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Abstract

Autologous anti-CD19 chimeric antigen receptor (CAR) T cells are now used in routine practice for relapsed/refrac-
tory (R/R) large B-cell lymphoma (LBCL). Severe (grade > 3) cytokine release syndrome (CRS) and immune effector
cell-associated neurotoxicity (ICANS) are still the most concerning acute toxicities leading to frequent intensive care
unit (ICU) admission, prolonging hospitalization, and adding significant cost to treatment. We report on the incidence
of CRS and ICANS and the outcomes in a large cohort of 925 patients with LBCL treated with axicabtagene ciloleucel
(axi-cel) or tisagenlecleucel (tisa-cel) in France based on patient data captured through the DESCAR-T registry. CRS

of any grade occurred in 778 patients (84.1%), with 74 patients (8.0%) with grade 3 CRS or higher, while ICANS of any
grade occurred in 375 patients (40.5%), with 112 patients (12.1%) with grade >3 ICANS. Based on the parameters
selected by multivariable analyses, two independent prognostic scoring systems (PSS) were derived, one for grade >3
CRS and one for grade > 3 ICANS. CRS-PSS included bulky disease, a platelet count< 150 G/L, a C-reactive protein
(CRP) level>30 mg/L and no bridging therapy or stable or progressive disease (SD/PD) after bridging. Patients

with a CRS-PSS score > 2 had significantly higher risk to develop grade >3 CRS. ICANS-PSS included female sex, low
level of platelets (< 150 G/L), use of axi-cel and no bridging therapy or SD/PD after bridging. Patients with a CRS-PSS
score > 2 had significantly higher risk to develop grade >3 ICANS. Both scores were externally validated in interna-
tional cohorts of patients treated with tisa-cel or axi-cel.
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Purpose

Chimeric antigen receptor (CAR) T cells directed against
the CD19 antigen have emerged as one of the most
potent treatments for relapsed/refractory (R/R) large
B-cell lymphoma (LBCL) [1-9]. Axicabtagene ciloleu-
cel (axi-cel) and lisocabtagene maraleucel (liso-cel) are
now approved for second-line or subsequent lines of
treatment, while tisagenlecleucel (tisa-cel) is approved
after at least 2 previous lines. However, CAR T cells are
associated with some early-onset specific toxicities, such
as cytokine release syndrome (CRS) and immune effec-
tor cell-associated neurotoxicity (ICANS), which can be
life-threatening [10—12]. Moreover, severe (i.e. grade > 3)
CRS and ICANS can lead to intensive care unit (ICU)
admission in up to 30% of these patients, significantly
prolong hospitalization, and add to the already significant
cost of treatment [13].

Recently, many real-world evidence (RWE) studies have
confirmed similar efficacy as in trials [14—20]. Grade >3
CRS still occurs in real life in approximately 5-15% of
patients regardless of the CAR T product (axi-cel or tisa-
cel), and grade>3 ICANS occurs in 15-40% of patients
treated with axi-cel compared with approximately 5-15%
of patients treated with tisa-cel.

Several attempts to discover robust predictors of severe
CRS or ICANS have been made [15, 16, 19, 20]. The early
identification of patients at high risk of severe toxicity has
become of utmost importance now that CAR T cells are
broadly used in routine practice and are still associated
with significant morbidity, medical costs and complex
patient flow [1, 10-18].

Several scoring systems have been proposed to pre-
dict the risk of CRS or ICANS. The m-EASIX (modified
Endothelial Activation and Stress Index) and the s-EASIX
(simplified EASIX) based on the EASIX score designed
for graft-versus-host disease prediction have been pro-
posed to identify patients who subsequently develop
severe CRS or ICANS [21, 22]. In the present study, we
report on the specific toxicities of CAR T cells (i.e., CRS
and ICANS) in a large RWE patient population treated
with axi-cel or tisa-cel for R/R LBCL from the French
DESCAR-T registry, retrospectively capturing exhaustive
data for all patients treated with CAR T cells in France.
We propose two externally validated prognostic scoring
systems (PSSs) to refine the identification of patients at
low or high risk of severe CRS or ICANS before any CAR
T-cell infusion.

Patients and methods
Study design and patients
All patients treated in France with axi-cel or tisa-cel
from December 2019 to April 2022 and included in
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the DESCAR-T registry were considered. Data were
exported from the registry in May 2022. All patients with
LBCL for whom CAR T-cell therapy with tisa-cel or axi-
cel was infused in the setting of the first European Medi-
cines Agency (EMA) approval label (i.e., after at least 2
prior lines of treatment) were considered. The protocol
was approved by national ethic committee and the data
protection agency, and the study was undertaken in
accordance with the Declaration of Helsinki. DESCAR-
T is registered under the ClinicalTrials.gov identifier
NCT04328298. The study was sponsored by the Lym-
phoma Academic Research Organization (LYSARC).

External validation patient cohorts

Individual patient data from 3 previously published
cohorts from Spain, the United Kingdom (UK), Germany
and the United States (US) were extracted and served as
an external international validation series [18, 19, 23-25].
The characteristics of patients in each cohort are pre-
sented in the corresponding initial publication [18, 19,
23]. A patient flow diagram is presented in Supplemen-
tary Figure S1. Definition of bulky disease remains vari-
able in hematology. Tumor diameters from 5 to 10 cm
were used in different clinical trials. Of note, the cut-
off for bulky disease was set at 5 cm in the training and
internal validation cohorts from the DESCAR-T registry,
while it was 7 cm in the Spanish dataset, and 10 cm in
the UK as well as in the joint dataset from Germany and
the US. Since the longest diameter of the largest node
or mass was not captured as a continuous parameter in
these datasets, recalculation with a 5 cm cutoff could not
be performed, and bulky disease was therefore consid-
ered in the external validation set with different cutoffs.

