punitive damages arising out of your access to, or use of, the material.
You should assume that everything you see or read on this presentation is copyrighted, unless
otherwise noted, and may not be used without mentioning the source. Bristol-Myers Squibb
neither warrants nor represents that your use of materials displayed on the Site will not infringe
rights of third parties not owned by or affiliated with Bristol-Myers Squibb.
Nothing on these presentations should be construed as the giving of advice or the making of a
recommendation and it should not be relied on as the basis for any decision or action. BMS, nor
other parties involved, accepts no liability for the accuracy or completeness or use of, nor any
liability to update, the information contained on this Presentation. These materials are provided
"AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT.

Copyright © 2019 by Bristol-Myers Squibb Company www.immunoscienceacademy.be

http://www.immunoscienceacademy.be/
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