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FDA Approval Summary: Tocilizumab for Treatment of Chimeric

Antigen Receptor T Cell-Induced Severe or Life-Threatening Cytokine

Release Syndrome
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ABSTRACT

On August 30, 2017, the U.S. Food and Drug Administration
approved Actemra (tocilizumab, Genentech, Inc., South San
Francisco, CA) for the treatment of severe or life-threatening
chimeric antigen receptor (CAR) T cell-induced cytokine release
syndrome (CRS) in adults and in pediatric patients 2 years of
age and older. The approval was based on a retrospective
analysis of data for patients who developed CRS after treat-
ment with CTL019 and KTE-C19 on prospective clinical trials.
Evaluable patients had been treated with intravenous tocilizu-
mab 8 mg/kg (12 mg/kg for patients <30 kg) for severe or life-
threatening CRS; only the first episode of CRS was included in
the analysis. The efficacy population for the CTL019 cohort
included 24 male and 21 female patients (total 45 patients) of

median age 12 years. The median time from the start of CRS
to the first dose of tocilizumab was 4 days (range, 0–18 days).
Patients were considered responders if CRS resolved within
14 days of the first dose of tocilizumab, if no more than 2
doses of tocilizumab were needed, and if no drugs other than
tocilizumab and corticosteroids were used for treatment.
Thirty-one patients (69%; 95% confidence interval, 53%–82%)
achieved a response as defined. In an independent cohort
of 15 patients with KTE-C19-induced CRS, 53% responded.
Further study is needed to determine the optimal dose of
tocilizumab and to confirm the safety of its use for treatment
of patients with CAR T cell-induced CRS. The Oncologist

2018;23:1–5

Implications for Practice: Severe or life-threatening chimeric antigen receptor (CAR) Tcell-induced cytokine release syndrome (CRS)
requires urgent treatment to prevent fatal outcomes. In two independent cohorts, the majority of patients with severe or life-
threatening CAR T cell-induced CRS responded to treatment with one or two doses of tocilizumab in addition to advanced
supportive care. More research is needed to determine the optimal dose and schedule of tocilizumab for treatment of CAR T cell-
induced CRS.

INTRODUCTION

Cytokine release syndrome (CRS) has been identified as a clini-
cally significant, on-target, off-tumor side effect of the chimeric
antigen receptor (CAR) T-cell therapies used for treatment of
malignancies [1–3]. Characteristics of CRS include fever, fatigue,
headache, encephalopathy, hypotension, tachycardia, coagul-
opathy, nausea, capillary leak, and multiorgan dysfunction. The
reported incidence of CRS after CAR T-cell therapy ranges from
50% to 100%, with 13% to 48% of patients experiencing the
severe or life-threatening form [4–6]. Multiple approaches
have been used to reduce the risk of CRS, including use of low

cell doses or a split-dosing schedule [7]. These approaches have
mitigated the risk of CRS only partially.

The complex of signs and symptoms in CRS results from the
effects of cytokines released by the CAR T cells once engaged
with the target. Serum levels of inflammatory cytokines are ele-
vated, particularly interleukin-6 (IL-6) [8]. The severity of symp-
toms may correlate with the serum cytokine concentrations
and the duration of exposure to the inflammatory cytokines
[9]. Multiple grading systems have been used to categorize the
severity of CRS clinically, including the National Cancer Institute
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Common Terminology Criteria for Adverse Events, the Penn
Grading Scale [10], and the Lee Grading Scale [4]. The criteria
for severe or life-threatening CRS differ among the grading
systems with regard to the categorization at which low- or
high-dose vasopressors were used, but in all of these scales,
severe and life-threatening grades of CRS require advanced
supportive care.

