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Corticosteroids are commonly used for the management of severe toxicities associated
with chimeric antigen receptor (CAR) T-cell therapy. However, it remains unclear whether
their dose, duration, and timing may affect clinical efficacy. Here, we determined the im-
pact of corticosteroids on clinical outcomes in patients with relapsed or refractory large
B-cell lymphoma treated with standard of care anti-CD19 CAR T-cell therapy. Among 100
patients evaluated, 60 (60%) received corticosteroids for management of CAR T-cell
therapy–associated toxicities. The median cumulative dexamethasone-equivalent dose was
186 mg (range, 8-1803) and the median duration of corticosteroid treatment was 9 days
(range, 1-30). Corticosteroid treatment was started between days 0 and 7 in 45 (75%) pa-
tients and beyond day 7 in 15 (25%). After a median follow-up of 10 months (95% confi-
dence interval, 8-12 months), use of higher cumulative dose of corticosteroids was
associated with significantly shorter progression-free survival. More importantly, higher
cumulative dose of corticosteroids, and prolonged and early use after CAR T-cell infusion

were associated with significantly shorter overall survival. These results suggest that corticosteroids should be used
at the lowest dose and for the shortest duration and their initiation should be delayed whenever clinically feasible
while managing CAR T-cell therapy–associated toxicities.

Introduction
Despite the high response rates achieved with chimeric antigen
receptor (CAR) T-cell therapies in patients with relapsed or refrac-
tory large B-cell lymphoma (LBCL), long-term durability is ob-
served in ,40% of patients.1-3 Although tumor and T-cell
intrinsic factors have been identified as potential mechanisms as-
sociated with resistance to CAR T-cell therapy,4,5 the role of in-
terventions used for management of toxicities, such as
corticosteroids, has not been adequately studied. In the pivotal
Safety and Efficacy of KTE-C19 in Adults With Refractory Aggres-
sive Non-Hodgkin Lymphoma trial that evaluated axicabtagene
ciloleucel (axi-cel), corticosteroids were used in 27% of patients
for the management of severe cytokine release syndrome (CRS)
and/or neurological toxicity, also referred to as immune effector
cell–associated neurotoxicity syndrome (ICANS).6 Outside of clin-
ical trials, corticosteroids were used in up to 55% of patients for
the management of toxicities arising after axi-cel infusion.7,8 Cor-
ticosteroids likely mitigate toxicities by inhibiting the proliferation
and/or inflammatory cytokine production from CAR T cells and
other immune cells.9-11 However, the magnitude of CAR T-cell
expansion during the first month after infusion has been shown

to be associated with response and durability.6,12,13 Hence, the
use of corticosteroids for toxicity management raises concern
about whether it could affect antitumor efficacy, and remains a
clinically relevant and yet unanswered question.

Study design
This retrospective study was approved by the institutional review
board of MD Anderson Cancer Center, and conducted in accor-
dance with institutional guidelines and the principles of the
Declaration of Helsinki. All patients with relapsed or refractory
LBCL treated with standard of care axi-cel8 at MD Anderson
Cancer Center between January 2018 and May 2019 were in-
cluded. The data cutoff for follow-up was 31 December 2019.
CRS and ICANS were prospectively graded and managed
according to the CAR-T-cell-therapy-associated toxicity guide-
lines.14 Response status was determined by Lugano 2014 classi-
fication.15 Details on corticosteroid use, correlative analyses, and
statistical methods are provided in supplemental Methods and
supplemental Table 1, available on the Blood Web site.

KEY PO INT S

� Higher cumulative dose
of corticosteroids is
associated with early
progression after CAR-T
therapy in large B-cell
lymphoma.

� Higher cumulative dose
and prolonged, early
corticosteroid use is
associated with shorter
overall survival after
CAR-T therapy.
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Results and discussion
Of 100 patients with relapsed or refractory LBCL treated with
standard of care axi-cel, 60 (60%) received corticosteroids
within 30 days after axi-cel infusion. Compared with patients
who did not receive corticosteroids, they were more likely to
have had a diagnosis of diffuse large B-cell lymphoma/high-
grade B-cell lymphoma and a European Cooperative Oncol-
ogy Group performance status .0. Other baseline character-
istics were not significantly different when comparing the 2
groups (Table 1).

Because a central memory phenotype (CD81CCR71CD271)
in CAR T-infusion product has been shown to be associated
with better outcome and an exhaustion phenotype
(CD81LAG31TIM31) with worse outcome,4 we performed single
cell RNA-sequencing of CAR T-infusion products in a subgroup
of 24 patients, 15 (62.5%) of whom received corticosteroids. We
did not observe any significant differences in the distribution of

these 2 phenotypes based on corticosteroid dose, duration, and
timing (supplemental Figure 1).

