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BACKGROUND: The impressive disease response

observed with chimeric antigen receptor (CAR)
T-cell therapy is accompanied by the potential
for unique and severe toxicities. Cytokine release
syndrome (CRS) and neurologic toxicities have
emerged as prominent toxicities associated with
this treatment modality.
OBJECTIVES: This article presents an overview of

pathophysiology, assessment, and evidence-based
management of CAR T-cell therapy–associated
toxicities, with particular attention paid to CRS and
neurologic toxicity management. Implications
for nursing practice are included for prominent
toxicities to guide clinical practice.
METHODS: An overview of recent guidelines and

evidence for CAR T-cell therapy toxicity assessment and management is provided.
FINDINGS: Evidence-based approaches to CAR

T-cell therapy toxicities continue to evolve. As
organizational and institutional guidelines emerge,
nurses must be aware of anticipated toxicities and
interventions used in clinical practice to provide
timely and effective care.

targeting CD19 has been
associated with dramatic treatment responses in B-cell acute lymphoblastic leukemia (ALL) and large B-cell lymphomas. However, management of
treatment-related toxicities is a significant concern (Abramson et al., 2018;
Maude et al., 2018; Neelapu et al., 2017; Schuster et al., 2017). Black-box warnings for cytokine release syndrome (CRS) and neurologic toxicities exist for
U.S. Food and Drug Administration (FDA)–approved CAR T-cell agents (i.e.,
axicabtagene ciloleucel [Yescarta®] and tisagenlecleucel [Kymriah®]) because
of their potential for life-threatening or fatal side effects. Both products are
available only through Risk Evaluation and Mitigation Strategy (REMS) programs (Kite Pharma, 2018; Novartis Pharmaceuticals, 2018b). REMS programs
require authorized centers to comply with specific guidelines to mitigate the
risks of treatment. Hospitalization and intensive care unit admission for treatment of CRS and neurologic toxicity symptoms may be needed. Evidence for
best management strategies continues to evolve; however, specific interventions may vary based on institutional practice. Toxicity consensus guidelines
have been published and are being translated into clinical practice (Lee et
al., 2018; Mahmoudjafari et al., 2019; Neelapu et al., 2018; Teachey, Bishop,
Maloney, & Grupp, 2018).
In addition to CRS and neurologic toxicity, other side effects related
to CD19-directed CAR T cells include cytopenias, infections, hypogammaglobulinemia, and tumor lysis syndrome (TLS) (Brudno & Kochenderfer,
2016). Education for the interprofessional CAR T-cell team, as well as for
patients and caregivers, is essential to ensure that toxicities are appropriately monitored and managed. Nurses are pivotal in assessing, identifying,
and managing toxicities to promote best patient outcomes.
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CRS is the most common toxicity associated with CAR T-cell therapy (Brudno
& Kochenderfer, 2016). CRS is a systemic inflammatory response involving elevated cytokines that occurs with immune system activation (Lee et al., 2014;
Wang & Han, 2018). As CAR T cells are activated and proliferate, cytokines are
released, stimulating other cells in the immune system, such as macrophages
and endothelial cells (Shimabukuro-Vornhagen et al., 2018; Wang & Han,
2018). Elevated cytokines include tumor necrosis factor alpha, interleukin-2,
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interleukin-6 (IL-6), interferon gamma, granulocyte macrophage–
colony-stimulating factor (GM-CSF), and interleukin-8 (Brudno &
Kochenderfer, 2018; Lee et al., 2014). IL-6 is thought to be associated with peak CRS toxicity (Lee et al., 2014).
Fever is the hallmark sign of CRS, and symptoms can appear
similar to infection. Fevers may reach as high as 40ºC–41ºC.
Symptoms such as tachycardia, chills, myalgias, arthralgias, malaise, and fatigue may also present (Brudno & Kochenderfer, 2016;
Lee et al., 2014). More severe CRS symptoms include hypotension,
dyspnea, hypoxia, respiratory distress, coagulopathies, and organ
toxicities, such as cardiac, renal, and liver dysfunction (Brudno
& Kochenderfer, 2016; Hay et al., 2017). Severe CRS may prompt
symptoms consistent with macrophage activation syndrome and
hemophagocytic lymphohistiocytosis (Neelapu et al., 2018). Lifethreatening complications can include cardiac dysfunction (e.g.,
arrhythmias, cardiomyopathy), adult respiratory distress syndrome, renal or hepatic failure, and disseminated intravascular
coagulation (Brudno & Kochenderfer, 2016; Lee et al., 2014).
Median onset of CRS for FDA-approved CAR T-cell agents is
two to three days following infusion, with symptoms usually presenting within the first one to two weeks following infusion (Kite
Pharma, 2017; Maude et al., 2018; Neelapu et al., 2017; Novartis
Pharmaceuticals, 2018a). The development of CRS may be influenced by disease burden at the time of treatment, CAR T-cell
type, and cell dose (Brudno & Kochenderfer, 2018; ShimabukuroVornhagen et al., 2018).
Multiple grading scales have been developed by consensus
groups or institutions to guide CRS assessment and management, and these have been described extensively elsewhere
(Brudno & Kochenderfer, 2018; Kite Pharma, 2017; Lee et al.,
2014, 2018; Mahadeo et al., 2019; Neelapu et al., 2018; Novartis
Pharmaceuticals, 2017a; Park et al., 2018; Porter, Frey, Wood,
Weng, & Grupp, 2018; Santomasso et al., 2018; University of Texas
MD Anderson Cancer Center, 2017). The Lee et al. (2014) scale
has been used widely for grading CRS in clinical trials, including
the clinical trials for axicabtagene ciloleucel (Neelapu et al., 2017).
The University of Pennyslvania developed a separate grading
scale for CRS (Penn scale), which was used in clinical trials for tisagenlecleucel (Porter et al., 2018). Differences exist between the
Lee et al. (2014) scale and the Penn scale, particularly regarding
the use of vasopressors, making comparison of toxicities across
trials challenging. For example, a patient with CRS-associated
hypotension responsive to low-dose vasopressors could be classified as grade 2 CRS on the Lee et al. (2014) scale and grade 3 on
the Penn scale. Consensus guidelines, such as those published by
the multi-institution and multidisciplinary CARTOX (CAR T-cell
therapy–associated toxicity) Working Group and the American
Society for Blood and Marrow Transplantation (ASBMT), have
been developed in attempts to further standardize grading
and toxicity management in clinical practice (Lee et al., 2018;
Mahadeo et al., 2019; Neelapu et al., 2018). In general, CRS is

