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A B S T R A C T
Administration of immune effector cell (IEC) therapy is a complex endeavor requiring extensive coordination and
communication of various healthcare and administrative teams. Chimeric antigen receptor (CAR) T cells are the
most established IEC therapy available. As of July 2018 two commercial gene therapy products, tisagenlecleucel
and axicabtagene ciloleucel, have been approved by the US Food and Drug Administration. To gain insight into
the infrastructure and practices across the country, the American Society for Blood and Marrow Transplantation
Pharmacy Special Interest Group conducted an electronic survey on the current administrative, logistic, and toxic-
ity management practices of CAR T cell therapy across the United States. This survey consists of 52 responses
from institutions of varying sizes, most of which (»80%) had previous investigational experience with CAR T cell
therapy. Absorbing the energy of this exciting new treatment has challenged hematopoietic cell transplant pro-
grams across the country to strengthen department infrastructure, develop new committees and policies, and
implement significant education to ensure safe administration. With the variety of experience with CAR T cell
therapy, we hope this survey can contribute to the existing published literature and provide support and consen-
sus to established and developing IEC programs and practice guidelines.

© 2018 American Society for Blood and Marrow Transplantation.
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INTRODUCTION
Immune effector cell (IEC) therapy includes a variety of cell

types used to modulate an immune response for therapeutic
effect [1]. Chimeric antigen receptor (CAR) T cells are the most
established IEC therapy available. As of July 2018 two commer-
cial gene therapy products, tisagenlecleucel and axicabtagene
ciloleucel, have been approved by the US Food and Drug
Administration (FDA) [2]. Providing this innovative therapy is
a complex endeavor requiring extensive coordination and
communication of various healthcare and administrative
teams. With guidance from the FDA, the foundation for the
accreditation of cellular therapy and pharmaceutical manufac-
turers, institutions across the country are working rapidly to
establish IEC programs and develop new service lines in
uncharted territory. Recently, authors from Memorial Sloan
Kettering published their 8 essential tasks to define CAR T cell
workflow, further shedding light on the complexity and chal-
lenges of safe CAR T cell administration [3]. To gain insight into
infrastructure and practices across the country, the American
Society for Blood and Marrow Transplantation (ASBMT) Phar-
macy Special Interest Group conducted an electronic survey of
its membership. Herein we present the results of the survey
focusing on the current administrative, logistic, and toxicity
management practices in the United States.
METHODS
The ASBMT Pharmacy Special Interest Group Research Working Commit-

tee drafted an online survey that was reviewed by committee members
before circulation. This survey was distributed electronically to all members
of the Pharmacy Special Interest Group listserv, with 52 total responses. The
Pharmacy Special Interest Group membership is not limited but is largely
composed of pharmacists practicing hematology oncology at community and
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academic medical centers. Most responders (»80%) had previous investiga-
tional experience with CAR T cell therapy.
ADMINISTRATIVE CONSIDERATIONS
Product Approval

The survey addressed the processes of CAR T cell product
approval for formulary addition and clinical data review for
treatment plan and patient selection (Table 1). Forty-five of 52
surveyed institutions (87%) responded that each commercial
CAR T cell product requires review and approval for formulary
addition. Additionally, 31 of 52 surveyed institutions (60%)
indicated that each patient being considered for CAR T cell
therapy requires clinical data review and approval by an insti-
tutional committee before treatment. Regarding which institu-
tional committees are responsible for approval of CAR T cell
therapy for potential patients, 17 of 31 respondents (55%)
reported use of a hematopoietic cell transplant (HCT) commit-
tee, 5 (16%) used an immunotherapy or cell therapy commit-
tee, 4 (13%) had an administration or high-cost drug
committee, 3 (10%) reported a pharmacy and therapeutics
committee, and 2 (6%) a breakthrough therapy committee.