Outcomes

Response was assessed according to the Lugano 2014
criteria based on '®fluoro-deoxyglucose positron emis-
sion tomography (FDG-PET) after CAR T-cell infusion
[26]. FDG-PET was performed at least before lymphode-
pletion and after 1, 3, 6, 9 and 12 months for all patients
according to follow-up duration. For all survival analyses,
a landmark time was set at 28 days after CAR T-cell infu-
sion to assess the prognostic impact of CRS and ICANS
on outcome. PFS was defined from the landmark time to
the date of first documented relapse, progressive disease,
date of last follow-up or death from any cause, which-
ever came first. Overall survival (OS) was defined from
the landmark time to the date of death from any cause or
the date of last follow-up. CRS and ICANS were graded
according to the consensus criteria from the Ameri-
can Society for Transplantation and Cellular Therapy
(ASTCT) [4].
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Statistical methods

For PSS computation, the dataset was split into a train-
ing set (60% randomly selected, N=555) to derive opti-
mal predictive models and an internal validation set (the
remaining 40% of records, N=2370) to test the validity of
the selected models. In the training set, the predictive
value of each variable was assessed by 1000 bootstrap
replications performing univariable logistic regressions
for each toxicity outcome (i.e., grade >3 CRS or ICANS).
Variables that were found to be significant (P<0.05) in at
least 50% of the replication sets were eligible for inclusion
in multivariable analyses. This approach was applied to
select the most consistently predictive parameters. Mul-
tivariable analyses were performed following stepwise
selection (entry-level P=0.1, retain level P=0.05) in 1000
bootstrap replications for each toxicity endpoint. Based
on the multivariable model most frequently selected via
the bootstrap procedure above, a simplified risk score
was calculated using the rounded median parameter esti-
mates of the bootstrap replications for grade >3 CRS and
ICANS [27]. The optimal cutoff for risk score dichoto-
mization was considered based on the receiver operating
characteristic (ROC) curve and was selected using the
value that maximized the Youden’s index (]J=sensitiv-
ity + specificity — 1), defined as the overall correct classi-
fication rate minus 1 at the considered cutoff point. No
imputation was performed for missing data.

Regarding previously validated predictive scores for
CRS and ICANS in the literature, the EASIX score
(LDH*creatinine/platelets), the modified EASIX score
(m-EASIX: CRP*creatinine/platelets) and the simplified
EASIX score (s-EASIX: LDH/platelets) were assessed in
our cohort, and the performance of each was compared
in both the training and internal validation sets using the
AUC of the ROC curve [21].

The PSSs were externally validated using an independ-
ent cohort of patients combining data from the UK, Ger-
many, Spain and the US. Overall, data from 725 and 760
patients were available for CRS and ICANS prediction
score computation, respectively. Fisher’s exact test or x>
test were used when appropriate for comparing CRS and
ICANS incidences according to patient risk category.

Landmark analyses on day 28 were used to assess the
prognostic impact of post-infusion parameters (i.e.,
CRS, ICANS) on subsequent PFS and OS. Survival dis-
tributions were compared using the log-rank test. The
cumulative incidence of progression and relapse or of
non relapse mortality (NRM) was evaluated using com-
petitive risk models, and comparisons between distribu-
tions were statistically performed using Gray’s test. A
two-sided P value of less than 0.05 was considered signif-
icant. No adjustment was performed for multiple testing.
Survival curves were generated using the Kaplan—Meier
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estimation method. Statistical analyses were performed
using SAS software version 9.4.

Results

Patient characteristics and toxicities

Between December 2019 and April 2022, 925 patients
from 27 French centers with R/R LBCL after at least
two lines of previous therapy underwent a commercial
CAR T-cell infusion with axi-cel or tisa-cel treatment
and were registered in the French DESCAR-T registry.
Patient characteristics are presented in Table 1. Toxicities
and their management are presented in Table 2. Tisa-cel
was administered in 38% of patients (n=351), and axi-
cel was administered in 62% of patients (n=574). CRS
of any grade occurred in 778 patients (84.1%), with 74
patients (8.0%) with grade 3 CRS or higher. ICANS of any
grade occurred in 375 patients (40.5%), with 112 patients
(12.1%) experiencing grade >3 ICANS.

Survival according to CRS or ICANS severity

Toxic mortality related to CRS and ICANS (grade 5) dur-
ing the first 28 days following CAR T-cell infusion was
only reported in 5 patients, all due to CRS (Table 2). Two
cases of grade 5 ICANS were recorded, occurring on
days 29 and 97 post-infusion (with onset following infu-
sion and worsening over time). No deaths related to CRS
occurred after day 28. In a competitive risk analysis, the
cumulative incidence of NRM was not statistically differ-
ent between axi-cel and tisa-cel while the rate of relapse
and death due to lymphoma was significantly higher
with tisa-cel (P<0.0001, Gray’s test, Supplementary Fig-
ure S2A and B).

The prognostic significance of CRS and ICANS severity
on subsequent PFS and OS was analyzed using a 28-day
landmark time according to each CAR T product. For
patients treated with tisa-cel, no significant impact of
CRS severity on PFS or OS was observed (Fig. 1A, B).
While no significant association was observed between
ICANS severity and PFS, a direct and highly significant
correlation between ICANS grade and OS was seen
(P<0001, Fig. 1C, D). For axi-cel, patients who expe-
rienced mild (grade 1-2) ICANS showed significantly
prolonged PFS compared with patients without or with
severe ICANS (P=0.011, Fig. 2C) due to a lower cumula-
tive incidence of progression or death due to lymphoma
with no NRM difference (Supplementary Figure S3A and
B). No OS difference according to ICANS severity was
observed (Fig. 2D). Significant associations (i.e. worse
OS in case of moderate or severe ICANS for tisa-cel and
improved PFS for moderate ICANS for axi-cel) were
maintained when considering multivariable models tak-
ing into account potential confounding parameters (Sup-
plementary Table S1).
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Table 1 Patient characteristics in the DESCAR-T cohort (at
lymphodepletion)

DESCAR-T cohort
(N=925)
N (%)
Age at time of CAR T-cell infusion (yrs)
Median (min-max) 63 (18-82)
>65yrs 401 (43.3)
Sex
Male 567 (61.3)
Female 358 (38.7)
Histological diagnosis
De novo aggressive large B-cell lymphoma
DLBCL NOS or HGBCL 675 (73.8)
PMBCL 42 (4.6)
T/HRLBCL 12(1.3)
Systemic relapse of PCNSL 5(0.5)
DLBCL, leg type 5(0.5)
tFL 135 (14.7)
tMZL 22 (2.4)
Other transformed indolent non-Hodgkin 19 (2)
lymphomas
Missing data 10
Number of prior treatment lines
Median (min;max) 3(2;10)
>3 prior lines 436 (47.3)
Missing data 3
ECOG PS
0-1 748 (85.9)
>? 123 (14.1)
Missing data 55
Ann Arbor Stage
|-l 174 (19.5)
115\ 717 (80.5)
Missing data 34
aalPl
0 61(7.3)
1 289 (34.5)
2 433(51.7)
3 54 (6.5)
Missing data 88
Bulk (with a cutoff at 5 cm)
No 671(73.2)
Yes 246 (26.8)
Missing 8
Platelets
<150 G/L 326 (35.9)
>150 G/L 582 (64.1)
Missing data 18
LDH
<UNL 341 (44.0)
>UNL 434 (56.0)
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Table 1 (continued)
DESCAR-T cohort
(N=925)
N (%)
Missing data 150
CRP
<30mgL™! 619 (76.2)
>30mg L™ 193 (23.8)
Missing data 113
Bridging and response to bridging
No bridging 142 (15.8)
Response to bridging (PR or CR) 249 (27.7)
No response to bridging (SD or PD) 507 (56.4)
Missing data 27

