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Abstract

Background: Chimeric antigen receptor-engineered (CAR) T-cell therapy remains limited 

by significant toxicities such as cytokine release syndrome (CRS) and immune effector cell–

associated neurotoxicity syndrome (ICANS). The optimal management of severe and/or refractory 

CRS/ICANS remains ill-defined. Anakinra has emerged as a promising agent based on preclinical 

data, but its safety and efficacy in CAR T-cell patients remains unknown.

Objectives: Our primary objective was to evaluate the safety of anakinra to treat refractory 

CRS and ICANS after CAR T-cell therapy. Our secondary objective was to evaluate the impact 

of key treatment, patient, and disease-related variables on time to CRS/ICANS resolution and 

treatment-related mortality (TRM).

Study design: We retrospectively analyzed the outcomes of 43 patients with B-cell or plasma 

cell malignancies treated with anakinra for refractory CRS or ICANS at 9 institutions in the 

United States and Spain between 2019 and 2022. Cause-specific Cox regression was used to 

account for competing risks. Multivariable cause-specific Cox regression was used to estimate the 

effect of the anakinra dose on outcomes while minimizing treatment allocation bias by including 

age, CAR-T product, prelymphodepletion (pre-LD) ferritin and performance status.

Results: Indications for anakinra treatment were as follows: grade ≥2 ICANS with worsening or 

lack of symptom improvement despite treatment with high-dose corticosteroids (n=40), grade ≥2 

CRS with worsening symptoms despite treatment with tocilizumab (n=3).

Anakinra treatment was feasible and was safe; anakinra discontinuation due to anakinra-related 

side effects was only reported in 3 patients (7%). The overall response rate (ORR) to CAR T-cell 

therapy was 77%. The cumulative incidence of TRM in the whole cohort at day-28 and day-60 
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after CAR T-cell infusion was 7% (95%CI, 2-17) and 23% (95%CI, 11-38), respectively. The 

cumulative incidence of TRM at day-28 after anakinra initiation was 0% and 47% (95%CI, 20-70) 

in the high-dose (>200mg/day administered intravenously [IV]) and low-dose (100-200mg/day 

administered subcutaneously or IV) anakinra patients, respectively. The median cumulative 

incidence of CRS/ICANS resolution from the time of anakinra initiation was 7 days in patients 

who received high-dose anakinra and was not reached in patients who received low-dose anakinra 

due to the high TRM in this group. Univariate Cox modeling suggested shorter time to CRS/

ICANS resolution in high-dose anakinra patients (HR, 2.19; 95%CI, 0.94-5.12; p=0.069).

In a multivariable Cox model for TRM including age, CAR-T product, pre-LD ferritin and pre-LD 

KPS, higher anakinra dose remained associated with lower TRM (HR = 0.41 per 1mg/kg/day 

increase; 95% CI, 0.17-0.96; p=0.039. The only factor independently associated with time to CRS/

ICANS resolution in a multivariable Cox model including age, CAR-T product, pre-LD ferritin, 

and anakinra dose, was higher pre-LD KPS HR = 1.05 per 10% increase; 95%CI, 1.01-1.09; 

p=0.02).

Conclusion: Anakinra treatment for refractory CRS or ICANS was safe at doses up to 

12mg/kg/day IV. We observed an ORR of 77% after CAR T-cell therapy despite anakinra 

treatment, suggesting limited impact of anakinra on CAR T-cell efficacy. Higher anakinra dose 

may be associated with faster CRS/ICANS resolution and was independently associated with 

lower TRM. Prospective comparative studies are needed to confirm our findings.