Because of the potential for fatal outcomes, severe or life-
threatening CRS is a medical emergency. Initial treatment
includes antipyretics for fever, vasopressors and intravenous
fluids for hypotension, and supportive care with oxygen or
mechanical ventilation for respiratory distress. High-dose corti-
costeroids can moderate toxicity in some cases, but corticoste-
roids may also reduce the clinical effectiveness of the CAR T-cell
therapy by blocking T-cell activation, function, and proliferation
[8, 11]. Even with advanced supportive care alone, the course
may be protracted, requiring weeks for recovery from multior-
gan injury.

Tocilizumab is a recombinant humanized monoclonal anti-
body directed against the interleukin-6 receptor (IL-6R). It binds
both soluble and membrane-bound IL-6R and inhibits IL-6-
mediated signaling through these receptors. Herein, we sum-
marize key review findings that supported the approval of toci-
lizumab for treatment of severe or life-threatening CAR T cell-
induced cytokine release syndrome.

MATERIALS AND METHODS

Study Design
The efficacy of tocilizumab for the treatment of CRS was
assessed in a retrospective analysis of pooled data from pro-
spective clinical trials of CAR T-cell therapies for hematological
malignancies. The clinical trials included five studies of CTL019
(CCTL019A2201, CCTL019B2101J, CCTL019B2102J, CCTL019B2202,
and CCTL019B2205J) and four studies of KTE-C19 (KTE-C19-101,
KTE-C19-102, KTE-C19-103, and KTE-C19-104). The cases were
ascertained based on a report of CRS by the investigators on
the clinical trial case report forms and the identification of tocili-
zumab as a concomitant medication. Only the first episode of
CRS was used in the analysis.

Treatment with tocilizumab was prespecified in each proto-
col, but the exact dose, frequency and criteria for treatment var-
ied. The efficacy-evaluable population was limited to patients
who had been treated using intravenous tocilizumab 8 mg/kg
(12 mg/kg for patients <30 kg); this is the recommended dose
approved for systemic juvenile idiopathic arthritis (SJIA), and
there are substantial data available to support the safety of this
dose. The target population included patients with the severe
or life-threatening grades of CRS specifically. Because the Penn
Grading Scale was used for grading CRS in the CTL019 trials and
the Lee Grading Scale was used in the KTE-019 trials, the two
cohorts were assessed separately.

The primary objective was to characterize resolution of
CRS. Resolution of CRS was defined as the patient having a lack
of fever and being off vasopressors for at least 24 hours.
Patients were considered responders if (a) CRS resolved within
14 days of the first dose of tocilizumab, (b) no more than two
doses of tocilizumab were used, and (c) no drugs other than
tocilizumab and corticosteroids were used for treatment. Addi-
tional assessments included response at 2, 7, and 21 days from

the first dose of tocilizumab. All results were reported descrip-
tively. There was no inferential testing planned.

Clinical Pharmacology
The key clinical pharmacology review question focused on
the appropriateness of the proposed dosing regimen. In study
CTL019B2202, samples for analysis of tocilizumab were planned
to be collected at 5–15 minutes, 24 hours62 hours, and 48
hours64 hours after the first and second infusions of tocilizu-
mab. Pharmacokinetic (PK) parameters other than maximum
concentration could not be generated reliably because of the
sparse sampling schedule. Modeling and simulation were used
to identify a recommended dosage using the PK data from study
CTL019B2202 in patients with CRS and extant PK data from
pediatric and young adult patients with SJIA.

In comparison with the population PK model developed
using data from patients with SJIA, the observed mean maxi-
mum concentration of tocilizumab after the first dose in the
patients with CRS was 41% lower than that in patients with
SJIA, suggesting faster clearance of tocilizumab in patients with
CRS. Therefore, the available population PK model was refined
to re-estimate linear clearance (CL) and volume of distribution
in the central compartment (VC) using PK data from the
patients with CRS. All other parameters, including interindivid-
ual variabilities of CL and VC as well as residual errors, were
fixed to the previous PK parameters given the limited, sparse
PK observations and the small sample size for patients with
CRS. The goodness-of-fit and visual predictive check assess-
ments, decrease in objective function value, and the precision
(% coefficient variability [CV]) of the parameter estimates were
used for the model comparison and evaluation. The final
refined population PK model was then used in multiple scenar-
ios to simulate median tendencies and 95% percentiles of
PK-time profiles as well as the corresponding 95% confidence
intervals to provide a recommended dosage. The maximum
allowable concentration was 649 lg/mL based on the observed
exposure-response relationships for safety in healthy patients.

