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Abstract
Although chimeric antigen receptor (CAR)-T cell therapies are highly effective for B-cell lymphoma, they frequently cause 
cytokine release syndrome (CRS). High-grade CRS is serious and may require intensive care, yet reliable early predictive 
markers remain elusive. To identify risk factors for high-grade CRS, we retrospectively analyzed B-cell lymphoma patients 
who received CD19 CAR-T cell therapy. Of 106 patients analyzed, CRS occurred in 93 (88%), Grade ≥ 2 CRS in 28 (26%), 
and Grade ≥ 3 CRS in 6 (6%). Reticulocyte counts at infusion were significantly lower in patients who developed Grade ≥ 2 
CRS (1.85 vs. 2.80 × 104/µL, p = 0.02). Multivariate analysis identified low reticulocyte count (< 15,000/µL; HR 2.21; 95% 
CI 1.01–4.86; p = 0.048), high metabolic tumor volume (> 100 mL), and use of axicabtagene ciloleucel as independent risk 
factors for Grade ≥ 2 CRS. Stratification by the reticulocyte cutoff showed higher 30-day cumulative incidence of CRS in 
patients with low counts, for both Grade ≥ 2 (42.9% vs. 19.7%, p = 0.012) and Grade ≥ 3 CRS (17.9% vs. 1.3%, p < 0.001). 
KyoTox-CRS, a risk-scoring system integrating these factors, effectively stratified these CRS risks. Early prediction of 
high-grade CRS based on the reticulocyte count at infusion may help to guide optimal risk-based management of CAR-T 
cell therapy.
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Introduction

Chimeric antigen receptor (CAR)-T cell therapies target-
ing CD19 have demonstrated significant efficacy in patients 
with relapsed or refractory B-cell lymphoma, as shown in 
both clinical trials [1–3], and real-world studies [4–7]. Their 
use as a promising treatment option has been expanding in 

clinical practice [8]. However, they are often accompanied 
by treatment-related toxicities, particularly cytokine release 
syndrome (CRS), infections and neurotoxic effects.

CRS is one of the most frequent and clinically signifi-
cant acute-phase complications. In mild cases, it is usually 
limited to fever, headache, or fatigue, and may resolve with 
supportive care. However, in more severe cases, it can cause 
hypotension and hypoxia, sometimes leading to impaired 
consciousness and multi-organ dysfunction [9, 10]. CRS can 
cause not only reduced physical function, but also increased 
risk of immune effector cell-associated neurotoxicity syn-
drome (ICANS) and subsequent prolonged cytopenia [11, 
12].

Despite its clinical significance, reliable markers that 
predict the early development of severe CRS have not been 
identified [13–15]. Cytokine panels including IL-6, IFN-γ, 
and IL-10 provide higher predictive accuracy [16, 17]. How-
ever, implementing routine real-time measurement of these 
cytokines is challenging in clinical practice. Furthermore, 
these panels are based on post-infusion changes and have 
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limited value for early prediction. Having an early, reliable 
predictive marker would enable development of risk-adapted 
management strategies for each patient, ensuring safe admin-
istration of CAR-T cell therapy.

Thus, in this study, we aimed to identify early and reliable 
predictors of high-grade CRS by analyzing the association 
between laboratory and clinical parameters at the time of 
CAR-T cell infusion.