Keywords

CAR T-cell; anakinra; toxicity; ICANS; CRS

Introduction:

Chimeric antigen receptor-engineered (CAR) T-cells are now established immunotherapy 

for refractory B-cell and plasma-cell malignancies. Several CAR T-cell products are 

now FDA-approved for relapsed or refractory (R/R) acute B-cell acute lymphoblastic 

leukemia (B-ALL)1,2, large B cell lymphoma (LBCL)3,4, follicular lymphoma (FL)5, mantle 

cell lymphoma (MCL)6 and multiple myeloma (MM)7,8 While CAR T-cell therapy is 

revolutionizing the management of these patients, cytokine release syndrome (CRS) and 

immune effector cell–associated neurotoxicity syndrome (ICANS), limiting its use to large 

academic centers and leading to high resource utilization. There is a critical need to identify 

safe and effective second-line therapies when tocilizumab and corticosteroids fail to control 

CRS and ICANS after CAR T-cell therapy9-11. Recently, the recombinant interleukin-1 

receptor antagonist (IL-1RA) anakinra has emerged as a promising approach after failure 

of tocilizumab and/or corticosteroids to prevent or treat severe or refractory CRS, ICANS 

and hemophagocytic lymphohistiocytosis (HLH)12,13. In two preclinical murine models, 

anakinra could prevent CRS in immunodeficient Beige mice14, and both CRS and ICANS in 

humanized SGM3 mice15.

Given the limited data to date regarding the safety, efficacy, and optimal dosing regimen 

of anakinra to treat CAR T-cell-related toxicities, we conducted a multicenter retrospective 
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analysis including 43 patients with B-cell or plasma-cell malignancies treated with anakinra 

for refractory CRS and/or ICANS after CAR T-cell therapy.

Methods:

Study design and patient selection

We retrospectively analyzed data from 43 patients with B-cell or plasma cell malignancies 

treated at 9 institutions in the United States (n=2) and Spain (n=7) between 2019 and 2022. 

This study was conducted with approval of the Fred Hutchinson Cancer Research Center 

Institutional Review Board and in accordance with the Declaration of Helsinki.

Anakinra treatment

All patients received anakinra for refractory CRS and/or ICANS after CAR T-cell therapy. 

The anakinra dose, administration route, and treatment duration were at the discretion of the 

treating physician. Anakinra was administered subcutaneously (SC; n=21) or intravenously 

(IV; n=20) or both (n=2). Dose groups were defined based on the bimodal shape of the 

distribution of the anakinra dose (Figure S1): high-dose anakinra, >200mg/day IV (n=28); 

low-dose anakinra, 100-200mg/day SC or IV (n=15)

Toxicity assessment and management

Peak CRS and ICANS severity after CAR T-cell therapy were graded retrospectively 

by chart review according to the ASTCT consensus grading system16. CRS and ICANS 

management were at the discretion of the treating physicians, in accordance with the 

product-specific risk evaluation and mitigation strategies (REMS) guidelines for patients 

treated per standard of care using commercial CAR-T cell products (n=37) and using 

protocol-specific recommendations for patients treated on a clinical trial (n=6).

Definitions:

A pre-lymphodepletion (pre-LD) bulky disease was defined as having at minimum a mass 

larger than 5cm.17-19

Disease response assessments

We applied the Lugano 2014 classification and the International Myeloma Working Group 

criteria for patients with non-Hodgkin lymphoma and multiple myeloma, respectively.

Statistical analyses

Descriptive statistics were provided to summarize the patient and disease characteristics, 

including median, interquartile range (Q1, Q3) for continuous variables, and counts and 

percentages for categorical variables (Table 1).

Cumulative incidence estimates of time to CRS/ICANS resolution and treatment-related 

mortality (TRM) from the time of anakinra initiation were computed using the Kalbfleisch 

and Prentice method. For time to CRS/ICANS resolution, death of any cause was 

modeled as the competing risk. For TRM, disease relapse or progression was modeled 

as the competing risk. Univariate and multivariable analyses of both time to CRS/ICANS 
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resolution and TRM were modeled using cause-specific Cox regression. Time to CRS/

ICANS resolution was defined as the time from CAR T-cell infusion left-truncated at the 

time of anakinra initiation until CRS/ICANS symptom resolution (first day of grade 0 stable 

for at least three consecutive days), whichever happened last, censoring for death from any 

cause. TRM, was defined as the time from CAR T-cell infusion left-truncated at the time 

of anakinra initiation until death, censoring for disease progression or relapse. TRM models 

included the anakinra dose as a continuous variable (daily dose of anakinra in mg/kg/day) 

since no event occurred in the high-dose anakinra group, precluding the models from 

converging. To minimize confounding, we built a directed diacyclic graph (DAG; Figure S2) 

including hypothesized confounders (i.e., patient and disease-related variables that might 

have impacted both the choice of the anakinra dose and outcomes). DAGs are an established 

framework to address confounding based on observational non-randomized data 20-23. Using 

the R package Dagitty 24, the following variables were selected as the minimal adjustment 

set of covariates: age, pre-LD Karnosfky performance status (KPS), pre-LD ferritin, CAR 