RESULTS

Patient Characteristics
There were 58 patients identified as having been treated with
tocilizumab for CRS after infusion of CTL019 and 76 patients
after infusion of KTE-C19. After eliminating patients who had
only mild or moderate CRS or who were not treated with the
proposed dose of tocilizumab, the final efficacy-evaluable pop-
ulations included 45 patients with CRS after CTL019 and 15
patients with CRS after KTE-C19. The populations included both
adults and children. The baseline demographic characteristics
of the patients are shown in Table 1, and the CRS characteristics
are shown in Table 2. For the patients in the CTL019 series, the
median time from start of CRS to first dose of tocilizumab was
4 days (range, 0–18 days); nearly all patients were treated with
only one tocilizumab dose per day, and the median total num-
ber of tocilizumab doses administered was one (range, one to
four). For the patients in the KTE-C19 series, the median time
from the start of CRS to the first dose of tocilizumab was 3 days
(range, 0–14 days); one third of the patients received 2 or 3
doses of tocilizumab per day, and the median total number of
tocilizumab doses was 2 (range, 1–13).
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Efficacy
Thirty-one patients (69%) from the CTL019 series achieved a
response within 14 days of the first dose of tocilizumab, and
the median time from the first dose to response was 4 days
(range, 1–12 days; Table 3). Eight patients (53%) from the KTE-
C19 series achieved a response, and the median time to
response was 4.5 days (range, 2–7 days). The response rates
were largely consistent among subgroups such as age group,
sex, race, ethnicity, grade of CRS at first dose of tocilizumab,
and duration of CRS prior to treatment with tocilizumab.
Response was also assessed at 2, 7, and 21 days from the first
dose of tocilizumab (Table 3). In both series, the majority of
patients who achieved a response did so within the first 7 days.

Safety
There were no reports of adverse reactions attributable to toci-
lizumab. Five patients in the CTL019 series and five patients in
the KTE-C19 series died within 30 days of the first dose of tocili-
zumab. None of the deaths was attributed to tocilizumab.

Pharmacometrics Analysis
PK data were available for 27 patients after the first dose of
tocilizumab and for 8 patients after a second dose of tocilizu-
mab. The PK population included 15 male and 12 female
patients of median age 12 years (range, 4–23 years). Based on
131 PK observations, the geometric mean (% CV) maximum
concentration of tocilizumab in the patients with CAR T cell-
induced, severe or life-threatening CRS was 99.5 lg/mL
(36.8%) after the first infusion and 160.7 lg/mL (113.8%) after
the second infusion. Using the refined population PK model,
simulations were performed for the recommended tocilizumab

dose given every 8, 12, or 24 hours. The results of the simula-
tions suggested that tocilizumab concentrations after up to 4
doses given 8 hours apart would remain within the bounds of
previously observed safe blood concentrations.

LITERATURE REVIEW

A review of the literature identified no prospective clinical trials
of tocilizumab for treatment of CAR T cell-induced CRS. There
were numerous case reports and case series describing the
activity of tocilizumab for treatment of CRS after infusion of
CAR T cells directed against CD19 [2, 5, 10, 10–15], CD123
[16], CD269 [5], and mesothelin [17]. Fever and tachycardia
reportedly resolved within hours after infusion of tocilizu-
mab [2, 5, 11, 14], but resolution of hypotension and organ

Table 1. Demographics

Demographics

CTL019 series
(n5 45)
n (%)

KTE-C19 series
(n5 15)
n (%)

Median age (range), years 12 (3–23) 60 (9–75)

Age category

2 to <12 years 20 (44.5) 1 (6.7)

