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Let’s take a BiTE out of 
CRS and Neurotoxicity

Bejal Kikani, MSN, FNP-BC, WHNP-BC
Inpatient Malignant Hematology

October 18, 2023
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Learning objectives

o Examine the pathophysiology of cytokine release syndrome (CRS) and 
neurotoxicity caused by T-cell engaging therapies

oDiscuss the signs of CRS and neurotoxicity as toxicities of T-cell engaging 
therapies

o Identify the grade of CRS and neurotoxicity

oDiscuss treatment recommendations for CRS and neurotoxicity based on the 
associated grading
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Relevance to practice

Immunotherapy as cancer-directed therapy has evolved, particularly in the field of T cell-engaging 
therapies

Toxicities: Cytokine Release Syndrome (CRS) and Immune Effector Cell-Associated Neurotoxicity 
Syndrome (ICANS). 

Role of the APP
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On the market

Drug Disease Pharmacological Category

Blinatumomab ALL Anti-CD19/CD3

Teclistamab MM Anti-BCMA/AntiCD3

Talquetamab MM Anti-GPRC5D/AntiCD3

Mosunetuzumab FL Anti-CD20/CD3

CAR-T ALL, MM, Lymphoma Anti-BCMA/Anti-CD19

Tebentafusp Uveal melanoma Anti-CD3

van de Donk, N. W. C. J., & Zweegman, S. (2023)
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CRS
PATHOPHYSIOLOGY
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Cytokine Release Syndrome

Cytokine Release Syndrome (CRS) is an 
acute systemic inflammatory syndrome 
characterized by fever and multiple organ 
dysfunction that is most often caused by 
immunotherapy. 

Shimabukuro-Vornhagen, et al. 2018 J. Immunotherapy Cancer

25

Mechanism of action

Baeuerle, P. A ., &  Wesche, H. (2022)

T-cell engager 
attaches to antigen 

on tumor cell, 
attracting a T-cell 

T-cell attaches to 
tumor cell by T-cell 
receptor complex

T-cells (host) attack 
the tumor cell
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The Perfect Storm

Shimabukuro-Vornhagen, et al. 2018 J. Immunotherapy Cancer

T-cell engager 
attaches to antigen 

on tumor cell, 
attracting a T-cell 

T-cell attaches to 
tumor cell by T-cell 
receptor complex

T-cells (host) attack 
the tumor cell 
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Step-up Dosing
The “first-dose effect”

Priming with incremental dose increase to reduce risk of CRS/ICANS

Formulations:
• Continuous IV infusion
• SQ injections
• 2-4 hour IV infusions

28

Step-up dose 1
(0.06 mg/kg)

Step-up dose 2
(0.3 mg/kg)

First full dose
(1.5 mg/kg)

Ongoing weekly 
doses
(1.5 mg/kg)

2 to 7 days 2 to 7 days 

Minimum 48 hours 
observation

Adapted from Teclistamab package insert

Example of step-up dosing: Teclistamab Initiation

Minimum 48 hours 
observation

Minimum 48 hours 
observation

Per the package insert, ramp-up can be shortened from Days 1, 4, and 7 to Days 1, 3 and 5 if 
no CRS at time of next dose. 
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CRS
GRADING

&
MANAGEMENT

31

31

CRS Grading Guidelines

• ASTCT 2018

• NCCN 2022

• ASCO 2021
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Protocol
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CRS Grading CRS M anagem ent

Grade 1:
Fever ≥  38°C, not attributable to any other cause
Hypotension: none
Hypoxia: none

- Supportive care (ie, antipyretics, IV hydration)
- Vital signs every 30 minutes for 2 hours after symptoms onset, 
pulse oximetry, twice daily CMPs
- For Initial Fever: Follow Fever SOP. Use clinical judgment for 
subsequent fevers

Grade 2:
Fever ≥  38°C, not attributable to any other cause
plus Hypotension: not requiring vasopressors
And/or Hypoxia: requiring low-flow nasal cannula (ie, oxygen 
delivered at ≤  6 L/min) or blow-by

*Hypotension: SBP < 90 mm Hg or if symptomatic

- Notify Attending Physician 
- IV fluid bolus and/or oxygen as needed 
- Cardiac tele, vital signs every 30 minutes for 2 hours after 
symptoms onset, pulse oximetry, twice daily CMPs 
- Tocilizumab 8 mg/kg IV over 1 hour (max dose 800 mg/dose).  
Repeat every 8 hours if no improvement. Limit to a maximum of 
three doses in a 24-hour period, with a maximum of four doses 
total 
- Hypotension after 2L boluses (consider LR) and after 1-2 doses of 
tocilizumab, consider dexamethasone 10 mg IV every 12 hours for 
1-2 doses 
- Manage per Grade 3 if no improvement within 24 hours of 
starting tocilizumab 
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CRS Grading CRS M anagem ent