This survey also investigated the involvement of pharmacy
staff in establishing practice standards for the cellular therapy
service. Twenty-nine of 52 surveyed institutions (56%) indi-
cated that a cellular therapy committee had been established.
Moreover, 34 of 47 respondents (72%) reported that a pharma-
cist representative is involved in the cellular therapy service or
committee.
Discussion
Considering the high cost of CAR T cell products and the risk

associated with these therapies, the efficacy and safety data of
CAR T cell products should be evaluated by an institutional
committee before formulary addition. Furthermore, to afford
careful consideration in selecting the appropriate CAR T cell
therapy product based on established clinical criteria, clinical
data of each patient being considered for CAR T cell therapy
should be presented to a multidisciplinary team, such as an
HCT or an immunotherapy committee, for review and discus-
sion of treatment plan before initiating CAR T cell therapy.
When appropriate, each patient case may also be reviewed by
a high-cost drug or medical executive committee for care value
assessment and coverage investigation.

From cell collection, processing, and infusion to postinfu-
sion care, CAR T cell therapy requires the close collaboration of
many departments within an institution. Building a dedicated
multidisciplinary cellular therapy team and creating practice
guidelines, efficient workflows, and clear communication are
vital to ensure safe administration of CAR T cell therapy.
Table 1
Survey Responses for Institutional-Approval Process (N = 52).

Questions Responses

Does each commercial CAR T cell
product need formulary addition
approval?

Yes: 45 (87%)
No: 7 (13%)

Does each patient need approval
by a committee? If so, what
committee?

Yes: 31 (60%)- HCT Committee: 17-
Immunotherapy or Cell Therapy
Committee: 5- Administration or
High-cost Drug Committee: 4- P&T
Committee: 3- Breakthrough Ther-
apy Committee: 2
No: 21 (40%)

P&T indicates Pharmacy & Therapeutics.
Reimbursement
The survey inquired about the general practice of product

reimbursement and process of financial investigation. The
results were highly variable. A charge markup is applied to the
cost of the CAR T cell product by 15 of 36 respondents (42%),
whereas 10 (28%) did not report such an approach. However,
11 respondents (31%) stated that product billing is unclear or
undetermined. When asked which department is responsible
for CAR T cell therapy contract negotiation, 4 of 35 respondents
(11%) stated pharmacy, 20 (57%) HCT department, 1 (3%)
hematology department, 6 (17%) financial services, and 4 (11%)
indicated unclear or undetermined. Similarly, regarding which
department is responsible to ensure financial coverage for CAR
T cell therapy and related care, 3 of 37 respondents (8%) stated
pharmacy, 23 (62%) HCT department, 1 (3%) hematology
department, 2 (5%) immunotherapy department, 7 (19%) finan-
cial services, and 1 (3%) reported unclear or undetermined.

Discussion
Further complexities related to billing and reimbursement

of CAR T cell therapy include cell collection, processing, infu-
sion, and supportive care needed for this treatment modality.
Additionally, these services may be provided in both the inpa-
tient and outpatient setting. The high cost associated with CAR
T cell therapy places hospital and pharmacy administration in
a uniquely challenging situation because a conventional drug
markup may not be applicable. Currently, there is inadequate
reimbursement of CAR T cell therapy because of variable Medi-
care Severity Diagnosis-Related Groups assignment for CAR T
cell cases, the lack of CAR T cell specific Medicare Severity
Diagnosis-Related Groups or a New Technology Add-on Pay-
ment, and, most importantly, charge compression of the prod-
uct acquisition cost. The Centers for Medicare & Medicaid
Services (CMS) have been evaluating the possibility of allowing
hospitals to use a cost-to-charge ratio of 1.0 when determining
if a case qualifies for outlier payments [4]. This approach could
lead to greater outlier payments and higher new technology
add-on payments. Furthermore, the current absence of a
National Coverage Determination (NCD) can potentially place
institutions in a financially challenging situation with uncer-
tain reimbursement. Commercial payers and Medicare Advan-
tage Plan payers generally consider NCD necessary to ensure
the existence of coverage for patients and to ensure the cover-
age eligibility criteria is evidence-based and consistent nation-
ally. In May 2018 a National Coverage Analysis was initiated by
the CMS and is expected to conclude in May 2019. An NCD has
a strong potential to hinder access to CAR T cell therapy and
may delay new uses of products; therefore, there are concerns
related to using an NCD to resolve a financial contracting issue
specific to payers. Professional organizations, including the
ASBMT, have urged the CMS to provide clarification on the
requirements for coverage of medically accepted uses of CAR T
cell therapy and the intended scope of the NCD process. In
August 2018 the CMS released its final rules on Medicare hos-
pital inpatient prospective payment systems for fiscal year
2019 and declined to make immediate changes to the current
payment structure until more clinical and cost experiences can
be collected [5]. These changes included but are not limited to
the creation of a pass-through payment; structural changes in
new technology add-on payments for the drug therapy;
changes in the usual cost-to-charge ratios used in rate-setting
and payment, including those used in determining new tech-
nology add-on payments, outlier payments, and payments to
inpatient prospective payment systems excluding cancer hos-
pitals; and the creation of a new Medicare Severity Diagnosis-
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Related Group specifically for CAR T cell therapy. The uncer-
tainty of CAR T cell therapy reimbursement is likely to continue
in the immediate future. Successfully navigating the complex
and continuously changing coding and reimbursement process
for CAR T cell therapy requires each institution to remain con-
stantly engaged and informed about both national and regional
policy decisions.