Sum may not equal 100% because of rounding

aalPl age-adjusted international prognostic index, CR complete response, DLBCL
diffuse large B-cell ymphoma, ECOG Eastern Cooperative Oncology Group, LDH
lactate dehydrogenase, NA not applicable, PMBCL primary mediastinal B-cell
lymphoma, PD progressive disease, PCNSL primary central nervous system
lymphoma, PR partial response, PS performance status, SD stable disease, T/
HRLBCL T-cell/histiocyte-rich large B-cell ymphoma, tFL transformed follicular
lymphoma, tMZL transformed marginal zone lymphoma, UNL upper normal
limit, yrs years

In sensitivity analyses, subsequent outcome after day
28 were similar for patients experiencing CRS or ICANS
grade 1 or grade 2 whatever the CAR T received (axi-cel
or tisa-cel) or the survival endpoint (PFS or OS) (Supple-
mentary Figures S4 and S5).

Prognostic analysis of toxicity and scoring systems

To build PSS for grade>3 CRS and ICANS, the cohort
was randomly split into a (60%) training set and a (40%)
validation set. No statistically significant differences were
observed between the training and validation sets regard-
ing toxicity outcomes or patient characteristics (Sup-
plementary Tables S2 and S3). All biological parameters
were considered at lymphodepletion. For CRS, in uni-
variable analyses and when using a bootstrap approach,
bulky disease with a largest node or mass>5 cm, a CRP
level >30 mg/L, a lactate dehydrogenase (LDH) level >2
times the upper limit of normal (ULN), and a plate-
let count<150 G/L were significantly associated with a
higher risk of grade>3 CRS (Supplementary Table S4).
In contrast, achieving a complete response (CR) or a
partial response (PR) after bridging was predictive of a
decreased risk of grade >3 CRS (compared with patients
who did not receive any bridging therapy or those with
stable disease (SD) or progressive disease (PD) after
bridging). For ICANS, the female sex, the use of axi-cel
and a platelet count< 150 G/L were significantly associ-
ated with grade>3 ICANS (Supplementary Table S5).
Achieving a CR or a PR after bridging was also predictive
of a decreased risk of grade >3 ICANS.
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Table 2 Toxicity after anti-CD19 CAR T-cell infusion
All patients Tisa-cel Axi-cel
(N=925) (N=351) (N=574)
N (%) N (%) N (%)
CRS
All grades 778 (84.1) 266 (75.8) 512 (89)
Grade>3 74(8.1) 25(7.1) 49 (8.5)
Grade 5 5(0.5) 4(1.1) 1(0.2)
Median time to onset—days (IQR) 2 (1-4) 2(1-3) 3(1-4)
Median time to resolution—days (IQR) 6 (4-9) 54-7) 6 (4-9)
Missing data 3 1 2
ICANS
All grades 375 (40.5) 77 (21.9) 298 (51.8)
Grade>3 112(12.) 10(2.8) 102 (17.8)
Grade 5 2(03) 0(0) 2(03)
Median time to onset—days (IQR) 6 (4-9) 5(3-6) 6 (5-9)
Median time to resolution—days (IQR) 6.5 (4-11) 6 (3-9) 7(4-11)
Missing data 3 1 2
Tocilizumab use (anti-IL-6 receptor) 548 (59.2) 170 (48.4) 378 (65.8)
Median dose tocilizumab—mg (IQR) 983 (600-1614) 800 (582-1388) 1104 (600-1800)
Median duration—days (IQR) 2(1-3) 2(1-2) 2(1-3)
Steroids use (dexamethasone equivalent) 386 (41.7) 100 (28.5) 286 (49.8)
Median dose steroids—mg (IQR) 120 (40-230) 49 (20-170) 125 (40-237)
Median duration—days (IQR) 6 (3-10) 6 (2-9) 6 (4-10)
Anakinra use (anti IL-1) 36 (3.9 4(1.1) 32(5.6)
Median dose anakinra—mg (IQR) 600 (200-999) 450 (100-800) 600 (200-1000)
Median duration—days (IQR) 7 (4-10) 7 (4-10) 7 (4-9)
Indication for use
Persistent CRS 6(16.6) NA NA
Persistent ICANS 30(83) NA NA
Siltuximab use (anti IL-6) 22 5 17

Median dose siltuximab—mg (IQR)
Median duration—days (IQR)
Indication for use

880 (600-990)
1(1-1)

Persistent CRS 16 (73)
Persistent ICANS 6(27)
Intensive care unit admission 220 (24.1)
Mean ICU stay, days (IQR) 2.1(0-2)
Missing data 12

550 (500-550)
1(1-1)

890 (700-1045)
1(1-1)

NA NA

NA NA

64 (184) 156 (27.5)
1.7.(0-1) 23(0-3)
4 8

Toxicities were graded according to CTCAE version 5.0 for cytopenia and according to the consensus grading from the ASTCT for CRS and ICANS. Only data for
patients who experienced at least grade > 1 toxicity are reported in the table

CRS cytokine release syndrome, ICANS immune effector cell-associated neurotoxicity syndrome, ICU intensive care unit, IQR interquartile range, NA not available

In multivariable analyses, based on parameters that
were most frequently selected by bootstrap analy-
sis, bulky disease, a platelet count<150 G/L and a CRP
level > 30 mg/L were significantly associated with a higher
risk of grade >3 CRS, while achieving a CR or a PR after
bridging (compared with no bridging therapy or SD/PD
after bridging) was predictive of a decreased risk (Sup-
plementary Table S6). All parameters selected in the

univariable analysis were retained in the multivariable
analysis for the prediction of grade>3 ICANS (female
sex, platelets <150 G/L, use of axi-cel and response after
bridging) (Supplementary Table S7).