Methods

Patient population

This retrospective study enrolled consecutive adult patients 
with relapsed or refractory diffuse large B-cell lymphoma 
(DLBCL), or follicular lymphoma (FL) who underwent 
CD19-targeted CAR-T therapy, tisagenlecleucel (tisa-cel), 
lisocabtagene maraleucel (liso-cel), or axicabtagene ciloleu-
cel (axi-cel), at Kyoto University Hospital between February 
2019 and February 2024. All patients received lymphode-
pleting chemotherapy (fludarabine, cyclophosphamide, or 
bendamustine-based regimens) according to manufacturer 
instructions [2, 3, 18]. When CRS or ICANS was clinically 
suspected, corticosteroids and/or tocilizumab were admin-
istered at the discretion of the treating physicians, in accord-
ance with the recommendations of the European Society 
for Blood and Marrow Transplantation (EBMT) and Joint 
Accreditation Committee ISCT-Europe & EBMT (JACIE) 
[19], and the official guidelines for the optimal use of each 
CAR-T product in Japan. Prophylactic administration of 
these agents was not performed in this cohort. Clinical and 
laboratory data were extracted from clinical records. This 
study was approved by the Ethics Committee of Kyoto Uni-
versity, and informed consent was obtained from all patients. 
All procedures were conducted in accordance with princi-
ples of the Declaration of Helsinki.

Endpoints and definitions

The main outcome of interest in this study was the cumu-
lative incidence of high-grade CRS, defined as Grade ≥ 2 
CRS. This outcome was used to evaluate its association with 
multiple clinical and laboratory parameters at the time of 
CAR-T cell infusion. CRS and ICANS were diagnosed and 
graded according to criteria from the American Society for 
Transplantation and Cellular Therapy (ASTCT) [20]. We 
also evaluated CRS severity according to the modified CRS 
grading (m-CRS), in which Grade 1 was subdivided into 
Grade 1a (duration of fever ≤ 5 days) and Grade 1b (duration 
of fever > 5 days), as defined previously [12]. Laboratory 
parameters (white blood cell [WBC] count and differential, 
hemoglobin concentration, platelet count, reticulocyte count, 

LDH concentration, CRP concentration) were measured at 
infusion. The modified Endothelial Activation and Stress 
Index (mEASIX) score was calculated using LDH, CRP, 
and platelet count, as previously described [13]. Diagnoses 
of B-cell lymphoma, including DLBCL and FL, followed 
the WHO classification (5th edition) [21]. DLBCL cell-of-
origin was determined by immunostaining (CD10, BCL6, 
and MUM1) according to the Hans classifier [22]. Disease 
status in DLBCL and FL patients at leukapheresis and infu-
sion was assessed via fluorodeoxyglucose positron emission 
tomography/computed tomography (FDG-PET/CT), using 
the Revised Response Criteria for Malignant Lymphoma 
[23]. Metabolic tumor volume (MTV), evaluated based on 
FDG/PET, was calculated by defining tumor regions as areas 
with a standardized uptake value (SUV) of 2.5 or higher. 
Cutoff values for reticulocyte count and MTV to stratify 
Grade ≥ 2 CRS were determined using receiver operating 
characteristic (ROC) curve analysis.

Statistical analysis

Continuous variables were compared using Student’s t-test, 
and categorical variables using Fisher's exact test. One-way 
ANOVA was used to analyze differences among three or 
more groups, followed by Tukey's multiple comparisons 
test for pairwise comparisons. Univariate and multivariate 
analyses for CRS, including cumulative incidence, were per-
formed using Fine-Gray hazard models, considering death 
without CRS as a competing event. Variables with p < 0.05 
in the univariate analysis were evaluated through stepwise 
inclusion and exclusion. The final model was selected based 
on the lowest value of the Bayesian Information Criterion 
(BIC). Adjusted hazard ratios (HRs) for cumulative inci-
dence of Grade ≥ 2 CRS were converted to integer weights 
as follows: natural logarithmic HR values of < 0.50, and 
0.50–1.00 were assigned respective weights of 0, and 1. The 
risk index was defined as the sum of these integer weights 
and used to stratify patients into risk groups. All statistical 
analyses were performed with EZR software (Jichi Medical 
University Saitama Medical Center) [24].