Understanding care coordination and billing challenges is 1
of the key components in a successful CAR T cell therapy pro-
gram [6]. At this time the 2 manufacturers of the FDA-
approved CAR T cell products suggest the following best practi-
ces in obtaining coverage for therapy: (1) ensure the internal
financial team understands what is involved in the clinical
treatment and monitoring of CAR T cell patients within their
health system, (2) start clinical discussion early with top
payers, (3) begin single-case agreement template discussion
with preferred case rate negotiation before identifying
patients, (4) ensure that contracting and patient financial ser-
vice teams understand the urgency of patient treatment, and
(5) have continuous follow-up with payers [7]. Finally, the
financial implications resulting from including this therapy in
the annual budget have to be given careful consideration, and
institutions may have a different department responsible for
budgeting this therapy (eg, pharmacy, cell processing labora-
tory, transplant program etc.).
CAR T Ordering and Infusion
Forty-three survey participants responded to questions

related to the administration of CAR T cell products. Nearly all
respondents reported patients were cared for by the HCT or a
combined hematology and HCT service (Figure 1). Administra-
tion of lymphodepleting chemotherapy varied among
respondents, with 41.9% infusing outpatient and approxi-
mately one-third infusing inpatient. The remaining respond-
ents noted the location for chemotherapy administration
depended on the patient population, with many centers
reporting that pediatric patients receive inpatient chemother-
apy and adults receive therapy as outpatients. Some programs
Figure 1. Survey responses of key CA
have also established parameters to determine infusion loca-
tion based on patient risk factors, such as comorbid conditions
and risk for tumor lysis syndrome. Regardless of the site for
chemotherapy administration, 76.7% of respondents noted
that CAR T cell product infusion is performed in the inpatient
setting. Approximately half of respondents described generat-
ing a pharmacy label for dispensing and administration docu-
mentation. Some of these respondents also noted labeling
being used for the purpose of charge capture in medical billing.

The Risk Evaluation and Mitigation Strategy (REMS)
requirement associated with CAR T cell products was another
aspect of administration that was highly variable among sur-
vey respondents. Distribution of the required medication guide
and wallet card is handled by a variety of members on the HCT
team, such as a pharmacist, nurse, patient coordinator, nurse
practitioner, or attending physician. Standard operating proce-
dures for the REMS program encompassing the management
of all CAR T cell products have been developed at most institu-
tions (58.5%), whereas the remaining respondents are creating
a standard operating procedure for each individual product
(36.6%) or have not yet determined if they will create single or
multiple standard operating procedures (4.9%).
Discussion
The lymphopdepleting chemotherapy administered before

CAR T cell infusion is composed of fludarabine and cyclophos-
phamide and is generally considered a low toxicity regimen.
Therefore, it is feasible to administer the chemotherapy in the
outpatient setting for most patients. However, the infusion of
the CAR T cell product itself may or may not be reasonable to
administer in the outpatient setting depending on the product
used as well as patient comorbidities and risk factors for cyto-
kine release syndrome (CRS) and CAR T cell�related encepha-
lopathy syndrome (CRES). Given that tisagenlecleucel has a
lower rate of CRS and CRES compared with axicabtagene cilo-
leucel, there is consensus that it is appropriate to consider out-
patient infusion for this product [8]. However, it is critical for
CAR T cell programs who chose to perform outpatient infusion
R T administration practices.
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to have a system in place to efficiently admit patients emer-
gently if toxicities develop. It is also advisable for programs to
create standard criteria for which patients will be considered
eligible for outpatient infusion based on their risk factors for
toxicity, such as baseline C-reactive protein level, age, burden
of disease, and so on [9].