graded on a scale of 1–4, with a grade of 3 or higher indicating
severe symptoms (Lee et al., 2014, 2018; Mahadeo et al., 2019;
National Cancer Institute Cancer Therapy Evaluation Program,
2018; Neelapu et al., 2018; Porter et al., 2018). The grade is determined by a combination of clinical symptoms, including fever,
hypotension, hypoxia, and organ dysfunction.
Management Strategies
Management of grade 1 (mild) CRS is supportive and consists
of managing flu-like symptoms, myalgias, headache, nausea, and
fatigue (Lee et al., 2014; Neelapu et al., 2018). Grade 2 or higher
CRS involves management of hypotension, hypoxia, and organ
dysfunction with fluids, vasopressors, oxygen, and other supportive interventions (Brudno & Kochenderfer, 2018; Mahadeo et al.,
2019; Neelapu et al., 2018). An overview of common management
strategies, adapted from the drug prescribing information and
other published guidelines, is presented in Figure 1.
Tocilizumab (Actemra®) is a humanized monoclonal antibody that blocks binding to IL-6 receptors and is approved by the
FDA for the treatment of CRS (Genentech, 2018). Tocilizumab
administration can lead to rapid improvement or resolution of
CRS symptoms in many cases (Brudno & Kochenderfer, 2016).
Tocilizumab may be ordered for grade 2 CRS symptoms, such as
hypoxia or hypotension, that are not responding to supportive
care interventions, such as fluids and oxygen (Kite Pharma, 2017;
Lee et al., 2014; Neelapu et al., 2018; Novartis Pharmaceuticals,
2018a; Porter et al., 2018). For severe (grade 3 or greater) CRS
symptoms, corticosteroids are usually prescribed in addition
to tocilizumab (Kite Pharma, 2017; Lee et al., 2014; Neelapu et
al., 2018; Novartis Pharmaceuticals, 2018a; Porter et al., 2018).
Tocilizumab is administered intravenously over 1 hour at a
dose of 8 mg/kg for patients greater than or equal to 30 kg body
weight or a dose of 12 mg/kg for patients less than 30 kg body
weight (maximum dose of 800 mg) (Genentech, 2018). Doses
may be repeated every eight hours, if needed for symptoms, for
a maximum of four total doses (Kite Pharma, 2017; Mahadeo et
al., 2019; Neelapu et al., 2018; Novartis Pharmaceuticals, 2018a).
Siltuximab, an IL-6 binding agent, has been prescribed off-label
for CRS, usually as second- or third-line treatment for CRS
that does not respond to tocilizumab or corticosteroids (Gust,
Taraseviciute, & Turtle, 2018; Neelapu et al., 2018; ShimabukuroVornhagen et al., 2018, Teachey et al., 2018).
Corticosteroids are usually reserved for the treatment of CRS
that does not respond to tocilizumab or patients at high risk of
severe CRS because of corticosteroids’ inhibitory effects on T-cell
activity (Brudno & Kochenderfer, 2016; Kite Pharma, 2017; Neelapu
et al., 2018; Novartis Pharmaceuticals, 2018a). The effects of corticosteroids on the antimalignancy efficacy of CAR T cells is not
clear; therefore, corticosteroids are best carefully dosed based on
toxicity severity by a provider familiar with CAR T-cell treatment
(Shimabukuro-Vornhagen et al., 2018). Corticosteroid dosing

