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 Provide a background on cancer immunology 

 Describe the role of the T cell in fighting cancer 

 Provide an overview of B-cell malignancies

 Introduce chimeric antigen receptor (CAR) T-cell technology 

 Provide information on adverse events associated with CAR T-cell therapy

Learning Objectives
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Immunology Overview
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 All cells in the immune system arise from hematopoietic stem cells and differentiate early on into 
lymphoid and myeloid lineages

 T and B cells are both derived from lymphoid precursors

Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36

Cell Types of the Immune System
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Innate vs Adaptive Immunity

Innate Immunity Adaptive Immunity
Rapid response (within minutes) Slower kinetics (days to weeks)
Induce inflammatory response Unique, learned response 
Directed against pathogen-associated 
molecular patterns 

Highly specific to unique features of individual 
pathogen

Immediate control or containment of infection Elimination and memory of infection

Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36,139-172 Approved for Use on 07 Feb 2022



Role of the Immune System in Cancer

Two distinct forms of immunity

Rapid initiation of immune 
response

Slow-developing and specific 
immune response

 Active surveillance of pathogens
 Elimination of infected cells

T cells are central players in 
adaptive immunity 

Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36,139-172Approved for Use on 07 Feb 2022



 T lymphocytes are derived from the multipotent hematopoietic stem cells in the bone marrow

 T-cell precursors migrate from the bone marrow via the blood to the thymus

 TCR begins to be expressed during the T cell precursor stage and is present on all mature T cells

 T cells whose receptors can interact with self peptide:self MHC molecular complexes lose expression 
of either CD4 or CD8

– This process results in mature 'single positive' CD4 or 
CD8 T cells, which are exported from the thymus 

 TCR undergoes random genetic changes to give 
each T cell unique specificity

 T cells with randomly self-reactive TCRs 
undergo apoptosis to prevent autoimmunity

T Cell Development

MHC, major histocompatibility complex; TCR, T-cell receptor

Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:295-344Approved for Use on 07 Feb 2022



 During T cell development, T cells mature into 1 of 2 types:
―CD4 helper cells that aid the effector functions of other cells (ie, macrophages, dendritic cells, and 

B cells) 
—CD8 CTLs directly kill target cells that display antigen they are programmed to recognize 

(ie, tumor cell or virus-infected cell)

T Cell Subsets: CD4 vs CD8

CTL, cytotoxic T lymphocyte

Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:345-398
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 TCR binds to antigen-major histocompatibility 
complex (MHC) on antigen-presenting cells 
(APCs), which present intracellular antigen to 
T cells

 MHC is a cell surface protein that binds to antigen 
peptides

— MHC class I is expressed on all nucleated 
cells and binds via the TCR to CD8 T cells

— MHC class II is expressed only on certain 
immune cells and binds via the TCR to 
CD4 T cells

 All intracellular proteins, self and foreign, are 
processed into peptides and presented on the cell 
surface stuck in a groove on the MHC MHC protein

T Cell Subsets: CD4 vs CD8

APC, antigen presenting cell; MHC, major histocompatibility complex; TCR, T cell receptor.

Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36,139-172,213-256Approved for Use on 07 Feb 2022



T Cell Activation

T cell activation requires two signals

T cell 
proliferation

T cell 
differentiation 
into effector cells

Activation (Signal 1): TCR binds to 
MHC:antigen
Co-stimulation (Signal 2): Co-stimulatory 
molecule binds to its ligand on an antigen-
presenting cell (APC)

— Dendritic cells (DC) are also called APCs

2

1

 Signal 1 and 2 together lead to
— T cell activation
— T cell expansion and differentiation

APC, antigen presenting cell; DC, dendritic cell; MHC, major histocompatibility complex; TCR, T cell receptor.

1. Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36Approved for Use on 07 Feb 2022



 CTLs induce apoptosis through multiple mechanisms, including release of cytotoxic granules 
containing perforin and granzyme

 CTLs are selective serial killers of targets expressing a specific antigen presented on 
MHC class I molecules

Activated T Cell Subset: Effector CD8 CTLs

virus-infected cell 

cytotoxic T cell 

granzyme
perforin

TCR

MHC

CTL, cytotoxic T lymphocyte; MHC, major histocompatibility complex; TCR, T cell receptor. 

Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36,345-398
Approved for Use on 07 Feb 2022



Overview of CAR T Cell 
Therapy in 
B Cell Malignancies

For Reactive Use
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 Lymphoma is a malignancy that originates in the cells of the 
lymphatic system

 Non-Hodgkin Lymphoma (NHL) is the most common hematologic 
malignancy in the US with an estimated 77,240 new cases in 2020

 Most types of NHL form from B cells 
— Aggressive subtype (ie, diffuse large B-cell lymphoma)
— Slow-growing (indolent) subtypes (ie, follicular lymphoma) 

Non-Hodgkin Lymphoma Overview

Surveillance, Epidemiology, and End Results Program. Cancer Stat Facts: Non-Hodgkin Lymphoma. Accessed February 4, 2021. 
https://seer.cancer.gov/statfacts/html/nhl.html. 
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Stem cell Early 
pro-B cell

Late 
pro-B cell

Large 
pre-B cell

Small 
pre-B cell

Immature
B cell

Mature 
B cell

CD19 Expression
Bone Marrow Periphery

 B cell malignancies arise from the accumulation of genetic lesions that lead to the unchecked growth 
and dysregulated behavior of B cells1

 Many B cell malignancies derive from germinal center B cells, most likely because of the high 
proliferation rate of these cells and the high activity of mutagenic processes1

 CD19 is present throughout the most of the B cell maturation process2,3

 CD19 is present in most B cell leukemias and lymphomas, but not in any normal tissue other than the 
B cell lineage3

B Cell Malignancies Overview

IgD, immunoglobulin D; IgM, immunoglobulin M.

1. Seifert M, Scholtysik R, Küppers R. Origin and Pathogenesis of B Cell Lymphomas. Methods Mol Biol. 2019;1956:1-33
2. Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36,295-344 3. Sadelain M, et al. Cancer Discov. 2013;3:388-398.

pre-B 
receptor

IgM IgD IgM
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Tumors Avoid Immune Recognition in a Variety of Ways

MHC, major histocompatibility complex; PD-L1, programmed death-ligand 1.

Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36,701-748

Tumors avoid immune recognition by the following mechanisms:

Low 
Immunogenicity

Tumor treated as 
self antigen

Antigenic 
modulation

Tumor-induced 
immune 

suppression

Tumor-induced 
privileged site

• No peptide:MHC 
ligand

• No adhesion 
molecules

• No co-stimulatory 
molecules

• Tumor antigens 
taken up and 
presented by APCs 
in absence of co-
stimulation tolerize 
T cells

• T cells may 
eliminate tumors 
expressing 
immunogenic 
antigens, but not 
tumors that have 
lost such antigens

• Factors secreted by 
tumor cells inhibit T 
cells directly

• Expression of 
PD-L1 by tumors

• Factors secreted by 
tumor cells create a 
physical barrier to 
the immune system
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 CARs have demonstrated significant clinical 
efficacy in several hematological malignancies

 All generations of CARs are composed of an 
extracellular antigen-binding domain, a hinge 
region, a transmembrane domain, and various 
intracellular signaling domains

 Different signaling domains can produce varying 
CAR T-cell persistence

– First generation CARs have only one signaling 
domain, typically CD3ζ

– Second generation CARs add a costimulatory 
domain, typically CD28 or 4-1BB, in addition to a 
signaling domain like CD3ζ 

– Third generation CARs contain two costimulatory 
signaling domains, such as CD28 and 4-1BB, 
along with a signaling domain like CD3ζ 

1st, 2nd and 3rd generation CAR T Cells

Extracellular antigen 
binding domain

Intracellular 
signaling domains

First
generation

Second
generation

scFv

CD3ξ CD28
or 4-1BB

CD28

4-1BB

CD3ξ
CD3ξ

Third
generation

CAR, chimeric antigen receptor; scFv, single chain variable fragment.

Scarfò I and Maus MV. J Immunother Cancer. 2017;5:28.

scFv scFv
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2nd Generation CAR Construct
 CARs are engineered receptors that graft a 

defined specificity onto an immune effector cell, 
typically a T cell Chimeric antigen receptor

• Activation & expansion of the T cell
• CAR T cell-mediated killing of tumor cells 

Target cancer cells by engineering a recognition 
domain (commonly an antibody fragment [scFV]) on 
the T cell surface

1
Activate the CAR T cell by signaling through the 
CAR’s intracellular signaling domain with the 
goal of: 

2

CAR, chimeric antigen receptor; scFv, single chain variable fragment.

June CH and Sadelain M. N Engl J Med. 2018;379:64-73.