12 to <18 years 15 (33.3) 0

�18 years 10 (22.2) 14 (93.3)

Sex

Male 24 (53.3) 10 (66.7)

Female 21 (46.7) 5 (33.3)

Race

White 37 (82.2) 13 (86.7)

Asian 1 (2.2) 0

Other 7 (15.6) 2 (13.3)

Ethnicity

Hispanic or Latino 7 (15.6) 4 (26.7)

Other 38 (84.4) 11 (73.3)

Underlying malignancy

ALL 45 (100) 2 (13.3)

DLBCL 0 12 (80.0)

PMBCL 0 1 (6.7)

Abbreviations: ALL, acute lymphoblastic leukemia; DLBCL, diffuse
large B cell lymphoma; PMBCL, primary mediastinal B cell lymphoma.

Table 2. CRS characteristics and treatment

Characteristics
and treatment

CTL019 series
(n5 45)
n (%)

KTE-C19 series
(n5 15)
n (%)

Baseline CRS grade

Grade 3 10 (22.2) 14 (93.3)

Grade 4 35 (77.8) 1 (6.7)

CRS duration prior to
tocilizumab

0–4 days 23 (51.1) 12 (80.0)

>4 days 22 (48.9) 3 (20.0)

Number of tocilizumab
doses

1 dose 25 (55.5) 6 (40.0)

2 doses 13 (28.9) 5 (33.3)

�3 doses 7 (15.6) 4 (26.7)

Number of tocilizumab
doses daily

Single daily dose 43 (95.6) 10 (66.7)

Multiple doses per day 2 (4.4) 5 (33.3)

First tocilizumab
dose levela

8 mg/kg 38 (84.4) 15 (100)

12 mg/kg 7 (15.6) 0
aCategorization from actual dose administered (6.1–9.8 mg/kg for
the 8 mg/kg category and 11.2–12.0 mg/kg for the 12 mg/kg
category).
Abbreviation: CRS, cytokine release syndrome.

Table 3. Resolution of cytokine release syndrome in the
efficacy populations

Analyses

CTL019 series
(n5 45)
responders
n (%, 95% CI)

KTE-C19 series
(n5 15)
responders
n (%, 95% CI)

Primary analysis:

Response by day 14 31 (68.9, 53.4–81.8) 8 (53.3, 26.6–78.7)

Additional analyses

Response by day 2 9 (20.0, 9.6–34.6) 3 (20.0, 4.3–48.1)

Response by day 7 26 (57.8, 42.2–72.3) 8 (53.3, 26.6–78.7)

Response by day 21 31 (68.9, 53.4–81.8) 8 (53.3, 26.6–78.7)

Abbreviation: CI, confidence interval.
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dysfunction was delayed [2, 14]. However, some authors
noted cases of CRS refractory to tocilizumab therapy [13, 18].
Significant disease burden was identified as a potential risk
factor for refractoriness to tocilizumab [18]. It was also
reported that tocilizumab did not affect CAR T cell prolifera-
tion or clinical efficacy [10, 11, 14].

DISCUSSION

Tocilizumab was approved for the treatment of severe or life-
threatening CAR T cell-induced cytokine release syndrome in
adults and in pediatric patients 2 years of age and older.
Approval was based on the finding in a retrospective data
analysis that 69% of patients with CTL019-induced severe or
life-threatening CRS had resolution of fever and need for vas-
opressors within 14 days after receiving one or two doses of
tocilizumab. In an independent cohort of 15 patients with
KTE-C19-induced CRS, 53% of patients responded. The data
reviewed were not sufficient to allow assessment of the
activity of tocilizumab for treatment of CRS induced by thera-
pies other than CAR Tcells.

There is some concern that in the absence of a random-
ized trial or a well-characterized historical control, it is diffi-
cult to interpret the results of a retrospective review of a
treated cohort. However, the published observations of
rapid effects on objective early endpoints, such as vital signs [2,
5, 11, 14], provided substantial supporting evidence. The quality
of the prospectively collected data, the supporting published
data, and the established clinical experience with tocilizumab in
multiple other indications were considered adequate to support
review for this serious disorder for which there were no avail-
able therapies.