T-cell product type. Generalized estimating equations (GEE) with unstructured correlation 

matrix were computed to evaluate the longitudinal relationship between the anakinra dose 

and ICANS grade. All analyses were performed using RStudio (R version 3.6.2).

Results

Patient, disease, and CAR T-cell treatment characteristics (Table 1)

Median age at the time of CAR T-cell infusion was 58 (range, 10-77), 3 pediatric 

patients were included aged of 10, 12 and 15 years old. Disease type was diffuse large 

B cell lymphoma (DLBCL) (n=25, 58%), MCL (n=7, 16%), B-ALL (n=5, 12%), primary 

mediastinal large B-cell lymphoma (PBMCL; n=3, 7%), FL (n=2, 5%), or MM (n=1, 

2%). Prior central nervous system (CNS) history was reported in 6 patients (14%; CNS 

involvement by lymphoma, n=3; stroke, n=2; frontal meningioma, n=1). The median 

pre-LD LDH serum concentration was 295 UI (range, 102-2074) and pre-LD bulky 

disease (largest lesion diameter ≥ 5cm) was noted in 19 patients (44%). Twenty patients 

received axicabtagene ciloleucel (axi-cel) (47%) per the FDA label, eight patients received 

tisagenlecleucel (19%), six patients received brexucabtagene autoleucel (14%), three 

patients received lisocabtagene maraleucel (7%) while 6 patients received an investigational 

CD19 (n=5) or BCMA-targeted (n=1) CAR T-cell product. The median follow-up after CAR 

T-cell infusion was 62 days (range, 6-474).

CRS and ICANS characteristics, severity, and treatment course (Table 2)

Median peak CRS grade was 2 (range, 0-4) and median CRS duration was 4 days (range, 

3-18). Vasopressor use was reported in 6 patients. Median peak ICANS grade was 4 (range, 

0-5), and median ICANS duration was 6 days (range, 1-38), respectively. Encephalopathy 

with depressed level of consciousness was reported in 31 patients (76%), while seizures 

were reported in 8 (19%). Seven patients (16%) developed cerebral edema.

Indications for anakinra treatment were as follows: grade ≥2 ICANS with worsening or lack 

of symptom improvement despite treatment with high-dose corticosteroids (n=40), grade 

≥2 CRS with worsening symptoms despite treatment with tocilizumab (n=3). All patients 
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received anakinra concurrently with corticosteroids. Anakinra was initiated at the peak of 

ICANS severity in 30 patients (70%) and in 7 patients (16%) after peak of severity. Peak of 

toxicity was observed after anakinra for patients (14%) of patients. Individual patient clinical 

courses are shown in Figure 1.

The median time from CAR T-cell infusion to anakinra initiation was 8 days (range, 4-41), 

and from CRS or ICANS onset, whichever occurred last prior to anakinra initiation, was 3 

(range, 0-32). Anakinra was initiated within 24 hours of an increase in the corticosteroids 

dose in 22 patients (51%). Anakinra and corticosteroids were simultaneously initiated in 8 

patients (9%). Twelve patients (27%) received additional therapies for CRS or ICANS after 

anakinra initiation including siltuximab (n=11), intrathecal chemotherapy (n=2), etoposide 

(n=1) or ruxolitinib (n=1).

Safety

Treatment modifications due to presumed anakinra-related adverse events were reported in 

three patients: administration route changed from SC to IV due to a subcutaneous hematoma 

(n=1), and anakinra discontinuation due to elevated liver enzymes (n=2). In the 15 deceased 

patients, causes of death were as follows: disease progression (n=6), infection (n=5), ICANS 

(n=4).

