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The clinical use of chimeric antigen receptor (CAR) T-cell therapy is growing rapidly because of the expanding
indications for standard-of-care treatment and the development of new investigational products. The establishment
of consensus diagnostic criteria for cytokine release syndrome (CRS) and immune effector cell–associated neuro-
toxicity syndrome (ICANS), alongside the steady use of both tocilizumab and corticosteroids for treatment, have been
essential in facilitating the widespread use. Preemptive interventions to prevent more severe toxicities have
improved safety, facilitating CAR T-cell therapy in medically frail populations and in those at high risk of severe CRS/
ICANS. Nonetheless, the development of persistent or progressive CRS and ICANS remains problematic because it
impairs patient outcomes and is challenging to treat. In this case-based discussion, we highlight a series of cases of
CRS and/or ICANS refractory to front-line interventions. We discuss our approach to managing refractory toxicities
that persist or progress beyond initial tocilizumab or corticosteroid administration, delineate risk factors for severe
toxicities, highlight the emerging use of anakinra, and review mitigation strategies and supportive care measures to
improve outcomes in patients who develop these refractory toxicities.
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Introduction
From the earliest experiences, it was clear that chimeric antigen
receptor (CAR) T-cell therapy is potent and that toxicity miti-
gation would be necessary to facilitate widespread use. Indeed,
alongside the first approvals for CAR T cells, there was the
concurrent approval of tocilizumab, an antibody against the
interleukin-6 (IL-6) receptor, to treat cytokine release syndrome
(CRS).1 With time, improved recognition of toxicity profiles
across various CD19-targeted CAR T-cell constructs facilitated
the development of a consensus definition and grading system
for CRS and immune effector cell–associated neurotoxicity
syndrome (ICANS).2 Entering this second decade of CAR T-cell
therapy with more experience with antigen targeting across a
breadth of novel constructs, we are better armed to prevent
and manage CAR T-cell–associated inflammatory toxicities.
Despite these advances, severe toxicities, including refractori-
ness to standard management with tocilizumab and steroids,
still occur.

Initially, use of tocilizumab and/or corticosteroids had been
reserved for the treatment of severe CRS and/or ICANS. Now,
however, there is an increasing use of these therapies at earlier
stages to reduce the incidence of severe CRS and/or ICANS.
Strategies include pre-emptive tocilizumab and/or steroids with
lower grade toxicity to prevent onset of more severe manifes-
tations,3-5 or even prophylactic treatment before any toxicity is
2430 18 MAY 2023 | VOLUME 141, NUMBER 20
observed.6 These strategies appear to be more effective at
reducing CRS severity than ICANS, and there remains caution
because of the concern that these interventions could affect
longer-term CAR T-cell efficacy.4,7,8 With available strategies,
there has been a paradigm shift toward prevention of ≥grade 3
CRS and ICANS.

Although tocilizumab and steroids are first-line interventions for
prevention and treatment of CRS and ICANS, respectively,9,10

data for outlining the treatment of refractory CRS and/or
ICANS, defined, for the purpose of this manuscript, as persistent
or progressive disease despite optimal use of tocilizumab and/or
steroids, are lacking. Through a series of cases across the age
and disease spectrum, we highlight (1) our approach for con-
siderations and management of toxicities that persist or progress
beyond front-line interventions; (2) strategies to identify patients
who are at high risk of severe CRS and to consider risk mitigation;
and (3) supportive care measures to be optimized among
patients receiving increased immunosuppression.

Case 1
A 59-year-old male with diffuse large B-cell lymphoma (DLBCL)
proceeded to CD19 CAR T-cell therapy with a bulky abdominal
mass (>15 cm) after 3 prior lines of therapy. On day 0, he
received tisagenlecleucel and developed grade 1 CRS (fever)
on the same day. By day 3, he had progressed to grade 2 CRS
with hypoxia and received tocilizumab at 8 mg/kg. Because of
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persistent fevers and worsening hypoxia, a second dose of
tocilizumab was administered 8 hours after the first dose, and
dexamethasone, 10 mg IV every 6 hours, was initiated. By day
4, ferritin continued to rise rapidly, tripling within 24 hours to
23 000 ng/mL, and he required transfer to the intensive care
unit (ICU) for high-flow oxygen and vasopressors. He developed
disseminated intravascular coagulation with low fibrinogen,
thrombocytopenia, and acute kidney injury with serum creati-
nine ≥3 mg/dL. The corticosteroid dose was increased to
methylprednisolone 1 g IV daily.

Patients with high tumor burden and primary refractory disease
are at high risk of both CRS and lymphoma relapse.11,12

Comparing CD19 CAR T-cell products in DLBCL, CARs incor-
porating 4-1BB (ie, tisagenlecleucel) have lower toxicity rates
than products costimulated by CD28.13,14 Yet, severe CRS has
been reported for all products. In patients at high risk or
patients requiring repeat tocilizumab doses for lower grade
CRS, management commonly incorporates ≥1 doses of
dexamethasone 10 mg IV or orally (or, in children ~1 mg/kg
methylprednisolone equivalent dosing). With persistent grade 2
CRS despite repeat doses of tocilizumab and/or single dose
corticosteroids (such as in the patient in case 1) or with pro-
gression to grade 3 CRS, dexamethasone is often escalated up
to 10 mg IV every 6 hours (equivalent dosing of ~213 mg daily
methylprednisolone). With grade 4 CRS, package inserts for
commercially available constructs15-17 routinely recommend
methylprednisolone 1 g IV per day and/or initiation of alterna-
tive CRS-directed therapies. Once a patient has received 2
doses of tocilizumab, repeat doses are generally not recom-
mended, and consideration of both alternative etiologies and
incorporation of additional therapies is imperative. Despite
tocilizumab and escalating corticosteroids, this patient’s con-
dition continued to deteriorate, prompting additional investi-
gations to aid in the optimal management of refractory CRS.

Case 1 (continued)
Concurrent infections were identified, including bacteremia
with Staphylococcus epidermidis and a reactivation of cyto-
megalovirus (CMV) viremia (840 IU/mL); therefore, antibiotics
and CMV treatment were initiated. Early restaging via abdom-
inal computed tomography (CT) scan to check for progressive
disease as a cause of refractory CRS showed stabilization of the
abdominal mass. On the afternoon of day 4, he was then started
on anakinra 100 mg IV every 6 hours for refractory CRS. The
patient’s condition subsequently improved. Anakinra and
corticosteroid doses were tapered over 1 week. He experi-
enced a maximum ICANS of grade 1. His day 30 positron
emission tomography/CT scan showed a complete metabolic
remission.