The endpoint used to assess effectiveness was response,
defined as being afebrile and off vasopressors for at least 24
hours within 14 days of the first dose of tocilizumab (maximum
up to two doses) and without use of additional treatment other
than corticosteroids. In both the CTL019 and KTE-C19 series,
the majority of the patients who achieved the response criteria
did so within 7 days of the first dose of tocilizumab, but there
were five additional responders after 7 days in the CTL019
series. It is not clear whether these additional responses were
due to tocilizumab or to the natural resolution of CRS with con-
tinued supportive care.

In a study of single-dose tocilizumab in healthy volunteers,
the only significant dose-related toxicity was a decrease in neu-
trophils [19]. In the healthy volunteers who received a single
20 mg/kg dose, some had neutrophil counts less than baseline
for 8 weeks or longer. The mechanism of the neutropenia after
treatment with tocilizumab is unclear, but based on the rapid
onset and unilineage nature, it is thought to be a margination
effect rather than myelosuppression [20]. The PK analysis
showed that patients with CRS had a faster clearance of tocili-
zumab than healthy volunteers and other patient populations,
and simulations showed that exposure was considered accepta-
ble with up to four doses of tocilizumab at least 8 hours apart
in patients with CRS. Nonetheless, if fewer than four doses
would be effective, as was shown in our analysis, then minimiz-
ing the risk of exposure-related prolonged neutropenia with
fewer doses would seem prudent in patients already neutro-
penic from lymphodepleting chemotherapy and CAR Tcells.

Additionally, there were no specific assessments for the
safety of tocilizumab in the clinical trials of CTL019 or KTE-C19,
and the limited safety analysis did not assess for tocilizumab
infusion reactions, exacerbation of CAR T cell-induced neuro-
toxicity, or prolonged neutropenia after treatment with tocilizu-
mab. However, there were no reports of adverse reactions to
tocilizumab in the patients treated for CRS in the protocols
included in this analysis, and the safety profile of the tocilizu-
mab 8 mg/kg dose is well established in other intended popula-
tions down to the age of 2 years. This evidence allowed for a
favorable risk-benefit analysis in this situation. Because there
remains some uncertainty about the safety of multiple doses
given over a short period of time, further study to confirm the
safety of tocilizumab in the intended population is a postmar-
keting requirement.

Of note, the optimal dose and schedule of tocilizumab for
treatment of CAR Tcell-induced CRS is not known, and the dos-
ing instructions in current tocilizumab labeling provide only
general recommendations for safe dosing. Because the natural
history of CRS may vary by CAR type, receptor target, baseline
disease burden, or other parameters [17], labeling for each CAR
T-cell product provides specific instructions for use of tocilizu-
mab as supported by data generated in the clinical trials for
that CAR T-cell product. More study is needed to elucidate best
practices for use of tocilizumab in this population, especially to
identify the cases in which tocilizumab is simply not effective
[13, 18] and alternative approaches should be applied to ameli-
orate the cytokine effects.

Despite the unknowns, the seriousness of CRS in the setting
of a potentially curative therapy for cancer warrants aggressive
supportive care provided in as safe a manner as possible.
Hence, the risks of using tocilizumab appear to be outweighed
by the potential benefit for patients with severe or life-
threatening CAR Tcell-induced CRS.

CONCLUSION
The approval of tocilizumab for the treatment of CAR T cell-
induced severe or life-threatening CRS in adults and in pediatric
patients 2 years of age and older was based on a retrospective
data analysis in two cohorts, showing response rates of 53%–
69%. The activity of tocilizumab was supported by a literature
review.The optimal dose and schedule are not well established.
The available data are wholly insufficient to extend the indica-
tion to CRS induced by other immunotherapeutics. Further
study is required to confirm the safety of tocilizumab in the
intended population.
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