Grade 3:
Fever ≥  38°C, not attributable to any other cause
plus Hypotension: requiring a vasopressor with or without 
vasopressin
And/or Hypoxia: requiring high-flow nasal cannula, facemask, 
nonrebreather mask, or Venturi mask

*Hypotension: SBP < 90 mm Hg or if symptomatic

- Notify Attending Physician
- Grade 2 Supportive care and include vasopressors as needed
- Consider ECHO to assess cardiac function and conduct 
hemodynamic monitoring
- Tocilizumab as per Grade 2 if max dose is not reached within 24-
hour period
- PLUS dexamethasone 10 mg IV every 6 hours (or equivalent) and 
rapidly taper once symptoms improve
- If refractory despite max dose tocilizumab and dexamethasone, 
manage as per Grade 4
-If on Monumen-TAL, contact MD prior to dexamethasone

Grade 4: Life threatening
Fever ≥  38°C, not attributable to any other cause
-plus Hypotension: requiring multiple vasopressors (excluding 
vasopressin)

-And/or Hypoxia: requiring positive pressure (eg, CPAP, BiPAP, 
intubation, and mechanical ventilation)

SBP < 90 mm Hg or if symptomatic

- Notify Attending Physician 
- Continue supportive care as per Grade 3 plus mechanical 
ventilation as needed 
- Administer tocilizumab as per Grade 2 if maximum is not reached 
within 24-hour period 
- Initiate high-dose methylprednisolone at a dose of 500 mg IV 
every 12 hours for 3 days, followed by 250 mg IV every 12 hours for 
2 days, 125 mg IV every 12 hours for 2 days, and 60 mg IV every 12 
hours until CRS improvement to Grade 1  
- If not improving, consider methylprednisolone 1G IV 2 times a day
-If on Monumen-TAL, contact MD prior to dexamethasone

35

Grading association

Shimabukuro-Vornhagen, et al. 2018 J. Immunotherapy Cancer

Tocilizumab
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Tociluzimab

FDA approved in 2017 for use in CRS

anti-IL-6 receptor antagonist (inhibits IL-6 by blocking IL-6 receptors)

Prevents proinflammatory effects

Does not cross the BBB

 

Fu, B., et al, 2020 
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Case study
68yoM with R/R IgG Kappa MM presented for Teclistamab initiation. On D3 (48h after first step-up dose), 
developed acute L sided mid-sternal and back pain. Improved with IV toradol and protonix. Few hours later, 
found to be febrile.

Objective:
48h after 1st dose/D3= 
Afebrile, normotensive, on RA. 
Few hours later, febrile to 39.2, remained 
normotensive and on RA. ICE score 
10/10. Exam benign.

Differential Dx:
CRS
Infectious
MI
Aortic dissection
GERD

Orders:
BCx, EKG, CBC, CMP, 
Troponin, CRP

*Per the package insert, ramp-up can be shortened from Days 1, 4, and 7 to 
Days 1, 3 and 5 if no CRS at time of next dose. 
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Case study

CRS Grade 1

Tx: 
BCx
APAP
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ICANS
PATHOPHYSIOLOGY

40

40

What is ICANS?

Immune effector cell-associated 
neurotoxicity syndrome (ICANS), also called 
cytokine release encephalopathy syndrome 
(CRES), is a neuropsychiatric syndrome that 
occurs in patients treated with 
immunotherapy.

Gu, T., et al, 2022
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Pathophysiology

Peripheral immune over activation à Endothelial activation-induced BBB dysfunction à CNS inflammation

Gu, T., et al, 2022
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GRADING

&
MANAGEMENT
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ICANS Grading Guidelines

• ASTCT 2018

• NCCN 2022

• ASCO 2021
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ICE ICE Baby…let’s talk about the ICE Score
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Tammy’s ICE Score
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ICE score

Orientation 
(4pts)

Year, Month, City, Hospital 4

Naming 
(3pts)

Ability to name 3 objects

Follow 
Commands 
(1pt)

Ability to follow simple 
commands

Writing 
(1pt)

Ability to write a standard 
sentence

Attention 
(1pt)

Ability to count backwards 
from 100 by 10

Total:
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Tammy’s ICE Score
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ICE score

Orientation 
(4pts)

Year, Month, City, Hospital 4

Naming 
(3pts)

Ability to name 3 objects 3

Follow 
Commands 
(1pt)

Ability to follow simple 
commands

Writing 
(1pt)

Ability to write a standard 
sentence

Attention 
(1pt)