When a patient has clinical deterioration early after CAR T-cell
therapy, the top differential diagnoses include refractory CRS,
infection, and cancer progression. Infectious workup in this case
included standard cultures performed at first fever and every 24
to 48 hours while the patient was persistently febrile as well as
tests performed upon clinical deterioration, including evalua-
tion for CMV/adenoviremia and other viremias, nasopharyngeal
viral testing for respiratory infections, and chest and abdomen
imaging to check for occult infection or disease progression. In
this case, neither infection nor cancer progression explained the
HOW I TREAT REFRACTORY CRS AND ICANS
severity of the clinical presentation. Similarly, the patient had no
evidence of gastrointestinal perforation or ischemia, which can
occur among patients with abdominal lymphoma.18 For CRS
refractory to high doses of corticosteroids (such as dexameth-
asone 10 mg IV, every 6 hours for 24 hours), the use of the IL-1
receptor antagonist, anakinra, is often considered and will be
discussed in later sections. Once a clinical response is achieved,
anakinra and corticosteroids can be tapered as clinically indi-
cated, and prolonged use at high doses is generally not indi-
cated. Extra vigilance and enhanced antimicrobial prophylaxis is
warranted, given the heightened infectious risks in patients
treated with these immunosuppressive therapies,19,20 who may
be further compromised with concurrent cytopenias. Although
cytopenias are a complication of, and can further complicate,
refractory CRS, this topic is discussed in more detail in an
accompanying “How I Treat” article.21

The optimal management of CMV reactivation is unknown, and
most centers follow hematopoietic cell transplant guide-
lines.22,23 Close monitoring of organ function during severe
CRS is also recommended. Notably, a rapid increase of lactic
acidosis and/or development of acute kidney injury may
necessitate urgent hemodialysis. Similarly, severe CRS may
cause unstable arrhythmias or a sudden drop in ejection
fraction.24

Case 2
A 71-year-old female with follicular lymphoma transformed to
DLBCL was referred for receipt of CD19 CAR T cells for treat-
ment of progressive nodal and extranodal disease refractory to
3 prior lines of therapy. She was not given any bridging therapy
before axicabtagene ciloleucel. On day 2, she developed grade
1 CRS, with persistent fever until day 5, when she was given
dexamethasone 10 mg IV once. On day 6, she presented with
grade 2 CRS and grade 1 ICANS characterized by fever, hyp-
oxia, and dysphasia, for which she received tocilizumab 8 mg/
kg and dexamethasone 10 mg IV once.

In older patients or those who are medically frail who receive
CAR T-cell therapy, it is imperative to treat toxicity promptly
and closely monitor for clinical worsening. In addition, clinicians
should consider early intervention for patients at high risk of
developing severe CRS/ICANS, including patients with bulky
disease or a high tumor burden. Early intervention with tocili-
zumab and/or corticosteroids at lower CRS and ICANS grades,
and other toxicity reduction strategies, have been reported
from nonrandomized clinical trials (Table 1). In cohort 4 of the
ZUMA-1 study, patients with DLBCL treated with axicabtagene
ciloleucel received early intervention at lower grade toxicities,
including an IV dose of tocilizumab and/or dexamethasone 10
mg after 3 days of persistent of grade 1 CRS.31 Although the
rates of severe CRS and ICANS in cohort 4 appeared lower than
those observed in cohorts 1 and 2 of the ZUMA-1 study, this
was confounded by the fact that the baseline tumor burden was
much higher in cohorts 1 and 2 than that in cohort 4. Propensity
score matching revealed that early intervention was associated
with lower rates of severe toxicity; however, this analysis was
limited to matching known factors and might not have balanced
all the differences between cohorts. It was also found that
earlier intervention with corticosteroids may help to limit a more
prolonged course of corticosteroids. For example, the
18 MAY 2023 | VOLUME 141, NUMBER 20 2431



Table 1. Select strategies to prevent severe CRS and ICANS

Strategy Disease/product Outcome Comparison* Comments Reference

Fractionated CAR T-cell
dosing

Fractionated dosing: day
1 (10% dose), day 2
(30%), and day 3 (60%),
with day 2 and day 3
doses allowed to be
held for early CRS.

Adult B-ALL treated with CD19
CAR T cells.

Fractionated dose: grade
≥4 CRS, 5% (Penn
grading scale)

Grade ≥3 neurotoxicity, 6%.

High fixed dose: grade ≥4
CRS, 50%; 3 of 6 patients
died.

Difficult to implement
with fixed-dose
commercial CAR
T-cell products.

Frey et al25

NCT02030847

Prophylaxis

Prophylactic tocilizumab
given on day 2.

Adult DLBCL treated with
axi-cel.

Prophy toci: grade ≥3
CRS, 3%. Grade ≥3
ICANS, 41%.

One case of cerebral
edema.

No prophy toci (ZUMA-1
cohorts 1-2)26: grade ≥3
CRS, 13%. Grade ≥3
ICANS, 28%.

Peak IL-6 levels were
higher in the prophy
toci group, possibly
because IL-6R
antagonists increase
free IL-6.

Locke et al (ZUMA-1
cohort 3)27

NCT02348216

Prophylactic
dexamethasone 10 mg
on days 0, 1, and 2.

Adult DLBCL treated with
axi-cel.

Prophy dex: grade ≥3
CRS, 0%. Grade ≥3
ICANS, 13%.

No prophy dex (ZUMA-1
cohorts 1-2): grade ≥3
CRS, 13%. Grade ≥3
ICANS, 28%.

Lower baseline tumor
burden than ZUMA-
1 cohorts 1-2.

Oluwole et al (ZUMA-1
cohort 6)28

NCT02348216

Prophylactic anakinra
given on days 0-7.

Adult DLBCL treated with
axi-cel.

Prophy anakinra: grade ≥2
CRS, 40%. Grade ≥3
ICANS, 20%

No prophy anakinra, tumor
burden–matched
retrospective cohort:
grade ≥2 CRS, 70%.
Grade ≥3 ICANS, 50%.

Early follow-up
suggests efficacy
preserved.

Strati et al29

NCT04432506

Prophylactic anakinra.
Started at first fever, or
day 2 if no fever.
Continued for a
minimum of 10 days.

Adult DLBCL and MCL treated
with axi-cel, tisa-cel, and
brexu-cel.

Prophy anakinra: grade ≥3
CRS, 6%. Grade ≥3
ICANS, 6%.

No specific comparison
cohort.

Early follow-up
suggests efficacy
preserved.

Park et al30

NCT04148430

Early intervention during
low-grade CRS

Intervention with
tocilizumab and/or
corticosteroids for
persistent grade 1 or any
grade 2 CRS/ICANS.

Adult DLBCL treated with
axi-cel.

Early intervention: grade ≥3
CRS, 2%. Grade ≥3
ICANS, 17%.

Noearly intervention (ZUMA-
1 cohorts 1-2): grade ≥3
CRS, 13%. Grade ≥3
ICANS, 28%.

Lower baseline tumor
burden than ZUMA-
1 cohorts 1-2.

Topp et al (ZUMA-1
cohort 4)31

NCT02348216

Tocilizumab at CRS onset
in patients with high
tumor burdens.

Children and young adults with
>40% bone marrow
involvement of B-ALL treated
with CD19 CAR T cells.

Early toci: grade ≥4 CRS,
27% (Penn grading
scale). Grade ≥4
neurotoxicity, 7%.

No early toci prior phase 1
trial, high tumor burden:
grade ≥4CRS, 50%.Grade
≥4 neurotoxicity, 4%.

Efficacy similar to prior
cohorts.

Kadauke et al3

NCT02906371

Tocilizumab and/or
corticosteroids if
persistent CRS.

Children and young adults with
B-ALL treated with CD19 CAR
T cells.

Early intervention: severe
CRS, 15%. Grade ≥3
neurotoxicity, 22%.

No early intervention, cohort
onsametrial treated inDLT
phase: severe CRS, 30%.
Grade ≥3 neurotoxicity,
25%.

Used a study-specific
definition of severe
CRS. Efficacy
appeared preserved.

Gardner et al4

NCT02028455

Concurrent BTK inhibition

Ibrutinib + CAR T cells. Adult CLL treated with CD19
CAR T cells.

Concurrent ibrutinib: grade
≥3 CRS, 0%. Grade ≥3
ICANS, 26%.

