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abstract

PURPOSE To prospectively evaluate the effectiveness of risk-adapted preemptive tocilizumab (PT) administration
in preventing severe cytokine release syndrome (CRS) after CTL019, a CD19 chimeric antigen receptor T-cell
therapy.

METHODS Children and young adults with CD19-positive relapsed or refractory B-cell acute lymphoblastic
leukemia were assigned to high- ($ 40%) or low- (, 40%) tumor burden cohorts (HTBC or LTBC) based
on a bone marrow aspirate or biopsy before infusion. HTBC patients received a single dose of tocilizumab
(8-12 mg/kg) after development of high, persistent fevers. LTBC patients received standard CRS management.
The primary end point was the frequency of grade 4 CRS (Penn scale), with an observed rate of # 5 of 15
patients in the HTBC pre-defined as clinically meaningful. In post hoc analyses, the HTBC was compared with a
historical cohort of high-tumor burden patients from the initial phase I CTL019 trial.

RESULTS The primary end point was met. Seventy patients were infused with CTL019, 15 in the HTBC and 55 in
the LTBC. All HTBC patients received the PT intervention. The incidence of grade 4 CRS was 27% (95% CI, 8 to
55) in the HTBC and 3.6% (95%CI, 0.4 to 13) in the LTBC. The best overall response rate was 87% in the HTBC
and 100% in the LTBC. Initial CTL019 expansion was greater in the HTBC than the LTBC (P , .001), but
persistence was not different (P5 .73). Event-free and overall survival were worse in the HTBC (P5 .004, P,
.001, respectively). In the post hoc analysis, grade 4 CRS was observed in 27% versus 50% of patients in the PT
and prior phase I cohorts, respectively (P 5 .18).

CONCLUSION Risk-adapted PT administration resulted in a decrease in the expected incidence of grade 4 CRS,
meeting the study end point, without adversely impacting the antitumor efficacy or safety of CTL019.

J Clin Oncol 39:920-930. © 2021 by American Society of Clinical Oncology

INTRODUCTION

CD19-targeted chimeric antigen receptor (CAR)
T-cells have demonstrated impressive clinical effi-
cacy in treating relapsed or refractory B-cell acute
lymphoblastic leukemia (r/r B-ALL).1-6 In August
2017, tisagenlecleucel (initially developed as
CTL019) became the first CAR T-cell product to
receive approval by the US Food and Drug Ad-
ministration (FDA).7 Since then, the use of tisa-
genlecleucel has been broadened to increasing
numbers of patients at additional centers worldwide.
Although this therapy has been transformative, it is
also associated with potentially life-threatening
toxicities, the most common of which is cytokine
release syndrome (CRS).8-12

CRS has been observed in the majority of patients
treated with CTL019 and tisagenlecleucel within the
first 14 days after infusion. In the phase II global study
of tisagenlecleucel (ELIANA), 77% of patients devel-
oped CRS, with 21% developing grade 4 CRS (Penn
scale).2 Overall, 47% required intensive care unit
(ICU) admission for CRS management. The principal
risk factor identified for severe CRS is the baseline
bonemarrow tumor burden. In the initial phase I trial of
CTL019, 50% of patients with $ 40% bone marrow
blasts developed grade 4 CRS.1,13

CRS results from the activation of infused CAR T-cells,
which leads to the release of inflammatory cytokines,
immune system activation, and systemic inflamma-
tion.14 A primary CRS driver, interleukin (IL)-6, can be
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targeted with tocilizumab, an anti-IL-6 receptor antibody,
and life-threatening CRS rapidly reversed in many
cases.1,9,10,12 Tocilizumab is, thus, standard management
for severe CRS and is FDA-approved for this indication.7,15

However, it is unknown whether tocilizumab can be used
preemptively to mitigate the risk of severe CRS or whether
early use prior to significant expansion of CAR-T would
impact efficacy of CTL019. Several groups, including
Seattle Children’s and Kite Pharma, have started to in-
vestigate earlier tocilizumab administration after other
CD19 CARs.16,17 Their results suggest that early interven-
tion may decrease severe CRS but underscore the need to
prospectively evaluate optimal tocilizumab timing in a
widely used CAR T-cell product.

