
Cytokine Release Syndrome

Chiara Bonini
Università Vita-Salute San Raffaele

San Raffaele Scientific Institute, Milano



• Research Contract with Intellia Therapeutics
• Member of Advisory Boards/Consultant/Speaker:

Molmed, Intellia, TxCell, Novartis, GSK, Allogene, 
Kite/Gilead, Miltenyi, Kiadis

• Patents (Adoptive T cell therapy field)

Conflicts of Interest



CAR-T cells from bench to bedside

3

Approved: August 22, 2018

Approved: August 23, 2018



CAR-T cells for heme tumors
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CD44v6
Keratinocytes
Monocytes
Epithelial cancers
Blood cancers

Hyaluronic acid, osteopontin, avb3, homotypic?

CD44s
Ubiquitous

Cancer-stem cell antigen?
CD44v6 correlates with AML prognosis (Legras, Blood 1998)
CD44v6 correlates with MM prognosis (Liebisch, Blood 2005)
CD44 mAb eradicates LSCs (Jin et al, Nat Med 2006)
CD44 -/- HSC resist leukemogenesis (Krause, Nat Med 2006)

CAR-T cells against CD44v6
Cytotoxicity mediated by CD44v6-CART cells

Casucci, Blood 2013
Casucci, Frontiers in Imm. 2017
Norelli, Nat. Med. 2018



A phase I/IIa clinical trial of anti-CD44v6 
CAR-TK cells (EURE-CART)

Participating centers:
San Raffaele, Milano (A Bondanza, C Bonini F Ciceri)
Wurzburg University (H Einsele)
Ospedale Pediatrico Bambino Gesù, Roma (F Locatelli)
Sant Pau Hospital, Barcelona (J Sierra)
University Hospital Ostrava (R Hajek)

CAR T manufacturing: Molmed Spa
Clinical trial management: MolMed & ACROmion Gmbh, Frechen
Project management: ARTTIC, Paris
Funding H2020 EURE-CART

Clinical trial started in 2019

CD44v6 CAR
Antitumor effects in AML and MM

Selection and in vivo tracking 
of CAR T cells by anti-∆LNGFR mAb

TK suicide gene
Reversal of skin toxicity

LTR LTRHSV-TK mut2 CAR CD44v6∆NSV



CAR-T cell therapy “challenges”
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CAR-T cell safety concerns

8Casucci M. et al, Cancer Immunol Immunother, 2015 



Kinetics of AEs associated with CAR T cell therapy

1. Lee DW, et al. Blood 2014; 124:188–195. 2. Yescarta SmPC (May 2019; available at www.ema.europa.eu).

CAR T cell 
infusion

Days after infusion
0 7 14 28

Median onset, Day 2

CRS coincides with maximal T cell expansion
CRS may occur within minutes but more typically within days

Median resolution, Day 9

CRS: median duration 
is 7 days 

Neurological events: median duration 
is 13 days 

Median resolution, Day 18Median onset, Day 5

Neurological events are generally reversible in most patients; cases 
of long-term symptoms are rare
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Cytokine Release Syndrome
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Clinical syndrome resulting from generalized immune activation

Median onset: 2 days after CART cells infusion.

CRS incidence and severity varies according to:
o CAR construct

à earlier onset with CD28 than 41BB costimulation
o CAR-T cell manufacturing
o Diagnosis
o Eligibility criteria

Observed with:
o CD19 
o CD22
o BCMA CARs



Efficacy and toxicity of CAR-
CD19 for DLBCL
TRIAL Zuma-1 Juliet Transcend full
Product Axi-cel CTL19 JCAR017
OR% 82 52 80
CR% 54 40 59
CRS% 93 58 39
Grade 3+ CRS% 13 22 1
NT% 64 21 25
Grade 3+ NT% 28 12 15

bb2121 in MM
b2121
85
45

42
3

76
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Kinetic of CAR T cell expansion and persistence

Davis KL & Mackall CL. Blood Adv 2016; 1:265–269.

