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CAR-T Cell Therapy: Current State of the Art

• ≥ 50% of patients with refractory B cell malignancies show durable complete 
responses to CD19-CAR T cell therapy

• Promising responses in patients with MM treated with BCMA-CAR T 
• Associated with unique and prominent toxicities, boxed warnings on FDA 

approved products:

• Cytokine Release Syndrome 
• Neurotoxicity or Immune Cell Associated Neurotoxicity Syndrome (ICANS)

• Patients may require ICU management
• Fatalities have occurred
• REMS program mandated by FDA for approved products
• Multi-departmental infrastructure management is critical



• Fly/Cy conditioning initially delayed due to new PNA treated with antibiotics. 

• Day 1: Axicabtagene ciloleucel

• Day 3: Fevers start, antibiotics started 

• Day 4: Higher fever 39.5°C and tachycardia to 120s. Received IV fluid bolus for hypotension 
àincreased O2 requirement. Headache. Mild confusion only with fever spikes. Mental status 
and neurologic exam normal. Grade 2 CRS.

• Tocilizumab administered for Grade 2 CRS àFever, tachycardia, and hypoxia resolved

54 year old man with relapsed refractory DLBCL

• Diagnosed with DLBCL of left face/humerus
• DA R-EPOCH x 6 cycles completed 6/2013àPET CR
• Disease relapse 12/2015 s/p DHAX x 3 cycles followed by autologous HSCT
• Recurrence of disease largely in bone

Clinical Case



• Day 6: Perseverative/stuttering speech, bilateral arm tremor, inattention, slight lethargy with eyes 
spontaneously closing after several seconds if not stimulated. CRP trending down.

HCT negative. No seizures on EEG 

Started dexamethasone 10 mg x 1
Transferred to ICU

• Transient word finding difficulty à nonverbal while awake. Not following commands. Depressed level of 
consciousness arousable only to persistent tactile stimulus. 

• Dexamethasone 20 mg x 1, followed by dexamethasone 10 mg q 6h. 
• Day 7: More awake, global aphasia and myoclonus. Lumbar puncture: Opening pressure 20 mm Hg, 

normal cell count, elevated protein
• Hours later mental status markedly improved
• Steroids tapered rapidly over 2 days : 6 mg q 6h, 6 mg q 12h then stopped
• Continued to have mild word finding difficulties and confusion over next 4 days but was ambulatory.
• Returned to neurologic baseline day 12

Clinical Case



Clinical Case Points

• Tocilizumab +/- corticosteroids can rapidly resolve most cases of CRS

• Neurotoxicity can occur after CRS is completely resolved

• Tocilizumab does not resolve severe neurotoxicity
• Corticosteroids are used for management of severe neurotoxicity although 

some cases resolve without them
• Other medical issues that may increase risk and/or interfere with 

assessment and management of CRS and neurotoxicity



CAR-T Toxicities Timeline

Adverse Events > Day 30
• Infections
• Cytopenias
• B cell aplasia

14 2870

CAR T cell expansion

Neurotoxicity

CRS

Days

CAR T cell infusion CRS Typical time to onset: 2-3 days
Neurotoxicity Typical time to onset: 4-10 days

Cytokine Release 
Syndrome

Neurological
Toxicity

Tumor cell death

Cytokine 
release

IL6—levels 
correlate with 
CRS
IFN-g
TNF-a
Among others



Common Toxicities of CAR T cells

Cytokine Release Syndrome

Fever
Hypotension
Capillary leak

Respiratory insufficiency
Coagulopathy/DIC

Hyperferritinemia/MAS
Multi-organ failure

Symptoms rapidly resolve with IL-6R blockade 

Neurotoxicity
Global encephalopathy

Aphasia
Tremor

Obtundation
Seizure, seizure-like activity

Hallucinations
(Rapid Onset Cerebral Edema)

“Immune Effector Cell Associated 
Neurotoxicity Syndrome (ICANS)*”

