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Abstract

Children with B-precursor acute lymphoblastic leukemia and B-cell lymphoma, particularly those with relapsed or
refractory disease, are increasingly enrolled on phase Il and phase Il clinical trials studying immunotherapies. These
therapeutic agents may be associated with a high risk of cytokine release syndrome (CRS), and nurses lack standardized
guidelines for monitoring and managing patients with CRS. Six studies and one clinical practice guideline were included
in this systematic review that examined the evidence of CRS following administration of chimeric antigen receptor
T-cell therapy or the bi-specific T-cell engager antibody, blinatumomab. Six nursing practice recommendations (five
strong, one weak) were developed based on low or very low-quality evidence: three reflect preinfusion monitoring,
one focuses on monitoring during and postinfusion, and three pertain to the nurse’s role in CRS management.
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organ failure (Neelapu et al., 2018). Multiple review arti-
cles describe single-institutional experiences or general
strategies for monitoring and managing CRS, however,
evidence-based guidelines for nursing practice are
lacking. The purpose of this systematic review was to iden-
tify evidence-based monitoring and management recom-
mendations for pediatric oncology nurses caring for
patients with B-ALL and B-cell lymphoma who are at
risk for CRS secondary to treatment with blinatumomab
or CART.

Background

CAR T refers to cellular immunotherapy with autologous
or allogeneic T-cells that are genetically engineered to
express CARs to redirect their cytotoxic specificity
toward targets such as CDI19, which is expressed in
both early and mature B-cells and has “near-universal”
expression on malignant cells (Maude et al., 2014a,
2014b; Frey & Porter, 2016). The BiTE antibody, blinatu-
momab, specifically targets CD3 T-cell antigens and
CDI19 on B-cell lymphoblasts and is being used in
patients with relapsed and refractory ALL and in those
with persistent minimal residual disease (MRD; Wilke
& Gokbuget, 2017). Both immunotherapies have CRS
as their most common adverse reaction (Maude et al.,
2014a). While BiTE antibody infusions can be interrupted
or discontinued in the setting of severe CRS (Folan et al.,
2016), CAR T activation and expansion cannot be reli-
ably suppressed without dampening the antitumor effi-
cacy of the engineered cells (Bonifant et al., 2016).
Future CAR T clinical trials will likely study enhanced
safety mechanisms such as the design of cellular “emer-
gency off switches” (Bonifant et al., 2016; Frey &
Porter, 2016).

CRS is a systemic inflammatory response syndrome
related to the engaged T-cell proliferation with the
release of high levels of inflammatory cytokines (such
as interleukin [IL]-6, IL-10, and interferon-gamma
[IFNy]) produced by monocytes and macrophages
(Fitzgerald et al., 2017; Lee et al., 2014; Maude et al.,
2014a, 2014b). Constitutional “flu-like” symptoms of
CRS include fever, malaise, anorexia, and myalgia;
however, CRS can affect any organ system, manifesting
as hypotension, tachycardia, capillary leak, respiratory
distress, and/or disseminated intravascular coagulation
(Brudno & Kochenderfer, 2016). Unfortunately, these
symptoms can quickly progress to shock, multisystem
organ failure, and even death (Brudno & Kochenderfer,
2016). Accurate nursing assessment and early identifica-
tion of CRS and initiation of appropriate therapy can mit-
igate the risk of CRS-related morbidity and mortality
(Halton et al., 2017).

Neurotoxicity or CAR T-related encephalopathy syn-
drome (CRES) can occur following immunotherapy

administration and may coexist with and persist after res-
olution of CRS symptoms (Brudno & Kochenderfer,
2016; Neelapu et al., 2018). While nursing assessment
and management of neurotoxicity/CRES are essential
components of care for patients receiving immunotherapy
(Smith & Venella, 2017; Wang & Han, 2018; Wilke &
Gokbuget, 2017), it is beyond the scope of this review.

CRS Toxicity Grading

Intensive monitoring and early recognition of toxicities
are essential to initiate CRS management strategies. All
patients who receive CAR T and BiTE are at risk for
some degree of CRS. Severe CRS has been reported in
27% to 43% of patients receiving CAR T and CRS of
any grade in 3% to 16% of patients receiving blinatumo-
mab, although institutions vary in their use of grading
methods and definitions (Frey & Porter, 2016; Stein
et al., 2019). The severity of CRS often triggers specific
actions in monitoring and management algorithms, there-
fore the ability to grade CRS is critical to the nurse’s
ability to provide optimal patient care (Neelapu et al.,
2018). Consistent use of grading scales also allows for
the comparison of results across multiple studies.

Organ toxicities are typically graded using the Common
Terminology Criteria for Adverse Events v. 4.03 (CTCAE)
(National Cancer Institute, 2010), however, many do not
consider the CTCAE system adequate to define and differ-
entiate levels of CRS, as it lacks reference to specific symp-
toms (e.g., fever, hypoxia, and hypotension) commonly
seen with immunotherapy (Frey & Porter, 2016).
Researchers have thus developed their own grading
systems or made modifications from previously published
versions. A total of five grading scales were utilized by the
seven publications included in this review (Table 1), thus
limiting the ability to compare results between studies
(Fitzgerald et al., 2017; Hu et al., 2017; Lee et al., 2015;
Maude et al., 2018; Neelapu et al., 2018; Teachey et al.,
2016; von Stackelberg et al., 2016).

Methods

Question Development

The topic of immunotherapy-induced CRS was chosen to
align with the Children’s Oncology Group (COG)
Nursing Discipline’s blueprint and organizing framework
(Kelly et al., 2014; Landier et al., 2013) and guided the
development of the following clinical PICO question
(Melnyk et al., 2010): (P) among pediatric oncology
patients (I) receiving immunotherapy/antibody therapy,
what (C) nursing interventions are needed for (O) preven-
tion, monitoring, and management of cytokine release
syndrome?
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Table I. Comparison of CRS Grading Scales.

Grading scale Citation Scale description Used for CRS grading by
CTCAE National Interventions range from none to von Stackelberg et al. (2016)
Cancer ventilatory/vasopressor support and are
Institute divided between short-term and prolonged
(2010) duration.
“Lee” CRS grading scale Lee et al. CRS grade based on the presence or absence Hu et al. (2017), Neelapu et al.
(2014) of fever, hypotension, hypoxia; need for (2018), and Teachey et al. (2016)
vasopressors; degree of oxygen support; (cited for comparison purposes)
and presence of other organ toxicities.
“Davila” Severe CRS Davila et al. Defines criteria for “severe” CRS as having  Teachey et al. (2016) (cited for
diagnostic criteria secondary  (2014) prolonged fevers, cytokine changes, and comparison purposes)
to CAR T-cells evidence of at least one other clinical
toxicity.
“Revised” CRS grading system Lee et al. Levels of severity are defined by whether Lee et al. (2015)
(2015) infusion interruption is required, duration
of supportive medications, presence of
other organ dysfunctions.
“University of Pennsylvania/ Porter et al. Differentiates mild, moderate, severe, and Fitzgerald et al. (2017),
Children’s Hospital of (2015) life-threatening by the amount of Maude et al. (2018), and

Philadelphia” CRS grading
scale

supportive care required and types of
therapies administered.

