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Objectives
1. Discuss the safety, efficacy, and role of 

chimeric antigen receptor (CAR) T-cell 
therapy in cancer treatment

2. Outline guideline recommendations for patient 
selection, administration of treatment, and 
monitoring and management of toxicities with 
regard to CAR T-cell therapy

3. Discuss current and future strategies for 
applying CAR T-cell therapy and managing 
treatment-related complications



Questions 1
1. Current clinical trials involving chimeric antigen 

therapy (CAR) T-cell therapy various 
hematologic malignancies target the following 
antigens except:

A.   CD19
B. CD20
C. CD22
D. CD28



Question 2
2. Prior to the delivery of cyclophosphamide and 

fludarabine based lymphodepleting chemotherapy 
a change in this may necessitate a dose reduction:

A. Creatinine clearance
B. ECOG performance status
C. Absolute neutrophil count (ANC)
D. Hemoglobin



Question 3
3. In monitoring for cytokine release syndrome (CRS) 

these factors are taken into consideration except:

A. Temperature
B. Oxygen saturation
C. Blood pressure 
D. Pain score



Question 4
4. In the treatment of neurotoxicity related to CAR-

T therapy when may it appropriate to consider 
the use of tocilizumab?

A. At onset of fever
B. When there established concurrent CRS
C. At the onset of grade 1 neurotoxicity
D. At the resolution of grade 1 neurotoxicity



Question 5
Axi-cel is commonly delivered in the outpatient 
setting?

A. True 
B. False



Cancer is Smart

Immunobiology (7th edition). 2008. Garland Science



Glioblastoma 

Julka JK et al. J Clin Res 2013 



Metastatic Pancreatic 
Cancer

Conroy T et al. NEJM, 2011. 

Median 11.1 vs. 6.8mo



1st Relapsed  Acute 
Lymphoblastic Leukemia 

Fielding A, et al. Blood. 2007

5-year OS –7 %



Relapsed or Refractory 
Diffuse Large B-cell 

Lymphoma

Crump M. et al. Blood 2017



Risk of Disease Equals  
Potential Reward



Can we Get Smarter?



Courtesy of Susan Blumel

Shifting Gears: What is a CAR T-cell?



Normal T-cell role

Chen DS, Mellman I. Immunity. 2013;39:1-10

1
Release of

cancer cell antigens
(cancer cell death)

Release of
cancer cell antigens

(cancer cell death)

2
Cancer antigen

presentation
(dendritic cells / APC)

3Priming and activation
(APCs & T cells)

4 Trafficking of
T cells to tumors
(CTLs)

5
Infiltration of T cells
into tumors
(CTLs, endothelial cells)

6
Recognition of
cancer cells by T cells
(CTLs, cancer cells)

7 Killing of cancer cells
(immune and cancer cells)



T-cells Secrete Cytokines

Franciszkiewicz K, et al. Cancer Res. 2012;72:6325-6332.



T-cell Immunology

CD4+MHC class 2
CD8+MHC class 1

AICD= Activation induced cell death



Building Blocks to CAR-T

CD4+MHC class 2
CD8+MHC class 1

AICD= Activation induced cell death



Evolution of CAR-T

Geyer et al. Cytotherapy 2016

TAA= Tumor associated antigen

Anti-TAA Anti-TAA



Evolution of CAR-T

Geyer et al. Cytotherapy 2016

TAA= Tumor associated antigen

Anti-TAA Anti-TAA



The Target and Why

All Targets

BCMA
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Manufacturing CAR T-cells



Many Hands

Almasbak el a. J. Immunology Research 2016



Many Days

Roberts et al. Leukemia & Lymphoma 2017



Patient level 
Popcorn



Provider level 
WMD

Cancer
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Current Role of CAR-T  in Cancer



A Short List

CAR-T Working Group



WMD

DLBCL



WMD

DLBCL

Hyperkalemia



CAR T-cell in Rel/Ref 
DLBCL



Efficacy of Axi-Cel
ZUMA-1

Neelapu et al. Lancet Oncol 2019



Duration of Response 
post Axi-cel

Neelapu et al. Lancet Oncol 2019



Overall Survival 
of Axi-Cel

Neelapu et al. Lancet Oncol 2019



Efficacy Of 
Tisagenlecleucel (Juliet)

N=93

Median Follow Up (Months)                                                                  14.0

ORR                     CR

Best ORR (%) 52% 40%

12 months post response (%)

Relapse free survival
Relapse free in CR

65%
79%

Shuster S et al. NEJM 2019



Duration of Remission
Of Tisagenlecleucel

Shuster S et al. NEJM 2019



Overall Survival of 
Tisagenlecleucel

Shuster et al. NEJM 2019



Liso-cel (Not FDA approved)

• Late stage clinical trial (TRANSCEND)
• How is Liso-cel different?