Anti-tumor efficacy

We observed anti-tumor responses (partial or complete) to CAR T-cell therapy in 31 of 

40 patients evaluable for response (77%; B-ALL, n=5/5 [100%]; DLBCL, n=17/25 [68%]; 

MCL, n=5/7 [71%]; MM, n=1/1 [100%]; PMBCL, n=1/3[33%]). Three patients (7%) died 

prior to disease restaging.

Comparisons of patient characteristics and outcomes between subjects treated with high-
dose versus low-dose anakinra (Table 1 and 2)

Patients receiving high-dose anakinra were older compared to those who received low-dose 

anakinra (64 versus 51; p=0.018). We measured higher pre-LD ferritin and LDH in patients 

treated with low-dose anakinra compared to patients treated with high-dose (ferritin 534μg/L 

versus 1,724μg/L; p= 0,049 and LDH 216U/L versus 609U/L; p=0.002). The median time 

to anakinra initiation from CRS or ICANS onset was comparable in patients receiving 

high-dose compared to low-dose anakinra (8 versus 9 days, respectively; p=0.13). The 

median peak CRS grade was 2 in both high and low-dose groups (interquartile range [IQR], 

1-2; p=0.4). The median peak ICANS was 4 in both high and low-dose groups (IQR, 4-4 

versus 3-4, respectively; p=0.07). Duration of corticosteroid treatment was comparable in 

high and low-dose anakinra patients (median, 12 days versus 13 days, respectively; p>0.9). 

The median duration of anakinra treatment in high-dose was versus low-dose patients was 

also comparable (7.5 versus 6 days; p=0.41). American patients were more likely to receive 

high-dose anakinra compared to Spanish patients (75% versus 21%, respectively; p=0.004).
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Univariate analyses of factors associated with TRM (Table 3) and time to CRS/ICANS 
resolution (Table 4)

The cumulative incidence of TRM in the whole cohort at day-28 and day-60 after CAR T-

cell infusion was 7% (95%CI, 2-17) and 23% (95%CI, 11-38), respectively. The cumulative 

incidence of TRM at day-28 after anakinra initiation was 0% (95%CI, not evaluable) and 

47% (95%CI, 20-70) in the high-dose and low-dose anakinra patients, respectively (Figure 

2A). Higher anakinra dose was associated with lower TRM (HR per 1mg/kg/day increase, 

0.41; 95%CI, 0.22-0.78; p=0.007). The association between the log-hazard of TRM as a 

function of the anakinra dose – modeled as a continuous variable – is shown in Figure S3. 

Lower pre-LD KPS (HR, 0.94; 95%CI, 0.90-0.98; p=0.004), higher pre-LD LDH (HR, 4.23; 

95%CI, 1.26-14.18; p=0.020), longer time from CAR-T infusion to anakinra initiation (HR, 

1.14; 95%CI, 1.05-1.24, p=0.002), and longer time from CRS/ICANS onset to anakinra 

initiation (HR, 1.15; 95%CI, 1.06-1.26; p=0.001) were associated with higher TRM.

The median time to CRS/ICANS resolution from anakinra initiation was 7 days in patients 

who received high-dose anakinra and was not reached in patients who received low-dose 

anakinra (Figure 2B). In a univariate cause-specific Cox model, high-dose anakinra was 

associated with faster CRS/ICANS resolution, although we could not exclude a null 

effect at the 0.05 level (HR, 2.19; 95%CI, 0.94-5.12; p=0.069). Higher pre-LD KPS was 

also associated with faster time to CRS/ICANS resolution (HR, 1.04; 95%CI, 1.01-1.08; 

p=0.007).

Multivariable modeling to estimate the effect of the anakinra dose on TRM and time to 
CRS/ICANS resolution after adjustment for potential confounders.

We hypothesized the effect of the anakinra dose on outcomes could be confounded by 

patient, disease, and treatment-related variables (Figure S2).

In a multivariable Cox model for TRM including age, CAR-T product, pre-LD ferritin and 

pre-LD KPS, higher anakinra dose remained associated with lower TRM (HR = 0.41 per 

1mg/kg/day increase; 95% CI, 0.17-0.96; p=0.039; Table S1).