We conducted a prospective clinical trial to determine the
effectiveness of risk-adapted preemptive tocilizumab (PT)
administration in decreasing the expected incidence of
grade 4 CRS in children and young adults receiving
CTL019. We also conducted a secondary comparison with
a historic cohort of patients with high tumor burden who
received standard CRS management. We hypothesized
that earlier administration of tocilizumab in patients with
high tumor burden may decrease the incidence of grade 4
CRS without compromising antitumor efficacy.

METHODS

Patients and Study Design

We conducted a two-cohort, open-label pilot study of risk-
adapted PT after CTL019 in children and young adults with
CD19-positive r/r B-ALL (Fig 1). Eligibility criteria and study
procedure details are available in the Data Supplement
(online only).

Patients received lymphodepleting chemotherapy with flu-
darabine and cyclophosphamide followed by a pre-infusion
bone marrow aspirate or biopsy to assess tumor burden.
Tumor burden was defined as the highest blast percentage

measured by aspirate, biopsy morphology, or multiparam-
eter flow cytometry for minimal residual disease (MRD).18

Patients with $ 40% bone marrow blasts were assigned to
the high-tumor burden cohort (HTBC). Patients with, 40%
blasts were assigned to the low-tumor burden cohort (LTBC).

Patients in both cohorts were infused with CTL019 over 1-2
days. HTBC patients received a single dose of tocilizumab
(8-12 mg/kg) at the time of developing high, persistent
fever, defined as two temperatures $ 38.5°C in a 24-hour
period, measured at least 4 hours apart. For patients with
progression of clinical CRS, further care was given per
standard CRS management guidelines. LTBC patients who
developed clinical CRS received standard CRS manage-
ment (see the Data Supplement for a table with details).

The study Protocol (online only) was approved by the
institutional review boards of the Children’s Hospital of
Philadelphia and the University of Pennsylvania. Patients
or their guardians provided written informed consent.
The study was registered with ClinicalTrials.gov
(NCT02906371). A Reproducibility Supplement with the
full annotated computer code for the primary analysis is
available online.19

Assessments and End Points

The primary end point was the incidence of grade 4 CRS
(Penn scale).20 Based on CRS rates in historical cohorts, we
prospectively defined # 5 of 15 HTBC patients with grade 4
CRS as a clinically meaningful result. Secondary end points
included overall response rate (ORR), duration of remission
(DOR), event-free survival (EFS), CAR T-cell expansion and
persistence, and safety events. See the Data Supplement for
details about secondary end points and the statistical analysis.

Comparative Analyses

A comparison of the PT HTBC with patients with high
tumor burden from the initial phase I CTL019 trial1

CONTEXT

Key Objective
Cytokine release syndrome (CRS) is the most significant toxicity of CD19-directed chimeric antigen receptor (CAR) T-cell

therapy including the Food and Drug Administration-approved product tisagenlecleucel. Cytokine (interleukin-6)
blockade with tocilizumab is the only approved therapy for CRS. It is unclear whether earlier administration of tocilizumab
may mitigate grade 4 CRS and/or compromise antitumor efficacy or safety, including neurotoxicity. To address this gap,
we conducted a prospective trial of preemptive tocilizumab administration at the time of first fever in pediatric and young
adult patients with B-cell acute lymphoblastic leukemia (ALL) who were at high risk for grade 4 CRS based on high tumor
burden.

Knowledge Generated
We observed a greater than one-third decrease in expected grade 4 CRS rates, meeting the predetermined primary end

point. We did not detect an impact on neurotoxicity, efficacy, or CAR-T persistence.
Relevance
Preemptive tocilizumab may decrease the risk of severe CRS in patients with ALL and high tumor burden. This approach

may improve safety and broaden applicability of CAR T-cells.
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(phase I HTBC; NCT01626495) was also conducted (Data
Supplement).

RESULTS

Patients

Eighty patients were screened and enrolled between August
26, 2016, and January 30, 2019 (Fig 1). Of those, 70 were
assigned to HTBC (n5 15) or LTBC (n5 55) based on the
pre-infusion bone marrow aspirate or biopsy and received
CTL019 (HTBC: median, 5.0 3 106, range, 1.1-15 3 106

CAR-T/kg; LTBC: median, 5.03 106, range, 0.56-193 106

CAR-T/kg; P 5 .5). The median duration of follow-up was
24 months (range, 5-36) after infusion. Baseline patient
characteristics are shown in Table 1.