– Individually formulated CD4 and CD8 
suspensions through lentiviral transduction

– Low ALC requirement
– Flat dosing 

• 1:1 ratio of CD4:CD8
– 41BB costimulatory 

Abramson J et al. EHA 2018



TRANSCEND: CORE
• DLBCL-NOS
• Transformed FL
• High grade B-cell lymphoma (DH/TH)

• ECOG 0-1
• No ALC minimum

Abramson J et al. EHA 2018



TRANSCEND 
Cohort/Dose

Core group
• DLBCL-NOS
• Transformed FL
• High grade B-cell lymphoma (DH/TH)
• ECOG 0-1
• No ALC minimum

Dosing Levels
5 X 107 cells single dose (DL1S)
5 X 107 cells double dose (DL1D)
1 X 108 cells single dose (DL2S)

Abramson J et al. EHA 2018



TRANSCEND 
Pivotal Cohort

FOCUS ON:

Core + DL2S 
Outcomes, unknown results of accrued 

PIVOTAL cohort

Abramson J et al. EHA 2018



Liso-Cel Efficacy
(Transcend)

Abramson J et al. EHA 2018

Core & DLS2 N=37

Best ORR  80%

Best CR 55%

ORR @ 6 months 50%

CR @ 6 months 50%



Axi-cel Post Approval
Gloves On Vs Gloves Off



Excluded From ZUMA-1

Nastoupil L et al. ASH 2018



Let’s Box

Nastoupil L. et al ASH 2018

N (%) N (%)



Too Sick To Fight?
Variables CR @ 3 month N (%) p value

Nastoupil L. et al ASH 2018



Fittest Fighters?

Nastoupil L. et al ASH 2018

Variables CR @ 3 month N (%) p value



Should We Keep 
Fighting?

Nastoupil L et al ASH 2018; Neelapu et a. Lancet Oncol 2019



Courtesy of Susan Blumel

Who Should Get CAR-T   



The Right Disease



Who Can Weather the 
Fall Out

Baseline Tests

1. Transthoracic echocardiogram
2. Pulse oximetry 
3. CBC, CMP, and DIC panel
4. Lactate dehydrogenase (LDH)
5. Pre-CART disease burden assessment



Courtesy of Susan Blumel

Selection of a Specific CAR-T   



Finding a CAR T Site
ASBMTASTCT



Within the CAR T Site



Patient Tracker



Before the CAR T 
• Risk Evaluation and Mitigation Strategy (REMS) training
• CAR T education…education….education
• Tocilizumab supply process and documentation
• Policies for each product (includes Foundation for the Accreditation of 

Cellular Therapy (FACT) requirements)
• Includes Wallet Card process and tocilizumab process

• Patient Consents for each product
• Treatment Plans for each product and diagnosis
• Pharmacy iVents

• Patient specific notes used by pharmacists to communicate information
• Dose and location of rescue agents 
• Other pertinent patient and product information

• Crosses inpatient and outpatient care areas
• Visible to all pharmacists viewing the EMR

• Formal Patient/Caregiver Education
• Handouts, web-based, 1:1
• Documentation via Template with teaching points

• On-Call/Triage
• CAR T trained staff 
• Who to call and when to call

• IT



Select a CAR-T



Bridging Therapy
• Insurance
• Need to bridge?