No concurrent ibrutinib,
earlier cohort of same trial:
grade ≥3CRS, 11%.Grade
≥3 ICANS, NA.

Better CAR T-cell
expansion with
concurrent ibrutinib,
no difference in
efficacy.

Gauthier et al32

NCT01865617

Concurrent JAK inhibition

Itacitinib + CAR T cells. Adult DLBCL or MCL (90% of
patients) treated with axi-cel,
tisa-cel, or brexu-cel.

Concurrent itacitinib: grade
≥3 CRS 2%. Grade ≥3
ICANS, 13%.

No specific comparison
cohort.

Randomized phase 2
(itacitinib vs placebo)
underway, treating
DLBCL/FL with
axi-cel.

Pratta et al33

NCT04071366

axi-cel, axicabtagene ciloleucel; brexu-cel, brexucabtagene autoleucel; BTK, Bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; CRS, cytokine release syndrome; DLBCL,
diffuse large B-cell lymphoma; DLT, dose-limiting toxicity; FL, follicular lymphoma; MCL, mantle cell lymphoma; NA, not available; prophy, prophylactic; toci, tocilizumab; tisa-cel,
tisagenlecleucel.

*None of the comparisons are randomized and instead provide information as compared with nonrandomized cohorts, cross-trial comparisons, and retrospective cohorts.
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comparison of cohorts 1 and 2 with cohort 4 found that the
median overall corticosteroid exposure declined from 6886 mg
to 939 mg with earlier use of corticosteroids.31 Overall, the
trend in clinical practice is toward intervening earlier at lower
2432 18 MAY 2023 | VOLUME 141, NUMBER 20
grades of CRS and ICANS. For elderly patients, there are
limited outcome data after CAR T-cell therapy. Ram et al
compared clinical outcomes in geriatric patients (n = 41; mean
patient age, 76 years) with those in younger patients (n = 41;
JAIN et al
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mean patient age, 55 years).34 The study showed no significant
differences in grade ≥3 CRS, grade ≥3 ICANS, hospitalization
duration, progression-free survival, or overall survival. These
results, as well as findings from other studies, suggest that
age alone is not a driving factor for toxicity severity.35-37 How-
ever, in patients who may not tolerate prolonged low-grade
CRS (such as elderly patients or those who are frail) or
patients who are at high risk of subsequent progression to
severe toxicities, we recommend early intervention with tocili-
zumab and/or corticosteroids during lower grade toxicities.
Although results of studies incorporating prophylactic cortico-
steroids are promising,28 additional studies are needed before
systematically incorporating the prophylactic use of steroids for
risk mitigation.
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Case 2 (continued)
Subsequently, on day 8, despite concurrent improvement in
CRS to grade 1, the patient showed global aphasia and
epileptiform activity upon an electroencephalogram, consistent
with grade 3 ICANS. For treatment of ICANS, she received
methylprednisolone 1 gm IV daily for 2 days followed by a
dexamethasone taper to discontinuation over 2 weeks. She also
received anakinra 100 mg IV every 6 hours, which was tapered
over a 10-day course. She had been on seizure prophylaxis with
levetiracetam (500 mg daily) before CAR T-cell infusion, yet per
the guidance of a neurology consultation, levetiracetam was
increased to therapeutic doses and 2 additional antiepileptics,
lacosamide and phenytoin, were initiated to control seizure
activity. Given the need for more frequent monitoring of her
neurological status, she was treated in the ICU for several days.
Upon resolution of CRS and ICANS, she was noted to have
CMV viremia, cytopenias, and severe deconditioning, which
substantially prolonged her inpatient stay. Her day 30 positron
emission tomography/CT scan showed a complete metabolic
remission, and she was ultimately discharged from the hospital
on day 65 after CAR T-cell infusion.

As noted in our cases, corticosteroids are generally accepted
for refractory CRS (as in case 1) and as first-line therapy for
ICANS (as in case 2) and are prescribed for treatment of con-
current CRS and ICANS (also noted in case 2).38 Dexametha-
sone is frequently recommended for ICANS because it crosses
the blood-brain barrier.10 However, package inserts for US
Food and Drug Administration (FDA)-approved CD19 CAR
T-cell products recommend dexamethasone or methylprednis-
olone for the treatment of severe ICANS.15-17

There are conflicting data on the impact that corticosteroid
exposure has on CAR T-cell efficacy, with some studies
noting no change in the efficacy,4,8,28 whereas others show
decreased efficacy.7,39 Nonetheless, for recurrent, concur-
rent, or refractory toxicities, patients often receive prolonged
courses of high-dose corticosteroids. Although corticoste-
roids aim to decrease CAR T-cell–associated inflammation,
they also cause several deleterious side effects, including
hyperglycemia, muscle weakness, and increased risk of
infection. Accordingly, it is often not necessary for patients to
have complete resolution of CRS/ICANS before weaning or
discontinuing corticosteroids, and time alone may aid in
resolution of symptoms because the inflammatory state is
generally self-limited.
HOW I TREAT REFRACTORY CRS AND ICANS
Given the data in support of the role of IL-1 in the pathophys-
iology of ICANS, including elevations in the cerebrospinal fluid
associated with ICANS40 and mechanistic preclinical models of
CAR T-cell–associated toxicities elucidating the impact of IL-1
and improvement after its blockade,41,42 anakinra has been
increasingly used to treat refractory ICANS. Anakinra is a
recombinant IL-1 receptor antagonist that is FDA-approved for
the treatment of rheumatoid arthritis. Preliminary data from an
ongoing phase 2 study testing prophylactic anakinra to prevent
CRS and ICANS show promising results30; however, its evalua-
tion among pediatric patients is urgently needed.43 The use of
intrathecal corticosteroids has also been reported for use in
severe or refractory ICANS, yet its use as a systemic steroid-
sparing therapy warrants prospective study.44 Furthermore,
the use of intrathecal therapy may be limited by concurrent
thrombocytopenia and coagulopathy observed in patients with
concurrent CRS.

Case 3
A 15-year-old male with constitutional trisomy 21 and relapsed
B-cell acute lymphoblastic leukemia (B-ALL) was referred for
commercial tisagenlecleucel. He presented with 30% bone
marrow blasts with low-level circulating peripheral blasts.

Compared with the general public, patients with Down syn-
drome (DS) are at a higher risk of developing hematologic
malignancies,45 and despite generally good outcomes,46 they
are uniquely sensitive to chemotherapy-associated toxicities
and do poorly with highly-intensive cytotoxic regimens, partic-
ularly in relapse. Emerging data on the use of CD19 CAR T cells
in children and young adults with DS show promising response
rates and safety profiles, including the incidence and severity of
ICANS. These data are comparable with the data of those
without DS,47 despite an increased risk of seizures when using
blinatumomab in patients with DS.48 For this patient, high dis-
ease burden increased the risk of developing severe CRS.

Case 3 (continued)
The patient remained with 30% marrow involvement after
bridging chemotherapy and proceeded to LD chemotherapy
and CAR T-cell infusion. He was on physiologic hydrocortisone
for adrenal insufficiency. He developed fever, representing
grade 1 CRS, on day 5. Although initially responsive to sup-
portive measures (eg, acetaminophen and stress-dose hydro-
cortisone), he developed more persistent fevers, hypotension,
rising creatinine, and decreasing urine output (grade 2 CRS)
over 3 days, and he was given tocilizumab 8 mg/kg for persis-
tent grade 2 CRS to prevent grade 3 CRS.