Cytokine Release Syndrome

Table 2 shows CRS rates, graded on the Penn scale. A
retrospective comparison with the American Society for
Transplantation and Cellular Therapy CRS Consensus
Grading Scale is available in the Data Supplement.11 All
15 HTBC patients developed $ grade 2 CRS and re-
ceived the PT intervention. Median CRS onset was 2 days
(interquartile range [IQR], 1 to 3) after infusion, and PT was
administered at a median of 0.5 days (IQR, 0.4 to 0.8) later.
Four HTBC patients evolved to grade 4 CRS (27%, 95% CI,
8 to 55), meeting the predefined primary study end point
of # 5 of 15 patients. One patient died 19 days after in-
fusion from cerebral hemorrhage in the context of coa-
gulopathy and resolving grade 4 CRS that had included
congestive heart failure requiring extracorporeal membrane

oxygenation support. Further description of interventions
required for CRS management is included in the com-
parison with the historical cohort below.

Among the 55 LTBC patients, 37 (67%) developed any-
grade CRS and two (3.6%, 95% CI, 0.4 to 13) evolved to
grade 4 CRS. MRD status (positive or negative) at infusion
was not associated with CRS (P 5 .2, Data Supplement).
Three patients (5.5%) received tocilizumab at a median of
2.2 days (IQR, 1.5 to 2.7) after CRS onset.

Tumor Response

In the full study cohort, the per-protocol ORR was 94% at
day 28; 93% of patients were also negative for MRD, de-
fined as , 0.01% blasts by flow cytometry (Table 3). Two
patients were classified as nonresponders at day 28 be-
cause of the presence of blasts in the CSF (CNS2), but in
both cases, blasts cleared by 3 months without further
therapy, leading to a best ORR of 97%. In the HTBC, the
best ORRwas 87%and theMRD-negative complete response
(CR) rate was 80%. In the LTBC, the best ORRwas 100% and
all responders were MRD-negative.

Among the 68 patients with CR or complete response with
incomplete blood count recovery (CRi), the median DOR
was not reached (Fig 2A). Among HTBC patients, the
probability of continued remission was 49% (95% CI, 27 to
88) at 12 months and 39% (95% CI, 19 to 82) at
24 months. Of the 13 HTBC patients with CR or CRi, nine
experienced morphologic relapse. Two additional patients
received new cancer therapy for the emergence of MRD
and were censored at that time.

Patients enrolled
(N = 80)

Not assigned:
    Died
    Manufacturing failure
    Alternative treatment 

(n = 10)
(n = 8)
(n = 1)
(n = 1)

Received preemptive
tocilizumab intervention

(n = 15)

Assigned to
high-tumor burden cohort

(n = 15)

Assigned to
low-tumor burden cohort

(n = 55)

Received CTL019
(n = 15)

Received CTL019
(n = 55)

FIG 1. Screening, enrollment, and treatment.

922 © 2021 by American Society of Clinical Oncology Volume 39, Issue 8

Kadauke et al



Among LTBC patients, the probability of continued remission
was 86% (95% CI, 77 to 96) at 12 months and 78% (95% CI,
67 to 91) at 24 months. Of the 55 CR or CRi patients, 10
experienced morphologic relapse. Seven additional patients
received additional cancer therapy for emergence of MRD (n5

3) or loss of CTL019persistence (n5 4). Six patients underwent
allogeneic hematopoietic stem-cell transplantation (alloHSCT)

while in CR, including two with early B-cell recovery and one
who received an unconditioned CD34-selected stem-cell
infusion for persistent bone marrow aplasia. There was a
trend toward a greater proportion of CD19-negative relapses
in the HTBC (P 5 .057, Data Supplement).

In the HTBC, the EFS rate was 42% (95% CI, 23 to 79) at
12 months and 34% (95% CI, 16 to 73) at 24 months

TABLE 1. Baseline Characteristics

Characteristic
Overall
N 5 70a

High-Tumor Burden Cohort
n 5 15a

Low-Tumor Burden Cohort
n 5 55a P b

Age at infusion, years 11.2 (1.4, 29.1) 6.9 (1.4, 23.4) 12.6 (1.8, 29.1) .045

Male 41 (59%) 7 (47%) 34 (62%) .4

Prior alloHSCT 25 (36%) 7 (47%) 18 (33%) .5

Disease status .7

Primary refractory 14 (20%) 2 (13%) 12 (22%)

Relapsed 56 (80%) 13 (87%) 43 (78%)

Percent bone marrow blasts , .001

MRD-negative 27 (39%) 0 (0%) 27 (49%)