Development of standard procedures for REMS program
management is crucial as more CAR T products enter the mar-
ket. Subtle differences exist between the 2 currently available
products’ REMS program requirements. However, both avail-
able products require live training and completion of knowl-
edge assessments for all practitioners who are involved
prescribing, dispensing, or administering [10,11]. Institutional
audits have also been conducted by manufacturers to ensure
REMS compliance. CAR T cell programs should strive to create
a standard operating procedure that will ensure the require-
ments of all commercial CAR T cell REMS programs are met to
avoid confusion for frontline staff and maintain compliance.

TOXICITY PROPHYLAXIS
IEC therapy presents a new toxicity profile to be closely

monitored during and after cell infusion. The following section
outlines the current practices for preventative strategies to
minimize common and serious adverse events.

Seizure Prophylaxis
In our survey 31 respondents commented on the use of sei-

zure prophylaxis. Most respondents (65%) offer prophylaxis,
whereas 20% of respondents do not or initiate it only with
signs of neurotoxicity. The final 15% of respondents administer
seizure prophylaxis depending on the product and associated
risk for CRES. Levetiracetam was the agent of choice in all sur-
vey respondents who indicated use of seizure prophylaxis;
however, duration seemed to vary from institution to institu-
tion. Fifty-seven percent of respondents administer prophy-
laxis for less than 30 days and 43% administer prophylaxis for
30 to 60 days.

Discussion
There is currently no method to consistently identify

patients at high risk of developing convulsive or nonconvulsive
seizures after CAR T cell infusion. Expert opinion suggests con-
sidering seizure prophylaxis for patients receiving CAR T cell
therapies known to cause CRES [8,12]. The prescribing infor-
mation for tisagenlecleucel does not provide guidance on the
use of seizure prophylaxis, and expert opinion suggests routine
prophylaxis is not necessary [10,13]. For axicabtagene ciloleu-
cel the prescribing information recommends considering sei-
zure prophylaxis for patients who develop any grade 2 or
higher neurologic toxicity after CAR T cell infusion [11].

If antiseizure prophylaxis is administered, it is important to
select an agent with minimal potential to cause somnolence or
confusion so patients can be optimally monitored for neuro-
toxicity. Levetiracetam (750 mg orally every 12 hours) has
been identified as an ideal agent because of its favorable side
effect profile and minimal drug interactions [12]. Additionally,
cytokine levels, including IL-6 and tumor necrosis factor-a, are
not impacted by levetiracetam [14]. These considerations have
been universally adopted based on the results of our survey.
Regarding optimal seizure prophylaxis duration, about half of
survey respondents indicated use for less than 30 days,
whereas the other half of respondents indicated use for 30 to
60 days. Thirty days would encompass the median time to
onset and median duration of CRES with tisagenlecleucel (6
days and 6 to 14 days, respectively) and axicabtagene
ciloleucel (4 days and 17 days, respectively) [10,11]. Given that
among patients who had neurologic toxicity, 88% and 98%
occurred within 8 weeks after tisagenlecleucel and axicabta-
gene ciloleucel infusions, respectively, a longer prophylaxis
period of 60 days could also be reasonable. Our survey did not
query the management of patient's experiencing seizures after
CAR T cell therapy. Expert opinion suggests a combination of
benzodiazepines plus levetiracetam 500 mg i.v. bolus followed
by maintenance dosing of 1000 mg i.v. every 12 hours for patients
with nonconvulsive and convulsive status epilepticus [12].

Infection Prophylaxis
In this survey 30 respondents described their use of bacte-

rial, viral, and fungal prophylaxis. Ninety percent of respond-
ents reported using bacterial prophylaxis (96% with a
fluoroquinolone and 4% with cefepime). Of respondents using
bacterial prophylaxis, 96% discontinued at neutrophil recov-
ery.