Results

Patient characteristics and laboratory data

The study cohort included 106 patients treated with tisa-cel 
(n = 76), liso-cel (n = 22), or axi-cel (n = 8) for relapsed or 
refractory DLBCL (n = 101) or FL (n = 5) (Table 1). The 
median age of patients at infusion was 63.5 years (range, 
20–76). The median number of prior treatment lines was 
4 (range, 2–11). Median reticulocyte count at the time of 
infusion was 2.57 × 104/μL (institutional reference range: 
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Table 1   Patient Characteristics Total CRS ≥ Grade 2 CRS < Grade 2 p-value
(N = 106) (n = 28) (n = 78)

Gender, n
 Female 53 (50%) 13 (46%) 40 (51%) 0.83
 Male 53 (50%) 15 (54%) 38 (49%)

Age at infusion (years), median (range) 63.5 (20–73) 63.5 (20–73) 63.5 (27–76) 0.42
Disease, n
 FL 5 (5%) 1 (4%) 4 (5%) 1
 DLBCL 101 (95%) 27 (96%) 74 (95%)

Transformed (in DLBCL, n = 101), n
 Yes 24 (24%) 7 (26%) 17 (23%) 0.8
 No 77 (76%) 20 (74%) 57 (77%)

Hans (in DLBCL, n = 101), n
 GCB 49 (49%) 14 (52%) 35 (47%) 0.92
 non-GCB 49 (49%) 12 (44%) 37 (50%)
 Missing 3 (3%) 1 (4%) 2 (3%)

History of CNS involvement, n
 Yes 8 (8%) 4 (14%) 4 (5%) 0.2
 No 98 (92%) 24 (86%) 74 (95%)

Prior lines at infusion, n
 2–3 37 (35%) 13 (46%) 24 (31%) 0.17
 > 3 69 (65%) 15 (54%) 54 (69%)

Disease status at infusion, n
 CR/PR 58 (55%) 12 (43%) 46 (59%) 0.19
 SD/PD 48 (45%) 16 (57%) 32 (41%)

IPI (in DLBCL, n = 101) (at infusion), n
 Low 58 (57%) 12 (44%) 46 (62%) 0.15
 Intermediate 17 (17%) 4 (15%) 13 (18%)
 High 24 (24%) 10 (37%) 14 (19%)

MTV at infusion (mL), median (range) 10.7 (0–1332.9) 29.7 (0–1055.0) 6.7 (0–1332.9) 0.33
Lymphodepleting Regimen, n
 Fly/Cy 97 (91%) 24 (89%) 73 (94%) 0.03*
 Bendamustine based 6 (6%) 1 (4%) 5 (6%)
 others 3 (3%) 3 (7%) 0 (0%)

CAR-T, n
 tisa-cel 76 (72%) 22 (79%) 54 (69%)  < 0.01*
 liso-cel 22 (21%) 1 (4%) 21 (27%)
 axi-cel 8 (8%) 5 (18%) 3 (4%)

CRS, n
 No 13 (12%) 0 (0%) 13 (17%)
 Grade 1a 27 (25%) 0 (0%) 27 (35%)
 Grade 1b 38 (36%) 0 (0%) 38 (49%)
 Grade 2 22 (21%) 22 (79%) 0 (0%)
 Grade 3 2 (2%) 2 (7%) 0 (0%)
 Grade 4 4 (4%) 4 (14%) 0 (0%)

ICANS, n
 Yes 17 (16%) 11 (39%) 6 (8%)  < 0.01*
 No 89 (84%) 17 (61%) 72 (92%)

Tocilizumab administration
 Yes 73 (69%) 23 (82%) 50 (64%) 0.10
 No 33 (31%) 5 (18%) 28 (36%)

Corticosteroid administration
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2–10 × 104/μL) (Table 2). At the time of infusion, 55% of 
patients were in complete response (CR) or partial response 
(PR), while 45% had stable disease (SD) or progressive 
disease (PD). Most patients (91%) received lymphodeplet-
ing chemotherapy with fludarabine and cyclophosphamide, 
while 6% with a bendamustine-based regimen. The median 
follow-up after CAR-T infusion was 398  days (range, 
5–1970).