Teachey et al. (2016)

Note. CRS = cytokine release syndrome; CTCAE = Common Terminology Criteria for Adverse Events; CAR T = chimeric antigen receptor-modified

T-cells.

Evidence-Based Practice Review Team

The COG Nursing Discipline chose the team members
(three pediatric oncology nurse practitioners [United
States] and one pediatric oncology nurse educator
[Australia]), who had an interest in and experience with
CRS, through a competitive process for participation in
the systematic review development. Team members
were mentored by two doctorally prepared pediatric
nurse practitioners with experience in systematic
reviews. All team members attended a two-day training
workshop regarding the evidence-based practice
process, including PICO question development, literature
search, data analysis, and manuscript writing.

Literature Search and Appraisal

A literature search was conducted in March 2018 with the
assistance of a medical librarian. Five databases were
searched: MEDLINE, Cumulative Index of Nursing and
Allied Health Literature Plus, Web of Science,
SCOPUS, and Turning Research Into Practice (Trip).
Search terms included multiple combinations of terms,
including cyfokine release syndrome, cytokine storm,
cytokine-associated  toxicit®, cell-mediated immune
response, immune mediated toxic*, immune-related
adverse effect, monoclonal antibodies, immunotherapy*,
immuno-oncology, antibody therap*, immune-based bio-
therapy*®, blinatumomab, bi-specific T-cell engage®,
brentuximab, rituximab, alemtuzumab, chimeric antigen

receptor, chimeric t-cell receptor, CAR-T cell, ipilimu-
mab, nivolumab, anti-CD40, agonistic CD40, tocilizu-
mab, anti-IL-6, anti-interleukin-6, interven* manag¥,
monitor®, assess*, control, approach®, prevent*, and
nurs. * Mesh terms included nursing assessment, patient
reported outcome measures, patient acuity, oncology
nursing, pediatric nursing, monitoring-physiologic, neo-
plasms/nursing, and adverse reactions/nursing. English
was the only search limit used. See Supplemental
Table 1 for the detailed search strategy.

Studies were included if at least one human participant
was <18 years of age with a diagnosis of cancer and
immunotherapy-induced CRS, published in English,
with available full-text, and a publication date since
2000. Studies were also required to present evidence rel-
evant to an aspect of CRS prevention, monitoring, or
management. Studies were excluded if they were preclin-
ical, only available as a conference abstract, or were
nonresearch (review articles, case studies, and single-
institutional experience). Clinical practice guidelines
were eligible if they reflected multiinstitutional contribu-
tors. The websites of the Oncology Nursing Society and
the Association of Pediatric Hematology/Oncology
Nurses were searched for guidelines and additional
studies, but none were identified.

Evidence Review

The systematic search of the literature was performed
according to the preferred reporting items for systematic
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Figure |. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram.

reviews and meta-analysis (PRISMA) criteria (Moher
etal., 2009) and 4,881 sources of evidence were identified
(Figure 1). After duplicates and articles published prior to
2000 were removed, the titles and abstracts of the remain-
ing 1,576 were reviewed by EKB. Two team members
performed a full-text assessment of the remaining 346
articles to determine whether they met the specified
inclusion criteria, with EKB breaking any ties. The
remaining 176 articles were reviewed by two team
members to make a final decision regarding inclusion, and
7 articles were ultimately included: quasi-experimental (5),
retrospective cohort (1), and clinical practice guideline (1).
Each of the final studies was appraised by a pair of
team members using the Grading of Recommendations
Assessment, Development and Evaluation system
(Neumann et al., 2016), and findings were recorded in
an electronic evidence table and presented to the entire
team for discussion. The single clinical practice guideline

was appraised by all team members using the Appraisal of
Guidelines for Research and Evaluation II instrument
(Brouwers et al., 2010). A level of evidence quality
(high, moderate, low, or very low) was determined for
the body of evidence and recommendation statements
(strong or weak) were developed.

Results

Table 2 shows characteristics of the CAR T (r=5) and
blinatumomab (n=1) studies included in the review.
All were conducted in the United States, except for the
research by Hu et al. (2017), which was performed in
China. While all studies included patients <18 years, five
studies also included adults 18-30 years, and two studies
included adults >30 years. The seventh evidence source,
the clinical practice guideline, was published by the
CAR-T-Cell-therapy-associated TOXicity (CARTOX)
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Table 2. Characteristics of Included Studies.

Author (date)

Study design (no. of subjects) (age range)

Immunotherapy disease Incidence of CRS, N (%)

Fitzgerald et al. (2017) Retrospective cohort study (39)

(522 years)
Quasi-experimental (15)

(7-57 years)
Quasi-experimental (21)

(527 years)

Hu et al. (2017)

Lee et al. (2015)

Maude et al. (2018) Quasi-experimental (75)
(3—23 years)

Teachey et al. (2016)

von Stackelberg et al. (2016)  Quasi-experimental
Phase | (49)
Phase Il (44)

(<2-17 years)

Quasi-experimental (63) (5-72 years)

CART 36 (92%)
R/R ALL

CART 10 (66%)
R/R ALL

CART 16 (76%)
R/R ALL or 94 (93%)
NHL

CART 58 (77%)
CBI19+R/R B-cell ALL

CART 51 (94%)
R/R ALL

Blinatumomab 8 (11%)

R/R B-cell precursor ALL

Note. ALL =acute lymphoblastic leukemia; CAR T = chimeric antigen receptor-modified T-cells; CRS = cytokine release syndrome; NHL =

non-Hodgkin lymphoma; R/R = refractory/relapsed.

Working Group. Members represented multiple disciplines
and institutions who reviewed the available adult and pedi-
atric literature and proposed CRS monitoring, grading, and
management recommendations.

CRS Prevention

Several strategies were identified to prevent or decrease
the severity of CRS: administration of prephase chemo-
therapy to reduce tumor burden, administration of pre-
medications, and modification of immunotherapy dose
or infusion rate. Nurses should be aware of the goal and
potential impact of these strategies.

