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Grading and Management of Toxicities in Chimeric

Antigen Receptor T Cell Therapy
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Abstract ; Chimeric antigen receptor T cell (CAR-T) therapy is a rapidly developed method of adop-
tive cancer immunotherapy in recent years,which can be used to treat a variety of malignant diseases.
In addition, there are also TCR-gene therapy,CAR-NK cell therapy, TCR-T cell immunotherapy
and other methods. CAR-T therapy has three unique adverse events,namely cytokine release syn-
drome(CRS),CAR-T related encephalopathy syndrome(CRES),and fulminant hemophagocytic lym-

phohistiocytosis/macrophage activation syndrome (HLH/MAS). Most of these toxicities can be con-
trolled ,but some of them are also fatal , therefore ,recognition and treatment of toxic events is very
important. In this article the grading and management of toxic events induced by CAR-T im-
munotherapy are reviewed.
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Table 1 Grading of cytokine-release syndrome (CRS)!
CRS grade 1 CRS grade 2 CRS grade 3

Symptoms or signs of CRS CRS grade 4

Vital signs
Temperature =38°C(fever) Yes Any Any Any

Responds to IV fluids or Needs high-dose or
low-dose vasopressors multiple vasopressors”

Systolic blood pressure <90mmHg No
(hypotension)

Life-threatening

Needing oxygen for Sa0,>90%(hypoxia) No Fi0O, <40% FiO, =40% Needing ventilator
support
Organ toxicities”
Cardiac:tachycardia , arrhythmias , heart Grade 1 Grade 2 Grade 3 or grade 4 Grade 4 except

block,low ejection fraction transaminitis grade 4 transaminitis

Respiratory:tachypnoea,pleural  effusion,

pulmonary oedema

Gl:nausea, vomiting, diarrhoea
Hepatic:increased serum  ALT,AST or
bilirubin levels

Renal:acute kidney injury (increased serum
creatinine levels) decreased urine output
Dermatological:rash (less common)
Coagulopathy:disseminated ~ intravascular
coagulation(less common)

Note : CRS: cytokine-release syndrome; IV :intravenous; Sa0,: arterial oxygen saturation;FiO,:fraction of inspired oxygen;GI:gastrointestinal ; ALT :ala-
nine aminotrans ferase; AST:aspartate aminotransferase ; * : high-dose vasopressors are defined as any of the following:noradrenaline =20pg/min;
dopamine =10pgkg/min;phenylephrine =200pg/min;adrenaline =10g/min;if on vasopressin,vasopressin plus noradrenaline equivalent of =10g/min;
and if on combination vasopressors (not including vasopressin),noradrenaline equivalent of =20pg/min. The noradrenaline equivalent dose is calcu-
lated using the VASST trial ' vasopressor equivalent equation: [noradrenaline (pg/minute) ] +[ dopamine (ug/kg/minute)/2]+[adrenaline (pg/minute) ]+
[phenylephrine(pg/minute)/10 ] ;#: Grading of organ toxicities is performed according to Common Terminology Criteria for Adverse Events,version 4.03%”.
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Table 2 Grading of CAR-T-cell-related encephalopathy syndrome (CRES)®2

Grade 1 Grade 2

Symptoms or signs

Grade 3

Grade 4

Neurological assessment 7~9 (mild 3~6 (moderate

score(by CARTOX-10?)  impairment) impairment)
Raised intracranial NA NA
pressure

Seizures or motor NA NA
weakness

0~2 (severe impairment)

Stage 1~2 papilloedema” or CSF
opening pressure<20mmHg

Partial seizure, or non-convulsive
seizures on EEG with response to
benzodiazepine

Patient in critical condition, and/or
obtunded and can not perform as-
sessment of tasks

Stage 3 ~5 papilloedema’ or CSF
opening pressure =20mmHg, or
cerebral oedema

Partial seizure, or non-convulsive

seizures on EEG with response to
benzodiazepine

Note : CAR : chimeric antigen receptor; CARTOX-10: CAR-T-cell-therapy-associated toxicity 10-point neurological assessment CSF,cerebrospinal fluid;
EEG :electroencephalogram ; NA :not applicable;3:In the CARTOX-10,0ne point is assigned for each of the following tasks that is performed correctly
(normal cognitive function is defined by an overall score of 10):orientation to year, month,city, hospital and President/Prime Minister of country of res-

idence (total of 5 points);name three objects

for example, point to clock,pen,button (maximum of 3 points);write a standard sentence, for exam-

ple, ‘our national bird is the bald eagle’ (1-point);count backwards from 100 in tens (1 point);<y:Papilloedema grading is performed according to the

modified Frisén scale.
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