Based on the parameters selected and the associated
weighted coefficients by multivariable analyses, two inde-
pendent PSSs were derived, one for grade>3 CRS and
one for grade>3 ICANS, and were termed CRS-PSS
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(4-point scale) and ICANS-PSS (5-point scale), respec-
tively (Table 3). Each score was subsequently divided into
2 classes for convenient routine use with an optimal cut-
off set at 2 (value that maximized the Youden’s index). For
severe CRS, the incidence was 5.9% in the low-risk cate-
gory (i.e., CRS-PSS <2) compared with 19.8% in the high-
risk category (i.e., CRS-PSS>2). For severe ICANS, the
incidence was 2.6% in the low-risk category (i.e., ICANS-
PSS <2) compared with 18.3% in the high-risk category
(i.e., ICANS-PSS>2). While positive predictive values
(PPVs) for both CRS- and ICANS-PSS did not exceed
20%, high negative predictive values (NPVs) of more than
95% were achieved for both scoring systems. The statisti-
cal prognostic significance of both CRS-PSS and ICANS-
PSS was confirmed in the DESCAR-T internal validation
cohort (Table 3). CRS-PSS and ICANS-PSS showed con-
sistently better performances with higher AUC of the
ROC curve than the EASIX, m-EASIX and s-EASIX in
the validation cohort (Supplementary Table S8).

The two scoring systems were then externally vali-
dated in an international set of patients from previously
published series in Spain, the UK, the US and Germany
(Table 3, Supplementary Figure S1 and Supplementary
Table S9) [18, 19, 23-25]. In total, data for score com-
putation were available for 725 and 760 patients for
CRS-PSS and ICANS-PSS, respectively. In this external
validation set, 6.0% of patients with a low CRS-PSS score
developed severe CRS compared with 14.8% of those
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with a high CRS-PSS score (P<0.001). Regarding ICANS,
4.3% and 19.1% of patients in the low- and high-risk
groups, respectively, developed severe toxicity (P<0.001).

Discussion

Anti-CD19 CAR T cells have dramatically altered
the therapeutic armamentarium and the prognosis of
patients with R/R LBCL in the last few years [4-9].
Despite notable improvement in toxicity management
following early mitigation strategies with anti-IL6R and
steroids, CRS and ICANS, two specific side effects, are
still the leading causes of acute morbidity, ICU transfer
and prolonged hospitalization [10, 13]. In this multi-
center RWE study based on the French DESCAR-T reg-
istry encompassing nearly a thousand patients treated
with commercial tisa-cel or axi-cel after at least 2 lines
of treatment, we identified several parameters associ-
ated with grade >3 CRS or ICANS. As expected, bulky or
uncontrolled disease before lymphodepletion and a high
LDH or CRP level were associated with a significantly
more frequent incidence of grade >3 CRS. Moreover, a
platelet count below 150 G/L, already identified in the
context of graft-versus-host disease and whose valid-
ity has been confirmed by others in predicting severe
CRS, was indeed found to be significantly associated
with severe CRS in our series [21, 22]. The absence of a
response following bridging therapy and a low plate-
let count were associated with grade >3 ICANS as well.

Table 3 CRS-PSS (prognostic scoring system) and ICANS-PSS in the training and validation sets

Factors and score computation? Category n/N (%) of grade >3 AEP (CRS for CRS-PSS and ICANS for ICANS-
PSS)
Training set (N=533) DESCAR-T External
validation set? validation set®
(N=351) (N=725)
CRS-PSS 4 points Bulk (>5cm) +1 Low (0-2) 26/442 (5.9%) 15/283 (5.3%) 33/549 (6.0%)
Platelets < 150 G/L +1
No bridge or bridge failure’ +1 High (>2) 18/91 (19.8%) 9/68 (13.2%) 26/176 (14.8%)
CRP>30 mg/L +1
Category Training set® (N=554) DESCAR-T External
validation set? validation set®
(N=369) (N=760)
ICANS-PSS 5 points Female sex +1 Low (0-2) 6/232 (2.6%) 5/149 (3.3%) 13/299 (4.3%)
Platelets < 150 G/L +1
No bridge or bridge failuref +1 High (>2) 59/322 (18.3%) 40/220 (18.2%) 88/461 (19.1%)

Axi-cel +2

@ At lymphodepletion

® Numbers of patients differ between the CRS-PSS and ICANS-PSS because of various missing parameters between the 2 scores

€P<0.0001 for both CRS-PSS and ICANS-PSS
4 P=0.030 for CRS-PSS and P<0.001 for ICANS-PSS

¢ Aggregated retrospective data from Spain, Germany, UK and US (See Supplementary Table S8). P<0.001 for CRS-PSS and P<0.001 for ICANS-PSS

fBridge failure is defined by a stable or progressive disease after bridging
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Surprisingly, the absence of bridging therapy was also
associated with a significantly higher risk of severe CRS
and/or ICANS, similar to stable or progressive disease
after bridging, indicating that bridging therapy could
limit severe toxicity following infusion by limiting tumor
burden progression or by another mechanism that has
yet to be identified. Other recent reports have found
an increased risk of any-grade ICANS in the absence
of response to bridging therapy or in case of untreated
relapse [28, 29]. It is intriguing given that observed toxic-
ity following axi-cel treatment in real-world data, where
bridging is largely used, is indeed found at a much lower
rate than in pivotal trials in which only corticosteroids
were allowed. As expected, the most predictive param-
eter for severe ICANS was the use of axi-cel compared
with tisa-cel. Unexpectedly, the female sex was robustly
associated with severe ICANS. Such an observation was
also of borderline significance in the univariable analy-
sis in a study by Nastoupil and colleagues considering
patients treated with axi-cel [15]. Of note, ferritin levels
are not abstracted in the DESCAR-T registry and were
not assessable for use in the prognostic models. Based on
independent prognostic parameters, two scoring systems
were built and robustly identified patients with a higher
risk of grade>3 CRS or ICANS. The two scoring sys-
tems were found to be more discriminant than the pre-
viously proposed EASIX, modified EASIX and simplified
EASIX scoring systems. Whether the 2 scoring systems
will remain valid in the 2nd line setting and consider-
ing liso-cel instead of tisa-cel (associated with a simi-
larly low rate of severe toxicity) needs to be confirmed.
We acknowledge that retrospective data collection might
have led to specific biases compared to prospective trials.
It must also be recognized that even in the high-risk cat-
egories, only 15-20% of patients experienced grade >3
CRS and ICANS in the training and validation cohorts.
This is reflected by the high NPV but limited PPV of the
scoring systems, consistent with other predictive models
of CAR T-cell toxicity [30]. However, from the perspec-
tive of potential future outpatient CAR T-cell infusions,
the NPV would prevail over the PPV. This also highlights
how a substantial number of biological and intrinsic fea-
tures of CAR T-cell products associated with severe tox-
icity are likely not fully captured by baseline patient and
disease characteristics. The cut-off was set at 2 due to
the choice of the best trade-off between identifying most
patients that could be managed on an outpatient setting
(with low-score risk) and increasing the population that
could benefit from the use of early mitigation strategies
like tocilizumab and dexamethasone (in case of high-
risk score). Depending on the clinical context, physician
could use a higher cut-off above 2 for increasing PPV for
instance. Another limitation of the present work is the
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different cutoffs used in the training and the external val-
idation sets for bulk definition. Various cutoffs were used
throughout different nationwide registries and continu-
ous measurement was not captured to allow for retro-
spective computation. However, a cutoff set at 5 cm was
internally validated in the DESCAR-T registry and mar-
ginal differences were observed in the external validation
set with comparable patient repartition in the low- and
high-risk categories. We advocate for using a 5 cm cut-
off for bulk definition for score computation, but 7.5 cm
and 10 cm would likely perform similarly at a population
level.

