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Major Adverse Syndromes

Cytokine Release Syndrome 
(CRS)

Most common toxicity. Incidence
>50% (higher in pediatrics). Onset
days 1–14, median day 3. Fever,
hypotension, hypoxia.

Immune effector cell
associated   syndrome (ICANS)

Immune effector cell–associated
neurotoxicity. Incidence 20–40%;
severe in ~10%. Onset median day
4, up to 14 days.

Delayed-onset 
neurological syndromes

Neurological syndromes specific 
to single CAR T-cell types, such as 
movement and cerebellar 
toxicities reported with BCMA and 
GPRC5D-targeted therapies

Tumor inflammation-associated neurotoxicity
TIAN is a focal neurotoxicity arising in patients with CNS 
tumors treated with CAR T-cells Unlike ICANS, it is driven 
by local inflammation. TIAN is thus related to on-target 
on-tumor effects.



• Neurotoxicity affects 37.5–77% of anti CD19 CAR-T cell patients, with high-grade (grade 3–4)
events occurring in 31% and very rare deaths reported.

• ICANS appears more frequently with CAR constructs incorporating the CD28 costimulatory
domain, such as axi-cel or brexu-cel, compared to those with a 4-1BB domain, such as tisa-cel or
liso-cel

• Neurotoxicity associated with BCMA-targeted CAR T-cell therapies in multiple myeloma is less
frequent, occurring in approximately 21% of patients treated with app roved products



• Cognitive impairments, observed in nearly all affected individuals, and 
nonpyramidal motor symptoms, which occur in roughly 40% of cases. 

• Cognitive disturbances are often severe (36%) and may include 
aphasia, agraphia, executive dysfunction, cognitive slowing, apraxia, 
disorientation, agitation, dyscalculia, hemineglect, hallucinations, and 
confusional states, either in isolation or in various combinations . 

• Nonpyramidal motor signs such as tremor, myoclonus,or dyskinesia 
are commonly observed and can help support the diagnosis

• Seizures are reported in 1–4% of patients,but might sometimes be
related to alternative causes, such as disease relapse, central nervous
system infections, or the use of high-dose antibiotics.

Neurological symptoms and signs



B cell maturation antigen (BCMA)-targeted CAR-T cell therapies, used in
multiple myeloma patients. It usually occurs after CRS and ICANS, with a median
onset of 36 days postinfusion (range 14–914 days).
Patients may develop irreversible movement disorders, cognitive deficits,
personality changes, or combinations of them. Neurological examination can
find tremor, cogwheel rigidity, micrographia, apathy, impaired attention and
memory, hypophonia, gait disturbances, and reduced facial expressivity
As BCMA is expressed in the basal ganglia, the pathogenesis of this complication
might be related to an off- tumor on-target effect

GPRC5D-directed CAR-T cell therapies: cerebellar toxicity including dysarthria, 
ataxia, nystagmus and vertigo, with symptoms appearing at a median of 93days 
(range 15–170 days) after treatment. As GPRC5D expression has been reported 
in the inferior olivary nucleus an on-target off-tumor effect is likely.

Delayed-onset neurological syndroms



Immune effector cell-associated encephalopathy (ICE) scoring
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ICANS Grading
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Key Take home messages
1 High index of suspicion

Any patient with hematologic malignancy and recent CAR-T history 

presenting with fever, hypotension, or altered mental status.

2 Diagnoses of exclusion

Rule out sepsis and meningitis first. CRS/ICANS symptoms overlap 

significantly with infection.

3 Grade to guide treatment

Grading determines intervention level. Delayed tocilizumab or steroids can 

be detrimental.

4 Collaborate early

Involve hematology/oncology immediately. Transfer to CAR-T–certified 

center if needed.



CRS: Grading & Incidence

CRS incidence varies by product: tisagenlecleucel (B-ALL) 77% any grade; axicabtagene ciloleucel (DLBCL) 93%. Higher 
disease burden at infusion increases CRS risk. Early management prevents high-grade progression.