CRS occurred in 93 patients (88%), with a median onset 
of 2 days after CAR-T infusion. Grade ≥ 2 and Grade ≥ 3 
CRS occurred in 28 (26%) and 6 (6%) patients (Fig. 1). 
Severity was distributed as Grade 1a in 27 patients, Grade1b 
in 38, Grade 2 in 22, Grade 3 in 2, and Grade 4 in 4 patients. 
By CAR-T product, CRS incidence was 86% with tisa-cel, 
90% with liso-cel, and 100% with axi-cel. For Grade ≥ 2 
CRS, the incidence was 29% with tisa-cel, 5% with liso-cel, 

and 50% with axi-cel (Table 3). Two patients died from dis-
ease progression within 30 days after infusion, on days 5 
and 6, respectively. Tocilizumab and corticosteroids were 
administered in 82%, and 57% of patients who developed 
Grade ≥ 2 CRS, respectively, for management of either CRS 
or ICANS.

Comparison of patient characteristics 
between patients with and without Grade ≥ 2 CRS

We compared patient characteristics and laboratory data 
between those who developed Grade ≥ 2 CRS and those who 
did not (Tables 1 and 2). The proportion of axi-cel use was 
significantly higher among patients with Grade ≥ 2 CRS, com-
pared to those without. There were no significant differences 
in sex, age, disease subtype, or number of prior treatment lines 

Table 1   (continued) Total CRS ≥ Grade 2 CRS < Grade 2 p-value
(N = 106) (n = 28) (n = 78)

 Yes 32 (30%) 16 (57%) 16 (21%)  < 0.01*
 No 74 (70%) 12 (43%) 62 (79%)

Best response, n
 CR/PR 85 (80%) 22 (79%) 63 (81%) 0.79
 SD/PD 21 (20%) 6 (21%) 15 (19%)

axi-cel axicabtagene ciloleucel, CAR-T chimeric antigen receptor-T cell, CNS central nervous system, 
CR complete response, CRS cytokine release syndrome, DLBCL diffuse large B-cell lymphoma, Flu/Cy 
fludarabine and cyclophosphamide, FL follicular lymphoma, GCB germinal center B-cell–like, ICANS 
immune effector cell-associated neurotoxicity syndrome, IPI international prognostic index, liso-cel liso-
cabtagene maraleucel, MTV metabolic tumor volume, PD progressive disease, PR partial response, SD sta-
ble disease, tisa-cel tisagenlecleucel
Bolded p-values and those marked with an asterisk *indicates p < 0.05

Table 2   Laboratory Data at 
Infusion

Laboratory data at Day 0 are shown as median (range)
Baso basophils, Eosino eosinophils, Lymph lymphocytes, mEASIX modified Endothelial Activation and 
Stress Index, Mono monocytes, Neut neutrophils, Plt platelets, WBC white blood cells
Other abbreviations are shown in Table 1
Bolded p-values and those marked with an asterisk *indicates p < 0.05

Day0 Total CRS ≥ Grade2 CRS < Grade2 p-value
(N = 106) (n = 28) (n = 78)