Three studies addressed the use of lymphodepleting
chemotherapy prior to the administration of CAR T. All
patients in two of the studies received a prephase of flu-
darabine and cyclophosphamide (Hu et al., 2017; Lee
et al.,, 2015) with the goal of tumor burden reduction,
and 96% of participants in the third study received
some form of prephase lymphodepleting chemotherapy
(Maude et al., 2018). With the first cycle of blinatumomab
in a phase II dose-escalation trial (von Stackelberg et al.,
2016), dexamethasone or hydroxyurea was administered
for CRS prevention in patients with high tumor burden
(baseline bone marrow blasts >50%). All patients
received premedication with dexamethasone prior to
each blinatumomab dose. To further reduce CRS risk in
this same phase II study of blinatumomab, the final rec-
ommendation was a “stepwise” dosing strategy of 7
days at a lower dose of blinatumomab, followed by an
increased dose on day 8 to the maximum tolerated dose
for the remainder of the course (von Stackelberg et al.,
2016).

CRS Monitoring: Preimmunotherapy Infusion

Practice Recommendation #I: Nurses Recognize Patients
with Higher Disease Burden as Being at Risk for More
Severe CRS. Several studies correlated higher disease
burden prior to CAR T initiation with a higher risk of
CRS development and greater CRS severity (Hu et al.,
2017; Lee et al., 2015; Teachey et al., 2016). Hu et al.
(2017) showed that higher levels of MRD following a
pre-CAR T lymphodepleting conditioning regimen were
associated with a greater risk of grade 3 CRS. A similar
pattern was noted by Lee et al. (2015), who found that
those with a higher pre-CAR T-cell disease burden had
more severe CRS. However, Teachey et al. (2016)
found that disease burden alone, although important,
was insufficient to yield the most accurate predictions of
CAR T CRS risk. Their models of pediatric patients at
high risk of CRS development relied on measures of
certain peak cytokine levels (Teachey et al., 2016). Low
disease burden was helpful in identifying patients at a
lower risk of CRS development and severity (strong neg-
ative predictive value), as only 7% of patients with bone
marrow blasts <5% prior to CAR T developed severe
CRS (Teachey et al., 2016).

Other identified risk factors for severe CRS include
comorbidities, the development of CRS within 3 days
of CAR T infusion (Neelapu et al., 2018), a higher
number of previous relapses (Fitzgerald et al., 2017),
and higher levels of circulating CAR T-cells (Lee et al.,
2015), though these factors were not analyzed by the
other studies in the review.

The included blinatumomab study required patients to
have >25% bone marrow blasts at baseline, so could not
draw conclusions between those with and without high
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tumor burden (von Stackelberg et al., 2016). However,
authors noted their study to have a higher risk of CRS
than a similar study of patients whose tumor burden
was detectable only at the MRD level (von Stackelberg
et al., 2016). They also recommended future studies to
investigate higher starting doses in children who have
already received other agents to decrease tumor burden
(von Stackelberg et al., 2016).

Nurses caring for patients known to have higher
levels of disease burden or other risk factors should be
prepared to more closely monitor these patients for evi-
dence of CRS and initiate aggressive supportive care as
indicated. However, given the lack of ability to predict
the severity of CRS with any degree of certainty, all
patients who will receive CAR T or blinatumomab
should be considered at risk for CRS and receive close
nursing monitoring.

CRS Monitoring: During and Postimmunotherapy
Infusion

Practice Recommendation #2: Nurses Recognize the Time
Period for Which Patients are at the Greatest Risk of CRS
Development. A critical component of effective CRS
monitoring and management is the nurse’s awareness of
the time period during which to expect CRS development.
Four of the five CAR T studies reported time to CRS
onset (median of ~3 days; range 1-22 days) and duration
(range 2-36 days) (Hu et al., 2017; Lee et al., 2015;
Maude et al., 2018; Teachey et al., 2016), which aligns
with the CARTOX guideline recommendation to antici-
pate onset within the first week post CAR T infusion,
with a peak in symptoms within the first 1 to 2 weeks
postinfusion (Neelapu et al., 2018). Several studies
reported on critical care utilization, with a median time
to intensive care unit (ICU) admission of 5.6 days
(Fitzgerald et al., 2017) and a median duration of 7
days (range 1-34) (Maude et al., 2018). Hemodynamic
instability and mechanical ventilation onset mirrored the
time to ICU admission (Fitzgerald et al., 2017). For
CAR T recipients receiving the IL-6 receptor antagonist,
tocilizumab, Teachey et al. (2016) report the time to
administration of the first dose as a median of 5 days
(range 2—12 days).

In addition to the steroid and hydroxyurea premedica-
tions given for the first four days of cycle one, study
patients were hospitalized for close monitoring during bli-
natumomab administration during the first week of the
first cycle and first two days of the second cycle (von
Stackelberg et al., 2016). The authors noted the first
three days of cycle one to be “critical” for managing
potential fever and hypotension.

Nurses should recognize the first two weeks following
CAR T administration and the first four days of the first

blinatumomab cycle as the most likely time for CRS
symptom development and escalation.

Practice Recommendation #3: Nurses Closely Monitor Vital
Signs of Febrile Patients and Those at Increased Risk of
Developing Severe CRS. Nurses are well positioned to mit-
igate the risk of CRS-related morbidity and mortality
through early recognition of CRS signs such as fever,
hypotension, tachycardia, and hypoxia. The CARTOX
working group recommended that vital signs be measured
a minimum of every 4 h in hospitalized patients who are
at risk of developing CRS (Neelapu et al., 2018). Vital
signs are also critical for the accurate classification of
patients according to CRS grading scales (Neelapu
et al., 2018). Across studies, fever definitions varied or
were not included, but fever thresholds ranged from >
38°C to > 38.3°C (Maude et al., 2018; Neelapu et al.,
2018; Teachey et al., 2016). The incidence of fever in
patients with CRS was reported in two studies and
ranged from 92% to 100% (Hu et al., 2017, Teachey
et al., 2016), with patients with grades 3 to 4 CRS
having fevers of a longer duration than those with
grades 1 and 2 (Fitzgerald et al., 2017; Hu et al., 2017).
Fitzgerald et al. (2017) found that fever preceded the
onset of hypotension in all cases of CRS, but this was
not analyzed in other studies. Febrile patients remain at
risk for infection, so it is important to evaluate these
patients for infectious organisms even if the fever is sus-
pected to be CRS-related (Neelapu et al., 2018; Teachey
et al., 2016).