Severe symptoms do not resolve with IL-6R blockade 

*Lee and Santomasso et al. Biol Blood Marrow Transplant, Dec 2018



Treatment of CRS

• IL6 Inhibition
• Tocilizumab (IL6R blockade): Approved 

for management of CAR T induced 
CRS in the US and EU

• Corticosteroids
• Suppress inflammatory immune 

responses
• Dexamethasone 10 mg q 6h or 

methylprednisolone 1 mg/kg q 12h 
followed by rapid taper

Adapted from:

Maude SL et al. Cancer J 2014 (2): 119-122; Bonifat CL et al. Oncolytics 2016

Glucocorticoid
receptor

IL6

IL-6R

Prevention 
of JAK/STAT
signaling

Corticosteroid

Prevention 
of immune
activation

IL6R blockade



CRS and ICANS in CD19 CAR T cell Trials

1Park J, at al. N Engl J Med. 2018;378:449-459; 2Maude SL, et al. N Engl J Med. 2018;378:439-448; 3Turtle C et al. ASCO Annual Meeting 2017; 4Neelapu et al. N Engl J Med 2017 
377(26): 2531-2544; Locke et al. ASCO 2018; 6D’Angelo et al. SITC Annual Meeting 2017; 7Shuster et al. N Engl J Med 2019;380:45-56; 8Abramson, et al. ASCO 2018 (abstr
7505) * Intracerebral hemorrhage

CAR Product N Gr ≥3 CRS Gr ≥3 
ICANS

Fatal cerebral edema or Gr5 
ICANS?

19-28z (MSKCC Phase 1) 1 Adult B-ALL 53 26% 42% No

19-41BBz (CTL019-Upenn/CHOP) Peds B-ALL)2 Peds B-ALL 75 48% 15% Yes*

19-41BBz (JCAR017-FHRC)3 133 12% 21% Yes

B-ALL B-ALL 47 30% --

NHL NHL 62 13% --

CLL CLL 24 25% --

19-28z ZUMA-1 Kite Adult NHL4 Adult NHL 111 13% 28% No

SMS cohort 3 Adult NHL 38 3% 41% Yes

19-28z JCAR15 ROCKET Juno6 Adult B-ALL 38 21% 52% Yes

19-41BB JULIET Novartis7 Adult NHL 111 22% 12% No

19-41BB JCAR17 TRANSCEND Juno8 Adult NHL 114 1% 13% No

* Intracerebral hemorrhage
Commercial CAR Product CRS All Gr Gr≥3 CRS NTX All Gr Gr ≥3 NTX

Axicabtagene ciloleucel (Adults) 93% 23% 87% 31%

Tisagenlecleucel (Pediatrics/Young Adults) 77% 22% 58% 18%



Anti-BCMA CAR T-Cell Trials 
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Slide courtesy of Nina Shah, MD.

Company/Group Special Sauce N Safety Response PFS

bb2121 33 76% CRS (6% G3); 42% 
neurotoxicity (1pt (3%) G4)

85% ORR 11.8 mo

LEGEND2 57 90% CRS (7% ≥ G3); neurotoxicity 
1pt G1

88% ORR 15 mo

Bluebird BB21217 PIK inhibitor co-culture 12 67% CRS (8% G3), 25% 
neurotox (8% G4)

83% ORR, 25% CR, 4/4 
responders MRD neg

NA

JCARH125 Preselecting CD4/ CD8 
ratio

44 9% CRS wirh 1 G4, 7% neurotox 82% ORR, 27% CR NA

Fred Hutch FCARH143 1:1 ratio of 
CD4+:CD8+ cells

11, incl 8/11 
HR, 5/11 with 

prior allo
10/12 CRS, 0 G3 100% ORR, 4/11 CR NA

MCARH171 11 55% CRS, no G3, 9% 23 
neurotox

64% ORR NA

LCAR-B38M
Bi-epitope targeting of 
BCMA, also CD38 
targeting

57 90 % CRS (7% G4), 1% neurotox 88% ORR, 74% CR, 68% 
MRD neg

15 mo (24 for MRD-)

Jiangsu Institute of 
Hematology, Shanghai 
Unicar

Tandem CD19 and BCMA 
CAR infusion

10 100% CRS (0 G3), 0 neurotox 100% ORR, 70% CR, 60% 
MRD-

NA

Poseida P-BCMA-101
Centyrin (less 
immunogenic), higher 
TSCM proportion

23 (15) 10% CRS (0 G3), 5% neurotox 
(G3)