Reticulocyte (104/μL) 2.57 (0.36–6.75) 1.85 (0.37–5.26) 2.80 (0.36–6.75) 0.02*
WBC (109/L) 1.49 (0–7.43) 1.00 (0–5.57) 1.72 (0.07–7.43) 0.04*
Neut (%) 87.7 (11.9–98.0) 87.3 (17.3–96.0) 88.0 (11.9–98.0) 0.55
Lymph (%) 2.0 (0–73.5) 2.4 (0–19.0) 2.0 (0–73.5) 0.66
Mono (%) 4.5 (0–30.0) 3.2 (0–30.0) 5.0 (0–28.0) 0.72
Eosino (%) 3.4 (0–56.9) 3.2 (0–56.9) 3.6 (0–34.8) 0.90
Baso (%) 0 (0–4.8) 0 (0–1.7) 0 (0–4.8) 0.74
Plt (× 104/μL) 13.2 (1.0–32.7) 12.3 (1.0–27.8) 13.9 (1.8–32.7) 0.42
LDH (U/L) 215 (146–2400) 237 (157–2400) 214 (146–1066) 0.04*
CRP (mg/dL) 0.45 (0–19.12) 1.00 (0.10–19.12) 0.40 (0–11.90) 0.02*
mEASIX score 0.82 (0–4588.80) 1.54 (1.22–4588.80) 0.57 (0–667.65) 0.09
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at infusion (Table 1). Regarding laboratory data, reticulocyte 
counts were significantly lower in patients with Grade ≥ 2 CRS 
compared to those without (1.85 vs. 2.80 × 104/μL, p = 0.02). 
Similarly, WBC counts were significantly lower in patients 
with Grade ≥ 2 CRS compared to those without (1.00 vs 
1.72 × 109/L, p = 0.04) (Table 2). In addition, LDH (237 vs 214 
U/L, p = 0.04) and CRP (1.00 vs 0.40 mg/dL, p = 0.02), were 
significantly higher in patients who developed Grade ≥ 2 CRS. 
No other individual markers, including platelet count, showed 

significant differences between the two groups. Patients with 
Grade ≥ 2 CRS more frequently developed ICANS, and 
required corticosteroid administration.

Univariate analysis for development of Grade ≥ 2 
CRS

To identify potential risk factors associated with Grade ≥ 2 
CRS development, we first performed univariate Fine-Gray 

Fig. 1   Cumulative incidence of cytokine release syndrome (CRS) in 
patients with lymphoma receiving chimeric antigen receptor (CAR)-
T cell therapy. A Any grade CRS. 87.7% at 30-day post-infusion. B 

Grade ≥ 2 CRS. 26.4% at 30-day post-infusion. C Grade ≥ 3 CRS. 
5.7% at 30-day post-infusion
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hazard analysis. Based on ROC curve analysis, cutoff values 
to stratify Grade ≥ 2 were 15,000/µL for reticulocyte count, and 
100 mL for MTV (Figure S1). High IPI score, MTV at infu-
sion, and the use of axi-cel were significantly associated with 
increased cumulative incidence of Grade ≥ 2 CRS. Among 
laboratory parameters, lower reticulocyte and WBC counts, 
higher LDH and CRP levels were also significantly associated 
with Grade ≥ 2 CRS (Supplemental Table 1). There was no 
significant association between Grade ≥ 2 CRS development 
and platelet count.

Multivariate analysis for development of Grade ≥ 2 
CRS

Factors that were significant in the univariate analysis were 
included for multivariate analysis, as described in the Meth-
ods. Multivariate analysis identified low reticulocyte count 
(< 15,000/µL; HR 2.21; 95% CI, 1.01–4.86; p = 0.048), high 
MTV (> 100 mL; HR 2.63; 95% CI, 1.22–5.71; p = 0.014) 
and use of axi-cel (HR 2.64; 95% CI, 1.15–6.07; p = 0.023) as 
independent risk factors for development of Grade ≥ 2 CRS 
(Table 4). Patients with lower reticulocyte counts were more 
likely to develop higher-grade CRS (Supplementary Table 2, 
and Supplementary Fig. 2). When patients were stratified 
by reticulocyte count according to the ROC-derived cutoff, 
those with low counts had a significantly higher cumulative 
incidence of Grade ≥ 2 CRS (42.9% vs. 19.7%, p = 0.012) and 
Grade ≥ 3 CRS (17.9% vs. 1.3%, p < 0.001), whereas there 
was no significant difference in cumulative incidence of CRS 
for any grade, including low-grade CRS (88.9% vs. 88.1%) 
(Fig. 2A–C).