14 CLINICAL JOURNAL OF ONCOLOGY NURSING SUPPLEMENT TO APRIL 2019, VOL. 23, NO. 2

CJON.ONS.ORG

recommendations vary between published guidelines; however,
dexamethasone 10 mg via IV every 6 hours or methylprednisolone 1–2 mg/kg/day via IV in divided doses has been suggested in
some guidelines for grade 2 CRS that does not respond to tocilizumab or for grade 3 symptoms (Kite Pharma, 2017; Mahadeo et
al., 2019; Neelapu et al., 2018; Novartis Pharmaceuticals, 2018a;
Teachey et al., 2018). Methylprednisolone 1,000 mg via IV daily
for three days may be prescribed for life-threatening (grade 4)
CRS (Kite Pharma, 2017; Mahadeo et al., 2019; Neelapu et al.,
2018). After hypotension and hypoxia resolve, steroids should be
tapered as rapidly as possible based on the individual patient’s
response (Kite Pharma, 2017; Mahadeo et al., 2019; Neelapu et
al., 2018; Novartis Pharmaceuticals, 2018a). For successful management of severe toxicities, interprofessional strategies include

astute hemodynamic monitoring, aggressive medical and supportive care, and the use of tocilizumab and corticosteroids.

Neurologic Toxicities
Neurologic toxicity related to CAR T cells, also called CAR
T-cell–related encephalopathy syndrome and immune effector
cell–associated neurologic toxicity syndrome, is a common side
effect noted with CD19-directed CAR T-cell treatment (Lee et al.,
2018; Neelapu et al., 2018). Neurologic toxicities occurred in 87%
of patients treated with axicabtagene ciloleucel and 58%–72% of
patients treated with tisagenlecleucel (Kite Pharma, 2017; Novartis
Pharmaceuticals, 2018a). Neurologic toxicity symptoms include
decreased attention, disorientation, encephalopathy, anxiety,
confusion, delirium, language disturbances (e.g., word-finding

FIGURE 1.