Overall, 9 (9%) patients had grade $3 CRS and 41 (41%)
grade $3 ICANS; the latter was associated with higher cumu-
lative dose of corticosteroids (P , .001). The indication for
use of corticosteroids was represented by ICANS in 37 (37%)
patients, CRS in 7 (7%), and both in 16 (16%). Among the 60
patients who received corticosteroids, the median cumulative
dexamethasone-equivalent dose was 186 mg (range, 8-1803);
the median duration of corticosteroid use was 9 days (range,
1-30), and the reason for prolonged use ($10 days, in 26 pa-
tients) was persistent or recurrent ICANS. Forty-five (75%) of
60 patients received corticosteroids during the first 7 days af-
ter axi-cel infusion and 15 (25%) beyond day 7.

Ninety-six patients were evaluable for efficacy, and complete re-
sponse was observed in 55 (57%). After a median follow-up of

Table 1. Baseline characteristics before initiation of conditioning therapy and association with use of corticosteroids

Median [range]

Total (N 5 100) No corticosteroids (n 5 40) Corticosteroids (n 5 60) P

DLBCL/HGBCL, N (%) 77 (77) 26 (65) 51 (85) .03

Age, y 60 [18-85] 61 [28-74] 60 [18-85] .91

Male, N (%) 74 (74) 33 (83) 41 (68) .16

ECOG performance status .0, N (%) 69 (69) 23 (58) 46 (77) .05

Ann Arbor stage III-IV, N (%) 84 (84) 35 (88) 49 (82) .58

Bone marrow involvement, N (%) 22 (22) 11 (28) 11 (18) .33

IPI score 3-4, N (%) 55 (55) 22 (55) 33 (55) 1

Absolute neutrophil count, 109/L 2.8 [0-20] 2.8 [0-19.7] 2.9 [0.4-17.5] .96

Absolute lymphocyte count, 109/L 0.6 [0-2] 0.7 [0-2.2] 0.5 [0-1.7] .45

Absolute monocyte count, 109/L 0.5 [0.02-2] 0.6 [0.1-1.9] 0.4 [0.1-2] .15

Hemoglobin, g/dL 10 [5-16] 10.8 [7.3-16.5] 10.1 [5.4-15.9] .06

Platelet count, 109/L 141 [9-391] 136 [9-370] 143 [9-391] .87

C-reactive protein, mg/L 33 [0.3-284] 13.2 [0.7-114] 37 [0.3-284] .43

Ferritin, mg/L 812 [13-38,964] 684 [36-2658] 850 [13-38,964] .65

Lactate dehydrogenase . ULN, N (%) 74 (74) 26 (65) 48 (80) .11

Creatinine clearance, mL/min 84 [35-152] 86 [36-135] 84 [35-152] .81

Previous therapies, no. 4 [2-15] 5 [2-15] 4 [2-11] .07

Refractory disease, N (%) 89 (89) 37 (93) 52 (87) .52

Previous autologous SCT, N (%) 29 (29) 13 (33) 16 (27) .65

Previous CAR T therapy, N (%) 5 (5) 4 (10) 1 (2) .15

Prior CNS lymphoma, N (%) 8 (8) 1 (3) 7 (12) .14

Only 1 patient had a previous allogeneic SCT. DLBCL/HGBCL was compared with transformed follicular lymphoma and/or primary mediastinal B-cell lymphoma. Bold indicates statis-
tically significant (P % .05).

CAR, chimeric antigen receptor; CNS, central nervous system; DLBCL, diffuse large B-cell lymphoma; ECOG, European Cooperative Oncology Group; HGBCL, high grade B-cell lym-
phoma; IPI, international prognostic index; SCT, stem cell transplant; ULN, upper limit of normal.
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10 months (95% confidence interval [CI], 8-12 months), median
progression-free survival (PFS) was 8 months (95% CI, 3-13) and
54 (54%) patients progressed and/or died. CD19 status was as-
sessed by flow cytometry in 21 patients at progression, and
CD192 relapse rate (29%) was similar in patients with or without
corticosteroids use.

