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Learning Outcomes
By the end of this presentation participants can:

• Outline the indications for existing CAR T-cell 
therapies.

• Discuss supportive care and logistics needed 
during CAR T-cell therapy administration.

• Identify key components of educational 
materials needed for a successful CAR T-cell 
therapy program.
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Outline

• Immunotherapy and CAR-T Cell Therapy

• Indications of CAR-T Cell Therapy
• Standard of Care

• Research

• Symptom Management
• Assessment 

• Treatment

• Logistics and Education
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Overview of 
Immunotherapy

Nikiforow, 2016
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CAR-T Generations

Smith, et, Al., 2016
Gagelmann, et, Al., 2020
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What is CAR-T?
• T-Cell Mechanism of Action: 

• Recognized antigen
• Trigger of co-stimulatory molecule
• Primary Activation Signal (CD3-Zeta)

• Chimeric Antigen Receptor (CAR; 2nd Generation)
• Synthetic fusion protein genetically engineered to 

bind to a specific cell surface antigen
• CD19, CD20, CD22, BCMA

• Single-chain variable fragment
• Antibody, ligand, etc.

• Murine or Human

• Intracellular signaling domain
• CD28 or 4-1BB

• Vector
• Stores genetic material inside 

• Retrovirus or lentivirus

• Gene editingNikiforow, 2020
Ghosh, et al, 2018 
Maus, et al, 2014
Sadelain, JCI, 2015
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CAR-T Schema
Screening

Apheresis
(1-2 Day 

Collection)

CAR-T 
Manufacturing

(2-4 weeks)

Lymphodepletion
(Day -8- Day -2)

CAR-T Cell 
Administration

(Day 0)

Acute 
Follow-up
(Day +1-
Day +30)

Scheduled 
Follow-up
(1 month-
2 years)

Long-term 
Follow-up
(up to 15 

years)
Eligibility criteria:
• Disease state
• Prior Therapies
• Functional Status

• Targeted number of cells
• Cell differentiation
• Auto or donor collection

• Genetic engineering 
• Cell expansion
• Timely process

Bridging Therapy

• Gold standard regimen is 
fludarabine/cyclophosphamide

• Removal of host lymphocytes
• Outpatient setting
• Pancytopenia, mucositis, nausea

• Infusion: few minutes to 
hours/dose dependent

• Most often occurs 
inpatient, but evolving

• DMSO/Transfusion 
reactions

• Timeline dependent 
on product/expected 
toxicity

• REMS guidance
• CRS/Neurotoxicity

• Patient dependent
• Response dependent
• Toxicity/symptom 

management

• Monitoring for any 
late or unexpected 
complications

• Survivorship
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• Tisagenlecleucel (Approved 8/2017)
• R/R B-Cell Acute Lymphoblastic Leukemia 

(Under 25)

• R/R Large B-Cell Lymphoma (Adult)
• DLBCL primary and arising from Follicular 

Lymphoma

• High-grade B-Cell Lymphoma arising from 
Follicular Lymphoma

• Axicabtagene ciloleucel (Approved 10/2017)
• R/R Large B-Cell Lymphoma (Adult)

• DLBCL primary and arising from Follicular 
Lymphoma

• Primary Mediastinal Large B-Cell Lymphoma

• High-grade B-Cell Lymphoma arising from 
Follicular Lymphoma

• Brexucabtagene autoleucel (Approved 7/2020)
• R/R Mantle Cell Lymphoma (Adult)

• Lisocabtagene maraleucel (Approved 2/2021)
• R/R Large B-Cell Lymphoma (Adult)

• DLBCL primary and arising from Indolent 
Lymphoma

• Primary Mediastinal Large B Cell Lymphoma

• Follicular Lymphoma Grade 3B

• Idecabtagene vicleucel (Pending Approval 
3/2021)

• R/R Multiple Myeloma (Adult)
• 3 prior therapies: IMiD, PI, & anti-CD38 

antibody)

FDA Approved Products



© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or 
transmitted in any other form or by any means, electronic or mechanical, without first obtaining written permission from NCCN®.

NHL:

• 72% 5 Year Survival

• R/R population- poor prognosis

• DLBCL
• Most common form of NHL

• 20-30% R/R to 1st line therapy

• 40-50% (R/R population) 
ineligible for ASCT

• 40-50% (of ASCT recipients) 
relapse & have ORR 26% OS 
6.3 months

Jacobsen, 
et al

Nastoupil, 
et al

Axi-cel 
CIMBTR

Tisa-cel 
CIMBTR

Product Axi-cel Axi-cel Axi-cel Tisa-cel
Patients 
treated

122 275 533 80

ORR/CR 70/50 82/64 74/54 58/40

6M CR 41 NR NR NR

CRS (%) 93 91 83 49

Gr 3+ CRS 
(%)

16 7 9 3

Neurotox 
(%)

70 69 53 16

Gr 3+ 
Neurotox 
(%)