For patients with established or suspected adrenal insufficiency
(eg, from prior corticosteroid use), maintenance of physiologic
dosing with escalation to stress-dosing during CRS should be
considered, particularly because it may help maintain hemo-
dynamic stability and offset the need for higher doses of
corticosteroids.

Consistent with the preemptive strategies tested by Gardner
et al, which applied an early intervention strategy of tocilizumab
and/or corticosteroids for CRS mitigation in children and young
adults with B-ALL, tocilizumab was given for persistent symp-
toms of mild CRS and before the development of life-
threatening toxicities (eg, grade 3 CRS).4 The approach of
18 MAY 2023 | VOLUME 141, NUMBER 20 2433



preventing more severe CRS/ICANS in children and young
adults (as opposed to treating grade 1 CRS in older more frail
adults) may be a unique consideration of younger patients in
which baseline comorbidities may be less severe. Hence,
patients may be able to better tolerate grade 2 CRS/ICANS
without more severe complications. In patients with DS, unique
comorbidities (eg, tolerance of fluid shifts in the setting of
congenital cardiac complications) may necessitate consider-
ation of earlier interventions.
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Case 3 (continued)
After tocilizumab, the patient became afebrile, and CRS
resolved. Approximately 10 days later, he developed a rapidly
rising ferritin level (>100 000 μg/L) and hepatic transaminitis
(>10 × upper limit of normal [ULN]), disproportional to C-
reactive protein, which was decreasing. The patient also
developed severe hypofibrinogenemia (<100 mg/dL), although
prothrombin time and partial thromboplastin time were normal.
Despite stable vital signs, laboratory parameters worsened,
prompting the initiation of methylprednisolone (2 mg/kg per
day) and anakinra (8 mg/kg per day) to treat hemophagocytic
lymphohistiocytosis (HLH)-like complications. After a short
course of steroids and 1 week of anakinra with tapering doses,
laboratory values normalized. He achieved a minimal residual
disease–negative complete response. Given additional immu-
nosuppression, he remained on antifungal prophylaxis while on
both high-dose steroids and anakinra.

HLH-like toxicities are increasingly being recognized as a
potential complication of CAR T-cell–based therapies and can be
severe and life-threatening. Recently termed as immune effector
cell–associated HLH-like syndrome (IEC-HS) through an Amer-
ican Society for Transplantation and Cellular Therapy (ASTCT)
effort, this hyperinflammatory syndrome manifests with cytope-
nia, hepatic dysfunction, hypofibrinogenemia, and hyper-
ferritinemia.49 Because both primary/familial and secondary
forms of HLH are pathologically linked to T-cell activation and
immune dysregulation, this complication can be particularly
challenging to diagnose with underlying hematologic malig-
nancies.50 Initially described as part of severe CRS,51-53 more
recent reports have described delayed manifestations of HLH-
like toxicities even with low-grade CRS, particularly in patients
receiving CD22 CAR T cells.54-61 In B-cell maturation antigen
(BCMA)-targeting CAR T-cell therapies, in which severe CRS is
less frequent, HLH-or macrophage activation syndrome-like
toxicities are also becoming more apparent54 and are listed as
potential toxicities on the FDA-approved package inserts.

In case 3, anakinra and corticosteroids were used as first-line
strategies based on the established role of both agents in
treatment of primary62 or secondary HLH.63,64 This approach
has been recently endorsed by the ASTCT Committee on
Cellular Therapy, although further study is needed.49 Impor-
tantly, given the clinical presentation and stable vital signs (eg,
afebrile and normotensive), tocilizumab was not indicated as
per standard CRS guidelines, highlighting the need to distin-
guish the presentation and treatment of IEC-HS. Multicenter
efforts to establish the clear criteria to facilitate an improved
understanding of this toxicity and formulate the optimal treat-
ment approach are ongoing. This is particularly important in
cases of refractory IEC-HS that are nonresponsive or
2434 18 MAY 2023 | VOLUME 141, NUMBER 20
progressive to first-line approaches. Therapeutic strategies for
refractory IEC-HS remain under study but include ruxolitinib,65

emapalumab,66 and etoposide.49

Prevention of severe and/or refractory
CRS/ICANS
Managing refractory CRS and ICANS after it has already
developed remains a challenge. Importantly, because not all
severe cases are refractory and may be effectively managed
with tocilizumab and corticosteroids alone, distinguishing tox-
icities responding to first-line approaches from those in which
additional investigations and/or interventions are needed is a
critical consideration. Nonetheless, because developing severe
or refractory toxicities impairs outcomes, early identification and
pre-emptive interventions in those at high risk may help
improve outcomes. Several principles emerging from clinical
trials and real-world settings provide insights into risk factors
associated with severe CRS. Risk-mitigation preventive strate-
gies for those at high risk of toxicity may improve outcomes
(Table 1; Figure 1).

Disease type and biology
The underlying cancer diagnosis influences toxicity, with highly
proliferative aggressive diseases, such as DLBCL and B-ALL, at
higher risk of severe CRS/ICANS than diseases, such as follicular
lymphoma or myeloma.67 Similarly, within indolent lymphomas,
marginal zone lymphoma has a higher rate of CRS/ICANS than
follicular lymphoma,68 and transformed marginal zone lym-
phoma may be at higher risk rate than transformed follicular
lymphoma or de novo DLBCL. However, severe and refractory
CRS and ICANS may occur in any disease type, especially
among patients who are heavily pretreated and refractory. For
example, a recent analysis of myeloma patients treated with
BCMA CAR T-cell therapy in the real-world setting reported 3
deaths attributed to CRS or neurotoxicity.69 At present, man-
agement recommendations for cases of severe and refractory
CRS or ICANS are generalizable across disease types. Finally,
emerging evidence suggests that tumor biology affects the risk
of toxicity, given that the increased regulatory T cells in the
tumor microenvironment has been linked to decreased risk of
ICANS in patients with DLBCL.70,71

Disease burden
A high tumor burden is a key risk factor for toxicity, often
associated with higher inflammatory cytokine levels and CAR
T-cell expansion.12,72-76 High disease burden is also associated
with an increased risk of relapse after CAR T-cell therapy even
though remission rates are often comparable.75,77-79 Further-
more, patients who experience severe CRS are at a higher risk
for CAR T-cell failure.80 Accordingly, patients with rapidly pro-
gressive disease, high tumor burdens, or poor performance
status may be better candidates for therapies other than CAR T
cells. Similarly, systems issues such as late referrals, delays in
insurance approval, or difficulty in manufacturing the CAR
product may increase patient risks as the tumor burden grows
and performance status worsens.81 In some instances, debulk-
ing patients before CAR T-cell therapy can be tried, although
patients receive CAR T-cell therapy because they are resistant
to other treatments. Therefore, patients should be identified
early and moved toward CAR T-cell infusion as quickly as
JAIN et al



Progressive CRS and/or
ICANS despite optimal use

of first-line therapies

Consider higher dosing of
steroids and/or

incorporation of alternative
agents (e.g., steroid-

sparing therapies, see Table 2)

Optimize supportive care 
measures (e.g., antimicrobial

prophylaxis, rehabilitation
considerations, see Table 3)

Evaluate for concurrent 
infection and/or disease

progression 

Pre-emptive strategies
with low-grade

CRS/ICANS to prevent
severe toxicities (e.g.,
early tocilizumab, use of

corticosteroids,
see Table 1)

Pre-infusion risk
assessment

and risk-mitigation to
reduce risk of severe CRS

(e.g., optimize/reduce
disease burden, plan for
early referral, CAR T-cell

construct selection)