Divergent data exist regarding the impact of acute
toxicity and therapeutic intervention on subsequent
outcomes [19, 31-34]. The incidence of grade 5 CRS or
ICANS was extremely low in the present cohort. Inter-
estingly, in the 28-day landmark analyses, divergent
prognostic associations with PFS and OS were observed
according to CAR T-cell product. ICANS severity had
a major impact on OS in patients treated with tisa-cel,
while no difference was observed in those treated with
axi-cel. Surprisingly, patients treated with axi-cel pre-
senting low-grade (1-2) ICANS had a significantly pro-
longed PFS compared with patients experiencing no or
severe neurotoxicity. This could reflect a higher CAR
T-cell proliferation peak, in line with previous reports
showing better disease control in cases of low-grade tox-
icity [33, 34]. In addition to similar patient management
for grade 1 or 2 CRS and ICANS without usual need for
ICU transfer, subsequent PFS and OS were also compa-
rable justifying grouping grade 1 and 2 versus 3 and 4 for
prognostic scoring development in the study.

In conclusion, our study provides RWE estimates of
CRS and ICANS incidence and severity, as well as the
impact of toxicities on subsequent outcomes based on a
large cohort of patients. We propose two validated and
easy-to-use preinfusion scoring systems that allow for
the identification of patients at very low risk of severe
CRS or ICANS for tailored medical management.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513045-024-01579-w.

[ Supplementary Material 1. }

Acknowledgements

The authors thank the patients and their families, all the investigators and their
staff involved in data collection and analyses, and LYSARC for study organiza-
tion and support.

Author contributions

Conception and design: PS and EB. Provision of study material or patients:
all authors. Collection and assembly of data: all authors. Data analysis and
interpretation: all authors. Manuscript writing: PS and EB. Final approval of
manuscript: all authors. Accountability for all aspects of the work: all authors.


https://doi.org/10.1186/s13045-024-01579-w
https://doi.org/10.1186/s13045-024-01579-w

Sesques et al. Journal of Hematology & Oncology (2024) 17:61

Availability of data and materials
All data generated or analyzed during this study are included in this published
article and its supplementary information file.

Declarations

Ethics approval and consent to participate

The protocol was approved by national ethic committee and the data protec-
tion agency, and the study was undertaken in accordance with the Declara-
tion of Helsinki. DESCAR-T is registered under the ClinicalTrials.gov identifier
NCT04328298.

Competing interests

PS: Honoraria, Advisory/Consultancy from Janssen, Roche, BMS, Chugai;
Novartis and Kite/Gilead; A.K: Honoraria from Kite/Gilead; M.K: no conflict

to declare; KR. Kite/Gilead: Research Funding and travel support; Novartis:
Honoraria; BMS/Celgene: Consultancy, Honoraria; Pierre-Fabre: travel support;
MDJ: Consult/advisor for Kite/Gilead and Myeloid Therapeutics; research fund-
ing from Kite/Gilead, Incyte, and Loxo@lLilly; R.DB: Honoraria, travel support,
and membership of advisory boards from Novartis,Kite/Gilead, Janssen, Pfizer,
Celgene; G.B: Honoraria and travel fees from: Kite/Gilead, BMS, Incyte, Novartis;
FX.G: Honoraria: Kite/Gilead, BMS, Milteny, Novartis.Consultancy, Honoraria;
Amgen: Honoraria; Astrazeneca: Consultancy, Honoraria; F.LB: Takeda: Hono-
raria, Research Funding; Kite Gilead: Honoraria; Novartis: Honoraria; Celgene
BMS: Research Funding; PB. declares having received honoraria from Allogene,
Amgen, BMS, Kit/Gilead, Incyte, Jazz Pharmaceuticals, Miltenyi Biomedicine,
Nektar Novartis and Pierre Fabre; MTR: No COlIs; G.l:Honoraria and travel
support: Novartis, Kite/Gilead, Bristol-Myers Squibb, Abbvie, Autolus, Sandoz,
Janssen, Miltenyi, AstraZeneca; MOR: no conflict to declare; ROC Honoraria

for consultancy and advisory board:Roche, Takeda, BMS,MSD, Gilead/Kite,
Janssen, ADC Therapeutics, Incyte; Research funding: Roche,Gilead, Takeda;
JO.B: no conflict to declare; M.M.: No COls; M.J: no conflict to declare; J.A: No
COls; CCLI: Honoraria from Gilead/Kite, Nektar Therapeutics; M.L: no conflict to
declare; S.C: Kite/gilead: Consultancy and Membership on an entity’s Board of
Directors or advisory committees; Astrazeneca: Consultancy, Membership on
an entity’s Board of Directors or advisory committees and Research Funding;
Abbvie; Other: Travelfees; Beigene: Membership on an entity’s Board of Direc-
tors or advisory committees; Janssen Cilag: Membership on an entity’s Board
of Directors or advisory committees, Other: travel fees and Research Funding;
A.C.:No COls; L. DDLR: No COls; O.H: No CQls; S.G: No COls; PCM: COls; PF: No
COlIs; S.LG: Honoraria, travel support, and membership of advisory boards
from Novartis, Kite/Gilead, Janssen; F.M: Advisory boards pour Gilead, Novartis,
BMS, épizyme, miltenyi,Abbvie, genmab, Roche, AstraZeneca; Consultancy:
gilead, roche; Scientific lectures:Roche, Chugai; T.G: honoraria from Gilead/
kite, Novartis, Takeda; G.C: Roche, Celgene-BMS: Consultancy; Danofi, Gilead,
Novartis, Jansen, Roche, Celgene-BMS, Abbvie, Takeda: Honoraria; M.S. receives
industry research support from Amgen, BMS/Celgene, Gilead, Janssen,
Miltenyi Biotec, Novartis, Roche, Seattle Genetics and Takeda and serves as a
consultant/advisor to AvenCell, CDR-Life, Ichnos Sciences, Incyte Biosciences,
Janssen, Miltenyi Biotec, Molecular Partners, Novartis, Pfizer and Takeda.