35 31 17 5

National Cancer Institute, 2020
Kallam & Vose, 2019

Lymphoma
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Non-Trial vs 
Trial Setting:

Axi-cel

Jacobson, et Al, 2020
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Non-Trial vs 
Trial Setting:

Axi-cel

Jacobson, et Al, 2020
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Non-Trial vs 
Trial Setting:

Axi-cel

Jacobson, et Al, 2020
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Mantle Cell Lymphoma

• Bruton’s tyrosine kinase (BTK) inhibitors 
have improved outcomes for patients with 
R/R Mantle Cell Lymphoma (MCL)

• R/R MCL (after BTK inhibitor therapy)
• OR: 25-42%
• OS 6-10 months (w/ salvage therapies)
• Allo SCT Non-relapse mortality 10-24%

• CAR-T
• 12 months

• PFS: 61%
• OS: 83% 
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Multiple Myeloma

• 65 clinical research trials 
• 44 Single target CAR-T

• 6 Allogeneic CAR-T

• 9 Multi-target CAR-T

• 6 Other

Gagelmann, et, Al., 2020
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Solid Tumor Challenges

• Target Selection

• Migration of T-Cells to Specific Sites

• CAR-T Expansion and Longevity 

• Metabolism Associated Immune 
Suppression

Kosti, et al, 2018
Nikiforow, 2020
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Treatment
• Earlier treatment initiation

• Identification of new targets for CAR-T
• Diseases

• Specific Targets

• CAR-T Structure
• Durability

• CAR-T Manufacturing Processes
• Allo: “Off the shelf”

• Auto: More efficient processing

Symptom Management
• New Drug Therapies

• Timing of Therapy
• Prophylactic

• Earlier treatment initiation

• Identification of Predictors of Toxicity
• Cytokine Panels

• CAR-T Structure
• Toxicity reduction

Lee, D.W & Shah, N.N, 2020
Brundo & Kochenderfer, 2019

Research Agenda
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Symptom Management
& The Patient Experience
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Cytokine Release Syndrome (CRS)

Lee, D.W & Shah, N.N, 2020

Production of 
inflammatory 

cytokines
-IFN-γ

Recruitment of other 
immune mediators
-Macrophages & 

monocytes 

Release of IL-6 
and other 

inflammatory 
cells

Hemodynamic 
instability

Compromised 
perfusion

Organ 
dysfunction

Endothelium 
activation
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CRS Risk Factors

Lee, D.W & Shah, N.N, 2020
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CRS Presentation
• Sepsis without bacteremia

• Important to r/o sepsis while 
monitoring CRS

• Onset & Duration: Variable
• Diagnosis
• Disease Burden
• Costimulatory domain

• Focal Points
• Fever 

• within 3 weeks of CAR-T 
infusion 

• Duration variable (3-8 days)

• Hypotension
• Typically occurs after fever

• Hypoxia
• Typically occurs after fever Lee, D.W & Shah, N.N, 2020

Image Only: Lane, P 2016
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CRS Grading Variation

• Challenging to compare CAR-T products

• Difficult to develop standard management 
guidelines

• Subjective assessment

• Time-based criteria not ideal for real-time 
grading & intervention

D.W. Lee et al. / Biol Blood Marrow Transplant 25 (2019) 625-638



© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or 
transmitted in any other form or by any means, electronic or mechanical, without first obtaining written permission from NCCN®.

D.W. Lee et al. / Biol Blood Marrow Transplant 25 (2019) 625-638

ASTCT CRS Consensus Grading



© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or 
transmitted in any other form or by any means, electronic or mechanical, without first obtaining written permission from NCCN®.

CRS Management
• No clinical consensus…yet
• Fever alone does not indicate 

treatment with anti-cytokine 
therapy and/or steroids

• Symptom management/Vigilant 
assessment

• Fever
• Antipyretics
• F(+N) work-up & Treatment

• Hypotension
• Fluid bolus (Limited) 
• Vasopressors (Early initiation)

• Hypoxia
• O₂ Support
• Correction of Hypoventilation

Lee, D.W & Shah, N.N, 2020
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Neurotoxicity 
Grading Variation

D.W. Lee et al. / Biol Blood Marrow Transplant 25 (2019) 625-638
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Neurotoxicity 
Grading Variation

D.W. Lee et al. / Biol Blood Marrow Transplant 25 (2019) 625-638
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D.W. Lee et al. / Biol Blood Marrow Transplant 25 (2019) 625-638

ASTCT ICANS Consensus Grading: Adults
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ICE Score

D.W. Lee et al. / Biol Blood Marrow Transplant 25 (2019) 625-638
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ICANS Management
• Vigilant Assessment

• Neuro Assessment Q8⁰ minimum

• Neurologist Consult

• Role of transcranial doppler 
assessment

• Seizure Prophylaxis
• Levetiracetam

• Early Neuro ICU Transfer
• In setting of neuro deterioration

• EEG monitoring

• Optimization of Cerebral Perfusion
• Antipyretics

• Maintaining normotension
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CNS Case Study
• 60M 2/19 Dx DLBCL 