63% ORR, (100% at 
highest dose) NA

Wenzhou Medical 
University, Wenzhou, 
China/ CARsgen CT053

14 38% CRS, (7% G3) 100% ORR, 36% CR NA

HRAIN Biotechnology, 
Shanghai, China

20 45% CRS, (5% G3),  0 neurotox
(?1 G1 seizure)

85% ORR, 45% 15 mo



Factors Associated With Toxicity After 
CAR T-Cell Therapy

Host/Tumor Factors

• Type of malignancy (ALL > 
DLBCL>MM)

• Tumor burden
• Baseline inflammatory state
• Thrombocytopenia before 

lymphodepletion (ALL)

Therapy-Related Factors

• Lymphodepleting/conditioning therapy
• CAR T-cell dose
• Peak blood CAR T-cell levels
• CAR T-cell design (CD28 > 4-1BB)
• Early and peak levels of certain cytokines
• Endothelial activation
• Prior severe CRS à increased risk of 

severe ICANs

Maude SL, et al. N Engl J Med. 2014; Davila ML, et al. Sci Transl Med. 2014; Lee DW, et al. Lancet. 2015; Teachey DT, et al. Cancer Discov. 2016; Turtle CJ, et al. J Clin Invest. 2016; 
Turtle CJ, et al. Sci Transl Med. 2016; Gust J, et al. Cancer Discov. 2017;
Hay KA, et al. Blood. 2017; Neelapu SS, et al. N Engl J Med. 2017; Maude SL, et al. N Eng J Med. 2018; Park JH, et al. N Engl J Med. 2018; Santomasso BD, et al. Cancer Discov. 2018.

13



Kinetics and biomarkers of severe toxicity: Cytokine Levels and CAR expansion 

Hay KA, et al. Blood. 2017, 130:2295; Park JH, et al. N Engl J Med. 2018; 378: 449; Neelapu SS, et al. NEJM 2017; 377:2531

Multiple cytokines elevations are associated with 
severe CRS

CRS
CAR T cell expansion is associated with ORR and 

severe neurotoxicity, but not severe CRS

ICANS



Earlier fever onset with higher temperature and longer 
duration is associated with severe CRS and ICANS

CRS
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ZUMA-1 Predictors: Baseline Tumor Burden
Efficacy and Safety

16

CRS, cytokine release syndrome; Q, quartile; SPD, sum of product diameters.
Locke FL, et al. J Clin Oncol. 2018;36(suppl, abstr):3039.
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MSK Phase 1 19-28z CAR for R/R B-ALL
Efficacy and Safety

*Disease burden determined bone marrow biopsy prior to lymphodepletion and CAR; Low disease ≤ 5% bone marrow blasts                                                
Park JH, et al. N Engl J Med. 2018 378(5): 449-459

*



Need for Harmonization of CRS & Neurotoxicity Grading

• Variation in grading and assessment of CAR T toxicities across clinical trials and different 
institutions: Leads to difficulties in safety comparisons of different products

• Hinders the ability to develop optimal strategies for management
• Examples of different grading systems used: CTCAE, Lee criteria, UPenn criteria, 

MSKCC grading, CARTOX

• Goals:
• New definitions that are objective, easy to use, reproducible, and accurate for 

immune effector cell (IEC) therapy
• Easy to use by all healthcare providers involved in patient care
• Allow rapid and dynamic assessment
• Building block for developing management strategies
• To be used for CAR T cells and all other IEC across clinical trials and after approval in 

the clinical setting   



ASTCT Workshop
June 20-21, 2018
Washington, DC

ASTCT: American Society for Transplantation and Cellular Therapy 



ASTCT Consensus Grading for Cytokine Release Syndrome 
Associated With Immune Effector Cells 
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Lee DW and Santomasso BD, et al. Biol Blood Marrow Transplant. 2019;25:625-638.