She serves on the speakers’bureau at Amgen, AstraZeneca, BMS/Celgene,
Gilead, GSK, Janssen, Novartis, Pfizer, Roche and Takeda; PB. declares having
received honoraria from Novartis, Kite Gilead, BMS Celgene and Abbvie; FL.L:
has a scientific advisory role with Kite, a Gilead Company, Novartis, Celgene/
Bristol-Myers Squibb, GammaDelta Therapeutics, Wugen, Amgen, Calibr, and
Allogene; is a consultant with grant options for Cellular Biomedicine Group,
Inc; and receives research support from Kite, a Gilead Company, Novartis, and
Allogene; and reports that his institution holds unlicensed patents in his name
in the field of cellular immunotherapy; R.S: No COls; R.H: Honoraria from Bris-
tol-Myers Squibb, Celgene, Gilead Sciences, Incyte, Janssen, Kite, MSD, Novartis
and Roche; EB: Honoraria from Kite, a Gilead Company, Bristol Myers Squibb,
Novartis, Pfizer, Incyte, ADC Therapeutics; personal fees from Kite, a Gilead
Company, Bristol Myers Squibb, Novartis, Pfizer; research funding paid to insti-
tution from Amgen, BMS,; PS: Honoraria, Advisory/Consultancy from Janssen,
Roche, BMS, Chugai; Novartis and Kite/Gilead A.K: Honoraria from Kite/Gilead
M.K: no conflict to declare KR. Kite/Gilead: Research Funding and travel sup-
port; Novartis: Honoraria; BMS/Celgene: Consultancy, Honoraria; Pierre-Fabre:
travel support MDJ: Consult/advisor for Kite/Gilead and Myeloid Therapeutics;
research funding from Kite/Gilead, Incyte, and Loxo@Lilly. R.DB: Honoraria,
travel support, and membership of advisory boards from Novartis Kite/Gilead,

Page 9 of 10

Janssen, Pfizer, Celgene. G.B: Honoraria and travel fees from: Kite/Gilead, BMS,
Incyte, Novartis FX.G: Honoraria: Kite/Gilead, BMS, Milteny, Novartis.Consul-
tancy, Honoraria; Amgen: Honoraria; Astrazeneca: Consultancy, Honoraria. F.LB:
Takeda: Honoraria, Research Funding; Kite Gilead: Honoraria; Novartis: Hono-
raria; Celgene BMS: Research Funding. PB. declares having received honoraria
from Allogene, Amgen, BMS, Kit/Gilead, Incyte, Jazz Pharmaceuticals, Miltenyi
Biomedicine, Nektar Novartis and Pierre Fabre. MTR: No COls. G.:Honoraria and
travel support: Novartis, Kite/Gilead, Bristol-Myers Squibb, Abbvie, Autolus,
Sandoz, Janssen, Miltenyi, AstraZeneca MOR: no conflict to declare ROC Hono-
raria for consultancy and advisory board:Roche, Takeda, BMS,MSD, Gilead/Kite,
Janssen, ADC Therapeutics, Incyte; Research funding: Roche,Gilead, Takeda
JO.B: no conflict to declare M.M.: No COls. M.J: no conflict to declare J.A:No
COls. CCLI: Honoraria from Gilead/Kite, Nektar Therapeutics M.L: no conflict to
declare S.C: Kite/gilead: Consultancy and Membership on an entity’s Board of
Directors or advisory committees Astrazeneca: Consultancy, Membership on
an entity’s Board of Directors or advisory committees and Research Funding;
Abbvie; Other: Travelfees; Beigene: Membership on an entity’s Board of Direc-
tors or advisory committees; Janssen Cilag: Membership on an entity’s Board
of Directors or advisory committees, Other: travel fees and Research Funding
A.C.:No COls. L. DDLR: No COls. O.H: No COls. S.G: No COls. PCM: COlls. PF: No
COls. S.LG: Honoraria, travel support, and membership of advisory boards
from Novartis, Kite/Gilead, Janssen F.M: Advisory boards pour Gilead, Novartis,
BMS, épizyme, miltenyi,Abbvie, genmab, Roche, AstraZeneca; Consultancy:
gilead, roche; Scientific lectures:Roche, Chugai T.G: honoraria from Gilead/
kite, Novartis, Takeda G.C: Roche, Celgene-BMS: Consultancy; Danofi, Gilead,
Novartis, Jansen, Roche, Celgene-BMS, Abbvie, Takeda: Honoraria. M.S. receives
industry research support from Amgen, BMS/Celgene, Gilead, Janssen,
Miltenyi Biotec, Novartis, Roche, Seattle Genetics and Takeda and serves as a
consultant/advisor to AvenCell, CDR-Life, Ichnos Sciences, Incyte Biosciences,
Janssen, Miltenyi Biotec, Molecular Partners, Novartis, Pfizer and Takeda.

She serves on the speakers’ bureau at Amgen, AstraZeneca, BMS/Celgene,
Gilead, GSK, Janssen, Novartis, Pfizer, Roche and Takeda. PB. declares having
received honoraria from Novartis, Kite Gilead, BMS Celgene and Abbvie FL.L:
has a scientific advisory role with Kite, a Gilead Company, Novartis, Celgene/
Bristol-Myers Squibb, GammaDelta Therapeutics, Wugen, Amgen, Calibr, and
Allogene; is a consultant with grant options for Cellular Biomedicine Group,
Inc; and receives research support from Kite, a Gilead Company, Novartis,

and Allogene; and reports that his institution holds unlicensed patents in his
name in the field of cellular immunotherapy. R.S: No COls. R.H: Honoraria from
Bristol-Myers Squibb, Celgene, Gilead Sciences, Incyte, Janssen, Kite, MSD,
Novartis and Roche EB: Honoraria from Kite, a Gilead Company, Bristol Myers
Squibb, Novartis, Pfizer, Incyte, ADC Therapeutics; personal fees from Kite, a
Gilead Company, Bristol Myers Squibb, Novartis, Pfizer; research funding paid
to institution from Amgen, BMS.