Figure 1. Approach to mitigate severe CRS/ICANS
and progressive toxicities despite the optimal use of
first-line therapies.
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possible. For large masses, debulking radiation is often used as
bridging therapy; however, radiation can be inflammatory and
may not lower CRS risk, and the optimal timing, dose, and field
for bridging radiation therapy are unknown.82-84

CAR T-cell construct
CAR T-cell products vary in the likelihood of causing severe
toxicity and depending on the disease treated. For instance, in
DLBCL with CD19 CAR T cells, CD28-costimulated CAR T-cell
products demonstrate higher rates of CRS and ICANS
compared with 4-1BB-costimulated products.13 In addition,
ICANS may be more severe when targeting CD19, potentially
because of the on-target, off-tumor targeting of CD19 on brain
mural cells.85 Unique movement-related toxicities have been
observed when targeting BCMA, possibly because of off-tumor
expression of these targets in, and around, the brain (discussed
in more detail in an accompanying “How I Treat” article122).85,86

Even when the target and costimulatory domain are identical,
kinetics of toxicity may differ between products, which, in turn,
affect clinical management. With myeloma, CRS associated with
idecabtagene vicleucel typically starts within a few days,
whereas with ciltacabtagene autoleucel, CRS may start as late
as a week after infusion. When multiple CAR T-cell products are
available for a given disease, consideration of a product with
potentially lower toxicity should be balanced against any
perceived efficacy differences between products, because
tumor eradication is the goal. Development of novel CAR T-cell
constructs designed to reduce toxicity are actively being
developed.

Despite best efforts, patients may remain at high risk at CAR
T-cell infusion. Although data are limited, the prophylaxis and
early treatment of CRS appear to play a role in preventing
subsequent severe toxicity (Table 1). Interpreting these single-
arm trials can be challenging because rates of severe CRS
and ICANS depend on histology, tumor burden, and CAR T-cell
product type. Caution is needed because there are limited data
on the effect of these interventions on antitumor efficacy, and
HOW I TREAT REFRACTORY CRS AND ICANS
patients at lower risk typically do not need these interventions.
Greater attention to supportive care is also warranted, because
patients with high tumor burden and inflammatory markers
are also at a higher risk of developing cytopenias and
infections.19,87 In addition, because conventional treatment
paradigms and data on the impact of interventions on CAR
T-cell efficacy are derived from experiences with B-cell malig-
nancies, increased vigilance will be needed to optimize treat-
ment of new emergent toxicities across novel constructs or
diseases, in which unique considerations may necessitate
alternative approaches.

Recent efforts to identify biomarkers or develop risk scores
(eg, CAR-HEMATOTOX and mEASIX) based on clinical labo-
ratory parameters remain of great interest in aiding further risk
stratification for associations with inflammation, delayed toxic-
ities, or overall outcomes.19,87-90 Further study of such bio-
markers is warranted to determine the ability to predict poor
response to standard CRS/ICANS interventions.
Pharmacologic interventions for severe
and/or refractory toxicities
Evidence-based data on the use of pharmacologic interventions
for treatment of severe and/or refractory toxicities (Table 2) are
generally lacking and limited to single-institutional experiences
or case reports, preclinical data, T-cell–directed mechanisms of
action, or adopted for use based on efficacy in alternative
hyperinflammatory settings. Risk of infection with additive use
of immunosuppressive agents is a concern and consultation
with infectious disease specialists is suggested to optimize
infection surveillance strategies and use of prophylactic/pre-
emptive antimicrobials.22

Anakinra
Across all 3 refractory cases presented in this article, anakinra
emerged as a common agent used after tocilizumab and/or
18 MAY 2023 | VOLUME 141, NUMBER 20 2435



Table 2. Pharmacologic strategies being explored for potential use in severe/refractory CRS/ICANS

Therapeutic
category Agent

Mechanism of
action FDA-approved indication

Description of use with
CRS/ICANS

Prospective
study in CRS/

ICANS

Anti-cytokine
directed

Anakinra IL-1 receptor
antagonist

Reduction in signs/symptoms
and to slow the progression
of damage in adults with
moderately to severely active
RA who have failed ≥1
DMARDs, or for treatment of
neonatal-onset multisystem
inflammatory disorder.

Preclinical data supporting the
role of IL-1 in mediating CRS/
ICANS, alongside the impact
of IL-1 blockade in treatment
of CAR T-cell toxicities.41,42

Other clinical experience has
been largely based on single-
center/limited patient
experiences and/or
anecdotal reports. Has been
used for treatment of
refractory CRS/ICANs
and HLH-like
toxicities.20,43,55-57,91-95

Prospective studies are
ongoing.30

Can be administered by IV or
SC, with preference for IV
administration in patients
with edema in whom SC
administration may not be as
reliable. Given the short half-
life with IV administration,
more frequent dosing may be
required.11

NCT04148430
NCT04359784
NCT04150913

Siltuximab IL-6 antagonist In adults, for the treatment of
patients with multicentric
Castleman disease who are
HIV- and HHV-8–negative.

Mostly, the use has been
limited to second-line or
refractory CRS/ICANS after
the use of multiple other
agents. Limited data
available.96,97

NCT04975555

Emapalumab IFN-γ–blocking
antibody

For the treatment of adult and
pediatric patients with
primary HLH with refractory,
recurrent, or progressive
disease or intolerance to
conventional HLH therapy.

Preclinical data supporting the
role of IFN-γ in mediating
CRS/ICANS, alongside the
impact of IFN-γ blockade in
treatment of CAR T-cell
toxicities.98 Clinical
experience is limited.66

T-cell targeted Antithymocyte
globulin (ATG)

Direct T-cell
targeting

For prophylaxis and treatment
of acute rejection in patients
receiving a kidney transplant,
or use in conjunction with
concomitant
immunosuppression.

Potential use is based on
clinical efficacy of targeting
T cells. Data on CRS/ICANS
are limited.99

Risk of infection/
immunosuppression is high.

Alemtuzumab (anti-
CD52)

Depletion of T
and B cells by
binding to
CD52 on the
cell surface

For treatment of patients with
relapsing forms of MS.

No published reports on its use
for treatment of relapsed/
refractory CRS/ICANS.

Emerging use to facilitate
engraftment of allogeneic or
off-the-shelf CAR T
cells.100,101

Cyclophosphamide Alkylating agent
targeting
T cells

Multiple indications for use in
pediatrics and adults with
malignancies and minimal
change nephrotic syndrome.

Could be used for eradicating
T cells. Limited experience
(single case report) in the use
for refractory CRS/ICANS.102

Given the concern for increasing risk of infection with incorporation of additional agents, caution is advised against the simultaneous administration of multiple strategies.

There are currently no evidence-based guidelines or proven strategies that exist for the treatment of CRS/ICANS that is persistent or progressive after intervention with tocilizumab and
corticosteroids. The table represents a list of potential agents that have been considered based on single-institutional or limited patient experiences, preclinical data, established T-cell–
directed mechanism of action, or adopted for use based on efficacy in alternative hyperinflammatory settings. FDA-approved package inserts for several commercial CAR T-cell constructs
advise the use of implementing alternative strategies with grade 4 CRS (eg, anakinra, siltuximab, ruxolitinib, cyclophosphamide, IVIG, and ATG).