ASTCT: American Society for Transplantation and Cellular Therapy from those requiring more aggressive assistance. This was done
in part out of concern that intervening with anticytokine therapy
such as tocilizumab, as well as early, prolonged, or high-dose cor-
ticosteroids, would abrogate the antitumor response. Although
prospective clinical trials evaluating the timing of intervention
are lacking, retrospective analyses suggest that this is not the
case, at least when such therapies are implemented after CRS is
well under way [2,21]. How the use of preemptive or prophylac-
tic tocilizumab or corticosteroids affect the antitumor response
or alter the natural history of other immune effector cell-associ-
ated toxicities, such as neurotoxicity, remains an open question
that merits further exploration in well-controlled studies.

The trend in many groups has been to move toward the use
of anticytokine therapy earlier in the development of severe
CRS rather than later. For example, many investigators will
administer tocilizumab with any vasopressor requirement,
even low-dose, or with a significant oxygen requirement, rep-
resenting a shift in the treatment algorithm initially proposed
by Lee et al [12,14], as well as much of the early Penn experi-
ence. In general, we agree with this approach because it ini-
tiates CRS management earlier, allowing for earlier resolution
while still preserving efficacy. We also differentiate this prac-
tice shift from the prophylactic or preemptive use of tocilizu-
mab, which remains experimental. Nonetheless, the goal of the
work was to define a grading system, and the group clearly
recognized the reality of and need for variations in practice in
initiating and escalating CRS treatment.

Despite this shift toward earlier intervention, we recognize
there is a distinct difference between patients requiring low-
dose vasopressor or minimal oxygen supplementation and
those who require more aggressive interventions. We sought to
capture this difference in our CRS grading scheme, because sig-
nificantly less resources are needed to support the former com-
pared with the latter. Our scheme is also aligned with the
general concept in the CTCAE that toxicities requiring specific
intervention (eg, anticytokine therapy) meet the criteria for
grade 3 at least. However, it is important to recognize that fever
might not always be present concurrently with hypotension or
hypoxia because it may be masked by such interventions as
antipyretics, anticytokine therapy, and/or corticosteroids,
whereas hypotension and hypoxia may take longer to resolve.

Grade 3 CRS
We define grade 3 CRS as fever (!38.0°C) with hypotension

requiring 1 vasopressor with or without vasopressin and/or
hypoxia requiring high-flow nasal cannula (>6 L/minute), face-
mask, nonrebreather mask, or venturi mask not attributable to

any other cause. Several key features of these criteria merit
discussion.

The Lee and Penn criteria relied on established definitions of
low-dose versus high-dose vasopressor use in defining lower-
grade versus higher-grade CRS [14,17]. Although these defini-
tions are well accepted in the critical care literature, they are
cumbersome in practice when assigning or auditing CRS grade.
The MSKCC criteria used duration of any vasopressor dose for
less than or greater than 24 hours as differentiating between
grades 2 and 3 CRS [16]; however, that arbitrary time point
might not accurately distinguish patients requiring minimal
versus significant critical care support. As a result, and owing to
real differences in severity between patients requiring 1 vaso-
pressor versus 2 or more vasopressors, we use this distinction
(1 versus !2 vasopressors) in our proposed grading system.

Many critical care practitioners administer vasopressin
simultaneously with any dose of norepinephrine to capitalize on
its vasoconstrictive effects in an effort to mitigate capillary leak
and minimize norepinephrine dose requirements. The use of
vasopressin in this setting is not in response to escalating toxic-
ity, so our grading scheme is agnostic to its use. There was also
discussion regarding the inotrope milrinone, which is often used
to aid in contractility and does not escalate the grade of CRS.

Although previous versions of CRS grading relied on captur-
ing the FiO2 value required to maintain normoxia, this data
point can fluctuate from hour to hour, making interpretation
and auditing data difficult. To remedy this problem, we elected
to separate grade of CRS due to hypoxia by the device used to
deliver oxygen; for example, a simple, low-flow nasal cannula
("6 L/minute) is considered grade 2, whereas high-flow devi-
ces are grade 3. This distinction serves as a surrogate for the
severity of oxygenation deficit.