Time ~6–12 months
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CRS is an inflammatory response caused by 
overactivation of immune-effector cells

ATG: anti-thymocyte globulin; BiTE: Bi-specific T cell engager; IFN: interferon; TNF: tumour necrosis factor Shimabukuro-Vornhagen A, et al. J Immunother Cancer 2018; 6:56.
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CRS initiating cascade
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Ronney C. and Sauer T., Nat Med, 2018 



CRS pathophysiology
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Massive systemic inflammatory cytokine release by both infused T cells 
and bystander immune cells (Monocytes/macrophages)

CRS is associated with factors inducing increased CAR-T cell activation and 
expansion

à High disease burden
à High CAR-T cell dose
à Addition of fludarabine to cyclophosphamide lymphodepletion
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à IL-1 preceeding IL-6 and NO production 
à Vasodilatation and hypotension
à Endothelial activation à release of VWF and Angiopoietin 2

à Hemodynamic instability
Capillary leak
Consumptive coagulopathy 

CRS pathophysiology
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Signs and symptoms

• Fever (first hallmark)
à earlier in CD28 rather than 41-BB CARs (1-2 weeks delay)
à 1-2 days when most severe CRS occurs

• Myalgias
• Fatigue
à CRS resolution typically by 2 to 3 weeks

Hay AK, Blood, 2017

The cytokine release syndrome



The cytokine release syndrome
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of CAR T-cell induced CRS, which the scientific literature 
currently supports. The most recent CTCAE v5.0 has modi-
fied its original criteria to reflect this knowledge and will be 
discussed later.

Proposed CRS grading scale: the Lee criteria
Given its limitations, CRS grading as per CTCAEv4.03 was 
subsequently modified by Lee et al to define mild, moderate, 
severe, and life-threatening CRS regardless of the inciting 
agent, and to more directly guide treatment recommendations 
(Table 2).9 This modified scale was developed in the context 
of ongoing anti-CD19 CAR T-cell clinical trials and 
takes patients’ response to intravenous fluids (IVFs) and 
vasopressors, oxygen requirement, and organ toxicities into 
account. The authors of this new grading scale emphasized 
the importance of appropriate clinical judgment in its use. 
Ultimately, it is up to the discretion of the treating physician 

to confirm that the symptomatology present is most likely 
due to CRS, rather than another comorbid medical condition 
seen in this patient population such as febrile neutropenia, 
bacterial sepsis, or tumor lysis syndrome.

Under this modified grading system, grade 1 CRS, 
consisting of fever with or without constitutional symptoms, 
require supportive treatment measures only such as empiric 
antibiotics as per routine for fever and neutropenia, 
antipyretics and antiemetics, blood product transfusions as 
appropriate, and maintenance of adequate hydration. Such sup-
portive care should be implemented for all degrees of CRS.

Grade 2 CRS occurs when the patient is confirmed to 
be hypoxic and returns to normoxia using up to 40% FiO2 
of oxygen supplementation, has grade 2 organ dysfunction, 
or has hypotension responsive to IVFs or a low dose of one 
vasopressor. Of note, frequent measurement and monitor-
ing of ejection or shortening fraction (EF/SF) should be 

Figure 1 Symptoms of CRS.
Notes: CRS affects a number of organ systems. it requires fever at a minimum but is frequently associated with any of the symptoms shown. Additional manifestations may 
also rarely occur.
Abbreviations: Gi, gastrointestinal; CRS, cytokine release syndrome.
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Table 1 CRS grading as per CTCAe versions 4.03 and 5.0

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

version 4.03 Mild reaction; infusion  
interruption not  
indicated; intervention  
not indicated

Therapy or infusion  
interruption indicated,  
but responds promptly to  
symptomatic treatment  
(antihistamines, NSAiDS,  
narcotics, IV fluids);  
prophylactic medications  
indicated for !24 hours

Prolonged (eg, not rapidly responsive  
to symptomatic medication and/or  
brief interruption of infusion);  
recurrence of symptoms following  
initial improvement; hospitalization  
indicated for clinical sequelae  
(such as renal impairment,  
pulmonary infiltrate)

Life-threatening  
consequences; pressor  
or ventilatory support  
indicated

Death

version 5.0 Fever, with or  
without constitutional  
symptoms

Hypotension responding  
to fluids. Hypoxia  
responding to "40% FiO2

Hypotension managed with one  
pressor. Hypoxia requiring #40%  
FiO2

Life-threatening  
consequences; urgent  
intervention needed

Death

Abbreviations: CRS, cytokine release syndrome; CTCAe, Common Terminology Criteria for Adverse events; iv, intravenous.