Biomarker Utility in Predicting CRS Risk and Severity.
Multiple studies examined biomarkers in hopes of identi-
fying patterns that could be used to develop models to
predict the timing of CRS onset and/or severity. To be
clinically relevant, biomarkers must have a short turn-
around time and be performed in a Clinical Laboratory
Improvement Amendments-approved lab (Teachey
et al., 2016). In the seven articles reviewed, C-reactive
protein (CRP), ferritin, cytokines (such as IL-6, IL-10,
and IFNy) were among the biomarkers most frequently
examined.

C-Reactive Protein. While Maude et al. (2018) noted
great variability in levels of this inflammatory marker
among patients with CRS, several studies found statisti-
cally significant differences in peak CRP levels when
comparing patients with grade 3 CRS versus grades 0 to
2 (Hu et al., 2017; Lee et al., 2015) and grades 4 to 5
versus grades 0 to 3 (Teachey et al., 2016). It is not
thought that these peak levels are predictive in real-time
(Teachey et al., 2016), but the CARTOX working group
suggested that CRP could be used clinically to signify
that CRS is no longer a risk, with the return to baseline
levels (Neelapu et al., 2018).
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Ferritin. Peak levels of ferritin were higher in grade 3
CRS versus grades 0 to 2 (Hu et al., 2017) and when
grades 4 and 5 were compared with grades 0 to 3
(Teachey et al., 2016; Maude et al., 2018). Fitzgerald
et al. (2017) noted prolonged organ dysfunction in
patients with grades 3 and 4 CRS whose peak ferritin
levels were >11,200 pmol/L.

Interleukin 6. High levels of IL-6, a proinflammatory
effector cytokine thought to be predominantly released by
blood vessel endothelial cells, have been consistently
reported in patients with CRS (Wang & Han, 2018).
Three studies found significantly higher peak IL-6
levels in patients with more severe versus less severe/no
CRS, however, different severity cutoffs were used:
grade >3 CRS versus grades 0-2 (Hu et al., 2017; Lee
et al., 2015); grades 4 and 5 CRS versus grades 0-3
CRS (Teachey et al., 2016). Two additional studies only
noted a “more pronounced” effect in those with grade 4
CRS versus grades 0 to 3 (Maude et al.,, 2018) and
those with CRS versus those without (von Stackelberg
et al., 2016). Peak IL-6 also showed a strong correlation
when paired with peak CRP (Hu et al., 2017; Lee et al.,
2015), ferritin (Hu et al., 2017), and D-dimer levels (Hu
et al., 2017).

Interleukin 10. In contrast to IL-6, IL-10 is an antiin-
flammatory cytokine produced by monocytes and macro-
phages (Wang & Han, 2018), yet similar patterns of peak
levels were observed. IL-10 levels were noted to be higher
in CRS than non-CRS (von Stackelberg et al., 2016) and
in those with grade 4 CRS versus grades 0 to 3 (Maude
et al., 2018), and reached statistical significance in
patients with more severe CRS (grade >3 CRS vs.
grades 0-2 [Hu et al., 2017]; grades 4 and 5 vs. grades
0-3 [Teachey et al., 2016]).

Interferon y. Variability among studies was also noted
for IFNy, a proinflammatory cytokine. Several studies
found statistically higher peak levels of IFNy in patients
with more severe CRS (grade >3 vs. grades 0-2 [Hu
et al., 2017; Lee et al., 2015]; grades 4 and 5 vs. grades
0-3 [Teachey et al., 2016]), with others noting only
data trends (higher in those with any CRS vs. none [von
Stackelberg et al., 2016] and grade 4 vs. grades 0-3
[Maude et al., 2018]).

Other Biomarkers and Predictive Modeling. Many
additional biomarkers have been studied to identify clin-
ically relevant measures that might offer a CRS predictive
value. For example, peak D-dimer levels differed signifi-
cantly between those with grade 3 CRS and those grades 0
to 2 (Hu et al., 2017). Teachey et al. (2016) performed
serial cytokine assessments in the first month after CAR
T and prior to CRS development and found levels of 24
of the 43 measured cytokines to be statistically higher
in patients with severe CRS (grades 4 and 5) versus

grades 0 to 3. They then developed predictive modeling
based on logistic regression for mixed (adult and pediat-
ric) and pediatric-only cohorts. When limited to pediatric
patients, levels of IFNy, IL-13, and MIP1a within the first
three days after CAR T infusion had high sensitivity
(100%) and specificity (96%) for predicting patients
who were at a higher risk for development of severe
CRS (Teachey et al., 2016).

Nurses should be aware of the ongoing research to
identify clinically relevant biomarkers to increase their
understanding of CRS pathology, the mechanism of
action for some treatments (e.g., tocilizumab), as well as
explain the rationale for laboratory testing to patients
and families. Additional research is necessary before rec-
ommending specific biomarker testing at specific time
points in the CRS trajectory.

CRS Management

Practice Recommendation #4: Nurses Anticipate the Need to
Quickly Escalate the Level of Care in Patients with CRS. CRS
grading definitions and criteria for ICU admission vary,
but ~40% of patients across three CAR T studies required
ICU-level support such as vasopressors and mechanical
ventilation related to CRS and its associated multisystem
organ dysfunction (Fitzgerald et al., 2017; Maude et al.,
2018; Teachey et al., 2016). Maude et al. (2018) reported
a median ICU stay of 7 days for patients with CRS post
CAR T (range 1-34). The CARTOX working group rec-
ommends treating all patients with grades 3 and 4 CRS in
the ICU, as well as the early escalation of care for those
with persistent hypotension (Neelapu et al., 2018). The
guideline also recommends additional education for
nurses caring for patients with potential CRS to
promote early recognition of CRS signs and symptoms,
respond to rapid changes in clinical status, and facilitate
escalation in the level of care (Neelapu et al., 2018).
Critical care teams should also be aware of all existing
patients with potential for CRS development (Neelapu
et al., 2018). Efforts to design predictive models of
CRS risk could result in early initiation of ICU transfer
for more aggressive monitoring and symptom manage-
ment (Teachey et al., 2016).

Patients developing severe CRS during blinatumomab
administration may also require critical care support. In
the study by Von Stackleberg et al. (2016), 6% of patients
who developed grade 3 or grade 4 CRS required either
infusion interruption and/or discontinuation.