ALL, acute lymphoblastic leukemia; BCR, B-cell receptor; BTK, Bruton tyrosine kinase; CML, chronic myelogenous leukemia; DMARDs, disease-modifying antirheumatic drugs; EGFR,
epidermal growth factor receptor; GVHD, graft-versus-host disease; IFN-γ, interferon gamma; JAK, Janus kinase; MCL, mantle cell lymphoma; MS, multiple sclerosis; RA, rheumatoid
arthritis; TKI, tyrosine kinase inhibitor.
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Table 2 (continued)

Therapeutic
category Agent

Mechanism of
action FDA-approved indication

Description of use with
CRS/ICANS

Prospective
study in CRS/

ICANS

TKIs103 Dasatinib TKI (BCR-ABL) For adults in chronic,
accelerated, or blast phase of
Ph+ CML; for adults with Ph+

ALL.

Preclinical studies demonstrate
the ability of dasatinib to
suppress CAR T-cell
cytotoxicity, cytokine
secretion, and
proliferation.104,105

NCT04603872

Ibrutinib BTK inhibitor For adults with MCL who have
received at least 1 prior
therapy, for CLL with 17p
deletion, or in those who
have received at least 1 prior
therapy or who have
Waldenstrom
macroglobulinemia.

Based on the role of ibrutinib to
inhibit IL-2–induced tyrosine
kinases, there is evidence of
reduction in cytokine
production in a preclinical
model of CD19 CAR T
cells.106

Emerging clinical data
incorporating ibrutinib
suggest the potential of
reducing CRS severity.32

NCT03960840

Ruxolitinib or
alternative JAK1
inhibitors

JAK inhibitor For treatment of adults with
myelofibrosis and
polycythemia vera.

For treatment of adults and
pediatric patients aged >12 y
with steroid refractory acute
GVHD or chronic GVHD after
failure of >1-2 lines of
systemic therapy.

Preclinical studies demonstrate
a role of JAK pathway
singling blockade and dose-
dependent reduction of
multiple cytokines implicated
in CRS.107 Patient experience
for use in CRS/ICANS is
limited to case reports.108,109

CAR T-cell
construct–
based safety
switches

Based on the CAR T-cell construct and the incorporation of either suicide switches (eg, inducible Caspase 9 targeted by the synthetic
dimerizing drug rimiducid)110 alternative transcriptional controls,111 or truncated-targetable receptors (eg, EGFR or CD20) that can
be targeted by monoclonal antibodies (eg, cetuximab or rituximab), these agents can be considered for use when eradicating
the CAR T cell in the setting of refractory and when life-threatening CAR T-cell–mediated toxicities are present. The clinical use

and experience to date are limited.

Given the concern for increasing risk of infection with incorporation of additional agents, caution is advised against the simultaneous administration of multiple strategies.

There are currently no evidence-based guidelines or proven strategies that exist for the treatment of CRS/ICANS that is persistent or progressive after intervention with tocilizumab and
corticosteroids. The table represents a list of potential agents that have been considered based on single-institutional or limited patient experiences, preclinical data, established T-cell–
directed mechanism of action, or adopted for use based on efficacy in alternative hyperinflammatory settings. FDA-approved package inserts for several commercial CAR T-cell constructs
advise the use of implementing alternative strategies with grade 4 CRS (eg, anakinra, siltuximab, ruxolitinib, cyclophosphamide, IVIG, and ATG).

ALL, acute lymphoblastic leukemia; BCR, B-cell receptor; BTK, Bruton tyrosine kinase; CML, chronic myelogenous leukemia; DMARDs, disease-modifying antirheumatic drugs; EGFR,
epidermal growth factor receptor; GVHD, graft-versus-host disease; IFN-γ, interferon gamma; JAK, Janus kinase; MCL, mantle cell lymphoma; MS, multiple sclerosis; RA, rheumatoid
arthritis; TKI, tyrosine kinase inhibitor.
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with corticosteroids. Based on the data supporting IL-1
signaling in the pathogenesis of ICANS41,42 and its ability
to cross the blood-brain barrier, it has been proposed for
steroid-refractory CRS/ICANS. In early reports of patients
with refractory CRS, anakinra has been reported to decrease
inflammatory cytokine levels and provide some clinical
responses, but variability in clinical use makes it difficult to
determine the extent of benefit.20,43,44,57 As anakinra is
commonly used after corticosteroids and tocilizumab, the
increased immunosuppression raises concern for increased
risk of infections; therefore, antimicrobial prophylaxis with
fluoroquinolones and mold-directed antifungals are often
initiated or intensified for patients who are not already on
these agents. Prospective trials to evaluate anakinra for pre-
vention and treatment of CRS and/or ICANS (NCT04148430,
NCT04359784, and NCT04150913) will provide much
needed insight into the role of this important therapeutic. In
the setting of IEC-HS, anakinra alone, or in conjunction with
corticosteroids, may be able to effectively mitigate this
toxicity to full resolution.55,91
HOW I TREAT REFRACTORY CRS AND ICANS
Anti-CAR T-cell–directed strategies
When patients have severe or refractory CRS and/or
ICANS, the last resort is often to try to target the remaining
CAR T cells. Anti-CAR T-cell–directed interventions may
include chemotherapy, T-cell–directed therapies, tyrosine
kinase inhibitors, or CAR construct–directed therapies
(Table 2). However, experience is limited, and infection
risk of such strategies may be particularly high, especially
when given after multiple prior immunosuppressive
approaches.

Supportive care
When patients develop high-grade, recurrent, or refractory
CAR-mediated toxicity, they are at a risk of increased
morbidity and mortality.112 Often, management of CRS and/
or ICANS results in a protracted hospital stay, increased
exposure to immunosuppressive medications, greater risk of
infection, and worsening of the patient’s functional status. To
diminish the impact that these unintended consequences
18 MAY 2023 | VOLUME 141, NUMBER 20 2437



Table 3. Supportive care measures for patients with
severe/refractory CRS or ICANS

Neurology

• Identify patients at high risk of developing ICANS and engage
neurology early113

• Tailor duration of steroids in patients with severe ICANS to
treat toxicity but limit adverse side effects

Immune/hematologic

• Limit the duration of high-dose steroids for the management of
toxicity to diminish immune suppression

• Use cytokine-directed treatments, such as anakinra, as a
steroid-sparing approach20,43,57

• Optimize approaches to treat ongoing cytopenias

Infectious disease

• Use prophylactic antimicrobials, such as trimethoprim-
sulfamethoxazole, for Pneumocystis jirovecii prophylaxis22

• Use prophylactic antivirals, such as acyclovir or valacyclovir, for
herpes virus prophylaxis before conditioning chemotherapy22

• Practice antibiotic stewardship with broad-spectrum antibiotics
and blood cultures for patients with neutropenic fever114,115

• Assess for CMV, adeno- or other viremias in patients with
persistent cytopenia after treatment

• Optimize antifungal prophylaxis in patients with prolonged
immunosuppression due to CRS/ICANS management and
cytopenias

Rehabilitation

• Involve inpatient rehabilitation services for patients, particularly
those with lengthy hospital stays or those who received
prolonged steroids, after they are clinically stable

• Encourage engagement of caregivers and social workers

Cognitive/psychosocial

• Consult psychiatry or psychiatric oncology to aid in the
management of delirium, particularly in older or pediatric
patients who develop ICANS
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may have on the long-term benefit of CAR T cells, attention
should be given to supportive care measures (Table 3).