MANAGEMENT CONSIDERATIONS FOR CRS AND NEUROLOGIC TOXICITIES
CRS
ɔɔ

ɔɔ

ɔɔ

ɔɔ

ɔɔ

NEUROLOGIC TOXICITY

Assess physical examination, vital signs, intake and output, weight, and
laboratories (e.g., CBC, CMP, coagulation panel, C-reactive protein, ferritin)
routinely per institutional standards.
If outpatient, admit to hospital if febrile (fever is usually the presenting
symptom of CRS).
Supportive care
ɑɑ For myalgias, anorexia, nausea, or vomiting, administer pain medications,
antiemetics, fluids, or enteral or parenteral nutrition.
ɑɑ For fever, perform workup (blood culture, urine cultures, and chest x-ray)
to rule out infection, provide antibiotics if neutropenic, and treat fever
with antipyretics (acetaminophen) or cooling blankets.
ɑɑ For neutropenia, consider growth factors if not prohibited by institutional
or product guidelines.
ɑɑ For cardiovascular symptoms, monitor fluid status and daily weights; administer antiarrhythmics (for arrhythmias) or fluid boluses and/or vasopressors (for
hypotension); monitor ECG; consider continuous cardiac telemetry; perform
cardiac troponin laboratories and echocardiogram (for cardiac dysfunction,
such as tachycardia or hypotension); and refer for cardiology consultations.
ɑɑ For respiratory symptoms, monitor oxygen saturation, consider continuous pulse oximetry and imaging (e.g., chest x-ray) as needed, and
administer progressive oxygen support for hypoxia up to and including
mechanical ventilation.
ɑɑ For renal symptoms, monitor urine output, renally dose medications, and
perform dialysis if needed.
ɑɑ For hematologic symptoms, transfuse for coagulopathies or cytopenias
(e.g., fresh frozen plasma, cryoprecipitate, platelets, red blood cells).
Consider tocilizumab with or without corticosteroids for grade 2 or greater
CRS per institutional guidelines.
Transfer to ICU as needed for intensive monitoring or progressing/severe
toxicities.
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Assess physical examination, vital signs, and neurologic status routinely
per institutional standards.
If outpatient, evaluate patient for hospital admission if symptoms present.
Supportive care
ɑɑ Neurology consultation
ɑɑ Reorientation, pain management for headache, aspiration and seizure
precautions, antiepileptic medications prophylactically or to treat seizures, diagnostic testing (e.g., MRI, CT, lumbar puncture, EEG) to evaluate
symptoms, elevation of the head of bed, IV fluids, intracranial pressure
monitoring
ɑɑ Continuous pulse oximetry and cardiac telemetry are recommended
for grade 2 or greater neurologic symptoms in patients receiving
axicabtagene ciloleucel.
ɑɑ Intubation may be used for airway protection for patients with severe
neurologic compromise.
For neurologic toxicity occurring with CRS, consider corticosteroids in
addition to tocilizumab for grade 2 or greater neurologic symptoms per
institutional guidelines.
For neurologic toxicity occurring separately from CRS symptoms, consider
corticosteroids (without tocilizumab) for grade 2 or greater neurologic
symptoms per institutional guidelines.
Consider transfer to ICU for intensive monitoring or progressing/severe
symptoms.