MRD-positive, , 5% 17 (24%) 0 (0%) 17 (31%)

5%-40% 11 (16%) 0 (0%) 11 (20%)

$ 40% 15 (21%) 15 (100%) 0 (0%)

CNS status .009

CNS1 61 (87%) 10 (67%) 51 (93%)

CNS2A 8 (11%) 5 (33%) 3 (5.5%)

CNS3 1 (1.4%) 0 (0%) 1 (1.8%)

High-risk genomic lesions 26 (37%) 5 (33%) 21 (38%) . .9

Trisomy 21 6 (8.6%) 0 (0%) 6 (11%) .3

NOTE. The percent of bone marrow blasts represents the status after lymphodepleting chemotherapy. High-risk genomic lesions: MLL (KMT2A)
rearrangement, Philadelphia-chromosome (Ph1), Ph-like, hypodiploidy, and TCF3/HLF fusion.
Abbreviations: alloHSCT, allogeneic hematopoietic stem-cell transplantation; MRD, minimal residual disease.
aStatistics presented: median (range); n (%).
bStatistical tests performed: Wilcoxon rank-sum test; x2 test of independence; Fisher’s exact test.

TABLE 2. Cytokine Release Syndrome

Characteristic
Overall
N 5 70a

High-Tumor Burden Cohort
n 5 15a

Low-Tumor Burden Cohort
n 5 55a P b

CRS maximum grade , .001

Grade 1 4 (6%) 0 (0%) 4 (7%)

Grade 2 36 (51%) 6 (40%) 30 (55%)

Grade 3 6 (9%) 5 (33%) 1 (2%)

Grade 4 6 (9%) 4 (27%)c 2 (4%)

None 18 (26%) 0 (0%) 18 (33%)

Time to CRS onset, days 4 (2, 7) 2 (1, 3) 5 (2, 8) .021

Received tocilizumab 18 (26%) 15 (100%) 3 (5%) , .001

Time from CRS onset to first tocilizumab, days 0.6 (0.4, 1.3) 0.5 (0.4, 0.8) 2.2 (1.5, 2.7) .076

Abbreviation: CRS, cytokine release syndrome.
aStatistics presented: n (%); median (interquartile range).
bStatistical tests performed: Fisher’s exact test; Wilcoxon rank-sum test.
cOne patient died from intracerebral hemorrhage in the context of resolving grade 4 CRS 19 days after CTL019 infusion.
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(Fig 2B). Overall survival (OS) was 67% (95% CI, 47 to 95)
at 12 months and 60% (95% CI, 40 to 91) at 24 months
(Fig 2C). In the LTBC, the EFS rate was 86% (91% CI, 77 to
96) at 12months and 78% (95%CI, 67 to 91) at 24months
(Fig 2B). OS was 96% (95% CI, 92 to 100) at 12 months
and 92% (95% CI, 85 to 100) at 24 months (Fig 2C).

B-Cell Aplasia

All patients who achieved CR or CRi developed B-cell
aplasia. The median time to B-cell recovery was not
reached (Fig 2D). The probability of continued B-cell
aplasia at 6 months was 69% (95% CI, 40 to 100) in the
HTBC versus 65% in the LTBC (95% CI, 54 to 80; P5 .73).

CTL019 Expansion

Peripheral blood CAR T-cell abundance, measured by flow
cytometry and quantitative polymerase chain reaction, is
shown in Figure 3. To compare CAR T-cell expansion in
HTBC versus LTBC, the area under the curve and maxi-
mum concentration of CAR-T transgenes over the first
28 days were calculated. Expansion was greater in the
HTBC by both measures (P , .001, Figs 3E and 3F).

Early Cytokine Response to CTL019 Infusion

To evaluate whether cytokine profiling in LTBC patients might
identify additional patients who could benefit from PT, we
compared maximum cytokine levels from days 0 to 3 after
CTL019 infusion in patients who would subsequently develop
grade 4 CRS versus those who would not (Data Supplement).
The cytokines most strongly associated (P , .2) with grade
4 CRS in the LTBC were IL-6, vascular endothelial growth
factor, IP-10, IL-8, G-CSF, monocyte chemoattractant protein-
1 (MCP-1), IL-1RA, and IL-2R. In addition, the performance of
two previously developed prediction models for development

of grade 4 CRS14 was evaluated for LTBC patients (Data
Supplement). One patient who developed grade 4 CRS
on day 2 after infusion was excluded from this analysis.
Model E was 98% accurate (sensitivity 100%, specificity
98%). Model C was 73% accurate. Both models correctly
predicted the development of CRS in the one remaining
LTBC patient who went on to develop grade 4 CRS.