Development of a risk score for Grade ≥ 2 CRS 
development: Kyoto University‑developed CRS 
prediction model using a reticulocyte‑based scoring 
system (KyoTox‑CRS)

To weight the impact of each clinical factor, a risk scoring 
system for use in clinical settings was developed. Based on 
the multivariate analysis, we defined a Kyoto University-
developed CRS prediction model using a reticulocyte-based 
scoring system (KyoTox-CRS), including three variables 
with independent impact on Grade ≥ 2 CRS: reticulocyte 
count at infusion, MTV at infusion, and CAR-T product. 
One point was assigned for reticulocyte count < 15,000/µL, 
MTV > 100 mL, and axi-cel (Supplemental Table 3). The 
KyoTox-CRS score was determined by summing these three 
factors, and patients were divided into the following three 
risk groups: low risk (score 0), intermediate risk (score 1), 
and high risk (score 2–3).

KyoTox-CRS effectively stratified the likelihood of devel-
oping Grade ≥ 2 CRS (57.1% in the high-risk group, 30.0% 
in the intermediate-risk group, and 12.2% in the low-risk 
group, p = 0.001), and identified patients with high risk for 
Grade ≥ 3 CRS (28.6% in the high-risk group, 0.0% in the 
intermediate-risk group, and 2.0% in the low-risk group, 
p < 0.001) (Fig. 3, Supplemental Table 4, and Supplemen-
tal Fig. 3).

Discussion

By evaluating the influence of various clinical and hema-
tologic parameters on development of high-grade CRS, we 
first identified low reticulocyte count at the time of CAR-T 
infusion as a novel risk factor for high-grade CRS devel-
opment. In addition, a novel risk stratification system, 

Table 3   Frequency of CRS by Grade for Each CAR-T Product

Abbreviations are shown in Table 1

CRS Grade Total Tisa-cel Liso-cel Axi-cel
(N = 106) (n = 76) (n = 22) (n = 8)

Grade 0 (No CRS) 13 (12%) 11 (14%) 2 (9%) 0 (0%)
Any CRS (Grade ≥ 1) 93 (88%) 65 (86%) 20 (90%) 8 (100%)
Grade ≥ 2 CRS 27 (25%) 22 (29%) 1 (5%) 4 (50%)
Grade ≥ 3 CRS 6 (6%) 5 (7%) 0 (0%) 1 (13%)
Grade 1a 27 (25%) 16 (21%) 9 (41%) 2 (50%)
Grade 1b 39 (37%) 27 (36%) 10 (45%) 2 (50%)
Grade 2 21 (20%) 17 (22%) 1 (5%) 3 (37%)
Grade 3 2 (2%) 2 (3%) 0 (0%) 0 (0%)
Grade 4 4 (4%) 3 (4%) 0 (0%) 1 (13%)

Table 4   Multivariate Analysis for Grade ≥ 2 CRS

CI confidence interval, HR hazard ratio
Other abbreviations are shown in Table 1
Bolded p-values and those marked with an asterisk *indicates 
p < 0.05

HR (95% CI) p-value

Reticulocyte
 ≥ 15,000/μL 1
 < 15,000/μL 2.21 (1.01—4.86) 0.048*

MTV
 < 100 mL 1
 ≥ 100 mL 2.63 (1.22—5.71) 0.014*

CAR-T product
 tisa-cel or liso-cel 1
 axi-cel 2.64 (1.15—6.07) 0.023*
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KyoTox-CRS, incorporating a low reticulocyte count, 
high MTV and axi-cel treatment, was developed to predict 
incidence of high-grade CRS after CAR-T cell therapy in 
patients with relapsed or refractory B-cell lymphoma. This 
is the first report to demonstrate an association between low 
reticulocyte count and high-grade CRS.