Medical
As discussed earlier, patients with severe or refractory CRS and/
or ICANS typically receive prolonged courses of high-dose
corticosteroids with other immunosuppressive agents. The
recommendations delineated in Table 3 primarily focus on
strategies to limit the adverse effects of these medications.
First, to mitigate the deleterious effects of corticosteroids, the
use of steroid-sparing, cytokine-directed medications for pro-
phylaxis, or treatment of CAR-mediated toxicity should be
assessed.6

Second, several studies have found that infectious complica-
tions are frequent after CAR T-cell therapy. Severe CRS and
prolonged corticosteroid exposure are risk factors for severe
infections.19,116-119 Given these findings, prophylactic antimi-
crobials are essential to reduce infections, including emer-
gence of latent and opportunistic infections.115 Although
exposure to broad-spectrum antibiotics targeting obligate
anaerobes (eg, piperacillin/tazobactam, meropenem, and
2438 18 MAY 2023 | VOLUME 141, NUMBER 20
imipenem/cilastatin) within the 4 weeks before CAR T-cell
therapy has been associated with worse outcomes, possibly
because of alterations in the intestinal microbiome,114 the
impact of antibiotics administered after CAR T-cell therapy is
not yet known.

Rehabilitation and cognitive and psychosocial
considerations
Multiple factors, including CRS and ICANS, immobility, malnu-
trition, infection, and the catabolic effects of prolonged corti-
costeroids (Table 2), may lead to a deterioration in the
conditioning and mental status of patients after CAR T-cell
therapy. For such patients, early considerations for rehabilita-
tion to address deconditioning and steroid myopathy that may
result in proximal limb weakness is needed.120 Emerging
research also suggests the presence of short- and long-term
biobehavioral effects of CAR T-cell therapy,121 but more work
is needed in this area to understand the long-term implications
for patients who experience severe or refractory CAR-mediated
toxicities.

Conclusions
Given the tremendous potential of CAR T cells, preventing and
effectively managing severe toxicities remain the highest pri-
ority. Although we await results from prospective trials testing
novel approaches, we outline considerations that are critical to
the optimal management of those experiencing refractory
toxicities.
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89. Zińczuk A, Rorat M, Simon K, Jurek T. EASIX,
Modified EASIX and simplified EASIX as an
early predictor for intensive care unit
admission and mortality in severe COVID-19
patients. J Pers Med. 2022;12(7):1022.

90. Pennisi M, Sanchez-Escamilla M, Flynn JR,
et al. Modified EASIX predicts severe
cytokine release syndrome and
neurotoxicity after chimeric antigen receptor
T cells. Blood Adv. 2021;5(17):3397-3406.

91. Shah NN, Highfill SL, Shalabi H, et al. CD4/
CD8 T-cell selection affects chimeric antigen
receptor (CAR) T-cell potency and toxicity:
updated results from a phase I anti-CD22
CAR T-cell trial. J Clin Oncol. 2020;38(17):
1938-1950.

92. Dreyzin A, Jacobsohn D, Angiolillo A, et al.
Intravenous anakinra for tisagenlecleucel-
related toxicities in children and young
adults. Pediatr Hematol Oncol. 2021:1-9.

93. Gazeau N, Barba P, Iacoboni G, et al. Safety
and efficacy of two anakinra dose regimens
for refractory CRS or icans after CAR T-cell
therapy. Blood. 2021;138(Suppl 1):2816.

94. Oliai C, Crosetti A, De Vos S, et al. IL-1
receptor antagonist for prevention of severe
immune effector cell-associated
neurotoxicity syndrome. J Clin Oncol. 2021;
39(Suppl 15):7566.

95. Jatiani SS, Aleman A, Madduri D, et al.
Myeloma CAR-T CRS management with
IL-1R antagonist anakinra. Clin Lymphoma
Myeloma Leuk. 2020;20(9):632-636.e1.

96. Gutierrez C, Brown ART, Herr MM, et al. The
chimeric antigen receptor-intensive care
unit (CAR-ICU) initiative: surveying intensive
care unit practices in the management of
CAR T-cell associated toxicities. J Crit Care.
2020;58:58-64.

97. Abramson JS, Palomba ML, Gordon LI, et al.
Lisocabtagene maraleucel for patients with
relapsed or refractory large B-cell
lymphomas (TRANSCEND NHL 001): a
multicentre seamless design study. Lancet.
2020;396(10254):839-852.

98. Bailey SR, Vatsa S, Larson RC, et al.
Blockade or deletion of IFNgamma reduces
macrophage activation without
compromising CAR T-cell function in
hematologic malignancies. Blood Cancer
Discov. 2022;3(2):136-153.

99. Wang M, Jain P, Chi TL, et al. Management
of a patient with mantle cell lymphoma who
developed severe neurotoxicity after
chimeric antigen receptor T-cell therapy in
ZUMA-2. J Immunother Cancer. 2020;8(2):
e001114.

100. Qasim W. Allogeneic CAR T cell therapies
for leukemia. Am J Hematol. 2019;94(S1):
S50-S54.

101. Benjamin R, Graham C, Yallop D, et al.
Genome-edited, donor-derived allogeneic
anti-CD19 chimeric antigen receptor T cells
in paediatric and adult B-cell acute
lymphoblastic leukaemia: results of two
phase 1 studies. Lancet. 2020;396(10266):
1885-1894.

102. Garfall AL, Lancaster E, Stadtmauer EA, et al.
Posterior reversible encephalopathy syndrome
(PRES) after infusion of anti-Bcma CAR T cells
(CART-BCMA) for multiple myeloma:
successful treatment with cyclophosphamide.
Blood. 2016;128(22):5702.

103. Leclercq G, Steinhoff N, Haegel H, De
Marco D, Bacac M, Klein C. Novel strategies
for the mitigation of cytokine release
syndrome induced by T cell engaging
therapies with a focus on the use of kinase
inhibitors. Oncoimmunology. 2022;11(1):
2083479.

104. Mestermann K, Giavridis T, Weber J, et al.
The tyrosine kinase inhibitor dasatinib acts
as a pharmacologic on/off switch for CAR T
cells. Sci Transl Med. 2019;11(499):
eaau5907.

105. Weber EW, Lynn RC, Sotillo E, Lattin J, Xu P,
Mackall CL. Pharmacologic control of CAR-T
cell function using dasatinib. Blood Adv.
2019;3(5):711-717.

106. Ruella M, Kenderian SS, Shestova O, et al.
Kinase inhibitor ibrutinib to prevent
cytokine-release syndrome after anti-CD19
chimeric antigen receptor T cells for B-cell
neoplasms. Leukemia. 2017;31(1):246-248.

