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CAR-T cells 

Safety considerations 



Overview 

• Assessment and management of toxicity  

 

• Challenges and implications for critical care  
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Complications of CAR-T therapy 

• Cytokine release syndrome (CRS)  

 

• CAR T cell related encephalopathy syndrome (CRES) 

 

• HLH/MAS 

 

• Infections secondary to lymphodepletion and B-cell 
aplasia 

 



3 step approach  



Cytokine release syndrome (CRS) 

• Occurs in 20-40% of CAR treated patients 

 

• Typically within the first week post infusion  

 

• Severity related to disease burden 

 

• Grossly elevated serum cytokines 

 



Day    3      5  7  9  11 

post CAR infusion           





Grading CRS  
Symptom or sign of CRS CRS grade 1* CRS grade 2‡  CRS grade 3‡ CRS grade 4‡ 

Vital signs 

Temperature 38C (fever) Yes Any Any Any 

Systolic blood pressure <90mmHg (hypotension) No Responds to IV fluids or low-dose 
vasopressors 

Needs high-dose  
or multiple vasopressors§  

Life-threatening 
  

Needing oxygen for SaO2 >90% (hypoxia)  
  

No FiO2 <40% FiO240% Needing ventilator support 

Organ toxicities 

 Cardiac: tachycardia, arrhythmias, heart block, low 
ejection fraction 

 Respiratory: tachypnoea, pleural effusion, pulmonary 
oedema  

 GI: nausea, vomiting, diarrhea 
 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)  

Grade 1 
Organ toxicities  

as per  
CTCAE v4.03 

Grade 2 
Organ toxicities  

as per  
CTCAE v4.03 

Grade 3 
Organ toxicities  

as per  
CTCAE v4.03  

or  
grade 4 transaminitis 

  

Grade 4 
Organ toxicities 

as per 
CTCAE v4.03 

except  
grade 4 transaminitis 

  





Management CRS Grade 1  

• Supportive care, analgesia, antipyretics 

 

• Maintain intravenous fluids  

 

• Treat for neutropenic infections  

 

• ECG and echo 

 

 



Management CRS Grade 2  

• Intravenous fluids 

 

• Tocilizumab early (repeat dose)  

 

• Low dose vasopressor SBP >90mmHg  

 

• Low dose oxygen   

 

• Transfer ICU  

 

 

 



Management CRS Grade 3  

• Tocilizumab  

 

• Steroids (dexamethasone 10mg IV 6 hrly) 

 

• Organ support 

 

• Consider infliximab (anti-TNF) and rituximab  

 

 

 



Management CRS Grade 4  

• Tocilizumab  

 

• High dose steroids (methylprednisolone 1g/day) 

 

• Rituximab (RQR8 ‘off switch’) 

 

 

 



Noradrenaline 

0930 Tocilizumab 1200 Tocilizumab 
CPAP 

Dialysis Dex x2 
Amiodarone 

Cardiac arrest 0700 



Tocilizumab  





Neurotoxicity CRES  

• Occurs in 30-40% of patients 

• Biphasic presentation 

• Confusion, delirium, aphasia, seizures, coma 

• Pathogenesis 

– Cytokine mediated 

– CAR T-cell infiltration in brain 

– ? Cross reactivity of CD19 CAR against brain tissue 



Grading CRES  

Sign or 

Symptom 
Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 

CARTOX  
10  

score 

10 
Normal  

cognitive function 

7 - 9  
mild impairment 

3 - 6  
moderate 

impairment 

0 - 2 
severe  

impairment 

In critical condition  
and/or  

cannot perform assessment 

Raised 
intracranial 

pressure 
NA NA NA 

Stage 1 - 2 papilloedema  
or CSF opening pressure   

<20 mmHg 

Stage 3 - 5 papilloedema or  
CSF opening pressure ≥20 mmHg or cerebral 

oedema 

Seizures 
or 

motor 
weakness 

NA NA NA 
Partial seizure or nonconvulsive seizures on 

EEG that responds to benzodiazepines 

Generalized seizures, or convulsive or 
nonconvulsive status epilepticus or new 

development of motor weakness 





Management CRES Grade 1  

• Neurology assessment  

 

• Fundoscopy, CT, MRI, lumbar puncture, EEG 

 

• Consider tocilizumab if concurrent CRS  

 

 



Management CRES Grade 2  

• Tocilizumab if concurrent CRS  

 

• Steroids if refractory to tocilizumab or neurotoxicity 
without concurrent CRS 

 

• Transfer ICU 

 



Management CRES Grade 3  

• Tocilizumab if concurrent CRS  

 

• Steroids if refractory to tocilizumab or neurotoxicity 
without concurrent CRS 

 

• Treat cerebral odema  

 

• Repeat CT/MRI 

 

• Consider rituximab  

 



Management CRES Grade 4  

• High dose steroids 

 

• Rituximab 

 

• Treat cerebral odema and seizures 

 

• Consider cyclophosphamide or anti-IL1 antibody  

 

 



General supportive  care 

• Regular monitoring: vital signs 4hrly 

 

• Daily bloods, weight, fluid balance  

 

• CRS grade twice a day 

 

• CARTOX-10 score 8 hrly  



Patient follow up 

• Patients stay within close proximity 

 

• Complete daily screening for signs and symptoms of 
toxicity  



Logistical challenges of CAR-T therapy 

• Need individuals with experience and understanding 
of CAR T therapy 

• Close interaction haematology, ICU and neurology 

• Established protocols  

• Rapid access to Tocilizumab  

 

• Expect the unexpected ! 





ICU training  

• Cascade training (outreach staff) 

 

• Recognition and grading of toxicity  

 

• Management protocols (tocilizumab)  

 

 

 

 



ICU readiness  

• ICU 22 beds 

• MDT 

– pharmacy 

– physio  

– Microbiology 

– Outreach 

 

 

• ICU CAR-T cell lead 

 

 

 

 

 

 

• 24 hour on-call service 

• Neurology review 
patient within few 
hours if neurotoxicity 
suspected  

• Mobile EEG performed 
within 24 hours if 
required 

 

• Neurology CAR-T cell 
lead 

 

 



ICU capacity considerations   

• Estimating 15 patients in first year 

 

• 20% complications needing ICU  

 

• Length of stay 3-4 days in ICU 

 

• Projected 12 bed days per annum (8030 bed days/yr) 

 

• Future business case planning 

 

 

 

 

 

 



Summary  

• 3 stepped approach is key  

 

• Early intervention with tocilizumab 

 

• Multidisciplinary team approach  

 

• Education for patients and families  