• Costimulatory receptors enhance the proliferation and 
antiapoptotic functions of T cells, allowing for 
dual-signaling CARs that direct the expansion of functional 
T cells on repeated antigen exposure
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Approved CD19 Targeting CAR T-cell Therapies 

*BREYANZI® (lisocabtagene maraleucel) is prepared from the patient’s T cells, which are obtained from the product of a standard leukapheresis procedure. The purified CD8-positive and CD4-
positive T cells are separately activated and transduced with the replication-incompetent lentiviral vector containing the anti-CD19 CAR transgene.

CAR, chimeric antigen receptor; PBMC, peripheral blood mononuclear cells; scFv, single chain variable fragment.

1. YESCARTA® (axicabtagene ciloleucel) Prescribing information. Kite Pharma, Inc; 2021.
2. KYMRIAH® (tisagenlecleucel) Prescribing information. Novartis Pharmaceuticals Corporation; 2020. 
3. BREYANZI® (lisocabtagene maraleucel) Prescribing information. Juno Therapeutics, Inc., a Bristol-Myers Squibb Company; 2021.

RECOGNITION
DOMAIN

HINGE

TRANSMEMBRANE

COSTIMULATORY 
DOMAIN

ACTIVATION
DOMAIN

GENE TRANSFER Retrovirus Lentivirus

Axicabtagene 
ciloleucel
(ZUMA-1)

Tisagenlecleucel 2 

(JULIET)

4-1BB

CD3ξ

CD28

CD3ξ

STARTING CELLS PBMCs PBMCs

Lentivirus

Lisocabtagene 
maraleucel 3

(TRANSCEND)

4-1BB

CD3ξ

PBMCs*

anti-CD19
scFv

anti-CD19
scFv

anti-CD19
scFv
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Multiple Costimulatory and Inhibitory Interactions Regulate 
T-cell Responses During Normal T-cell Engagement

 CD28 is a member of the immunoglobulin 
superfamily of costimulatory and inhibitory 
receptors2

— The main function of CD28 is to augment 
TCR signaling, resulting in increased 
cytokine production, clonal proliferation, 
differentiation and survival

 4-1BB (or CD137) is a member of the TNF 
receptor superfamily2

— 4-1BB signaling enhances T-cell 
proliferation, cell cycle progression, 
cytokine secretion and cytolytic potential

TCR, T-cell receptor; TNF, tumor necrosis factor.

1. Pardoll DM. Nat Rev Cancer 2012;12:252–264. 2. van der Stegen SJ, et al. Nat Rev Drug Discov 2015;14:499–509.

Costimulatory and Inhibitory Interactions1
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 Gammaretrovirus and lentivirus vectors are subtypes of retroviruses which contain an RNA genome 
that is converted to DNA via reverse transcriptase in the target transduced cell1

—Retroviruses have a natural ability to enter and deliver genetic material into cells

 Similarities of gammaretroviral and lentiviral vector types2

—Efficient transduction into target cell genome
—Long-term viral gene expression following integration into host cell genome
—Replication-defective viruses that do not produce pathogenic effects

 Key differences between viral vectors 
— Gammaretroviruses (used in axicabtagene ciloleucel manufacturing3,4) must access the host 

genome during mitosis when the nuclear envelope is disassembled1

— Lentiviruses (used in tisagenlecleucel and lisocabtagene maraleucel5,6) can infect non-dividing 
and dividing cells1

CAR Constructs Similarities and Differences

DNA, deoxyribonucleic acid; RNA, ribonucleic acid.

1. Milone MC, et al. Leukemia. 2018;32:1529–1541. 2. Vargas JE, et al. J Transl Med. 2016;14:288.  
3. YESCARTA® (axicabtagene ciloleucel) Prescribing information. Kite Pharma, Inc; 2021. 4. Roberts ZJ et al. Leuk Lymphoma. 2018;59(8):1785-1796
5. KYMRIAH® (tisagenlecleucel) Prescribing information. Novartis Pharmaceuticals Corporation; 2020. 
6. BREYANZI® (lisocabtagene maraleucel) Prescribing information. Juno Therapeutics, Inc., a Bristol-Myers Squibb Company; 2021.
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CAR T-Cell Treatment Journey Overview

Administering CAR T-cell therapy is a coordinated multidisciplinary effort

 A comprehensive program for educating, coordinating, and collaborating with multidisciplinary care teams, 
patients, and families can help ensure the safe administration of CAR T-cell therapy

Leukapheresis Manufacturing Lymphodepleting 
Chemotherapy

CAR T Cell 
Infusion

Patient 
Monitoring

Long-Term 
Follow Up

Referral and 
Screening

CAR, chimeric antigen receptor

Alix Beaupierre, et al. JONS. 2017;8(11):39.
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CAR T-Cell Manufacturing Starts with a Patient’s T Cells

CAR, chimeric antigen receptor

Wang X and Rivière I. Mol Ther Oncolytics. 2016;3:16015.