All survey respondents reported using viral prophylaxis
(70% with acyclovir, 27% with valacyclovir, and 3% with either
acyclovir or valacyclovir). The duration of antiviral prophylaxis
varied among respondents, with 71% indicating a duration
greater than 60 days, 18% indicating a duration less than 60
days, 7% indicating until CD4 count greater than 200 cells/
mm3, and 4% indicating variability depending on the patient's
indication.

Regarding fungal prophylaxis, 87% of survey respondents
reported using antifungal prophylaxis and 13% did not. The
most commonly used agent was fluconazole (92%), with 1
respondent each indicating micafungin and a mold-active
azole antifungal. Most respondents (67%) discontinue antifun-
gal prophylaxis at neutrophil recovery, with 29% continuing
for greater than 60 days and 4% indicating a duration based on
patient-specific characteristics.

Thirty-one respondents (60%) reported on their use of
pneumocystis prophylaxis, with all but 1 respondent indicat-
ing a preferred agent. Of the 30 respondents providing agents
of choice, 28 (93%) reported using sulfamethoxazole-trimetho-
prim and 2 (7%) reported using pentamidine. Duration of pneu-
mocystis prophylaxis varied, with 56% of respondents
continuing based on CD4 count, 26% continuing for 30 to 90
days, and 18% continuing for 91 to 180 days.

Discussion
Patients receiving CD19 CAR T cell therapies are at an

increased risk of infection due to multiple factors. Presently,
these therapies are approved for patients with relapsed or
refractory hematologic malignancies and therefore present
with poor immune function at baseline [15]. The lymphode-
pleting chemotherapy administered before CAR T cell infusion
suppresses T cell function and immune response and can cause
cytopenias and compromise mucosal barriers. Additionally,
treatment of CRS and CRES with corticosteroids and/or IL-6
receptor monoclonal antibodies can further increase the risk of
infection. Finally, B cell aplasia and hypogammaglobinemia
may result from depletion of normal B cells expressing CD19.

Patient-specific characteristics should also be considered
when assessing risk of infection. A report of 133 adult patients
evaluated risk factors for infection within the first 90 days after
lymphodepleting chemotherapy and infusion of CD19 targeted
CAR T cells [13]. These risk factors include diagnosis of acute
lymphoblastic leukemia, receipt of �4 prior treatment regi-
mens, absolute neutrophil count < 500 cells/mm3 before CAR
T cell infusion, receipt of higher CAR T cell dose (2£ 107 cells/
kg), and severity of CRS.



Table 2
Neutropenia and Infectious Complications for Approved CAR T Cell Therapies [9,10]

Infection, All
Grade

Infection, Grades
3-4

Neutropenia, Grades
3-4

Neutropenia not Resolved
by Day +28

Febrile Neutropenia, Grades 3-4

Tisagenlecleucel (ALL) 55 33 Not reported 40 37
Tisagenlecleucel (BCL) 81 25 17
Axicabtagene ciloleucel (BCL) 38 23 93 15 36

Values are percents. ALL indicates acute lymphoblastic leukemia, BCL, B cell lymphoma.

30 Z. Mahmoudjafari et al. / Biol Blood Marrow Transplant 25 (2019) 26�33
These numerous risk factors for increased risk of infection
translated into high incidences of infectious complications
reported in clinical trials (Table 2).

Based on the high rate of neutropenia and infectious com-
plications observed in clinical trials, infection prophylaxis
should be offered to patients undergoing CD19 targeted CAR T
cell therapies consistent with current guideline recommenda-
tions for cancer-related infection [16,17]. For example, both
the Infectious Disease Society of America and the National
Comprehensive Cancer Network recommend fluoroquinolone
and antifungal prophylaxis for patients with an expected dura-
tion of neutropenia greater than 7 days. For CAR T cell patients
receiving lymphodepleting chemotherapy with fludarabine,
further consideration for antifungal and pneumocystis prophy-
laxis should be given because of the lymphocytotoxic effects of
purine analogs [17]. The risk for these opportunistic infections
may be further compounded if patients receiving fludarabine
require corticosteroids after CAR T cell infusion. These recom-
mendations were widely adopted among survey respondents,
with »90% administering bacterial and antifungal prophylaxis
and 100% of respondents administering pneumocystis prophylaxis.
Our survey did not query on time of initiation of pneumocystis
prophylaxis. Because sulfamethoxazole-trimethoprim may cause
significant myelosuppression, starting this agent after count recov-
ery would minimize concern that it could increase the risk of neu-
tropenia and neutropenia-related infection.