In a multivariable Cox model including age, CAR-T product, pre-LD ferritin, and anakinra 

dose, a higher pre-LD KPS remained associated with faster CRS/ICANS resolution (HR = 

1.05 per 10% increase; 95%CI, 1.01-1.09; p=0.02; Table S2).

Longitudinal modeling of the effect of anakinra dose on ICANS grade

Since time to CRS/ICANS resolution may not capture clinically meaningful improvements, 

e.g., in case of prolonged grade 1 toxicities, we fitted a GEE model to estimate the 

longitudinal impact of the anakinra dose on ICANS severity. We observed that high-dose 

anakinra was associated with lower ICANS grade over time (beta = − 0.89, 95% CI 

−1.5 to −0.3; p=0.002). Locally weighted scatter plot smoothing (LOESS) also suggested 

lower ICANS grade over time and faster resolution in patients receiving high-dose anakinra 

(Figure S4).
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Discussion

CAR T-cell therapy achieves high efficacy in patients with lymphoid or plasma-cell 

malignancies but is limited by significant toxicities such as CRS and ICANS. In a subset 

of patients, standard treatment with tocilizumab and corticosteroids fails to reverse CRS or 

ICANS symptoms. As such, there is an urgent need to better characterize the second-line 

management of CRS and ICANS. IL-1 is known as having an important role in severe 

systemic inflammation and its association with CAR T-cell toxicities has been established 

in murine models 14,15, non-human primates 25 and in humans 26. Despite limited clinical 

data, a growing number of practitioners have started using the IL-1RA anakinra to treat 

CRS or ICANS after failure of tocilizumab or corticosteroids. Yet the safety, efficacy, and 

optimal dosing of anakinra in this setting remains ill-defined. Hence, we performed the 

first and largest multicenter retrospective analysis including 43 patients treated anakinra for 

refractory CRS and/or ICANS after CAR T-cell therapy.

First, treatment with anakinra was safe and feasible, without dose or administration 

route modification in 40 patients (93%). In univariate analyses, higher anakinra dose 

and shorter time to anakinra initiation – from both CAR T-cell infusion or CRS/ICANS 

onset – were associated with lower TRM. A multivariable Cox model including potential 

confounders suggested a higher anakinra dose was independently associated with lower 

TRM. Superior CNS penetration of high-dose IV anakinra may have contributed to this 

finding. Anakinra is a relatively large molecule (17kDa) with low CNS penetration, and 

high serum concentrations of anakinra are needed to achieve neuroprotective concentrations 

in the cerebrospinal fluid.27. Taken together, this suggests early initiation of high-dose IV 

anakinra may be beneficial to improves the outcomes of patients developing refractory 

CRS/ICANS. While our univariate analyses suggested an association between high-dose 

anakinra and faster time to CRS/ICANS resolution (HR, 2.19; 95%CI, 0.94-5.12; p=0.069), 

it became undetermined in multivariable analysis (HR, 1.89; %CI, 0.65-5.46; p=0.24). This 

could reflect confounding of the effect of anakinra dose from covariates, or low statistical 

power.

Although a theoretical concern is that anakinra treatment may impair CAR T-cell-mediated 

anti-tumor efficacy, we observed high response rates to CAR T-cell therapy [overall response 

rate; 77% [high-dose anakinra, 85%] CR rate; 49% [high-dose anakinra, 63%]). While 

preclinical studies did not show a detrimental impact of anakinra on anti-tumor effects and 

in vivo CAR T-cell persistence 15, further research is needed to evaluate the impact of 

anakinra on duration of response and in vivo CAR T-cell kinetics.

Our univariate and multivariable analyses also suggested lower pre-LD KPS, impacted 

by disease control, patient comorbidities and frailty, was strongly associated with more 

prolonged toxicities and higher TRM, which could have contributed to the significantly 

higher TRM (47% at day-28 after anakinra initiation) in patients treated with low-dose 

anakinra. The expected TRM in this patient population is unknown. A limited number of 

case series including patients treated with anakinra have been reported to date, with low 

sample size precluding robust TRM estimation. A study conducted at the Massachusetts 