Safety

Treatment-related neurological events occurred in 19 pa-
tients (27%), 9 (60%) in the HTBC and 10 (18%) in the
LTBC (CTCAE grading, Data Supplement). Grade 3 and 4
events occurred in four patients (HTBC, n 5 2; LTBC, n 5
2) and one patient (HTBC), respectively. Grade 3-4 neu-
rotoxicity was also retrospectively graded on the immune
effector cell-associated neurotoxicity syndrome scale (Data
Supplement).11 Other adverse events are detailed in the
Data Supplement.

Comparison with a Historical High-Tumor Burden Cohort

Patients. For the comparative analyses, the PT HTBC con-
sisted of the 15 patients in the HTBC. The phase I HTBC
included 26 (of 62 infused) patients from the phase I CTL019
trial who met the high-tumor burden criteria. The PT and
phase I HTBCs were similar in terms of age, sex, prior
alloHSCT, and bone marrow blasts pre-infusion (Table 4).

Incidence and clinical description of CRS. All patients in
both cohorts developed$ grade 2 CRS and the duration of
CRS was similar (PT, 8 days [IQR, 6 to 10]; phase I, 10 days
[IQR, 7 to 11], P5 .092). Grade 4 CRS was observed in 4 of
15 (27%) PT HTBC patients versus 13 of 26 (50%) phase I
HTBC patients (relative risk [RR], 0.53 [95% CI, 0.21 to
1.34], P 5 .18) (Table 4). Multivariable log binomial re-
gression models were developed to adjust for baseline

TABLE 3. Tumor Response

Characteristic
Overall
N 5 70a

High-Tumor Burden Cohort
n 5 15a

Low-Tumor Burden Cohort
n 5 55a P b

Day 28 ORR 66 (94%)c 12 (80%)c 54 (98%) .029

Day 28 response , .001

CR 31 (44%) 1 (6.7%) 30 (55%)

CRi 35 (50%)c 11 (73%)c 24 (44%)

No response 4 (5.7%)d 3 (20%)d 1 (1.8%)d

Best ORR 68 (97%)c 13 (87%)c 55 (100%) .043

Best response .002

CR 54 (77%) 7 (47%) 47 (85%)

CRi 14 (20%)c 6 (40%)c 8 (15%)

No response 2 (2.9%) 2 (13%) 0 (0%)

Abbreviations: CR, complete remission; CRi, complete remission with incomplete blood count recovery; ORR, overall response rate.
aStatistics presented: n (%).
bStatistical tests performed: Fisher’s exact test.
cOne patient with CRi had minimal residual disease-positive bone marrow on day 28.
dTwo patients (one in each cohort) hadminimal residual disease-negative bonemarrow at 28 days but were scored as No Response because of detection of

low numbers of blasts in the CSF (CNS2 disease). Both patients were found to be in complete remission by 3-month follow-up.
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characteristics, but none of the models significantly altered
the unadjusted relative risk.

In the phase I HTBC, grade 4 CRS was associated with
earlier onset of fever (P 5 .04). An additional analysis
compared severe CRS among patients with early onset of
CRS, defined as development of high, persistent fever by

day 4 after infusion. In this restricted sample, grade 4 CRS
was observed in 4 of 9 (44%) versus 13 of 21 (62%)
patients in the PT and phase I HTBC, respectively (RR,
0.72 [95% CI, 0.32 to 1.60], P 5 .42).

ICU admission was required for eight (53%) PT HTBC
patients and 18 (69%) phase I HTBC patients within

P < .001
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30 days after infusion (P 5 .34) (Data Supplement).
Among patients admitted to the ICU, median cumulative
length of stay was similar between PT (9 days, IQR, 5 to
11) and phase I HTBC (11 days, IQR, 7 to 19, P 5 .18).