Riegler et al, Therapeutics and Clinical Risk Management 2019
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Clinical markers include:
• Cytopenia
• High ferritin
• High C-reactive protein
• High IFNg, soluble IL-2R
• High IL-6, IL-10, associated with macrophage activation

àCRS can progress to life-threatening vasodilatatory shock, capillary 
leak, hypoxia and end-organ dysfunction

Cytokine Release Syndrome



CRS consensus grading 2018
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from the criteria of Lee et al, and takes patients’ response 
to fluids, vasopressors, oxygen requirement, and organ 
dysfunction into account.29 In contrast to the Lee criteria, 
CTCAEv5.0 defines CRS-related hypotension responsive to 
IVFs as grade 2 while hypotension requiring any vasopressor 
as grade 3. The use of IVF beyond 1–2 boluses was identi-
fied as exacerbating pulmonary edema, hypoxia, right-heart 
strain, and other significant toxicities in the early phases 
of the first CD19 CAR T-cell trials.9,13,14 In fact, one of the 
justifications for allowing low-dose vasopressors in grade 2 
CRS as per the Lee criteria was that physicians would feel 
free to implement vasopressors early in the CRS course 
rather than rely heavily on IVF use, thereby minimizing 
such toxicities. Indeed, many hypoperfusing patients require 
and respond well to minimal doses of vasopressors.

2018 Lee/Santomasso consensus CRS 
grading
In June 2018, the American Society for Blood and Marrow 
Transplantation sponsored a meeting of over 50 academics, 
representatives from industry, and other organizations whose 
goal was to come to a consensus for CRS and CAR-associated 
neurotoxicity grading. Recently published CRS grading 
borrows heavily from the Lee criteria with several important 
differences (Table 5).30

As more experience has been gained since 2014 when 
the Lee criteria were published, it has become clear that 
hypotension and hypoxia are the two principle drivers of CRS 
severity. Hence, other organ dysfunction has been removed 
from the grading criteria. Physicians are also intervening 
earlier with tocilizumab, many at the time of institution of any 
dose vasopressor. The 2018 consensus criteria has, therefore, 
limited grade 2 CRS to IVF management of hypotension only. 
Low- vs high-dose vasopressor use has been substituted with 
one pressor with or without vasopressin (grade 3) and two 
or more pressors except vasopressin (grade 4) in an attempt 

to make grading and data collection simpler. In regard to 
oxygen requirements, the 2018 consensus criteria substitute 
the modality of oxygen delivery for FiO2 as the latter is 
more difficult to capture for reporting purposes. In general, 
devices delivering low-flow oxygen are separated in CRS 
grade from devices delivering high-flow oxygen or positive 
pressure ventilation.

Now that consensus has been achieved in CRS grading, 
it is hoped that clinical trials and pharmaceutical companies 
will all utilize this system allowing a better comparison 
between different products and populations.

Early identification and prevention of CRS
Timing of the onset of CRS symptoms and their severity is 
thought to depend on several factors, including the type of 
immunotherapy agent used and the degree or capacity of 
immune cell activation, which varies depending on prior 
cytotoxic therapies.9 In CAR T-cell therapy, the time frame 
for onset of CRS is days to weeks after cell infusion, when 
in vivo T-cell expansion is at its peak. What has become 
clear across all management strategies is that, in general, 
the earlier anti-cytokine interventions are employed the 
less likely severe CRS-related toxicities will occur. Early 
concerns about abrogating the antitumor response or CAR 
T-cell expansion, at least in ALL, by treating CRS earlier in 
its course have not borne out.

However, there are no published reports to date of pro-
phylactic anti-cytokine therapy being utilized, that is before 
the onset of any CRS symptoms including fever. We do not 
know what role IL-6 or other cytokines affected by such 
therapies play in the initialization of CAR T-cell expansion 
and the antitumor response. Also, given that 1) tocilizumab 
blocks the only naturally occurring mechanism to remove 
IL-6 from circulation, via endocytosis through its receptor, 
2) cytokines including IL-6 have been implicated in CAR-
associated neurotoxicities,14,31 and 3) reports of at least 

Table 5 2018 CRS consensus grading by Lee et al30

Grade 1 Fevera !38°C

Grade 2 Fevera !38°C with hypotension not requiring vasopressors and/or hypoxia requiring low-flow nasal cannula or blow-by oxygen

Grade 3 Fevera !38°C with hypotension requiring one vasopressor with or without vasopressin and/or hypoxia requiring high-flow nasal 
cannula, facemask, non-rebreather mask, or venturi mask not attributable to any other cause

Grade 4 Fevera !38°C with hypotension requiring multiple vasopressors (excluding vasopressin) and/or hypoxia requiring positive pressure 
(eg, CPAP, BiPAP, intubation, and mechanical ventilation) not attributable to any other cause

Grade 5 Death

Notes: aFever is defined as temperature !38°C. in patients who have CRS then receive tocilizumab or steroids, fever is no longer required to grade subsequent CRS 
severity. in this case, CRS grading is driven by hypotension and/or hypoxia.
Abbreviations: CRS, cytokine release syndrome; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure.