What constitutes hypoxia—or, more accurately, what
oxygen saturation is sufficiently low or what clinical signs
are sufficient to warrant supplemental oxygen—varies
widely across centers, among nursing practice, and accord-
ing to patient age. Normalizing all centers to a single set of
criteria is an exceedingly difficult task. For similar reasons,
we cannot dictate criteria for which supplemental oxygen
is no longer needed in all situations. Therefore, we allow
practitioner discretion and recommend that grading be
determined by the minimal oxygen delivery device
required to correct the perceived deficit(s).

Grade 4 CRS
We define grade 4 CRS as fever (!38.0°C) with hypotension

requiring multiple vasopressors (excluding vasopressin) and/

Table 2
ASTCT CRS Consensus Grading

CRS Parameter Grade 1 Grade 2 Grade 3 Grade 4

Fever* Temperature !38°C Temperature !38°C Temperature !38°C Temperature !38°C

With

Hypotension None Not requiring
vasopressors

Requiring a vasopressor with or
without vasopressin

Requiring multiple vasopressors
(excluding vasopressin)

And/ory

Hypoxia None Requiring low-flow
nasal cannulaz or
blow-by

Requiring high-flow nasal can-
nulaz, facemask, nonrebreather
mask, or Venturi mask

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

Organ toxicities associated with CRS may be graded according to CTCAE v5.0 but they do not influence CRS grading.
* Fever is defined as temperature !38°C not attributable to any other cause. In patients who have CRS then receive antipyretic or anticytokine therapy such as toci-

lizumab or steroids, fever is no longer required to grade subsequent CRS severity. In this case, CRS grading is driven by hypotension and/or hypoxia.
y 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.
z 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.

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



Neurologic and psychiatric adverse reactions reported with FDA-approved 
CAR T products 

Tisagenlecleucel

Headache: incl. migraine

Encephalopathy: incl. cognitive disorder, confusional state, 
depressed level of consciousness, disturbance in attention, 
lethargy, mental status changes, somnolence, and automatism

Delirium: incl. agitation, hallucination, hallucination visual, 
irritability, restlessness

Anxiety

Sleep disorder: incl. insomnia, and nightmare

Axicabtagene ciloleucel
Encephalopathy: incl. cognitive disorder, confusional state, 
depressed level of consciousness, disturbance in attention, 
hypersomnia, leukoencephalopathy, memory impairment, mental 
status changes, paranoia, somnolence, stupor
Headache
Tremor
Dizziness: incl. dizziness, presyncope, syncope
Aphasia: incl. aphasia, dysphasia
Delirium: incl. agitation, delirium, delusion, disorientation, 
hallucination, hyperactivity, irritability, restlessness
Motor dysfunction: incl. muscle spasms, Muscular weakness  
Ataxia
Seizure 
Dyscalculia
Myoclonus



CTCAE v4.03 Grading of Neurotoxicity terms
Many terms and grading subjective and relying on ADL

Symptom/Sign Grade 1 Grade 2 Grade 3 Grade 4

Level of 
consciousness

Mild drowsiness / 
sleepiness

Moderate somnolence, limiting 
instrumental ADL

Obtundation or stupor Life-threatening needing urgent 
intervention/ mechanical 
ventilation

Orientation / 
Confusion

Mild disorientation / 
confusion

Moderate disorientation, 
limiting instrumental ADL

Severe disorientation, limiting self-
care ADL

Life-threatening needing urgent 
intervention/ mechanical 
ventilation

Encephalopathy Mild limiting of ADL Limiting instrumental ADL Limiting self-care ADL Life-threatening needing urgent 
intervention/ mechanical 
ventilation

Speech Dysphasia not impairing 
ability to communicate

Dysphasia with moderate 
impairment in ability to 
communicate spontaneously

Severe receptive or expressive 
dysphasia, impairing ability to read, 
write or communicate

-

Seizure Brief partial seizure; no 
loss of consciousness

Brief generalized seizure Multiple seizures despite medical 
intervention

Life-threatening; prolonged 
repetitive seizures

Tremors Mild symptoms Moderate symptoms; limiting 
instrumental ADL

Severe symptoms; limiting self-care 
ADL

-

Motor weakness Symptomatic; perceived 
by patient but not evident 
on physical exam