The use of specific ICU resources was also similar, with a
trend toward fewer days of vasoactive medications in the
PT HTBC (PT, 4 days [IQR, 3 to 5]; phase I, 6 days [IQR,
5 to 9], P 5 .05).
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qPCR, quantitative polymerase chain reaction.
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Tocilizumab and other cytokine blockade. All 15 PT HTBC
patients received the PT dose, at a median of 0 days
(IQR, 0 to 0) after developing high, persistent fever. Six
(23%) patients received an additional dose of tocilizu-
mab because of clinical CRS progression and one (7%)
received multiple additional doses. Of the 26 phase I
HTBC patients, 15 (58%) received $ 1 dose of tocili-
zumab at a median of 4 days (IQR, 3 to 6) after devel-
oping high, persistent fever. Five (33%) patients received
multiple doses.

Five (33%) PT HTBC patients received corticosteroids,
including four of four patients with grade 4 CRS. One
patient also received siltuximab, basiliximab, and anakinra.
Eight (31%) phase I HTBC patients received corticoste-
roids, including 8 of 13 patients with grade 4 CRS. One
patient also received etanercept, and one patient received
siltuximab.

Efficacy. CAR-T expansion was similar in both cohorts (P5
.9, Data Supplement). In addition, the cohorts had similar
ORR (PT, 87%; phase I, 85%, P . .9) and 24-month
probabilities of EFS (P5 .75) and OS (P5 .20) were similar
between the cohorts (Data Supplement).

Neurotoxicity. Neurotoxicity rates were similar between
cohorts (Table 4). Eight (53%) PT HTBC patients experi-
enced a $ grade 2 neurological event versus 14 (54%)
phase I HTBC patients (P . .9). One patient from each
cohort had grade 4 neurotoxicity.

DISCUSSION

CRS is the most common severe toxicity associated with
CAR T-cells. As tisagenlecleucel (originally developed as
CTL019) is now commercially available at many centers
worldwide, it is crucial to develop strategies to mitigate the
risk of severe CRS.

In this prospective study of children and young adults
treated with CTL019 for relapsed or refractory B-ALL, we
found that risk-adapted PT administration decreased the
expected incidence of grade 4 CRS, meeting the pre-
defined study end point. In a secondary comparison with a
historical cohort of high-tumor burden patients who re-
ceived standard CRS management, we found a clinically
meaningful decrease in the incidence of grade 4 CRS from
50% to 27%. Although we were likely able to prevent some
cases of severe CRS, patients who developed grade 4 CRS

TABLE 4. Comparison of the PT HTBC and the Phase I CTL019 HTBC
Characteristic PT HTBC (n 5 15)a Phase I HTBC (n 5 26)a P b

Patient characteristics

Trial period 2016-2018 2012-2015

Age at infusion, years 7 (4, 11) 10 (8, 16) .07

Male 7 (47%) 11 (42%) . .9

Prior alloHSCT 7 (47%) 10 (39%) .75

Percent bone marrow blasts pre-infusion 86 (53, 93) 90 (77, 96) .34

Incidences of grades 3 and 4 CRS

Grade 3/4 9 (60%) 20 (77%) .49

Grade 4 4 (27%) 13 (50%) .18

CRS onset and duration

Time to high, persistent fever, days 3 (2, 9) 2 (1, 4) .03

Duration of CRS, days 8 (6, 10) 10 (7, 11) .09

Tocilizumab administration

Receipt of $ 1 dose of tocilizumab 15 (100%) 15 (58%) .003

Time from high, persistent fever to first tocilizumab administration, days 0 (0, 0) 4 (3, 6) , .0001

Response rates

Best overall response rate 13 (87%) 22 (85%) . .9

Rates of neurotoxicity (maximum grade)

Grade $ 2 neurological event 8 (53%) 14 (54%) . .9

Grade 4 neurological event 1 (7%) 1 (4%) . .9

Time from infusion to onset of neurotoxicity, days 6 (5, 15) 6 (2, 14) . .9

Abbreviations: alloHSCT, allogeneic hematopoietic stem-cell transplant; CRS, cytokine release syndrome; HTBC, high-tumor burden cohort; IQR,
interquartile range; PT, preemptive tocilizumab.

aStatistics presented: median (IQR); n (%), unless otherwise indicated.
bStatistical tests performed: Fisher’s exact test; Wilcoxon rank-sum test.
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despite PT administration were as critically ill as patients
who did not receive PT. Importantly, PT did not impact the
excellent ORR of CTL019, nor did it affect CTL019 ex-
pansion, persistence, or long-term efficacy. This inter-
vention was safe with no increase in frequency or severity of
neurotoxicity.