General Hospital Cancer Center reported on 14 patients treated with anakinra at the dose 
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of 100-200mg/day for steroid-refractory ICANS with or without CRS28. One patient died 

of neurotoxicity on day 29 and three patients died of infection. Another case series from 

the MD Anderson Cancer Center reported on the use of low-dose subcutaneous anakinra in 

eight LBCL patients treated with axi-cel13. Non-disease-related deaths were reported in 5 of 

8 patients (63%). Investigators at the National Cancer Institute reported encouraging results 

using subcutaneous high-dose anakinra (5-8mg/kg/day) in 8 patients presenting with delayed 

HLH manifestations outside of CRS in pediatric B-ALL treated with CD22 CAR T cells 

on a clinical trial29. All patients had resolution of HLH-like toxicities (short-term outcomes 

for anakinra-treated patients were not reported specifically). Last, Kennedy et al. reported 

on macrophage activation syndrome (MAS)-like manifestations following BCMA-directed 

CAR T-cell therapy, for which 10 of 55 patients received anakinra. Although early mortality 

was not reported, the 1-year overall survival was 65.2% vs 90.6% and relapse-free survival 

was 35.4% vs 54.7% for patients with MAS-like compared to those without MAS-like 

features, respectively.30 We speculate our higher TRM may reflect the inclusion of a more 

frail population with more aggressive disease. More work is needed to better define CAR-T-

related toxicity refractoriness and the expected TRM in this specific patient population.

To our knowledge, our work is the first evaluating specifically the impact of the anakinra 

dose on TRM and time to CRS/ICANS resolution after CAR T-cell therapy.

We acknowledge the limitations related to the retrospective nature of our work, susceptible 

to selection and treatment allocation bias due to unmeasured confounders. The higher TRM 

observed in the low-dose anakinra group may have reflected higher patient frailty not 

adequately captured by the KPS. In addition, anakinra treatment was associated in most 

patients with concurrent corticosteroids (new initiation or dose increase), which could have 

confounded our assessments of the efficacy of anakinra on CRS and ICANS symptoms.

In conclusion, anakinra treatment was safe, at doses up to 12mg/kg/day. Early treatment 

with high-dose anakinra may be associated with lower TRM compared to low-dose 

anakinra in patients with refractory CRS/ICANS. While this is encouraging, high-dose 

IV anakinra remained associated with high cumulative corticosteroid usage and prolonged 

hospitalizations, suggesting prophylactic treatment may be a more promising approach. 

Our group (NCT04359784) and others (NCT04148430, NCT04150913, NCT04432506) are 

currently evaluating prophylactic low-dose anakinra to prevent or treat CRS and ICANS 

after CAR T-therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points:

• High-dose anakinra (up to 12mg/kg/day) for refractory CRS/ICANS was safe

• Higher anakinra dose may be associated with faster CRS/ICANS resolution 

and was independently associated with lower TRM
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Figure 1. Individual treatment courses categorized by anakinra dose
Red bar, CRS grade; blue bar, ICANS grade; black arrow, anakinra treatment; cross, death. 

Abbreviations: CAR, chimeric antigen receptor; CRS, cytokine release syndrome; ICANS, 

immune effector cell-associated neurotoxicity syndrome
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Figure 2. TRM (A) and time to CRS/ICANS resolution (A) after anakinra initiation
A, cumulative incidence of TRM, defined as the time from anakinra initiation to death 

with disease progression or relapse as the competing risk.; B, cumulative incidence of 

CRS/ICANS symptom resolution, whichever happened last, from the time of anakinra 

initiation with death from any cause as the competing risk Abbreviations: CRS, cytokine 

release syndrome; ICANS, Immune Effector Cell-Associated Neurotoxicity Syndrome; 

TRM, treatment-related mortality.
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Table 1.