CBC—compete blood count; CMP—comprehensive metabolic panel; CRS—cytokine
release syndrome; CT—computed tomography; ECG—electrocardiogram; EEG—electroencephalogram; ICU—intensive care unit; MRI—magnetic resonance imaging
Note. Based on information from Brudno & Kochenderfer, 2018; Kite Pharma, 2017;
Neelapu et al., 2018; Novartis Pharmaceuticals, 2018a, 2018b; Mahadeo et al., 2019;
Smith & Venella, 2017.
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difficulties, aphasia), somnolence, ataxia, weakness, and seizures
(Gust et al., 2017; Neelapu et al., 2018; Prudent & Breitbart, 2017).
Headache is common, but the incidence may be associated with
fevers, so it is not considered a specific symptom of neurologic
toxicity (Lee et al., 2018). Expressive aphasia is a noteworthy and
characteristic symptom of neurologic toxicity, and symptoms may
progress to global aphasia (Santomasso et al., 2018). Patients with
global aphasia often appear alert but are mute and unable to follow
commands (Santomasso et al., 2018). Fatal cerebral edema has
been reported after CAR T-cell therapy (Torre et al., 2018).
The pathophysiology of neurologic toxicity is not fully understood. Elevated cytokine levels and CAR T cells trafficking into
the central nervous system may play a role (Gust et al., 2017; Hu
et al., 2016; Neelapu et al., 2018; Santomasso et al., 2018). Studies
report signs of endothelial cell dysfunction and permeability of
the blood–brain barrier in patients with severe neurologic toxicity (Gust et al., 2017; Santomasso et al., 2018; Torre et al., 2018).
Additional factors associated with development of neurologic
toxicity include CRS incidence, high peak CAR T-cell proliferation,
high cell dose, high marrow disease burden, and preexisting neurologic comorbidities (Brudno & Kochenderfer, 2018; Gust et al., 2017;
Santomasso et al., 2018; Wang & Han, 2018). Median onset of symptoms is usually within a week of cell infusion, but later onset has
been noted (Kite Pharma, 2017; Novartis Pharmaceuticals, 2018a).
Symptoms can have a biphasic pattern, appearing with fevers during
CRS symptoms (early onset) and/or after CRS has resolved (late
onset), and, less commonly, in the absence of CRS (Neelapu et al.,
2018). In most cases, neurologic symptoms are reversible, with the
vast majority of patients recovering within eight weeks and many
recovering within days of the onset of initial symptoms (Gust et al.,
2017; Maude et al., 2018; Neelapu et al., 2017; Prudent & Breitbart,
2017; Santomasso et al., 2018; Schuster et al., 2018).
Vigilant assessment is key to managing neurologic toxicities. A comprehensive evaluation is important to establish the
patient’s baseline prior to the initiation of treatment. Neurologic
comorbidities, such as active central nervous system malignancy,
seizure, or stroke history, are risk factors that should be considered during evaluation (Brudno & Kochenderfer, 2018; Gust et al.,
2018). In inpatient settings, surveillance neurologic assessments
may be performed by nursing staff every 8–12 hours or more frequently for patients with active symptoms (Neelapu et al., 2018;
Mahadeo et al., 2019). In the ambulatory setting, neurologic
assessments are commonly performed at each clinic visit, and
patients may be seen daily for the first one to two weeks following
infusion (Kite Pharma, 2017; Mahadeo et al., 2019). Symptoms
can vary, particularly with fevers during CRS, so routine and frequent monitoring is essential (Santomasso et al., 2018). Caregiver
input on neurologic status may assist care providers with identification of subtle changes (Mahadeo et al., 2019).
Neurologic assessment tools used in clinical practice include
the Mini-Mental State Examination (MMSE) (Santomasso et

“With appropriate
support, many
patients with acute
toxicities will
experience resolution
of symptoms within
weeks of CAR T-cell
treatment.”
al., 2018) or the CARTOX-10 assessment (Neelapu et al., 2018;
University of Texas MD Anderson Cancer Center, 2017). The
CARTOX-10 uses a 10-point scale adapted from the MMSE that
focuses assessment on concentration, speech, and handwriting.
For pediatric patients, published consensus guidelines recommend use of the Cornell Assessment of Pediatric Delirium
(CAPD) for patients aged younger than 12 years and the
CARTOX-10 grading system for patients aged 12 years or older
who are cognitively able to perform the assessments (Mahadeo
et al., 2019). The CAPD consists of eight items that evaluate
awareness, cognition, and psychomotor function to support
age-appropriate assessment for young children. A score of 9 or
greater indicates delirium (Mahadeo et al., 2019; Silver, Kearney,
Traube, & Hertzig, 2015). Published ASBMT consensus guidelines for neurologic toxicity recommend a modified version of
the CARTOX-10, called the ICE (immune effector cell–associated
encephalopathy) assessment and the CAPD for pediatric patients
aged younger than 12 years. The total neurologic toxicity grade
(grades 1–4) is determined by the ICE or CAPD score in combination with level of consciousness, seizure, motor findings, and
elevated intracranial pressure symptoms (Lee et al., 2018).
Management Strategies
Management of neurologic toxicity involves supportive care based
on symptom type and clinical severity. Debate exists about the use
of immunosuppressant medications for neurologic toxicity (Gust
et al., 2018). Tisagenlecleucel REMS information recommends supportive care only (Novartis Pharmaceuticals, 2018b), noting that
neurologic symptoms were usually transient and self-limited in
clinical trials. Axicabtagene ciloleucel REMS information provides
recommendations for prescribing tocilizumab and corticosteroids
for neurologic toxicities concurrent with CRS, and corticosteroids
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ɔɔ