Use of antiviral prophylaxis was also universally reported in
our survey. However, the duration of antiviral prophylaxis var-
ied among respondents. This variability likely reflects the
broad range of patients’ baseline immune function when pre-
senting for treatment and our understanding of immune-
reconstitution after CAR T cell therapy. For example, in a
patient presenting for CAR T cell therapy after allogeneic HCT,
it would be important to comply with HCT guidelines recom-
mending antiviral prophylaxis for 1 year after HCT [18].

Finally, although not addressed in our survey, because of
concern for B cell aplasia and hypogammaglobulinemia, the
prescribing information of both approved CAR T cell products
recommends serum immunoglobulin monitoring and consid-
eration for intravenous immunoglobulin replacement [10,11].
The duration of monitoring and the frequency for IgG replace-
ment have not yet been determined. Some practices adminis-
ter intravenous immunoglobulin when the serum IgG level is
below 400 mg/dL; however, this practice has not been sup-
ported by clinical evidence [9]. Further, research is also needed
to address the utility of repeating vaccine series upon B cell
recovery. Obtaining titers for vaccine-preventable diseases
may also aid in identifying patients who would benefit from
repeating a vaccine series.

Growth Factor
In our survey 28 respondents reported on use of growth

factor support with varying practices. Forty-six percent of
respondents use growth factor if allowed by product labeling,
29% never administer growth factor, 14% determine the use of
growth factor on a patient-specific basis, and 11% administer
growth factor to all patients.
Discussion
Recommendations on the use of growth factor after CAR T

cell infusion vary, with some experts administering filgrastim
as standard of care during periods of neutropenia and others
recommending filgrastim only for patients with neutropenic
fever [9,12] . Of particular importance, the prescribing infor-
mation for tisagenlecleucel recommends avoiding use of mye-
loid growth factors, especially granulocyte-macrophage
colony-stimulating factor, during the first 3 weeks after cell
infusion or until CRS has resolved [10]. Although data are not
provided to address this recommendation, it is likely based on
the potential for myeloid growth factors to promote antigen-
presenting cell function that could theoretically exacerbate the
severity or incidence of CRS [19]. Prescribing information for
axicabtagene ciloleucel does not comment on the use of mye-
loid growth factors [11]. Given the high rates of neutropenia
and associated infectious complications in patients undergoing
CAR T cell therapies and the theoretical concern for promotion
of CRS with the use of growth factors, more studies are
required to determine the safety of growth factors in this set-
ting.
TOXICITY TREATMENT
CRS and CRES are the 2 most commonly reported toxicities

associated with axicabtagene ciloleucel and tisagenlecleucel.
Symptoms can be mild and self-limited or can be life-threaten-
ing. Symptoms often can be nonspecific, such as fever, tachy-
cardia, and malaise, but can also impact any organ system in
the body [20]. Risk and severity of CRS are typically increased
in patients with a high disease burden (>50% blasts in bone
marrow), uncontrolled or accelerating tumor burden, active
infections and/or inflammatory processes, increased age, and
early onset of CRS [10,13]. Symptoms of CRES include head-
ache, delirium, tremor, and seizures. Reported onset of CRS
and CRES varies between the 2 products (Table 3), but the typi-
cal onset is within 2 weeks after cell infusion [9].

Tocilizumab
In our survey 30 respondents noted 8-mg/kg dosing of toci-

lizumab for adult patients and pediatric dosing for patients
weighing less than 30 kg. One respondent noted dosing of 6
mg/kg.