Practice Recommendation #5: Nurses Anticipate the use of
Tocilizumab or Other IL-6 Inhibitors to Mitigate CRS
Symptoms. The monoclonal antibody, tocilizumab, is an
IL-6 receptor antagonist originally indicated for rheuma-
toid and other forms of arthritis and arteritis
(Genentech, Inc., 2017). In 2017, the Food and Drug
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Administration approved tocilizumab as a treatment for
severe CAR T-induced CRS in children and adults
(Neelapu et al., 2018). Nurses should anticipate the use
of tocilizumab or other IL-6 blockers in patients who
develop symptoms consistent with grades 3 and 4 CRS
following CAR T (Fitzgerald et al., 2017; Hu et al.,
2017; Lee et al., 2015; Maude et al., 2018; Teachey
et al., 2016); the CARTOX working group has recom-
mended administration beginning with persistent grade
1 symptom (Neelapu et al., 2018). Some patients may
require multiple doses of IL-6 inhibitors for persistent
CRS signs and symptoms (Fitzgerald et al., 2017,
Neelapu et al., 2018; Teachey et al., 2016). Off-label
usage of IL-6 antagonists for pediatric patients with
CRS receiving other immunotherapy agents, such as bli-
natumomab, has also been reported (von Stackelberg
et al., 2016). Patients receiving an IL-6 antagonist were
noted to defervesce and show signs of clinical improve-
ment within hours of administration (Fitzgerald et al.,
2017; Teachey et al., 2016), but nurses should be aware
that improvements in hemodynamic instability took
several days to improve and resolve (Fitzgerald et al.,
2017; Teachey et al., 2016).

Practice Recommendation #6: Nurses Clarify Orders for
Corticosteroids for Patients with CRS who Have Received
CAR T Therapy. Through the mechanism of inflammatory
response suppression, corticosteroids are a viable option
for the treatment of CRS. Four of the five CAR T
studies reviewed (Fitzgerald et al., 2017; Hu et al.,
2017; Lee et al., 2015; Teachey et al., 2016) report the
use of steroids alone or in combination with tocilizumab.
However, several studies (Fitzgerald et al., 2017; Lee
et al., 2015; Maude et al.,, 2018) and the guideline
(Neelapu et al., 2018) cite the potential for corticosteroid
inhibition of CAR T efficacy and therefore recommend
that steroids be limited to CAR T-induced hypotension

or shock that is refractory to at least one dose of tocilizu-
mab. The long-term effects and safety of corticosteroid
usage following CAR T require additional investigation
(Neelapu et al., 2018). Until more evidence is generated,
nurses should be knowledgeable about the rationale and
limitations of utilizing steroids in this population and be
prepared to clarify any order for steroids in patients
who have received CAR T therapy but are without evi-
dence of moderate to severe CRS.

Discussion

CRS is a frequent and potentially life-threatening conse-
quence of T-cell-engaging immunotherapies, yet recom-
mendations for nursing practice are often based on
single-institution experiences or are lacking altogether.
The purpose of this systematic review was to identify
evidence-based recommendations for the nursing care of
patients at risk for CRS, or who have developed CRS fol-
lowing immunotherapy administration. These recommen-
dations (Table 3), categorized as preinfusion monitoring,
monitoring during and postinfusion, and CRS manage-
ment, are intended to guide nurses at the bedside who
can recognize complications and intervene quickly.

The strengths of this review include a team of clinical
nurses with experience caring for patients with CRS, a
carefully developed literature search strategy, and strict
adherence to inclusion and exclusion criteria. There
were several limitations to this review. This is a rapidly
emerging field and new evidence continues to be pub-
lished, however, evidence in this review is limited to
that which was published prior to the March 2018 litera-
ture search. There were varying definitions of “increased
tumor burden,” CRS, and CRS severity across studies, as
well as usage of multiple CRS grading tools. These varia-
tions limited the ability to provide direct comparisons of
CRS symptoms and treatment trajectories. There was

Table 3. Nurse Monitoring & Management of CSR Practice Recommendations.

Preinfusion monitoring

Monitoring during and postinfusion

CRS management

Strong recommendation with a low level of
evidence that nurses recognize patients
with higher disease burden as being at
risk for more severe CRS.

Strong recommendation with a low level of
evidence that nurses recognize the time
period for which patients are at the
greatest risk of CRS development

Strong recommendation with a low level of
evidence that nurses closely monitor
vital signs (temperature, blood pressure,
respiratory rate, and oxygen saturation)
of febrile patients and those at increased
risk of developing severe CRS.

Strong recommendation with a low level of
evidence that nurses anticipate the need
to quickly escalate the level of care in
patients with CRS.

Strong recommendation with a low level of
evidence that nurses anticipate the use of
tocilizumab or other IL-6 inhibitors to
mitigate CRS symptoms.

Weak recommendation with a very low
level of evidence that nurses clarify
orders for corticosteroids for patients
with CRS who have received CAR T
therapy

Note. CRS = cytokine release syndrome; CAR T = chimeric antigen receptor-modified T-cells; IL =interleukin.
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evidence of indirectness as several of the included studies
had a mix of pediatric, young adult, and/or adult patients
and a limited number of studies solely enrolled children
and adolescents. The proportion of patients who experi-
enced CRS within each study led to smaller sample
sizes, and thus quality downgrades for imprecision. And
finally, there was inconsistency in the results of studies
examining the predictive role of biomarkers.

Despite these limitations, six evidence-based recom-
mendations for nursing practice were developed that can
be used by individuals and organizations to guide clinical
care for patients with or at risk for immunotherapy-
induced CRS. Most of the included research studies
(five of six) focused on CAR T, while only one article
dealt with a monoclonal antibody (blinatumomab).
Additional research is needed to discern if there are
nuances of CRS, its monitoring, and its management
based on the type of immunotherapy administered.

Summary

Treatment is evolving for children with cancer, and many
protocols now include immunotherapy as first-line agents.
Immunotherapies may offer additional options for treat-
ing childhood cancer, but some carry a higher risk of
developing CRS, which can result in rapid clinical deteri-
oration and even death. Nurses are well positioned to play
a critical role in monitoring for signs and symptoms of
CRS and ensuring that appropriate management strategies
are utilized. Future research is needed to standardize CRS
grading methodology, develop models to identify high-
risk patients, and expand on current CRS management
strategies.

Acknowledgments

The authors wish to acknowledge Julie Edrington, Public
Service Librarian, St. Jude Children’s Research Hospital for
her assistance with literature search strategy development and
execution, and the Children’s Oncology Group (COG) leader-
ship (Wendy Landier, PhD, CRNP, Sue Zupanec, and
Douglas Hawkins, MD) for their helpful editorial comments.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The authors disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
This work was supported by the National Cancer Institute/
National Clinical Trials Network Group Operations Center
(grant number UI0CA180886; PI: Adamson).

ORCID iD

Emily K. Browne https://orcid.org/0000-0003-2098-365X

Supplemental Material

Supplemental material for this article is available online.