• Yes or No
• If Yes

• Prior treatments (R-CHOP; ICE)
• Cell of origin (Hans)

• GCB—Bendamustine or Gemcitabine
• Non-GCB—Ibrutinib or Lenalidomide

• Late bridging 
• Steroids
• Low dose oral Cytoxan, etoposide, prednisone
• BOOM-BOOM (XRT)



Lymphodepletion  
• Cy/Flu vs Benda vs None

• Known the dose
• Know when not to use (Tisagenlecleucel) 

• Renal
• Know the CrCl and how you will handle the fludarabine 

dosing

• Timing 
• Know the current EGOC & volume of disease
• Know the product is ready
• Know you have beds



WMD

DLBCL

Hyperkalemia

CRS ICANS Aplasia

CRS = Cytokine Release Syndrome; ICANS = Immune effector cell-associated neurotoxicity syndrome



“Old” CRS Grading 



“Old Neurotoxicity 
Grading



Toxicity of Axi-Cel
CRS NT

All Grades 93% 64%

Grade ≥ 3 11% 32%

Median Time to onset (range) in days 2 (1-12) 5 (1-17)

Median Time to Resolution 8 days 17 days

Tocilizumab Usage 43%

Dexamethasone Usage 27%

Neelapu et al. NEJM 2018; Neelapu Lancet Oncol 2019; NT=CTAE 4.03 



Toxicity of 
Tisagenlecleucel

CRS* NT

All Grades 58% 21%

Grade ≥ 3 22% 12%

Median Time to onset (range) in days 3 6

Median Time to Resolution 7 14

Tocilizumab Usage 14%

Dexamethasone Usage 10%

Shuster NEJM 2019      *CRS =UPENN criteria; NT=CTAE 4.03



Toxicity of Liso-Cel
Core & DL2S or Full CRS NT

All Grades 30% 24%

Grade ≥ 3 0% 8%

Median Time to onset (range) in days 5 10

Median Time to Resolution NR NR

Tocilizumab Usage (FULL) 17%

Dexamethasone Usage 21%

Abramson et al. EHA 2018; CRS per Lee etal; NT=CTAE 4.03; NR=Not reported



New CRS Grading

Lee et al. BBMT 2018



New ICANS Grading

Lee et al. BBMT 2018
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Post CAR-T   



Post CAR-T
Inpt CAR-T
• Mini Mental Status Exam or ICE
• CBC/CMP/DIC panel
• Ferritin 
• CRP

Outpt CAR-T
Prophylaxis (Acyclovir, Levofloxacin, Fluconazole)
Caregiver (24 hour)
No driving for 2 months (research opportunity)



Management of Toxicity



Management of CRS

Abramson ASH 2017; Neelapu ASH 2017; Schuster ASH 2017

Fever
Fatigue 
Nausea/Vomit

Hypotension
Resp dysfunction
Renal dysfunction

Tocilizumab Dexamethasone



Management of CRS

Abramson ASH 2017; Neelapu ASH 2017; Schuster ASH 2017

Fever
Fatigue 
Nausea/Vomit
Myalgias

Hypotension
Resp dysfunction
Renal dysfunction

Tocilizumab Dexamethasone



Management of ICANS

Abramson ASH 2017; Neelapu ASH 2017; Schuster ASH 2017

Tremor
Aphasia
Weakness

Coma
Seizure
Herniation

Tocilizumab Dexamethasone



Management of ICANS

Abramson ASH 2017; Neelapu ASH 2017; Schuster ASH 2017

Tremor
Aphasia
Weakness

Coma
Seizure
Herniation

Tocilizumab Dexamethasone

X



Management of ICANS

Abramson ASH 2017; Neelapu ASH 2017; Schuster ASH 2017

Tremor
Aphasia
Weakness

Coma
Seizure
Herniation

Dexamethasone



Late Infectious Toxicities 

B-cell aplasia with hypogammaglobulinemia: Use of IVIG

Neelapu ASH 2017



The Double Dip



Courtesy of Susan Blumel

Future Strategies for CAR-T   



CAR-T in 1st Relapse

Sauter et al. Blood 2016

No significant differences in PFS and OS were observed according to
• sAA-IPI
• Relapse <12 months 
• Primary refractory disease vs relapse ≥12 months 
• Type of salvage therapy

PFS rate of 49% (95% CI: 34-62) 3-yr OS rates of 54% (95% CI: 39-68) 



Too Sick to CAR-T



Prediction of Toxicities

Locke et al. ASH 2017 Abs#1547



Access, Referrals and 
other drugs

DLBCL

CART
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