Symptomatic; evident on 
physical exam; limiting 
instrumental ADL

Limiting self-care ADL, disabling -

Bowel or bladder 
incontinence

- - Intervention indicated; limiting self 
care ADL

-

Cerebral edema - - - Life-threatening; urgent 
intervention indicated



ASTCT Consensus Encephalopathy Assessment Tool

Immune-Effector Cell-Associated Encephalopathy 
(ICE) Tool

• Orientation: Orientation to year, month, city, hospital: 
4 points 

• Naming: Name 3 objects (e.g., point to clock, pen, 
button): 3 points 

• Following commands: (e.g., Show me 2 fingers or 
Close your eyes and stick out your tongue): 1 point

• Writing: Ability to write a standard sentence (e.g., Our 
national bird is the bald eagle): 1 point 

• Attention: Count backwards from 100 by ten: 1 point

Lee et al. Biol Blood Marrow Transplant, Dec 2018

Score 10: No impairment

First symptoms: verbal 
perseveration, expressive 
aphasia, especially difficulty 
naming, stuttering speech, 
headache

Expressive aphasia is the 
most characteristic feature of 
sNTX 21/22 patients
First severe symptom in 
19/22 patients 

Santomasso et al. 
Cancer Discovery 2018

Encephalopathy assessment for children <12 is performed using CAPD Pediatric delirium scale



ASTCT Consensus Grading for Neurologic Toxicity Associated 
With Immune Effector Cells 
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Lee DW and Santomasso BD, et al. Biol Blood Marrow Transplant. 2019;25:625-638.

here termed the Immune Effector Cell-Associated Encephalop-
athy (ICE) score, to provide objectivity for the grading of multi-
ple overlapping encephalopathy terms currently included in
the approved CAR T products (Table 3). The updated encepha-
lopathy screening tool (Table 5) includes an element for assess-
ing the receptive aphasia seen in these patients. The total
number of points, ease of administration, and categorization of
scores remain the same as in the original CARTOX-10 [12]. It is
important to note that the 10-point ICE screening tool is help-
ful for assessing patients for encephalopathy; however, the
grading of ICANS requires assessment of the 10-point ICE score
as well as evaluation of other neurologic domains, such as level
of consciousness, motor symptoms, seizures, and signs of ele-
vated ICP/cerebral edema, which may occur with or without
encephalopathy.

In contrast to CTCAE v4.03, in which a generalized seizure
was considered grade 2, our consensus guidelines are more
aligned with CTCAE v5.0, which considers a new seizure of any
type as grade 3 and any life-threatening seizure as grade 4.
Compared with the original CARTOX CRES grading and CTCAE

v5.0, the new consensus grading has been simplified so that a
single clinical or subclinical electrographic seizure of any type
is grade 3 and prolonged or repetitive clinical or subclinical
electrographic seizures without a return to baseline in
between are grade 4 (Table 6). Patients may have electroen-
cephalography changes, such as generalized or frontal slowing
or frontal intermittent rhythmic delta activity, which should
not be considered seizures.

We have also modified the criteria for assessment of ele-
vated ICP to improve the ease of grading compared with the
CARTOX CRES grading system by reducing cerebrospinal fluid
opening pressure and the requirement to grade papilledema
on the modified Fris!en scale [35] (Table 6). This does not
negate the importance of making a clinical assessment to
determine the presence of elevated ICP, but acknowledges that
other signs and symptoms, including simply the presence or
absence of papilledema taken in conjunction with depressed
level of consciousness, can be used to make this assessment.
We have highlighted the importance of evaluating level of con-
sciousness by making it a more detailed factor in the grading.