References

Bonifant, C. L., Jackson, H. J., Brentjens, R. J., & Curran, K. J.
(2016). Toxicity and management in CAR T-cell therapy.
Molecular Therapy Oncolytics, 3, 16011. https:/doi.org/10.
1038/mt0.2016.11

Brouwers, M. C., Kho, M. E., Browman, G. P., Burgers, J. S.,
Cluzeau, F., Feder, G., Fervers, B., Graham, I. D,
Grimshaw, J., Hanna, S. E., Littlejohns, P., Makarski, J.,
Zitzelsberger, L., & AGREE Next Steps Consortium
(2010). AGREE II: Advancing guideline development,
reporting and evaluation in health care. CMAJ: Canadian
Medical Association Journal, 182(18), E839—E842. https:/
doi.org/10.1503/cmaj.090449

Brudno, J. N., & Kochenderfer, J. N. (2016). Toxicities of chi-
meric antigen receptor T cells: Recognition and management.
Blood, 127(26), 3321-3330. https:/doi.org/10.1182/blood-
2016-04-703751

Davila, R., Riviere, 1., Wang, X., Bartido, S., Park, J., Curran,
K., Chung, S. S., Stefanski, J., Borquez-Ojeda, O.,
Olszewska, M., Qu, J., Wasielewska, T., He, Q., Fink, M.,
Shinglot, H., Youssif, M., Satter, M., Wang, Y., Hosey, J.,
Quintanilla, H., ... Brentjens, R. (2014). Efficacy and toxic-
ity management of 19-28z CAR T cell therapy in B cell acute
lymphoblastic leukemia. Science Translational Medicine,
6(224),  224ra25.  https:/doi.org/10.1126/scitranslmed.
3008226

Fitzgerald, J. C., Weiss, S. L., Maude, S. L., Barrett, D. M.,
Lacey, S. F., Melenhorst, J. J., Shaw, P., Berg, R. A., June,
C. H,, Porter, D. L., Frey, N. V., Grupp, S. A., & Teachey,
D. T. (2017). Cytokine release syndrome after chimeric
antigen receptor t cell therapy for acute lymphoblastic leuke-
mia. Critical Care Medicine, 45(2), e124—e131. https:/doi.
org/10.1097/ccm.0000000000002053

Folan, S., Rexwinkle, A., Autry, J., & Bryan, J. C. (2016).
Blinatumomab: Bridging the gap in adult relapsed/refractory
B-cell acute lymphoblastic leukemia. Clinical Lymphoma,
Myeloma & Leukemia, 16(S1), S2-S5. https:/doi.org/10.
1016/j.clm1.2016.02.001

Frey, N. V., & Porter, D. L. (2016). Cytokine release syndrome
with novel therapeutics for acute lymphoblastic leukemia.
Hematology. American Society of Hematology Education
Program, 2016(1), 567-572. https:/doi.org/10.1182/
asheducation-2016.1.567

Genentech, Inc. (2017). Actemra® (Tocilizumab): Highlights of
prescribing information. https:/www.accessdata.fda.gov/
drugsatfda_docs/label/2017/125276s1141bl.pdf

Halton, E., Llerandi, D., Diamonte, C., Quintanilla, H., &
Miale-Mayer, D. (2017). Developing infrastructure:
Managing patients with cancer undergoing car t-cell
therapy. Clinical Journal of Oncology Nursing, 21(2
Suppl), 35-40. https:/doi.org/10.1188/17.CJON.2.35-40


https://orcid.org/0000-0003-2098-365X
https://orcid.org/0000-0003-2098-365X
https://doi.org/10.1038/mto.2016.11
https://doi.org/10.1038/mto.2016.11
https://doi.org/10.1038/mto.2016.11
https://doi.org/10.1503/cmaj.090449
https://doi.org/10.1503/cmaj.090449
https://doi.org/10.1503/cmaj.090449
https://doi.org/10.1182/blood-2016-04-703751
https://doi.org/10.1182/blood-2016-04-703751
https://doi.org/10.1182/blood-2016-04-703751
https://doi.org/10.1126/scitranslmed.3008226
https://doi.org/10.1126/scitranslmed.3008226
https://doi.org/10.1126/scitranslmed.3008226
https://doi.org/10.1097/ccm.0000000000002053
https://doi.org/10.1097/ccm.0000000000002053
https://doi.org/10.1097/ccm.0000000000002053
https://doi.org/10.1016/j.clml.2016.02.001
https://doi.org/10.1016/j.clml.2016.02.001
https://doi.org/10.1016/j.clml.2016.02.001
https://doi.org/10.1182/asheducation-2016.1.567
https://doi.org/10.1182/asheducation-2016.1.567
https://doi.org/10.1182/asheducation-2016.1.567
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125276s114lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125276s114lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125276s114lbl.pdf
https://doi.org/10.1188/17.CJON.2.35-40
https://doi.org/10.1188/17.CJON.2.35-40

408

Journal of Pediatric Oncology Nursing 38(6)

Hu, Y., Wu, Z., Luo, Y., Shi, J., Yu, J., Pu, C,, Liang, Z., Wei,
G., Cui, Q., Sun, J., Jiang, J., Xie, J., Tan, Y., Ni, W., Tu, J.,
Wang, J., Jin, A., Zhang, H., Cai, Z., ... H. Huang. (2017).
Potent anti-leukemia activities of chimeric antigen receptor-
modified t cells against CD19 in Chinese patients with
relapsed/refractory acute lymphocytic leukemia. Clinical
Cancer Research, 23(13), 3297-3306. https:/doi.org/10.
1158/1078-0432.ccr-16-1799

Kelly, K. P., Hooke, M. C., Ruccione, K., Landier, W., & Haase,
J. (2014). Developing an organizing framework to guide
nursing research in the children’s oncology group (COGQG).
Seminars in Oncology Nursing, 30(1), 17-35. https:/doi.
org/10.1016/j.soncn.2013.12.004

Landier, W., Leonard, M., & Ruccione, K. S. (2013). Children’s
oncology group’s 2013 blueprint for research: Nursing disci-
pline. Pediatric Blood & Cancer, 60(6), 1031-1036. https:/
doi.org/10.1002/pbc.24415

Lee, D. W., Gardner, R., Porter, D. L., Louis, C. U., Ahmed, N.,
Jensen, M., Grupp, S. A., & Mackall, C. L. (2014). Current
concepts in the diagnosis and management of cytokine
release syndrome. Blood, 124(2), 188-195. https:/doi.org/
10.1182/blood-2014-05-552729