Although management strategies for CRS have improved, 
it remains a serious complication in the real world. Further 
efforts are needed to create precise risk prediction models. 

In our study, CRS of any grade occurred in 88% of patients, 
with a median onset of day 2 (range 0–8). Grade ≥ 2 and ≥ 3 
CRS occurred in 26% and 6% of patients, respectively. These 
results are consistent with previous reports [1, 3, 13, 25]. 
Since CRS developed shortly after infusion in our cohort, 
markers that can predict its development as early as the time 
of infusion are required.

Our multivariate analysis identified low reticulocyte 
count at infusion as an independent risk factor for developing 

p=0.012

p=0.001

42.9%

19.7%

17.9%

1.3%

p=0.487

88.9%

88.1%

edarGSRCedarGynA ≥2 CRS

Grade ≥3 CRS

Fig. 2   Cumulative incidence of cytokine release syndrome (CRS) stratified by reticulocyte counts. A Any grade CRS. B Grade ≥ 2 CRS. C 
Grade ≥ 3 CRS



	 Y. Tashiro et al.

Grade ≥ 2 CRS. In our study, patients had received a median 
of four prior lines of therapy. Previous studies have indicated 
that reticulocyte count can serve as a marker of bone mar-
row suppression induced by cytotoxic chemotherapy [26, 
27]. Furthermore, a report has suggested that disease sta-
tus necessitating repeated chemotherapy is associated with 
an increased risk of CRS [28]. These observations imply 
that a reduced reticulocyte count may provide a simple 
and informative surrogate marker of cumulative treatment-
related hematopoietic toxicity, which may be associated with 
poor bone marrow reserve and, in turn, predispose patients 
to the development of high-grade CRS.

While low WBC counts, another hematological param-
eter, were also associated with Grade ≥ 2 CRS in the univari-
ate analysis, this association was not significant in the multi-
variate analysis. Among different combinations of candidate 
variables, reticulocyte counts consistently demonstrated 
greater predictive value than WBC counts. Advanced CRS 
occurs in the presence of elevated inflammatory cytokines, 
such as IL-6, which can suppress hematopoiesis and reduce 
production of both reticulocytes and WBCs. Reticulocytes 
may be particularly vulnerable because inflammatory 
cytokines also impair iron utilization by increasing hepcidin 
production [29, 30], and by activating pro-inflammatory M1 
macrophages [31]. Indeed, consistent with previous stud-
ies [13, 32], in our univariate analysis, elevated CRP at the 
time of CAR-T cell infusion, an inflammatory marker, was 
associated with an increased risk of Grade ≥ 2 CRS. While, 

in our multivariate analysis, CRP did not remain a significant 
predictor, possibly due to the collinearity between CRP and 
reticulocyte count and the limited sample size, these results 
suggest that systemic inflammation may contribute to CRS 
development. Thus, reduced erythropoiesis, reflected in a 
low reticulocyte count, may serve as a marker both of cumu-
lative hematopoietic toxicity from prior therapies, and of an 
inflammatory milieu that facilitates development of high-
grade CRS [33]. In line with this, higher red cell distribu-
tion width (RDW), a marker of disrupted erythropoiesis, is 
reportedly associated with systemic inflammation and poor 
outcomes following CAR-T cell therapy [34].

Our analysis identified high MTV as a risk factor for 
Grade ≥ 2 CRS, consistent with previous reports showing 
that high tumor burden before CAR-T infusion is a key risk 
factor for Grade ≥ 3 CRS [35–37]. In our study, the ROC-
derived cutoff value for MTV that represented an increased 
likelihood of Grade ≥ 2 CRS was 100 mL. Previous studies 
have reported cutoff values ranging from 26.37 to 147.5 mL 
for predicting Grade ≥ 3 CRS [36, 37]. Such variation may 
reflect differences in patient backgrounds and institutional 
variability in diagnostic and therapeutic practices. Our study 
emphasizes the importance of paying particular attention to 
high-grade CRS when tumor volume exceeds these levels.