• R-CHOP x 3 cycles

• 6/20 DLBCL in CNS only
• R-MTX

• Etoposide/Cytarabine

• 1/11/21 Axi-cel 
• Grade 1 CRS (Toci + Dex x 1 on Day +3)

• Fevers Day +1 through Day + 5

• Grade 3 Neurotoxicity (Dex + increase in antiseizure ppx)

• Somnolence; ICE 8/10 (Day +6)

• Within 8 hours ICE 2-3/10 more somnolence w/ periods of agitation

• Tx to Neuro ICU

• Dex 10mg IV q6 x 9 doses Day +6- Day + 8

• d/c Day +12

• Slight residual LLE weakness

• 1 month f/u: significant reduction in enhancements on Brain MRI (4+ areas)
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Electrolyte Imbalances

CAR-T Expansion

• Need for profound metabolic support

• ATP Production
• Hypokalemia

• Hypophosphatemia

• Hypomagnesemia

• Electrolyte Repletion

Tumor Lysis Syndrome (TLS)
• Presentation

• Hyperkalemia

• Hyperphosphatemia

• Hyperuricemia

• Prophylaxis
• Allopurinol

• Treatment
• Rasburicase 

• Hydration*

• Sevelamer 

• Dialysis
Lee, D.W & Shah, N.N, 2020
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Case Study
58F MM

• Heavy disease burden

• RVD, VCD, DCEP, Auto SCT, 
Dara/Pom, Carfilz/Dex/Cy

• CAR-T: Compassionate Use 
Approval

• CRS/ICANS Grade 1: Toci/Dex x 1

• TLS Day +12: Rasburicase

• Renal tubular acidosis

Sevelamer
Rasburicase
Sevelamer dose increased
Bicarb 
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Cytopenias
Etiology

• Suboptimal marrow function
• Disease

• Prior treatment

• CAR-T Cells
• Myelosuppression 2/2 cytokine meditated 

mechanism

Treatment

• G-CSF

• Blood Transfusions

• Prophylactic Antibiotics

Resolution (Tiso-cel study)
• Neutropenia

• 53% of patients grade 3 or 4 at Day +28
• 66% had resolution to grade 2 by month 3

• Thrombocytopenia
• 41% grade 3 or 4 at Day +28
• 73% had resolution to grade 2 by month 3

Lee, D.W & Shah, N.N, 2020
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B-Cell Aplasia
• CAR-T resilience

• Hypogammaglobulinemia
• 2 months – 2 years for recovery

• Baseline low levels of IGG

• Require IVIG replacement 2/2 disease/treatment

• Typically longer when 4-1BB is costimulatory 
domain

• Compared to CD28

• Treatment
• IVIG replacement

• Antibiotics

Moens & Tangye, 2014

Lee, D.W & Shah, N.N, 2020
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CAR-T Logistical Operations & Education 
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Program 
Infrastructure

Clinical 
Infrastructure

Quality 
Infrastructure

Research 
Infrastructure

Administrative 
Infrastructure

Cell Therapy 
Program
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Education

Clinical Staff
• Required Education

• Risk Evaluation and Mitigation Strategy 
(REMS) Programs

• Clinical Trial Orientation

• Standard Operating Procedures

• Enhanced Education
• Knowing the why behind the treatment

• Understanding the patient in relation to the 
treatment

Patient/Caregiver(s)
• Preparation

• Acute Phase

• Follow-up

• Survivorship
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Communication
• Nurse-nurse

• Patient/Caregiver-team

• Interdisciplinary communication
• HM

• Cell therapies

• Nursing

• Neurology

• Inpatient-outpatient

• Logistical communication
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Standardization
• Utilization of EMR

• Flowsheets 

• Templated notes

• Objective Assessments
• ASTCT Consensus Grading CRS/ICANS

• Management of Toxicities
• Future steps

Alencar, et Al, 2019
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Conclusion
• CAR-T Therapy has proven to a be successful treatment opportunity for R/R hematologic malignancies

• Further research is needed to identify CAR-T’s niche in SOC treatment options

• CAR-T has opened the door to infinite cellular therapy possibilities

• CAR-T toxicity is significant, but management strategies have improved significantly

• Further research is needed to mitigate toxicity and improve efficacy

• Up-to-date education is vitally important
• The CAR T-Cell Therapy Landscape is changing rapidly and requires vigilance

• Coordination of care is crucial
• It takes [a skilled] village
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Questions? 
Lauren_Sullivan1@DFCI.Harvard.edu
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An alliance of leading cancer 
centers devoted to patient 
care, research, and education

Our Mission
To improve and facilitate 
quality, effective, efficient, and 
accessible cancer care so 
patients can live better lives

Our Vision 
To define and advance high-
quality, high-value, patient-
centered cancer care globally

NCCN Member Institutions