for neurologic toxicities occuring independently of CRS (Kite
Pharma, 2017, 2018). Pharmacologic treatment of neurologic toxic
ity with immunosuppressants is aimed at managing cytokines
and inflammation (Prudent & Brietbart, 2017). For neurologic
toxicity overlapping with CRS, tocilizumab is usually prescribed
according to CRS treatment guidelines. Corticosteroids may be
recommended for grade 2 neurologic symptoms concurrent with
CRS that do not respond to tocilizumab or that are severe (grade 3
or greater) (Kite Pharma, 2017; Mahadeo et al., 2019; Neelapu et al.,
2018). For neurologic toxicity that develops independently of CRS,
corticosteroids alone are usually prescribed because tocilizumab
has poor CNS penetration, and its effectiveness for neurologic
toxicity has not been established (Brudno & Kochenderfer, 2018;
Lee et al., 2014). Dosing of dexamethasone or methylprednisolone
can vary based on neurologic symptom type, duration, severity,
and institutional guidelines, but doses usually are similar to those
used for treatment of CRS (Brudno & Kochenderfer, 2016; Neelapu
et al., 2018; Novartis Pharmaceuticals, 2018b; Teachey et al.,
2018). For example, dexamethasone 10 mg via IV every six hours
may be ordered for grade 2 or 3 neurologic toxicity, and methylprednisolone 1,000 mg via IV for three days may be ordered for
life-threatening (grade 4) symptoms (Neelapu et al., 2018).

Other CAR T-Cell–Related Toxicities
Cytopenias
Prolonged cytopenias, including neutropenia, anemia, and thrombocytopenia, may occur for several weeks after lymphodepleting
chemotherapy and CAR T-cell infusion (Kite Pharma, 2017; Novartis
Pharmaceuticals, 2018a). Marrow disease burden, number of prior
treatments, and severity of CRS may be factors in delayed hematologic recovery (Hay et al., 2017). To treat cytopenias, providers
prescribe red blood cells, platelet transfusions, and growth factors,
as needed, according to institution guidelines. Of note, tisagenlecleucel prescribing information cautions against the use of myeloid
growth factors, particularly GM-CSF, for three weeks following
CAR T-cell therapy or until resolution of CRS because of theoretical
concerns that they may exacerbate CRS symptoms (Mahmoudjafari
et al., 2019; Novartis Pharmaceuticals, 2018a, 2018b).
Infections
Patients receiving CAR T cells can develop bacterial, fungal, and
viral infections (Hill et al., 2018; Kite Pharma, 2017; Novartis
Pharmaceuticals, 2018a; Park et al., 2018). Immunocompromise
from neutropenia, chemotherapy, immunosuppressive drugs, and
hypogammaglobulinemia may be risk factors for development of
infection (Hill et al., 2018; Mahmoudjafari et al., 2019). Patients
with active, systemic infections should not be treated with CAR
T cells until symptoms are resolved (Kite Pharma, 2017; Novartis
Pharmaceuticals, 2018a). Prophylactic antibiotics, antifungals,
and antivirals should be given per institutional guidelines during
CAR T-cell therapy to prevent infections. If infections occur,
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ɔɔ