Lee, D. W., Kochenderfer, J. N., Stetler-Stevenson, M., Cui,
Y. K., Delbrook, C., Feldman, S. A., Fry, T. J., Orentas,
R., Sabatino, M., Shah, N. N., Steinberg, S. M., Stroncek,
D., Tschernia, N., Yuan, C., Zhang, H., Zhang, L.,
Rosenberg, S. A., Wayne, A. S., & Mackall, C. L. (2015).
T cells expressing CD19 chimeric antigen receptors for
acute lymphoblastic leukaemia in children and young
adults: A phase 1 dose-escalation trial. Lancet, 385(9967),
517-528. https:/doi.org/10.1016/s0140-6736(14)61403-3

Maude, S. L., Barrett, D., Teachey, D. T., & Grupp, S. A. (2014a).
Managing cytokine release syndrome associated with novel T
cell-engaging therapies. The Cancer Journal, 20(2), 119-122.
https:/doi.org/10.1097/PPO.0000000000000035

Maude, S. L., Frey, N., Shaw, P. A., Aplenc, R., Barrett, D. M.,
Bunin, N. J., Chew, A., Gonzalez, V. E., Zheng, Z., Lacey, S.
F., Mahnke, Y. D., Melenhorst, J. J., Rheingold, S. R., Shen,
A., Teachey, D. T., Levine, B. L., June, C. H., Porter, D. L.,
& Grupp, S. A. (2014b). Chimeric antigen receptor T cells
for sustained remissions in leukemia. New England Journal
of Medicine, 371(16), 1507-1517. https:/doi.org/10.1056/
NEJMoal407222

Maude, S. L., Laetsch, T. W., Buechner, J., Rives, S., Boyer,
M., Bittencourt, H., Bader, P., Verneris, M. R., Stefanski,
H. E., Myers, G. D., Qayed, M., De Moerloose, B.,
Hiramatsu, H., Schlis, K., Davis, K. L., Martin, P. L.,

Nemecek, E. R., Yanik, G. A, Peters, C., ...
S. A. Grupp (2018). Tisagenlecleucel in children and
young adults with b-cell lymphoblastic leukemia. New
England Journal of Medicine, 378(5), 439-448. https:/
doi.org/10.1056/NEJMoal709866

Melnyk, B. M., Fineout-Overholt, E., Stillwell, S. B., &
Williamson, K. M. (2010). Evidence-based practice: Step
by step: The seven steps of evidence-based practice. The
American Journal of Nursing, 110(1), 51-53. https:/doi.
org/10.1097/01.NAJ.0000366056.06605.d2

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G., &
PRISMA Group. (2009). Preferred reporting items for sys-
tematic reviews and meta-analyses: The PRISMA statement.

PLoS Medicine, 6(7), ¢1000097. https:/doi.org/10.1371/
journal.pmed.1000097

National Cancer Institute. (2010). Common terminology
criteria for adverse events v4.03. National Institutes
of Health. https:/ctep.cancer.gov/protocolDevelopment/
adverse_effects.htm

Neelapu, S. S., Tummala, S., Kebriaci, P., Wierda, W.,
Gutierrez, C., Locke, F. L., Komanduri, K. V., Lin, Y.,
Jain, N., Daver, N., Westin, J., Gulbis, A. M., Loghin,
M. E., de Groot, J. F., Adkins, S., Davis, S. E., Rezvani,
K., Hwu, P., & Shpall, E. J. (2018). Chimeric antigen recep-
tor T-cell therapy—assessment and management of toxic-
ities. Nature Reviews: Clinical Oncology, 15(1), 47-62.
https:/doi.org/10.1038/nrclinonc.2017.148

Neumann, 1., Santesso, N., Akl, E. A., Rind, D. M., Vandvik,
P. O., Alonso-Coello, P., Agoritsas, T., Mustafa, R. A.,
Alexander, P. E., Schiinemann, H., & Guyatt, G. H.
(2016). A guide for health professionals to interpret and
use recommendations in guidelines developed with the
GRADE approach. Journal of Clinical Epidemiology, 72,
45-55. https:/doi.org/10.1016/j.jclinepi.2015.11.017

Porter, D. L., Hwang, W. T., Frey, N. V., Lacey, S. F., Shaw,
P. A, Loren, A. W., Bagg, A., Marcucci, K. T., Shen, A.,
Gonzalez, V., Ambrose, D., Grupp, S. A., Chew, A.,
Zheng, Z., Milone, M. C., Levine, B. L., Melenhorst, J. J.,
& June, C. H. (2015). Chimeric antigen receptor T cells
persist and induce sustained remissions in relapsed refractory
chronic lymphocytic leukemia. Science Translational
Medicine, 7(303), 303ral39. https:/doi.org/10.1126/
scitranslmed.aac5415

Pui, C. H,, Yang, J. J., Hunger, S. P., Pieters, R., Schrappe, M.,
Biondi, A., Vora, A., Baruchel, A., Silverman, L. B.,
Schmiegelow, K., Escherich, G., Horibe, K., Benoit, Y. C.,
Izraeli, S., Yeoh, A. E., Liang, D. C., Downing, J. R., Evans,
W. E., Relling, M. V., & Mullighan, C. G. (2015).
Childhood acute lymphoblastic leukemia: Progress through
collaboration. Journal of Clinical Oncology, 33(27), 2938-
2948. https:/doi.org/10.1200/JC0O.2014.59.1636

Smith, L., & Venella, K. (2017). Cytokine release syndrome:
Inpatient care for Side effects of CAR T-cell therapy.
Clinical Journal of Oncology Nursing, 21(2 Suppl), 29-34.
https:/doi.org/10.1188/17.CJON.S2.29-34

Stein, A., Franklin, J. L., Chia, V. M., Arrindell, D., Kormany,
W., Wright, J., Parson, M., Amouzadeh, H. R., Choudhry, J.,
& Joseph, G. (2019). Benefit-risk assessment of blinatumo-
mab in the treatment of relapsed/refractory B-cell precursor
acute lymphoblastic leukemia. Drug Safety, 42(5), 587-
601. https:/doi.org/10.1007/s40264-018-0760-1

Sun, W., Malvar, J., Sposto, R., Verma, A., Wilkes, J. J., Dennis,
R., Heym, K., Laetsch, T. W., Widener, M., Rheingold,
S. R., Oesterheld, J., Hijiya, N., Sulis, M. L., Huynh, V.,
Place, A. E., Bittencourt, H., Hutchinson, R., Messinger,
Y., Chang, B., ... J. A. Whitlock (2018). Outcome of chil-
dren with multiply relapsed B-cell acute lymphoblastic leu-
kemia: A therapeutic advances in childhood leukemia &
lymphoma study. Leukemia, 32(11), 2316-2325. https:/doi.
org/10.1038/s41375-018-0094-0