In this study, Grade ≥ 2 CRS occurred in 29% of 
patients receiving tisa-cel, 5% with liso-cel, and 50% with 
axi-cel. Grade ≥ 3 CRS occurred in 7% of patients receiv-
ing tisa-cel, 0% with liso-cel, and 13% with axi-cel. These 

28.6%

2.0%

p=0.001

57.1%

30.0%

p<0.001

12.2%
0.0%

Grade ≥ edarGSRC2 ≥3 CRS

Fig. 3   Cumulative incidence of cytokine release syndrome (CRS) 
stratified by KyoTox-CRS. A Grade ≥ 2 CRS. B Grade ≥ 3 CRS. 
Among the total study population (n = 106), 93 patients with com-

plete data for reticulocyte count, MTV, and axi-cel use were included 
in this analysis. Thirteen patients were excluded due to missing MTV 
or reticulocyte count data
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findings are generally similar to previous reports, which 
documented Grade ≥ 3 CRS in 6%, 3%, and 9% of patients 
receiving tisa-cel, liso-cel, and axi-cel, respectively [7, 25, 
38]. In our multivariate analysis, axi-cel was significantly 
associated with a higher risk of Grade ≥ 2 CRS. This might 
be attributed to the CD28 costimulatory domain of axi-cel, 
which promotes rapid CAR-T cell expansion and early, 
high-level cytokine release [39]. Although our analysis is 
based on a limited number of patients, which may affect 
the robustness of the findings, the observed trend is con-
sistent with previous studies reporting a higher risk of 
CRS with axi-cel compared to tisa-cel or liso-cel [6, 40] 
These results may indicate that patients receiving axi-cel 
should be carefully monitored for the potential develop-
ment of high-grade CRS.

Based on results of the multivariate analysis, we devel-
oped KyoTox-CRS, a scoring system that predicts Grade ≥ 2 
CRS. In this system, one point is assigned for each of the 
following factors: reticulocyte < 15,000/µL, MTV > 100 mL, 
and use of axi-cel. KyoTox-CRS stratified patients into three 
distinct groups for Grade ≥ 2 CRS (high-, intermediate-, and 
low-risk groups). Moreover, KyoTox-CRS can be used to 
predict development of Grade ≥ 3 CRS, as 28.6% among 
KyoTox-CRS high-risk group, with significant risk enhance-
ment. These results suggest that our risk score could be used 
to identify patients who would benefit from more proactive 
tocilizumab and corticosteroid treatment to prevent CRS 
progression.

This study has several limitations. First, it was a retro-
spective, single-center study, which may have introduced 
biases related to patient selection and institutional practices. 
Second, only eight patients in our cohort received axi-cel 
therapy. This small number may have limited the statistical 
power to accurately evaluate the risk of CRS with axi-cel. 
Third, validation using data from other institutions regard-
ing the significance of reticulocyte counts and KyoTox-CRS 
has not been performed. Since reticulocyte counts have not 
previously been a focus of attention, it is difficult to verify 
them using existing data. To validate our findings, further 
studies with larger cohorts and attention to reticulocyte data 
are warranted. Fourth, the management of CRS has evolved 
over time, with a trend toward earlier use of tocilizumab and 
corticosteroids in recent years [41]. Given the retrospective 
nature of this study, potential temporal changes in CRS man-
agement may have influenced our results.

In conclusion, we identified low reticulocyte count at 
infusion as a novel and practical biomarker for predicting 
high-grade CRS. Building on this finding, we developed 
KyoTox-CRS, a simple risk score that incorporates reticu-
locyte count, MTV, and type of CAR-T product. This scor-
ing system may allow early identification of patients at 
high risk for severe CRS, enabling timely intervention with 

tocilizumab or corticosteroids, to improve prediction, clini-
cal management, and optimization of CAR-T therapy.
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