ɔɔ

Learn the significant toxicities associated with chimeric antigen receptor (CAR) T-cell therapy, particularly cytokine release
syndrome (CRS) and neurologic toxicities, which are unique from
toxicities associated with traditional cancer therapies.
Assess symptoms in a timely manner, particularly related to CRS and
neurologic toxicities, to ensure effective treatment management.
Recognize that best practices for managing CAR T-cell toxicities are
evolving as new guidelines and evidence emerge.

best medical management strategies are used for treatment (Kite
Pharma, 2017; Novartis Pharmaceuticals, 2018a).
Hypogammaglobulinemia
The destruction of normal B cells by CAR T cells targeting CD19
results in B-cell aplasia and hypogammaglobulinemia (Brudno
& Kochenderfer, 2016). Decreased antibody production because
of hypogammaglobulinemia may increase susceptibility to infection (Doan & Pulsipher, 2018). Patients should be monitored
for low immunoglobulin levels after CAR T-cell treatment (Kite
Pharma, 2017; Novartis Pharmaceuticals, 2018a). Treatments for
hypogammaglobulinemia include IV immunoglobulin and antibiotic prophylaxis for infection, as needed (Kite Pharma, 2017;
Neelapu et al., 2018; Novartis Pharmaceuticals, 2018a).
Tumor Lysis Syndrome
TLS is an uncommon but potential side effect of CAR T-cell therapy related to the rapid destruction of cancer cells (Kite Pharma,
2017; Neelapu et al., 2017; Novartis Pharmaceuticals, 2018a). As
intracellular components from lysed cancer cells are released into
circulation, hyperuricemia and electrolyte disturbances can occur,
leading to life-threatening arrhythmias and renal injury (McBride,
Trifilio, Baxter, Gregory, & Howard, 2017). Management of TLS
follows best established medical guidelines, including IV hydration; allopurinol prophylaxis; monitoring of electrolytes, uric acid,
and renal function; and rasburicase for elevated uric acid levels
(Howard, Trifilio, Gregory, Baxter, & McBride, 2016; Jhaveri &
Rosner, 2018; Maus & Levine, 2016; Namuduri & Brentjens, 2016).
REMS Programs
As stated previously, REMS programs for CAR T-cell agents require
authorized centers to comply with specific guidelines to mitigate
the risks of the treatment. All healthcare facilities that dispense
and administer FDA-approved CAR T-cell therapy must have tocilizumab available within two hours for each patient if needed for
CRS. In addition, as a requirement of REMS programs, all healthcare
facilities must ensure that providers who prescribe, dispense, and
administer CAR T cells are trained to manage CRS and neurologic
toxicities (Kite Pharma, 2018; Novartis Pharmaceuticals, 2018b).
Nurses, pharmacists, and advanced practice providers caring for
patients receiving CAR T cells should also be trained to the REMS
programs and institutional workflows (Perica, Curran, Brentjens, &
Giralt, 2018). As a component of patient education, patients receive
a REMS wallet card with reminders of key symptoms to report. The
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wallet card is also a tool for communicating with medical providers
unfamiliar with CAR T cells, such as emergency medical services
(Kite Pharma, 2018; Novartis Pharmaceuticals, 2018b). Patients
are advised to stay close to the treating center for a minimum of
four weeks per the REMS guidelines and to avoid operating heavy
machinery and driving for eight weeks postinfusion (Kite Pharma,
2018; Novartis Pharmaceuticals, 2018b).

The authors take full responsibility for this content. This supplement was supported by an independent educational grant from Bristol-Myers Squibb. Anderson
has previously served on advisory boards for Kite Pharma. Latchford serves on
speakers bureaus for Kite Pharma. The article has been reviewed by independent
peer reviewers to ensure that it is objective and free from bias. Mention of specific
products and opinions related to those products do not indicate or imply endorsement by the Oncology Nursing Society.
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