Author details

"Hematology Department, Hospices Civils de Lyon, 165 Chemin du Grand
Revoyet, 69410 Pierre Bénite, Lyon, France. 2Cancer Research UK & UCL Cancer
Trials Centre, UCL Cancer Institute, University College London, London,

UK. >Department of Hematology, Hospital General Universitario Gregorio
Marafién, Madrid, Spain. “Department of Medicine Ill - Hematology/Oncol-
ogy, LMU University Hospital, LMU Munich, Munich, Germany. *Department
of Blood and Marrow Transplant and Cellular Immunotherapy, Moffitt Cancer
Center, Tampa, USA. ®Hematology Department, Hopital Saint Louis, Paris,
France. ’Hematology Department, Institut Paoli Calmettes, Marseille, France.
8Hematology Department, CHU de Bordeaux, Bordeau, France. “Hema-
tology Department, Hopital Henri Mondor, Créteil, France. '®°Hematology
Department, CHU de Toulouse, Toulouse, France. ' Hematology Department,
Hopital de la Pitié Salpétriere and AP-HP Sorbonne Université, Paris, France.
2Hematology Department, CNRS UMR 7365, CHRU de Nancy, Nancy, France.
3*Department of Hematology, University Hospital Vall d’'Hebron, Barcelona,
Spain. "“Experimental Hematology, Vall d’'Hebron Institute of Oncology (VHIO),
Barcelona, Spain. "> Department of Haematology, University College London
Hospitals, London, UK. '®°Hematology Department, CHU de Dijon and INSERM
1231, Dijon, France. ' Hematology Department, CHU de Clermont Ferrand,
Clermont-Ferrand, France. '®Hematology Department, Hopital Saint Antoine,
Inserm UMRs 938, Sorbonne University, Paris, France. '°Hematology Depart-
ment, CHU d’Amiens, Amiens, France. 2’Hematology Department, CHU de
Limoges, Limoges, France. ?' Hematology Department, Gustave Roussy Cancer
Campus, Villejuif, Paris, France. “2Hematology Department, CHU de Nice,

Nice, France. 2Hematology Department, Institute for Advanced Biosciences



Sesques et al. Journal of Hematology & Oncology (2024) 17:61

(INSERM U1209, CNRS UMR 5309), CHU de Grenoble and University Grenoble-
Alpes, La Tronche, France. 2*Hematology Department, CHU de Besancon,
Besancon, France. >’Hematology Department, CHU de Tours, Tours, France.
%Hematology Department, Hopital Necker, Paris, France. 2’ Hematology
Department, CHU de Poitiers, Poitiers, France. **Medical and Scientific Affairs
Department, LYSARC, Lyon, France. 29Bjostatistics Department, LYSARC, Lyon,
France. **°Hematology Department, Institut Curie, Paris, France. *' Hematol-
ogy Department, CHU de Lille, Lille, France. 2ULR 7365 - GRITA - Groupe

de Recherche sur les formes Injectables et les Technologies Associées, Lille
University, Lille, France. **Hematology Department, CHU de Nantes, Nantes,
France. **Hematology Department, CHU de Montpellier and UMR-CNRS,
Montpellier, France. **Department of Haematology, King's College Hospital,
London, UK. **Hematology Department, CHU de Rennes, Rennes, France.
3’Lymphoma Immuno-Biology, CIRI, Inserm U1111, Lyon, France.

Received: 6 May 2024 Accepted: 19 July 2024
Published online: 06 August 2024

References

1. Schuster SJ, Tam CS, Borchmann P, et al. Long-term clinical outcomes of
tisagenlecleucel in patients with relapsed or refractory aggressive B-cell
lymphomas (JULIET): a multicentre, open-label, single-arm, phase 2
study. Lancet Oncol. 2021;22(10):1403-15.

2. Locke FL, Ghobadi A, Jacobson CA, et al. Long-term safety and activity of
axicabtagene ciloleucel in refractory large B-cell lymphoma (ZUMA-1): a
single-arm, multicentre, phase 1-2 trial. Lancet Oncol. 2019;20(1):31-42.

3. Abramson JS, Palomba ML, Gordon LI, et al. Lisocabtagene maraleu-
cel for patients with relapsed or refractory large B-cell ymphomas
(TRANSCEND NHL 001): a multicentre seamless design study. Lancet.
2020;396(10254):839-52.

4. Locke FL, Miklos DB, Jacobson CA, et al. Axicabtagene ciloleucel
as second-line therapy for large B-cell lymphoma. N Engl J Med.
2022;386(7):640-54.

5. Bishop MR, Dickinson M, Purtill D, et al. Second-line tisagenlecleu-
cel or standard care in aggressive B-cell lymphoma. N Engl J Med.
2022,386(7):629-39.

6. Kamdar M, Solomon SR, Arnason J, et al. Lisocabtagene maraleucel versus
standard of care with salvage chemotherapy followed by autologous
stem cell transplantation as second-line treatment in patients with
relapsed or refractory large B-cell lymphoma (TRANSFORM): results from
an interim analysis of an open-label, randomised, phase 3 trial. Lancet.
2022;399(10343):2294-308.

7. Sehgal A, Hoda D, Riedell PA, et al. Lisocabtagene maraleucel as second-
line therapy in adults with relapsed or refractory large B-cell lymphoma
who were not intended for haematopoietic stem cell transplantation
(PILOT): an open-label, phase 2 study. Lancet Oncol. 2022;23(8):1066—77.

8. Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel CAR
T-cell therapy in refractory large B-cell lymphoma. N Engl J Med.
2017,377(26):2531-44.

9. Schuster SJ, Bishop MR, Tam CS, et al. Tisagenlecleucel in adult
relapsed or refractory diffuse large B-cell lymphoma. N Engl J Med.
2019;380(1):45-56.

10. Morris EC, Neelapu SS, Giavridis T, Sadelain M. Cytokine release syndrome
and associated neurotoxicity in cancer immunotherapy. Nat Rev Immu-
nol. 2022,22(2):85-96.