Our survey also addressed frequency of tocilizumab dosing.
Thirty respondents replied, with 15 noting a dosing frequency
of every 8 hours (50%). Seven replied dosing every 24 hours
(23%), 2 respondents every 4 hours (7%), 3 every 6 hours (10%),
and 3 responded as little as every 2 hours and dosing was pri-
marily dependent on the provider at the time of service (10%)
(Figure 2). The maximum number of tocilizumab doses also
varied between respondents. Of the 29 respondents to this
question, 16 noted a maximum of 4 doses and 10 noted a



Table 3
Median Onset of CRS and Neurotoxicity for Approved CAR T Cell Therapies [9,10]

CRS Neurotoxicity

Median Time to Onset (days) Median Duration(days) Median Time to Onset(days) Median Duration(days)

Tisagenlecleucel (ALL) 3 (1-51) 8 (1-36) 6 (1-359) 6
Tisagenlecleucel (BCL) 14
Axicabtagene ciloleucel (BCL) 2 (1-12) 7 (2-58) 4 (1-43) 17

Values in parentheses are ranges.

Figure 2. Survey responses on frequency of tocilizumab readministration.
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maximum of 3 doses, 1 noted a maximum of 1 dose, and 2
respondents had no defined limit.

One requirement of the REMS program for tisagenlecleucel
and axicabtagene ciloleucel includes a stock of a minimum of 2
doses of tocilizumab in the inpatient pharmacy for each patient
before CAR T cell administration. Therefore, a survey question
was posed regarding the amount of tocilizumab stock on hand
by milligrams. Responses varied, but most noted the minimum
of 2 doses (1600 mg) per patient, and many highlighted that
this stock was labeled as patient-specific stock. Other
responses ranged from as low as 2400 mg to 9600 mg.

Discussion
With the approval of tisagenlecleucel, tocilizumab was concur-

rently FDA approved for themanagement of CRS [21]. Tocilizumab
is a humanized monoclonal antibody that is an IL-6 receptor
antagonist. Traditionally, it has been used in the management of
rheumatologic disorders but has also demonstrated efficacy in
Table 4
Tocilizumab Use for Approved CAR T Cell Therapies [22-24]

Tocilizumab Use

No. of patients with CRS Total 1 Dose 2 D
Tisagenlecleucel (ALL)
(54/68 patients)

37 (69) 27 (50) 7 (

Tisagenlecleucel (BCL)
(78/106 patients)

16 (21) 6 (8) 10 (

Axicabtagene ciloleucel (BCL)
(102/108 patients)

49 (45) Not reported Not re

Values in parentheses are percents.
decreasing CRS-related symptoms after administration of CAR T
cells [22] .Tocilizumab dosing in the setting of adverse event man-
agement for these therapies varies based on the patients weight.
The FDA-recommended dose is 8 mg/kg for adults (maximum,
800 mg) and 12 mg/kg for patients weighing less than 30 kg. Dos-
ing is generally calculated using actual body weight and infused
over 1 hour. Tocilizumab can be given for up to 4 doses with at
least an 8-hour interval between consecutive doses [21]. In the
clinical trials tocilizumab usage varied (Table 4). One study of
patients with acute lymphoblastic leukemia and CRS found a
median time to defervescence with tocilizumab of 4 hours and
suggested administering tocilizumab every 4 to 8 hours depending
on resolution of symptoms [23]. Most respondents in our survey
dosed tocilizumab 8 mg/kg for adult patients every 8 hours as
directed on the FDA-approved labeling and usedmaximum dosing
of 4 doses.

Tocilizumab should be available for immediate administra-
tion within at least 2 hours per the REMS requirements
Additional Treatment (Corticosteroids)

oses 3 Doses
13) 3 (6) 14 (26)

13) — 10 (13)

ported Not reported 30 (27)
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[10,11]. Institutions can have guidelines that are stricter, but
this should be clearly defined in policies and procedures. Most
respondents housed the REMS-required 2 doses per patient in
the pharmacy. Some respondents noted these doses were
labeled to be patient specific, whereas others maintained gen-
eral stock.

Siltuximab
In our survey 30 respondents completed the question

regarding siltuximab as an option at their institution, with 18
replying yes (60%). Of these that responded yes, 6 (33%) replied
use for second-line treatment and 9 (50%) responding for
third-line treatment, and 3 (17%) replied that it could be used
on a case by case basis if needed.