107. Huarte E, O’Connor RS, Peel MT, et al.
Itacitinib (INCB039110), a JAK1 inhibitor,
reduces cytokines associated with cytokine
18 MAY 2023 | VOLUME 141, NUMBER 20 2441

http://refhub.elsevier.com/S0006-4971(23)00783-8/sref71
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref71
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref71
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref71
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref71
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref72
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref72
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref72
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref72
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref73
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref73
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref73
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref73
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref73
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref73
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref74
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref74
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref74
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref74
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref74
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref75
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref75
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref75
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref75
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref75
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref75
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref76
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref76
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref76
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref76
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref76
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref77
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref77
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref77
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref77
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref77
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref77
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref78
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref78
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref78
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref78
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref78
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref78
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref78
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref79
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref79
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref79
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref79
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref79
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref80
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref80
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref80
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref80
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref80
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref80
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref80
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref81
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref81
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref81
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref81
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref81
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref81
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref81
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref82
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref82
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref82
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref82
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref82
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref82
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref83
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref83
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref83
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref83
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref83
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref84
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref84
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref84
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref84
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref84
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref85
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref85
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref85
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref85
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref85
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref86
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref86
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref86
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref86
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref86
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref86
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref87
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref87
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref87
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref87
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref87
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref88
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref88
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref88
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref88
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref88
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref88
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref89
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref89
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref89
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref89
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref89
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref89
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref90
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref90
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref90
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref90
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref90
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref91
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref91
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref91
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref91
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref91
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref91
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref92
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref92
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref92
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref92
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref93
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref93
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref93
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref93
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref94
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref94
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref94
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref94
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref94
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref95
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref95
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref95
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref95
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref96
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref96
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref96
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref96
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref96
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref96
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref97
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref97
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref97
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref97
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref97
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref97
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref98
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref98
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref98
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref98
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref98
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref98
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref99
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref99
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref99
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref99
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref99
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref99
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref100
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref100
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref100
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref101
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref101
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref101
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref101
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref101
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref101
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref101
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref102
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref102
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref102
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref102
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref102
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref102
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref103
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref103
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref103
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref103
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref103
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref103
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref103
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref104
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref104
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref104
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref104
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref104
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref105
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref105
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref105
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref105
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref106
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref106
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref106
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref106
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref106
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref107
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref107
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref107


D
ow

nloaded from
 http://ashpublications.net/blood
release syndrome induced by CAR T-cell
therapy. Clin Cancer Res. 2020;26(23):
6299-6309.

108. Pan J, Deng B, Ling Z, et al. Ruxolitinib
mitigates steroid-refractory CRS during CAR
T therapy. J Cell Mol Med. 2021;25(2):
1089-1099.

109. Zi FM, Ye LL, Zheng JF, Cheng J, Wang QM.
Using JAK inhibitor to treat cytokine release
syndrome developed after chimeric antigen
receptor T cell therapy for patients with
refractory acute lymphoblastic leukemia: a
case report. Medicine (Baltimore). 2021;
100(19):e25786.

110. Di Stasi A, Tey SK, Dotti G, et al. Inducible
apoptosis as a safety switch for adoptive cell
therapy. N Engl J Med. 2011;365(18):
1673-1683.

111. Sahillioglu AC, Schumacher TN. Safety
switches for adoptive cell therapy. Curr Opin
Immunol. 2022;74:190-198.

112. Brudno JN, Kochenderfer JN. Toxicities of
chimeric antigen receptor T cells:
recognition and management. Blood. 2016;
127(26):3321-3330.

113. Neill L, Rees J, Roddie C. Neurotoxicity-CAR
T-cell therapy: what the neurologist needs to
2442 18 MAY 2023 | VOLUME 141, NUMB
know. Pract Neurol. 2020;20(4):
285-293.

114. Smith M, Dai A, Ghilardi G, et al. Gut
microbiome correlates of response and
toxicity following anti-CD19 CAR T cell
therapy. Nat Med. 2022;28(4):
713-723.

115. Stein-Thoeringer CK, Saini NY, Zamir E,
et al. A non-antibiotic-disrupted gut
microbiome is associated with clinical
responses to CD19-CAR-T cell cancer
immunotherapy. Nat Med. Published online
13 March 2023. https://doi.org/10.1038/
s41591-023-02234-6

116. Telli Dizman G, Aguado JM, Fernandez-
Ruiz M. Risk of infection in patients with
hematological malignancies receiving CAR
T-cell therapy: systematic review and meta-
analysis. Expert Rev Anti Infect Ther. 2022;
20(11):1455-1476.

117. Wudhikarn K, Palomba ML, Pennisi M, et al.
Infection during the first year in patients
treated with CD19 CAR T cells for diffuse
large B cell lymphoma. Blood Cancer J.
2020;10(8):79.

118. Hill JA, Li D, Hay KA, et al. Infectious
complications of CD19-targeted chimeric
antigen receptor-modified T-cell
ER 20
immunotherapy. Blood. 2018;131(1):
121-130.

119. Logue JM, Zucchetti E, Bachmeier CA, et al.
Immune reconstitution and associated
infections following axicabtagene ciloleucel
in relapsed or refractory large B-cell
lymphoma. Haematologica. 2020;106(4):
978-986.

120. Obaisi O, Fontillas RC, Patel K, Ngo-
Huang A. Rehabilitation needs for patients
undergoing CAR T-cell therapy. Curr Oncol
Rep. 2022;24(6):741-749.

121. Taylor MR, Steineck A, Lahijani S, et al.
Biobehavioral implications of chimeric
antigen receptor T-cell therapy: current
state and future directions. Transplant Cell
Ther. 2023;29(1):19-26.

122. Santomasso BD, Gust J, Perna F. How I treat
unique and difficult-to-manage cases of CAR
T-cell therapy–associated neurotoxicity.
Blood. 2023;141(20):2443-2451.
© 2023 by The American Society of Hematology.

Licensed under Creative Commons Attribution-

NonCommercial-NoDerivatives 4.0 International

(CC BY-NC-ND 4.0), permitting only noncommercial,

nonderivative use with attribution. All other rights

reserved.
/arti
JAIN et al

cle-pdf/141/20/2430/2051666/blood_bld-2022-017414-c-m
ain.pdf by guest on 11 June 2024

http://refhub.elsevier.com/S0006-4971(23)00783-8/sref107
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref107
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref107
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref108
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref108
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref108
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref108
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref109
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref109
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref109
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref109
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref109
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref109
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref109
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref110
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref110
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref110
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref110
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref111
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref111
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref111
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref112
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref112
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref112
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref112
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref113
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref113
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref113
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref113
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref114
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref114
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref114
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref114
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref114
https://doi.org/10.1038/s41591-023-02234-6
https://doi.org/10.1038/s41591-023-02234-6
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref115
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref115
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref115
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref115
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref115
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref115
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref116
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref116
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref116
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref116
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref116
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref117
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref117
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref117
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref117
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref117
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref118
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref118
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref118
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref118
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref118
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref118
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref119
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref119
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref119
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref119
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref120
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref120
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref120
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref120
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref120
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref122a
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref122a
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref122a
http://refhub.elsevier.com/S0006-4971(23)00783-8/sref122a
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode

	How I treat refractory CRS and ICANS after CAR T-cell therapy
	Introduction
	Case 1
	Case 1 (continued)
	Case 2
	Case 2 (continued)
	Case 3
	Case 3 (continued)
	Case 3 (continued)

	Prevention of severe and/or refractory CRS/ICANS
	Disease type and biology
	Disease burden
	CAR T-cell construct

	Pharmacologic interventions for severe and/or refractory toxicities
	Anakinra
	Anti-CAR T-cell–directed strategies

	Supportive care
	Medical
	Rehabilitation and cognitive and psychosocial considerations

	Conclusions
	Authorship
	References