11. Rejeski K, Subklewe M, Aljurf M, et al. Immune effector cell-associated
hematotoxicity (ICAHT): EHA/EBMT consensus grading and best practice
recommendations. Blood. 2023;142:865-77.

12. Hines MR, Knight TE, McNerney KO, et al. Immune Effector Cell-Associated
Hemophagocytic Lymphohistiocytosis-Like Syndrome. Transplant Cell
Ther. 2023;29(7).e431-e416.

13. Azoulay E, Castro P, Maamar A, et al. Outcomes in patients treated with
chimeric antigen receptor T-cell therapy who were admitted to intensive
care (CARTTAS): an international, multicentre, observational cohort study.
Lancet Haematol. 2021;8(5):e355-64.

14. Bachy E, Le Gouill S, Di Blasi R, et al. A real-world comparison of tisagenle-
cleucel and axicabtagene ciloleucel CART cells in relapsed or refractory
diffuse large B cell lymphoma. Nat Med. 2022;28(10):2145-54.

Page 10 of 10

5. Nastoupil LJ, Jain MD, Feng L, et al. Standard-of-care axicabtagene cilo-
leucel for relapsed or refractory large B-cell lymphoma: results from the
US lymphoma CART Consortium. J Clin Oncol. 2020;38(27):3119-28.

16. Jacobson CA, Hunter BD, Redd R, et al. Axicabtagene ciloleucel in the
non-trial setting: outcomes and correlates of response, resistance, and
toxicity. J Clin Oncol. 2020;38(27):3095-106.

17. Bethge WA, Martus P, Schmitt M, et al. GLA/DRST real-world outcome
analysis of CAR T-cell therapies for large B-cell lymphoma in Germany.
Blood. 2022;140(4):349-58.

18. Kuhnl A, Roddie C, Kirkwood AA, et al. A national service for delivering
CD19 CAR-Tin large B-cell lymphoma—the UK real-world experience. Br J
Haematol. 2022;198(3):492-502.

19. Kwon M, lacoboni G, Reguera JL, et al. Axicabtagene ciloleucel compared
to tisagenlecleucel for the treatment of aggressive B-cell lymphoma. Hae-
matologica. 2022;108:110-21.

20. Riedell PA, Hwang WT, Nastoupil LJ, et al. Patterns of use, outcomes,
and resource utilization among recipients of commercial axicabtagene
ciloleucel and tisagenlecleucel for relapsed/refractory aggressive B cell
lymphomas. Transplant Cell Ther. 2022,28(10):669-76.

21. Pennisi M, Sanchez-Escamilla M, Flynn JR, et al. Modified EASIX predicts
severe cytokine release syndrome and neurotoxicity after chimeric anti-
gen receptor T cells. Blood Adv. 2021;5(17):3397-406.

22. Greenbaum U, Strati P, Saliba RM, et al. CRP and ferritin in addi-
tion to the EASIX score predict CAR-T-related toxicity. Blood Adv.
2021;5(14):2799-806.

23. Rejeski K, Perez A, lacoboni G, et al. The CAR-HEMATOTOX risk-stratifies
patients for severe infections and disease progression after CD19 CAR-T
in R/R LBCL. J Immunother Cancer. 2022;10(5): e004475.

24. Kuhnl A, Kirkwood AA, Roddie C, et al. CART in patients with large
B-cell lymphoma not fit for autologous transplant. Br J Haematol.
2023;202:65-73.

25. Roddie C, Neill L, Osborne W, et al. Effective bridging therapy can improve
CD19 CAR-T outcomes while maintaining safety in patients with large
B-cell lymphoma. Blood Adv. 2023;7(12):2872-83.

26. Cheson BD, Fisher R, Barrington SF, et al. Recommendations for
initial evaluation, staging, and response assessment of Hodgkin and
non-Hodgkin lymphoma: the Lugano classification. J Clin Oncol.
2014,32(27):3059-68.

27. Moons KG, Harrell FE, Steyerberg EW. Should scoring rules be
based on odds ratios or regression coefficients? J Clin Epidemiol.
2002;55(10):1054-5.

28. Cook MR, Shouval R, Perales M-A, et al. Real-world evidence in the United
States (US) of the impact of bridging therapy prior to axicabtagene
ciloleucel (Axi-Cel) for the treatment of relapsed or refractory large B-cell
lymphoma (R/R LBCL). Blood. 2023;142(Supplement 1):103.

29. Shouval R, Strouse C, Kim S, et al. Predictors of cytokine release syndrome
and neurotoxicity in patients with large B-cell ymphoma and their
impact on survival. Blood. 2023;142(Supplement 1):355.

30. Rejeski K, Perez A, Sesques P, et al. CAR-HEMATOTOX: a model for CAR
T-cell-related hematologic toxicity in relapsed/refractory large B-cell
lymphoma. Blood. 2021;138(24):2499-513.

31. Holtzman NG, Xie H, Bentzen S, et al. Immune effector cell-associated
neurotoxicity syndrome after chimeric antigen receptor T-cell therapy for
lymphoma: predictive biomarkers and clinical outcomes. Neuro Oncol.
2021;23(1):112-21.

32. Strati P, Nastoupil LJ, Westin J, et al. Clinical and radiologic correlates of
neurotoxicity after axicabtagene ciloleucel in large B-cell lymphoma.
Blood Adv. 2020;4(16):3943-51.

33. Brammer JE, Braunstein Z, Katapadi A, et al. Early toxicity and clinical
outcomes after chimeric antigen receptor T-cell (CAR-T) therapy for
lymphoma. J Immunother Cancer. 2021;9(8): e002303.

34. Jacobs MT, Jain MD, Gao F, et al. Severity of cytokine release syndrome

influences outcome after axicabtagene ciloleucel for large B cell

lymphoma: results from the US lymphoma CAR-T Consortium. Clin Lym-
phoma Myeloma Leuk. 2022;22(10):753-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Novel prognostic scoring systems for severe CRS and ICANS after anti-CD19 CAR T cells in large B-cell lymphoma
	Abstract 
	Purpose
	Patients and methods
	Study design and patients
	External validation patient cohorts
	Outcomes
	Statistical methods

	Results
	Patient characteristics and toxicities
	Survival according to CRS or ICANS severity
	Prognostic analysis of toxicity and scoring systems

	Discussion
	Acknowledgements
	References