Lee et al, BBMT 2018
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June CH., Science, 2018 

CRS and NT pathogenesis



Neurotoxicity: pathogenesis

2
2

Pathogenesis less known:

• Endothelial activation and 
BBB breakdown

• CART and non CART in 
CSF

• Higher levels of CTK in 
CSF than in blood

Modified from Norelli et al.,  BBA on Cancer, 2016



CRS management flow-chart
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Figure 4 CRS management recommendations by Neelapu et al.28

Notes: These recommendations suggest using anti-cytokine therapies for grade 1 CRS and require them for grade 2 or higher CRS. Supportive care is also suggested for 
each grade.
Abbreviation: CRS, cytokine release syndrome; IVF, intravenous fluid; ICU, intensive care units; q, every; CPAP, continuous positive airway pressure.
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be answered by the group at Seattle Children’s Hospital. 
They are systematically studying the use of tocilizumab and 
corticosteroids administered at the first fever. This study is 
ongoing and additional data are pending (personal commu-
nication : Rebecca Gardner, May 4, 2018). Finally, the 2018 
Lee/Santomasso CRS consensus manuscript did not address 
CRS treatment or timing of interventions, and it remains to 
be seen how the community will utilize this scale for such.

Managing CRS remains a therapeutic challenge and will 
be different depending on the type of CAR used, patient 
comorbidities, patient age, disease burden, cumulative 
exposure to prior therapies or bone marrow transplant, and 
kinetics of CRS onset and progression. Sound clinical judg-
ment should always be utilized.

Alternatives to tocilizumab
Sarilumab is a monoclonal antibody with high affinity for 
the IL-6R that is FDA-approved for rheumatoid arthritis and 
is being investigated in clinical trials in other rheumatologic 
conditions.41 Despite this, sarilumab has not been utilized in 
the management of severe CRS.

Corticosteroids have been successfully used in the 
treatment of CRS, as both first- and second-line treatment. 
Many times, only short courses of corticosteroids are 
required.12–20 Successful CAR T-cell therapy depends on 
survival and proliferation of the genetically engineered 
cytotoxic T cells in patients. Steroids are known to inhibit 
physiologic T-cell function. Early concerns for steroids abro-
gating the antitumor response40 have not been validated, at least 
when employed well after CAR T-cell activation, expansion, 
and initiation of tumor cytotoxicity. Patients receiving even 
very high doses such as methylprednisolone at 2 mg/kg/day 
for 2–4 days at the peak of CRS still demonstrate a clinical 
response to CAR T-cell therapy.42,43 This may be due, in part, 
to the supra-physiologic T-cell activation that occurs when 
the CAR is engaged. However, prospectively collected data 
are not available, and this hypothesis has not been formally 
tested. In addition, it remains to be seen whether very early 
(ie, at time of first fever) or prophylactic intervention with 
corticosteroids will affect response or risk of severe toxicity.

Corticosteroids, rather than tocilizumab, should be used 
as frontline therapy for severe neurotoxicity, especially in the 

Neelapu et al, 
Nat Rev Clin Oncol 2018



Management of CRS and neurotox
Refractory CRS:
Corticosteriods à Together with Toci as first line therapy
In second-line therapy if CRS is refractory to toci or in case
of neurotoxicity
à Can be detrimental for CAR-T cells at high doses

Other compounds:
Anti-IL-6 mAb Siltuximab
Anti-IL-1R antagonist Anakinra
Anti-Janus kinase Ruxolitinib

à Still not conclusive available data



New Perspectives
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1. Modelling CART cells toxicity
(ie: Norelli et al., Nat Med 2018; Giavridis et al., Nat
Med 2019)

2. Modify CAR properties
(ie: CAR affinity modulation, Inhibitory CARs, 
Dual/Tandem CARs)

3. Introduce safety switch sytem in the CAR vector



Modeling  CART cell toxicity
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CAR-T cell safety switches
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Labanieh L., Nat Biol Engineer, 2018





Cell Therapy Immunomonitoring Lab organizational chart

MISSION: To monitor immune responses in clinical trials with the final aim of providing 
additional information to tailor patient management and treatment

Chief Executive Officer
(CEO)

Scientific Research

Division of Immunology, Transplantation
and Infectious Diseases

DIVISIONS

Experimental Hematology Unit
(Head Chiara Bonini)

Cell Therapy Immunomonitoring
Lab

Hospital

Hematology and Bone 
Marrow Transplantation Unit 

(Head Fabio Ciceri)



CART cells in Europe: the EBMT registry
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