Teachey, D. T., Lacey, S. F., Shaw, P. A., Melenhorst, J. J., Maude,
S. L., Frey, N., Pequignot, E., Gonzalez, V. E., Chen, F.,
Finklestein, J., Barrett, D. M., Weiss, S. L., Fitzgerald, J. C.,


https://doi.org/10.1158/1078-0432.ccr-16-1799
https://doi.org/10.1158/1078-0432.ccr-16-1799
https://doi.org/10.1158/1078-0432.ccr-16-1799
https://doi.org/10.1016/j.soncn.2013.12.004
https://doi.org/10.1016/j.soncn.2013.12.004
https://doi.org/10.1016/j.soncn.2013.12.004
https://doi.org/10.1002/pbc.24415
https://doi.org/10.1002/pbc.24415
https://doi.org/10.1002/pbc.24415
https://doi.org/10.1182/blood-2014-05-552729
https://doi.org/10.1182/blood-2014-05-552729
https://doi.org/10.1182/blood-2014-05-552729
https://doi.org/10.1016/s0140-6736(14)61403-3
https://doi.org/10.1016/s0140-6736(14)61403-3
https://doi.org/10.1097/PPO.0000000000000035
https://doi.org/10.1097/PPO.0000000000000035
https://doi.org/10.1056/NEJMoa1407222
https://doi.org/10.1056/NEJMoa1407222
https://doi.org/10.1056/NEJMoa1407222
https://doi.org/10.1056/NEJMoa1709866
https://doi.org/10.1056/NEJMoa1709866
https://doi.org/10.1056/NEJMoa1709866
https://doi.org/10.1097/01.NAJ.0000366056.06605.d2
https://doi.org/10.1097/01.NAJ.0000366056.06605.d2
https://doi.org/10.1097/01.NAJ.0000366056.06605.d2
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://ctep.cancer.gov/protocolDevelopment/adverse_effects.htm
https://ctep.cancer.gov/protocolDevelopment/adverse_effects.htm
https://ctep.cancer.gov/protocolDevelopment/adverse_effects.htm
https://doi.org/10.1038/nrclinonc.2017.148
https://doi.org/10.1038/nrclinonc.2017.148
https://doi.org/10.1016/j.jclinepi.2015.11.017
https://doi.org/10.1016/j.jclinepi.2015.11.017
https://doi.org/10.1126/scitranslmed.aac5415
https://doi.org/10.1126/scitranslmed.aac5415
https://doi.org/10.1126/scitranslmed.aac5415
https://doi.org/10.1200/JCO.2014.59.1636
https://doi.org/10.1200/JCO.2014.59.1636
https://doi.org/10.1188/17.CJON.S2.29-34
https://doi.org/10.1188/17.CJON.S2.29-34
https://doi.org/10.1007/s40264-018-0760-1
https://doi.org/10.1007/s40264-018-0760-1
https://doi.org/10.1038/s41375-018-0094-0
https://doi.org/10.1038/s41375-018-0094-0
https://doi.org/10.1038/s41375-018-0094-0

Browne et al.

409

Berg, R. A., Aplenc, R., Callahan, C., Rheingold, S. R., Zheng,
Z., Rose-John, S., ... S. A. Grupp (2016). Identification of pre-
dictive biomarkers for cytokine release syndrome after chimeric
antigen receptor t-cell therapy for acute lymphoblastic leukemia.
Cancer Discovery, 6(6), 664—679. https:/doi.org/10.1158/2159-
8290.cd-16-0040

von Stackelberg, A., Locatelli, F., Zugmaier, G., Handgretinger,

R., Trippett, T. M., Rizzari, C., Bader, P., O’Brien, M. M.,
Brethon, B., Bhojwani, D., Schlegel, P. G., Borkhardt, A.,
Rheingold, S. R., Cooper, T. M., Zwaan, C. M., Barnette,
P., Messina, C., Michel, G., & DuBois, SG., ... L. Gore
(2016). Phase I/phase II study of blinatumomab in pediatric

patients with relapsed/refractory acute lymphoblastic leuke-
mia. Journal of Clinical Oncology, 34(36), 4381-4389.
https:/doi.org/10.1200/jc0.2016.67.3301

Wang, Z., & Han, W. (2018). Biomarkers of cytokine release
syndrome and neurotoxicity related to CAR-T cell therapy.
Biomarker Research, 6, https:/doi.org/10.1186/s40364-
018-0116-0

Wilke, A. C., & Gokbuget, N. (2017). Clinical applications and
safety evaluation of the new CD19 specific T-cell engager
antibody construct blinatumomab. Expert Opinion on
Drug Safety, 16(10), 1191-1202. https:/doi.org/10.1080/
14740338.2017.1338270


https://doi.org/10.1158/2159-8290.cd-16-0040
https://doi.org/10.1158/2159-8290.cd-16-0040
https://doi.org/10.1158/2159-8290.cd-16-0040
https://doi.org/10.1200/jco.2016.67.3301
https://doi.org/10.1200/jco.2016.67.3301
https://doi.org/10.1186/s40364-018-0116-0
https://doi.org/10.1186/s40364-018-0116-0
https://doi.org/10.1186/s40364-018-0116-0
https://doi.org/10.1080/14740338.2017.1338270
https://doi.org/10.1080/14740338.2017.1338270
https://doi.org/10.1080/14740338.2017.1338270

	 Introduction
	 Background
	 CRS Toxicity Grading

	 Methods
	 Question Development
	 Evidence-Based Practice Review Team
	 Literature Search and Appraisal
	 Evidence Review

	 Results
	 CRS Prevention
	 CRS Monitoring: Preimmunotherapy Infusion
	 Practice Recommendation #1: Nurses Recognize Patients with Higher Disease Burden as Being at Risk for More Severe CRS

	 CRS Monitoring: During and Postimmunotherapy Infusion
	 Practice Recommendation #2: Nurses Recognize the Time Period for Which Patients are at the Greatest Risk of CRS Development
	 Practice Recommendation #3: Nurses Closely Monitor Vital Signs of Febrile Patients and Those at Increased Risk of Developing Severe CRS
	 Biomarker Utility in Predicting CRS Risk and Severity
	 C-Reactive Protein
	 Ferritin
	 Interleukin 6
	 Interleukin 10
	 Interferon Γ
	 Other Biomarkers and Predictive Modeling


	 CRS Management
	 Practice Recommendation #4: Nurses Anticipate the Need to Quickly Escalate the Level of Care in Patients with CRS
	 Practice Recommendation #5: Nurses Anticipate the use of Tocilizumab or Other IL-6 Inhibitors to Mitigate CRS Symptoms
	 Practice Recommendation #6: Nurses Clarify Orders for Corticosteroids for Patients with CRS who Have Received CAR T Therapy


	 Discussion
	 Summary
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