Table 5
Encephalopathy Assessment Tools for Grading of ICANS

CARTOX-10 [12] ICE

! Orientation: orientation to year, month, city, hospital,
president/prime minister of country of residence: 5 points

! Naming: ability to name 3 objects (eg, point to clock, pen,
button): 3 points

!Writing: ability to write a standard sentence (eg, “Our national
bird is the bald eagle”): 1 point

! Attention: ability to count backwards from 100 by 10: 1 point

! Orientation: orientation to year, month, city, hospital: 4 points

! Naming: ability to name 3 objects (eg, point to clock, pen, button): 3 points

! Following commands: ability to follow simple commands (eg, “Showme 2
fingers” or “Close your eyes and stick out your tongue”): 1 point

!Writing: ability to write a standard sentence (eg, “Our national bird is the
bald eagle”): 1 point

! Attention: ability to count backwards from 100 by 10: 1 point

CARTOX-10 (left column) has been updated to the ICE tool (right column). ICE adds a command-following assessment in place of 1 of the CARTOX-10 orientation
questions. The scoring system remains the same.
Scoring: 10, no impairment;
7-9, grade 1 ICANS;
3-6, grade 2 ICANS;
0-2, grade 3 ICANS;
0 due to patient unarousable and unable to perform ICE assessment, grade 4 ICANS.

Table 6
ASTCT ICANS Consensus Grading for Adults

Neurotoxicity
Domain

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 consciousnessy

Awakens
spontaneously

Awakens to
voice

Awakens only 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 gen-
eralized 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 findingsz 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
neuroimagingx

Diffuse cerebral edema on neuroimaging; decere-
brate 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.
y Depressed level of consciousness should be attributable to no other cause (eg, no sedating medication).
z Tremors and myoclonus associated with immune effector cell therapies may be graded according to CTCAE v5.0, but they do not influence ICANS grading.
x 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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Early toxicity grading systems vs. ASTCT grading

1Neelapu SS et al. Nat Rev Clin Oncol 2018 15(1): 47-62;  Lee DW and Santomasso BD et al. Biol Blood Marrow Transplant 2018

CTCAE Grading CARTOX 1 ASTCT Grading2

Multiple AE terms used CARTOX 10 (ASTCT ICE score builds 
on this)

Five neurotoxicity domains – ICE score, 
level of consciousness, seizures, motor 
weakness, signs of raised ICP/cerebral 
edema

Grade based on subjective terms or  
assessment of ADLs (instrumental
or self-care)

ADLs not taken into account

Grading subjective (mild, moderate, 
severe)

Relies on LP opening pressure and 
papilledema for grading. May be 
unreliable

Grading objective based on ICE score and 
other objective criteria

Seizures can be grade 1-4 Seizures are either grades 3 or 4

Electrical seizures are not 
considered Electrical seizures are considered

Motor weakness can be grades 1-3 Motor weakness is grade 4



Management of CRS—NCCN Guidelines
NCCN: National Comprehensive Cancer Network



Management of ICANS—NCCN Guidelines
• Baseline exam, CAR “team” follows, neurologic assessment to include ICE and motor exam q shift
• MRI brain (or brain CT if MRI not feasible) for ≥ grade 2 ICANS
• Neurologic consultation at first sign of ICANS
• EEG for ≥ grade 2 ICANS to evaluate for seizures
• Consider LP for ≥ grade 2 ICANS 
• Aspiration precautions, IV medications
• Caution when prescribing medications that can cause central nervous system (CNS) depression (aside from those needed for seizure

prophylaxis/treatment)



Management of CRS and ICANS
• Baseline exam, CAR “team” follows, encephalopathy (ICE) screening q shift
• General Principal: Tocilizumab for CRS, corticosteroids for ICANS
• Cytokine Intervention trials: IL1RA (Anakinra), direct IL6 blockade (Siltuximab), GM-

CSF neutralization
• Prophylactic anti-seizure medication for CAR T known to be associated with 

associated with ICANS
• Try to avoid medications with toxic central effects in the setting of blood-CSF barrier 

dysfunction



Conclusions
• CAR T therapy is associated with unique acute toxicities that require vigilant monitoring, 

aggressive supportive care, and specialized management.

• Know your product and patient.

• New consensus guidelines for grading will facilitate the safe administration of CAR T cells 
by providing a framework for developing best management strategies including 
prophylactic/early intervention.

• CRS and ICANS can be ameliorated by prompt and correct use of anti-IL6 and steroid 
therapy and supportive care

• Further refinements on management should be guided by insights into the pathophysiology 
of these toxicities. 