Two groups have reported their experiences with earlier
tocilizumab administration. Seattle Children’s published
results of an intervention with tocilizumab and/or dexa-
methasone during periods of mild CRS in a subset of pe-
diatric patients with B-ALL enrolled on their PLAT-02 trial of
SCRI-CAR19v1, an anti-CD19 CAR.16 The 20 patients who
received the intervention had a 15% incidence of severe
CRS compared with a 30% incidence among an earlier
cohort who did not receive the intervention (P 5 .29).
Similar to our study results, the intervention did not neg-
atively impact antitumor efficacy or safety. However, in
contrast to our study, their definition of severe CRS was not
based on a specific CRS grading system and the CAR T-cell
dose, a known predictor of CRS in SCRI-CAR19v1, was
lower in the intervention group.5 The ZUMA-1 axicabtagene
ciloleucel trial also reported preliminary data from a pro-
phylactic tocilizumab intervention given to 31 patients in a
safety expansion cohort.17 They found that the frequency of
grade$ 3 CRSmay be lower with prophylactic tocilizumab,
but grade$ 3 neurotoxicity rates may be greater. Based on
these findings, the intervention was discontinued. Our
study, however, had key differences including the inter-
vention timing (preemptive v prophylactic tocilizumab),
patient population (pediatric v adult), disease (B-ALL v
lymphoma), and CAR T-cell product, with axicabtagene
ciloleucel having higher neurotoxicity risks.

EFS and OS in the PT HTBC were similar to the phase I
HTBC, suggesting that PT did not negatively impact survival
outcomes. However, we did see lower long-term DOR, EFS,
and OS in the HTBC compared with the LTBC. These in-
ferior outcomes in the HTBC occurred despite an excellent
ORR (87%), greater CTL019 expansion, and similar per-
sistence to the LTBC. It is also important to note that LTBC
patients, including those who were MRD-negative at in-
fusion, had excellent DOR and CAR-T persistence using
CTL019. This is the first report from our group of the as-
sociation of high tumor burden with worse long-term sur-
vival; however, several trials of other CD19 CARs have also
found similar results.21-23 The etiology of this association is
unclear, but we did find a trend toward a greater proportion
of CD19-negative relapses in the HTBC. It is possible that
higher tumor burden is associated with larger clonal het-
erogeneity, which then increases the risk of antigen

escape.24 In addition, the HTBC consisted of patients with
extremely refractory disease. Thus, we do not conclude that
further efforts to decrease disease burden in highly re-
fractory patients prior to infusion is warranted, either to
decrease CRS risk or to potentially improve DOR. Rather,
our results highlight the need to better understand
mechanisms of relapse in this population, mitigate toxicity
through pre-emption, and develop strategies to prevent
CD19-negative relapses.

We confirmed that high tumor burden remains a strong risk
factor for the development of severe CRS and that severe
CRS is uncommon in patients with low tumor burden. Only
2 of 55 (4%) of LTBC patients developed grade 4 CRS,
reinforcing that a risk-adapted approach to PT adminis-
tration is appropriate. We also used previously developed
cytokine prediction models to test whether cytokine levels
could identify the few LTBC patients at risk for severe CRS,
but the analysis was limited by the small number of
events.14 In addition, the clinical utility of measuring cy-
tokines depends on the availability of clinically validated
cytokine testing with rapid turn-around times.

The current study has some limitations that should be
considered in interpreting the results. Although we met the
predefined primary study end point for grade 4 CRS, it was
infeasible to add a contemporaneous control group. Given
changes in referral patterns, the number of patients with$

40% tumor burden has decreased over time.25 Instead, we
performed a comparison with a well-matched historical
cohort, but these analyses had limitations inherent to using
historical controls and were not powered to demonstrate
statistically significant differences.26 In addition, although
our results are informative to the many patients being
treated with CTL019 and tisagenlecleucel, they should not
be extrapolated to other CAR T-cell products without further
study.

In conclusion, we found that preemptive administration of
tocilizumab to patients with high tumor burden decreased
the expected incidence of severe CRS, meeting the primary
end point, without compromising the antitumor efficacy or
safety of CTL019. In the time since this clinical trial was
initiated, CTL019 received FDA approval and is now
available at a large number of centers. Thus, these results
are applicable to broad groups of patients at risk for severe
CRS, the critical tisagenlecleucel toxicity. Further research
is needed to confirm our findings across centers and in
other patient populations. In addition, as new CAR con-
structs are developed, it will be important to determine
optimal tocilizumab timing for each product.
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