Use of higher cumulative dose of corticosteroids associated with
shorter PFS and a trend toward inferior PFS was observed with
early use, whereas the use of corticosteroids or duration did not
appear to impact PFS (Figure 1A-D). Baseline factors significantly
associated with shorter PFS on univariate analysis were advanced
stage, high international prognostic index, and elevated lactate
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Figure 1. Prognostic impact of corticosteroid use on PFS and OS. Association between use of (A,E) corticosteroids, (B,F) cumulative corticosteroid dose, (C,G) dura-
tion, and (D,H) timing and (A-D) PFS and (E-H) OS in patients with relapsed or refractory large B-cell lymphoma treated with axi-cel. No significant difference in com-
plete response rate was observed based on corticosteroid use, dose, duration, and timing. The association between use of higher cumulative dose of corticosteroids
and shorter PFS was maintained when limiting the analysis to the 43 patients with high-grade ICANS (P 5 .05). The association between higher cumulative dose (P 5

.04) and shorter OS was maintained when limiting the analysis to the 43 patients with high-grade ICANS. Only 2 patients died of infectious complications. Quartiles for
cumulative dexamethasone-equivalent dose: first quartile (Q1), 8-116 mg; second quartile (Q2), 118-186 mg; third quartile (Q3), 195-390 mg; and fourth quartile (Q4),
440-1083 mg. Quartiles for duration of corticosteroid use: Q1, 1-6 days; Q2, 7-9 days; Q3, 10-14 days; and Q4, 15-30 days. CS, corticosteroid; m, median. Analyzing
the data by treating LDH as a continuous variable did not show any significant differences in the LDH levels based on corticosteroid use (P 5 .21), dose (P 5 .22), dura-
tion (P 5 .09), or timing (P 5 .07).
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dehydrogenase (LDH) (supplemental Table 2); on multivariate anal-
ysis, only elevated LDH maintained its association with PFS (hazard
ratio, 0.3; 95% CI, 0.1-0.8; P 5 .01). The association between use
of higher cumulative dose of corticosteroids and shorter PFS was
maintained when limiting the analysis to the 74 patients with ele-
vated baseline LDH level, which was used as a measure of higher
tumor burden (P 5 .002). No significant difference in relapse rate
was observed between the first and last 50 patients (46% vs 48%,
P 5 1) consistent with lack of time-dependent variation in cortico-
steroid use or dosing. Of interest, 73 (73%) patients needed tocili-
zumab for the management of CRS, but no difference in PFS was
observed based on tocilizumab use (11 months vs 9 months, P 5

.60). No patient received siltuximab.

At most recent follow-up, 36 patients died, 28 of progressive
lymphoma. Median overall survival (OS) has not been reached.
Median OS was significantly shorter among patients who re-
ceived any dose of corticosteroids, higher cumulative dose of
corticosteroids, prolonged corticosteroid use (for $10 days), or
early use (within 7 days) (Figure 1E-H). Baseline factors signifi-
cantly associated with shorter OS on univariate analysis were
high international prognostic index and elevated LDH (supple-
mental Table 3). On multivariate analysis, only elevated LDH
maintained its association (hazard ratio, 0.2; 95% CI, 0.1-0.6; P 5

.01). The association between higher cumulative dose (P , .001),
prolonged (P 5 .008), and early use of corticosteroids (P 5 .01)
and shorter OS was maintained when limiting the analysis to the
74 patients with elevated baseline LDH.

In the pivotal cohorts (cohorts 1 and 2) of the Safety and Efficacy
of KTE-C19 in Adults With Refractory Aggressive Non-Hodgkin
Lymphoma registration trial, use of corticosteroids was mostly
reserved for the management of high-grade CRS and ICANS,
and did not appear to affect clinical response or durability.6

Recent multicenter reports on the use of axi-cel in the standard
of care setting, as well as our report here, suggest that cortico-
steroid use likely has become more liberal, with initiation at low-
er grades of CRS or ICANS.7,16,17 Whether corticosteroids may
affect CAR T-cell efficacy when used at lower grades has not
been adequately studied. We observed that the use of cortico-
steroids within the first 30 days after CAR T-cell infusion is asso-
ciated with shorter OS. Specifically, higher cumulative dose and
prolonged and early use of corticosteroids were associated with
shorter PFS and/or OS. Our results suggest that corticosteroids
have prognostic impact, independent of baseline clinical varia-
bles including tumor burden as well as CAR-T product character-
istics.8,18,19 In a recent study, high-grade ICANS was associated
with shorter PFS and OS.20 It is possible that this association
may be secondary to corticosteroid use in these patients.
Although our analysis showed that corticosteroid dose, duration,
and timing did not affect CAR T-cell amplification (supplemental
Figure 2), additional investigations are required to assess their
impact on the cytotoxic activity, cytokine production, and motility
of CAR T cells.21 Until we understand the underlying mechanism,
it may be prudent to use corticosteroids sparingly, focusing on
delaying their initiation and limiting their cumulative dose and
duration, as clinically appropriate. Moreover, evaluation of alter-
native interventions that could minimize the need for corticoste-
roids to mitigate CAR T-cell–associated toxicities is warranted.22
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