Patient and disease characteristics

Low Dose
(N=15)

High Dose
(N=28)

Total
(N=43)

Age

Median [Q1,Q3] 51.0 [32.0,63.0] 63.5 [50.0,71.0] 58.0 [44.5,67.5]

Disease type

DLBCL 10 (66.7%) 15 (53.6%) 25 (58.1%)

MCL 0 (0%) 7 (25.0%) 7 (16.3%)

B-ALL 2 (13,4%) 3 (10.7%) 5 (11,6%)

PMBCL 3 (20.0%) 0 (0%) 3 (7.0%)

FL 0 (0%) 2 (7.1%) 2 (4.7%)

MM 0 (0%) 1 (3.6%) 1 (2.3%)

CAR T-cell product

Axi-cel 12 (80.0%) 8 (28.6%) 20 (46.5%)

Tisa-cel 2 (13.3%) 6 (21.4%) 8 (18.6%)

Brexu-cel 0 (0%) 6 (21.4%) 6 (14.0%)

Liso-cel 0 (0%) 3 (10.7%) 3 (7.0%)

Investigational JCAR021 0 (0%) 3 (10.7%) 3 (7.0%)

Investigational JCAR14 1 (6.7%) 0 (0%) 1 (2.3%)

Investigational JCAR017 0 (0%) 1 (3.6%) 1 (2.3%)

Investigational BCMA-targeted 0 (0%) 1 (3.6%) 1 (2.3%)

Weight (kg)

Median [Q1,Q3] 67.6 [60.0,75.0] 73.5 [64.8,82.3] 73.0 [64.5,80.2]

Pre-LD KPS (%)

Median [Q1,Q3] 80.0 [65.0,90.0] 80.0 [80.0,90.0] 80.0 [77.5,90.0]

MD 0 (0%) 3 (10.7%) 3 (7.0%)

Pre-LD bulky disease

No 8 (53.3%) 16 (57.1%) 24 (55.8%)

Yes 7 (46.7%) 12 (42.9%) 19 (44.2%)

Pre-LD bone marrow involvement

No 12 (86%) 15 (60%) 27 (62%)

Yes 2 (14%) 8 (32%) 10 (23%)

MD 0 (0%) 2 (8%) 2 (5%)

Pre-LD ferritin μg/L)

Median [Q1,Q3] 1720 [705,3400] 534 [236,1370] 809 [310,2270]

MD 1 (6.7%) 6 (21.4%) 7 (16.3%)

Pre-LD platelet (G/L)

Median [Q1,Q3] 93.0 [43.5,244] 106 [58.0,158] 103 [47.0,163]

Pre-LD LDH (UI/L)
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Low Dose
(N=15)

High Dose
(N=28)

Total
(N=43)

Median [Q1,Q3] 609 [288,1300] 216 [168,392] 295 [192,579]

MD 0 (0%) 1 (3.6%) 1 (2.3%)

Pre-LD Albumin (g/L)

Median [Q1,Q3] 39.0 [29.8,40.8] 34.0 [27.8,40.0] 35.5 [28.0,40.0]

MD 1 (6.7%) 0 (0%) 1 (2.3%)

Pre-LD CRP (mg/mL)

Median [Q1,Q3] 8.75 [2.50,14.4] 8.54 [3.68,26.9] 8.54 [3.22,16.7]

MD 1 (6.7%) 10 (35.7%) 11 (25.6%)

Abbreviations: KPS, Karnofsky Pergormance Status ; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; MM, multiple myeloma; 
MCL, mantle cell lymphoma, PMBCL, primary mediastinal B-cell lymphoma; axi-cel, axicabtagene ciloleucel; tisa-cel, tisagenlecleucel; brexu-cel, 
brexucabtagene autoleucel; liso-cel, lisocabtagene maraleucel; LD, lymphodepletion; MD, missing data.
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Table 2.

CRS, ICANS, treatment characteristics

Characteristic Anakinra dosing p-value2

Low, N = 151 High, N = 281 Total, N=43

  Peak CRS grade (ASTCT 2019) 2 (1, 2) 1-3 2 (1, 2) 0-4 2 (1, 2) 0-4 0.4

  Peak ICANS grade (ASTCT 
2019) 4 (4, 4) 0-5 4 (3, 4) 0-4 4 (3, 4) 0-5 0.069

  Time to first anakinra 
administration (days) 9 (8, 14) 6-41 8 (6, 11) 4-22 8 (7, 12) 4-41 0.13

  Corticosteroid treatment 
duration (days) 13 (4, 24) 1-51 12 (8, 20) 3-43 12 (8, 21,5) 1-51 >0.9