Discussion
For CRS that is unresponsive to tocilizumab, siltuximab may

be considered as an alternative, although currently no data are
available on its efficacy. As of July 2018 siltuximab is not FDA
approved for the treatment of CRS. Siltuximab is a human-
murine chimeric monoclonal antibody that binds IL-6 directly
versus tocilizumab binding to the IL-6 receptor [24-26]. There
is some concern that IL-6 levels increase after administration
of tocilizumab, contributing to an increased incidence of neu-
rotoxicity [27]. This does not seem to be a concern with siltuxi-
mab, which is the rationale for its proposed benefit in
tocilizumab-refractory cases. In our survey respondents uni-
formly agreed siltuximab should not be used for first-line
treatment and should be reserved as a secondary or even
third-line option. Dosing of siltuximab is generally 11 mg/kg
over 1-hour intravenous infusion [28]. Currently, there are no
published reports on the efficacy and safety of the use of siltux-
imab in this patient population and therefore caution is neces-
sary for use. Finally, our survey did not specifically address the
use of other T cell�ablating agents for refractory neurotoxicity
associated with CAR T cell administration, and this remains an
area of continued research.

Corticosteroids
Twenty-nine respondents completed our survey with infor-

mation regarding the use of steroids in this patient population.
Fourteen (48%) use dexamethasone, 7 (24%) use methylpred-
nisolone, 2 (7%) use hydrocortisone, and 6 (21%) responded
“other” and further described that it was dependent on the
severity of patient symptoms and whether the patient is
experiencing CRS or CRES or both. No respondents use predni-
sone for this patient population.

Discussion
Systemic corticosteroids have been used effectively to man-

age toxicities of CAR T cell therapies. They are generally
reserved as second-line therapy after tocilizumab for symp-
toms of CRS because of the risk that they may inhibit CAR T cell
persistence and antimalignancy efficacy [29,30].

In general, corticosteroids should be considered first-line
treatment of neurotoxicity over tocilizumab because tocilizu-
mab may not cross the blood�brain barrier and result in
higher IL-6 levels in cerebrospinal fluid and be ineffective [31].
Dexamethasone may be preferred over methylprednisolone
because of strong central nervous system penetration [32,33].
Dosing can be as frequent as every 6 hours and continued until
toxicities have improved to grade 1 or baseline [9]. A taper reg-
imen for corticosteroids is both institution and patient specific.
Superiority of 1 agent over the other is not known at this time.
This variance was consistent among our survey respondents.
The primary agent used was dexamethasone followed by
methylprednisolone for more severe cases. Some respondents
replied that the choice between the 2 agents depended on the
severity of CRS or neurotoxicity. There is limited use of hydro-
cortisone or prednisone in this setting. Concurrent corticoste-
roids and tocilizumab can be considered for patients
experiencing both CRS and neurotoxicity.
Toxicity Documentation
Of the 28 respondents to this question, our survey found

that 25 (89%) responded documentation of adverse events in a
daily progress note. One respondent noted using a widget, and
2 responded “other” with a specific flowsheet developed in
their electronic medical record system with subsequent grad-
ing in the provider's daily progress note.
Discussion
At this time documentation of adverse events is mainly

institution specific, but this remains an area of great opportu-
nity. Centers studying CAR T cell therapy developed different
grading scales, including the MD Anderson (Lee grading crite-
ria) and the University of Pennsylvania (Penn grading criteria)
[34]. Differences in these scales can lead to variation in how
patients would be graded and potentially impact outcomes.
Our survey did not specifically address what grading scale
institutions use specifically; however, most of those surveyed
document symptoms and grading of CRS and neurotoxicity in
a daily progress note. Order sets and standardized documenta-
tion processes are still being developed at most centers both in
the United States and Europe, although our survey specifically
targeted practices in the United States [3,35]. As additional
experience is gained and a standardized grading system for
CRS and CRES is developed, more advanced technologic tools
can be created and consistently used.
CONCLUSION
The development and approval of CAR T cell therapy has

added a novel treatment approach for cancer patients, rapidly
moving into the standard of care setting. Absorbing the energy
of this exciting new treatment has challenged HCT programs
across the country to strengthen department infrastructure,
develop new committees and policies, and implement signifi-
cant education to ensure safe administration. We hope cancer
centers benefit from the results of this survey because it details
the current administrative, logistic, and toxicity management
practices across the Unites States. Most importantly, with the
variety of experience with CAR T cell therapy, we hope this
survey can contribute to the existing published literature and
provide support and consensus to established and developing
IEC programs and practice guidelines.
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