Enrich and activate 
T cells

Engineer T cells 
with CAR gene

Grow and expand
number of T cells
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Lymphodepleting Chemotherapy and CAR T-Cell Infusion

CAR, chimeric antigen receptor

1. Lee DW, et al. Clin Cancer Res. 2012;18:2780-2790. 2. Bechman N and Maher J. Expert Opin Biol Ther. 2020 Dec 28:1-11 
3. Wang X and Rivière I. Mol Ther Oncolytics. 2016;3:16015.

Lymphodepleting Chemotherapy

 Goal of creating a 
“favorable” environment for 
CAR T cells expansion and 
persistence in vivo by1:
— Eliminating 

lymphocytes and 
increasing homeostatic 
cytokines

 Cyclophosphamide + 
fludarabine is the most 
commonly used 
lymphodepleting regimen2

CAR T cell Dosing

 Several expansion platforms 
available to generate 
therapeutic dose3
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 Mild symptoms may wax and wane with fever initially and recur a few days later after CRS 
has resolved, while the tempo of progression to severe neurotoxicity may be hours or days

 There are multiple protocols and published guidelines describing the grading and 
management of CRS and neurologic toxicities

Cytokine Release Syndrome (CRS) and Neurologic Toxicities

CRS, cytokine release syndrome; IL-6, interleukin 6.

Lee DW et al. Biol Blood Marrow Transplant. 2019;25(4):625-638.

• Mediated by high levels of inflammatory 
cytokines, such as IL-6

• A reasonable temporal relationship to the 
cell therapy must be present

• Symptoms must include fever at onset, 
and may include tachycardia, 
hypotension, hypoxia, and end organ 
dysfunction

• Collectively referred to as Immune 
effector cell-associated neurotoxicity 
syndrome (ICANS) 

• Toxicities may occur during or after CRS 
symptoms

• Symptoms include confusion, tremor, 
aphasia, encephalopathy, and seizures, 
and rarely cerebral edema

CRS Neurologic Toxicities
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ASBMT CRS Consensus Grading

BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; CRS, cytokine release syndrome.

Lee DW et al. Biol Blood Marrow Transplant. 2019;25(4):625-638.

CRS 
Parameter Grade 1 Grade 2 Grade 3 Grade 4

Fever*
with 
hypotension

• Temperature ≥ 
38°C

• None

• Temperature ≥ 
38°C

• Not requiring
vasopressors

• Temperature ≥ 38°C

• Requiring a vasopressor 
with or without vasopressin

• Temperature ≥ 38°C

• Requiring multiple 
vasopressors (excluding 
vasopressin)

And/or†

hypoxia
• None • Requiring low-flow 

nasal cannula‡ or 
blow-by

• Requiring high-flow nasal 
cannula‡ , facemask, 
nonrebreather mask, or 
Venturi mask

• Requiring positive pressure 
(eg, CPAP, BiPAP, intubation 
and mechanical ventilation)

*Fever is defined as temperature 38°C not attributable to any other cause. In patients who have CRS then receive antipyretics or anticytokine therapy such as tocilizumab or 
steroids, fever is no longer required to grade subsequent CRS severity. In this case, CRS grading is driven by hypotension and/or hypoxia.
† CRS grade is determined by the more severe event: hypotension or hypoxia not attributable to any other cause. For example, a patient with temperature of 39.5°C, hypotension 
requiring 1 vasopressor, and hypoxia requiring low-flow nasal cannula is classified as grade 3 CRS.
‡ Low-flow nasal cannula is defined as oxygen delivered at ≤6 L/minute. Low flow also includes blow-by oxygen delivery, sometimes used in pediatrics. High-flow nasal cannula 
is defined as oxygen delivered at >6 L/minute.

Approved for Use on 07 Feb 2022



ASBMT ICANS Consensus Grading

CTCAE v5.0, Common Terminology Criteria for Adverse Events version 5; EEG, electroencephalography; ICANS, Immune effector cell-associated neurotoxicity syndrome; 
ICE, Immune effector cell encephalopathy score, ICP, intracranial pressure.