Ability to count backwards 
from 100 by 10

Total:
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Tammy’s ICE Score

48

ICE score

Orientation 
(4pts)

Year, Month, City, Hospital 4

Naming 
(3pts)

Ability to name 3 objects 3

Follow 
Commands 
(1pt)

Ability to follow simple 
commands

1

Writing 
(1pt)

Ability to write a standard 
sentence

Attention 
(1pt)

Ability to count backwards 
from 100 by 10

Total:
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Tammy’s ICE Score
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ICE score

Orientation 
(4pts)

Year, Month, City, Hospital 4

Naming 
(3pts)

Ability to name 3 objects 3

Follow 
Commands 
(1pt)

Ability to follow simple 
commands

1

Writing 
(1pt)

Ability to write a standard 
sentence

1

Attention 
(1pt)

Ability to count backwards 
from 100 by 10

Total:
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Tammy’s ICE Score

50

ICE score

Orientation 
(4pts)

Year, Month, City, Hospital 4

Naming 
(3pts)

Ability to name 3 objects 3

Follow 
Commands 
(1pt)

Ability to follow simple 
commands

1

Writing 
(1pt)

Ability to write a standard 
sentence

1

Attention 
(1pt)

Ability to count backwards 
from 100 by 10

0

Total: 9 out of 10

50

ICANS Grading
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52

ICANS Management
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Wait…why not tocilizumab?

Tociluzimab does not cross the BBB

Tocilizumab has the opposite effect on ICANS. Peripheral IL-6 no longer binding, excess IL-6 
crosses into BBB.

Administer for concurrent ICANS and CRS
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Case study
76yoF with R/R kappa MM presented for teclistamab initiation. Step-up dose 1 tolerated well. The day 
after step-up dose 2, RRT for confusion, inability to track, walk or follow commands and generalized 
weakness. VSS, Temp > 38.0, SBP 140-150s, mildly tachycardia. 

CRS Grade 1

55

Let’s break it down
RRT for confusion, inability to track, walk or follow commands and generalized weakness. ICE 0/10

ICE score

Orientation 
(4pts)

Year, Month, City, Hospital 0

Naming 
(3pts)

Ability to name 3 objects 0

Follow 
Commands 
(1pt)

Ability to follow simple 
commands

0

Writing 
(1pt)

Ability to write a standard 
sentence

0

Attention 
(1pt)

Ability to count backwards 
from 100 by 10

0

Total: 0
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ICANS Grade and Management

57

ICANS= Grade 3

Tx: 
Dexamethasone 10mg IV for ICANS 
Tociluzimab at 8 mg/kg for CRS 
(concurrent)

ICE score = 0
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Case study
73yoF with refractory MM admitted for teclistamab initiation. The day following first step-up dose, APP called to 
bedside for mild rigors/chills. Endorses a mild headache. Temp 37.2, SBP 130-140's, HR 90's, SP02 upper 90's on RA, 
RR18. ICE score 10/10. Demerol given, APAP deferred to avoid fever masking.
One hour later, patient febrile to 38.1 with rigors and hypotensive 89/41.  

CRS Grade 2

Tx: IVF bolus with 
good response, 
acetaminophen, 
demerol, 
and Tocilizumab.  BCx 
collected

58

Patient then received home regimen of methadone, trazodone, gabapentin, and 
lorazepam. RRT activated for AMS, awakens to voice. 

ICE score

Orientation 
(4pts)

Year, Month, 
City, Hospital

1

Naming 
(3pts)

Ability to 
name 3 
objects

1

Follow 
Commands 
(1pt)

Ability to 
follow simple 
commands

1

Writing
(1pt)

Ability to write 
a standard 
sentence

0

Attention 
(1pt)

Ability to 
count 
backwards by 
10 from 100

0

Total: 3

ICANS Grade 2
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ICANS Grading and Management

Tx: 
ICU
Narcan gtt
IV Dexamethasone

Follow-up:
1 of 2 (peripheral) BCx + for strep mutans

DDx:
CRS
ICANS with seizure
Sepsis
Over sedation
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There’s an app for that

“CARTOX” “CTCAE+”

Created by CAR-T team at MD Anderson
Created by iCommuse
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There’s a dot phrase for that

• .crsneurotoxmanagement 
• .tarcrsneurotoxmanagement
• .blinacrsneurotoxmanagement

Search for user:  “Bejal Kikani”
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Future directions

Prophylaxis for CRS/ICANS? Reduce efficacy of treatment?

Role of siltuximab, ruxolitinib, anakinra, dasatinib, and cyclophosphamide 

Improve the safety of T cell-engaging immunotherapy
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Thank you

email: bejal_kikani@med.unc.edu

Med Q
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