  Cumulative steroid dose (mg, 
dexamethasone equivalence) 610 (395, 2,175) 25-8,000 562 (233, 945) 120-2,700 598 (260,1040) 25-8,000 0.3

  Cumulative dose of anakinra 
(mg) 700 (450-1600) 100-12600 4200 (2600-5700) 

400-18000
2800 (1125-4950) 

100-18000 0.0001

  Duration of anakinra treatment 
(days) 6 (4.5-10) 1-44 7.5 (4.75-12.2) 1-29 7 (4.5-11.5) 1-44 0.41

  Hospital location

  Spain 11 (73%) 7 (25%) 18 (42%) 0.004

  US 4 (27%) 21 (75%) 25 (58%)

1
Median (IQR) Minimum-Maximum; n (%)

2
Wilcoxon rank sum test used for continuous variables; Fisher's exact test used for categorical variables;

Abbreviations: CRS, cytokine release syndrome; ICANS, Immune effector cell-associated neurotoxicity syndrome, LDH : lactate dehydrogenase, 
MD : missing data
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Table 3.

Univariate cause-specific Cox model for TRM

Characteristic HR1 95% CI1 p-value

  CAR T cell Product (axi-cel/brexu-cel vs other) 6.06 0.76, 48.6 0.090

  Age 1.00 0.97, 1.04 0.954

  Pre-LD KPS (%) 0.94 0.90, 0.98 0.004

  Pre-LD Ferritin (log10) 2.25 0.88, 5.79 0.092

  Pre-LD LDH (log10) 4.23 1.26, 14.2 0.020

  Pre-LD Albumin (log10) 19.9 0.02, 15,974 0.381

  Pre-LD Bulky Disease 3.31 0.82, 13.4 0.093

  CRS or ICANS grade at anakinra initiation 1.20 0.63, 2.31 0.577

  Time to anakinra initiation from CAR T-cell infusion 1.14 1.05, 1.24 0.002

  Time to anakinra initiation from CRS/ICANS onset 1.15 1.06, 1.26 0.001

  Anakinra daily dose (mg/kg/day) 0.41 0.22, 0.78 0.007

1
HR = Hazard Ratio, CI = Confidence Interval

Abbreviations: axi-cel, axicabtagene ciloleucel; brexu-cel, brexucabtagene autoleucel; LDH, lactate dehydrogenase; LD, lymphodepletion; CAR, 
chimeric antigen receptor; CRS, cytokine release syndrome, ICANS, Immune effector cell-associated neurotoxicity syndrome; TRM, treatment-
related mortality
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Table 4.

Univariate cause-specific Cox model for time to CRS/ICANS resolution

Characteristic HR1 95% CI1 p-value

  CAR T cell Product (axi-cel/brexu-cel vs other) 0.70 0.35, 1.39 0.304

  Age 1.00 0.98, 1.01 0.616

  Pre-LD KPS (%) 1.04 1.01, 1.08 0.007

  Pre-LD Ferritin (log10) 0.61 0.33, 1.12 0.112

  Pre-LD LDH (log10) 0.36 0.10, 1.27 0.111

  Pre-LD Albumin (log10) 0.76 0.29, 2.00 0.577

  Pre-LD Bulky Disease 0.52 0.25, 1.07 0.074

  CRS or ICANS grade at anakinra initiation 0.89 0.64, 1.23 0.468

  Time to anakinra initiation from CAR T-cell infusion 0.98 0.90, 1.07 0.667

  Time to anakinra initiation from CRS/ICANS onset 0.94 0.84, 1.05 0.260

  Anakinra dose (High vs Low) 2.19 0.94, 5.12 0.069

  Anakinra daily dose (mg/kg/day) 1.10 0.97, 1.24 0.136

1
HR = Hazard Ratio, CI = Confidence Interval

Abbreviations: axi-cel, axicabtagene ciloleucel; brexu-cel, brexucabtagene autoleucel ; LDH, lactate dehydrogenase; LD, lymphodepletion; CAR, 
chimeric antigen receptor ; CRS, cytokine release syndrome, ICANS, Immune effector cell-associated neurotoxicity syndrome; TRM, treatment-
related mortality
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