Lee DW et al. Biol Blood Marrow Transplant. 2019;25(4):625-638.

Neurotoxicity
Domains Grade 1 Grade 2 Grade 3 Grade 4

ICE score* 7-9 3-6 0-2 0 (patient is unarousable and unable to perform ICE)

Depressed level of 
consciousness†

Awakens
spontaneously

Awakens to voice Awakens to tactile stimulus Patient is unarousable or requires vigorous or repetitive tactile stimuli 
to arouse. Stupor or coma

Seizure N/A N/A Any clinical seizure focal or 
generalized that resolves rapidly 
or nonconvulsive seizures on 
EEG that resolve with 
intervention

Life-threatening prolonged seizure (>5 min); or repetitive clinical or 
electrical seizures without return to baseline in between 

Motor findings‡ N/A N/A N/A Deep focal motor weakness such as hemiparesis or paraparesis 

Elevated ICP/cerebral 
edema

N/A N/A Focal/local edema on 
neuroimaging§

• Deep focal motor weakness such as hemiparesis or paraparesis 
• Diffuse cerebral edema on neuroimaging; Decerebrate or 

decorticate posturing; or cranial nerve VI palsy; or papilledema; or 
Cushing’s triad 

ICANS grade is determined by the most severe event (ICE score, level of consciousness, seizure, motor findings, raised ICP/cerebral edema) not attributable to any other cause; for example, a patient with an ICE score of 3 
who has a generalized seizure is classified as grade 3 ICANS.
N/A indicates not applicable.
*A patient with an ICE score of 0 may be classified as grade 3 ICANS if awake with global aphasia, but a patient with an ICE score of 0 may be classified as grade 4 ICANS if unarousable.
† Depressed level of consciousness should be attributable to no other cause (eg, no sedating medication).
‡ Tremors and myoclonus associated with immune effector cell therapies may be graded according to CTCAE v5.0, but they do not influence ICANS grading.
§ Intracranial hemorrhage with or without associated edema is not considered a neurotoxicity feature and is excluded from ICANS grading. It may be graded according to CTCAE v5.0.
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Hypothetical Example of First Signs of Neurologic Event*

*For representation purposes only; not a real subject.
CAR, chimeric antigen receptor; CARTOX-10, CAR-T-cell-therapy-associated TOXicity 10-point neurological assessment tool; MMSE, mini-mental state examination.

Neelapu SS, et al. Nat Rev Clin Oncol. 2018;15(1):47-62.

Day 4

Day 5

Day 6

MMSE
29/30

27/30

29/30

 Key elements of the 30-point mini-mental status exam (MMSE) encompass the predominant alterations 
in concentration, speech, and writing ability that are associated with neurotoxicity

– Elements of the MMSE were initially incorporated into the CARTOX-10 neurological assessment tool

 The handwriting samples below are markedly impaired at day 5, despite only a small decrease in MMSE 
score, demonstrating the acute neurotoxic events observed in patients treated with CAR T cells
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Summary

CAR, chimeric antigen receptor; CRS, cytokine release syndrome.

1. Murphy KM, Weaver C, eds. Janeway’s Immunobiology. 9th ed. Garland Science; 2017:1-36 
2. Seifert M, Scholtysik R, Küppers R. Origin and Pathogenesis of B Cell Lymphomas. Methods Mol Biol. 2019;1956:1-33
3. June CH and Sadelain M. N Engl J Med. 2018;379:64-73.4. Lee DW et al. Biol Blood Marrow Transplant. 2019;25(4):625-638.

Lymphocytes (T cells and B cells) are central players in the adaptive immune response1

B cell malignancies arise from the accumulation of genetic lesions that lead to unchecked growth and 
dysregulated behavior during B cell development2

CAR T-cell therapy is a class of immunotherapy that involves engineering a patient’s own immune cells 
with a goal of recognizing and inducing tumor cell death3

CAR T cell therapy is associated with CRS and neurologic toxicities4
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Thank You

KITE, YESCARTA, and the KITE Logo are trademarks of Kite Pharma, Inc. GILEAD is a trademark of Gilead Sciences, Inc. 
All other trademarks referenced herein are the property of their respective owners.

© 2021 Kite Pharma, Inc. All rights reserved. | MRC-00254 03/2021 
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