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Research

Introduction

Cancer immunotherapy is an emerging and promising 
approach to pediatric cancer treatment. Immunotherapy 
is defined as treatment strategies that aim to optimize the 
immune system’s ability to target and fight cancer while 
minimizing autoimmune toxicity (Warren, 2018). 
Immunotherapy agents are commonly grouped into cate-
gories, such as, chimeric antigen receptors, immune 
checkpoint inhibitors, cancer vaccines, bispecific T-cell 
engagers (BiTEs), and monoclonal antibodies. Each of 
these therapies work differently but achieve a similar 
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Abstract
Background: Immunotherapy is a new and promising approach to treating pediatric cancers. These types of therapies 
have unique mechanisms of action for identifying and fighting cancer, as compared with traditional chemotherapy, and 
therefore are associated with different therapy-related adverse events (AEs). The purpose of this systematic review 
was to review available evidence to: (a) identify commonly reported AEs associated with immunotherapy agents 
frequently used in pediatric oncology and (b) generate recommendations for nursing practice. Method: A clinical 
question was developed and used to guide the systematic literature review. Five immunotherapy agents (dinutuximab, 
blinatumomab, rituximab, inotuzumab ozogamicin, brentuximab vedotin) were selected for inclusion secondary to their 
high relevance to pediatric oncology. A literature search was conducted to locate articles published between January 
1, 2003 and October 31, 2018. Results: Seventeen articles met eligibility criteria for inclusion and were evaluated 
using the Grading of Recommendations Assessment, Development, and Evaluation criteria. The most commonly 
reported AEs for the selected immunotherapy agents were identified and summarized. Strong recommendations are 
made for nurses to become familiar with the unique AE profiles associated with individual immunotherapy agents. 
Agent-specific recommendations for nursing practice regarding AEs associated with dinutuximab and rituximab were 
generated. Conclusions: Immunotherapy is rapidly emerging as an effective therapy for pediatric cancers. Nurses 
need to be aware of the breadth of agent-specific, immunotherapy-related AEs to appropriately monitor and manage 
patients receiving these therapies. Additional work is needed to confidently profile immunotherapy-related AEs in 
pediatric oncology and to develop agent-specific educational materials for patients/families.
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response by using the patient’s own immune system to 
fight cancer. Chimeric antigen receptor T-cell therapy   
uses the patient’s own T-cells that have been genetically 
engineered to specifically target the cancer cells. In con-
trast, BiTE immunotherapy is composed of bispecific 
proteins that bind cell-surface molecules of T-cells to sur-
face antigens of cancer cells, fostering cancer cell destruc-
tion (Huehls et al., 2015). Immune checkpoint inhibitors 
prevent cancer cells from evading the body’s immune 
system by allowing the immune system to recognize 
tumor cells as foreign and target them for destruction. 
Cancer vaccines are another type of immunotherapy 
given to prevent or treat cancer through the formation of 
immunologic memory (Warren, 2018). Monoclonal anti-
bodies are manufactured proteins that have several mech-
anisms of action. They can tag certain proteins on a tumor 
cell, alerting the immune system to find and destroy the 
tagged cells; additionally, some monoclonal antibodies 
can block abnormal proteins on or near cancer cells. 
Conjugated monoclonal antibodies can deliver toxic sub-
stances, such as chemotherapy or radioactive material, 
directly into cancer cells.

As immunotherapy agents have a different mechanism 
of action, compared with traditional chemotherapy, they 
hold promise for improving survival while potentially 
decreasing toxicity and/or late effects (Wedekind et al., 
2018). While chemotherapy (e.g., alkylating agents, anti-
metabolites, etc.) affects all active cells in the body—
most notably the rapidly dividing cells such as tumor 
cells, hair, bone marrow, and cells lining the digestive 
tract—immunotherapy strives to single out the body’s 
own immune system to specifically target cancer cells. 
This is accomplished through several immune pathways 
such as innate immunity, B-cell antibody production, and 
T-cell antigen presentation, resulting in tumor cell lysis or 
through using conjugated immunotherapy agents (such as 
inotuzumab) that deliver toxins directly into cancer cells. 
Immunotherapy activates the immune system to recog-
nize and/or develop memory of antigens specific to can-
cer cell lines (Abbott & Ustoyev, 2019; Capitini et  al., 
2014). As immunotherapy agents function differently 
from chemotherapy (Warren, 2018), it reasons that they 
may be associated with unique treatment-related adverse 
events (AEs).

Four monoclonal antibodies (brentuximab vedotin, 
rituximab, dinutuximab and inotuzumab ozogamicin) 
and one BiTE (bliniatumomab) are being studied with 
increased frequency in pediatric oncology clinical trials. 
Each of these agents work by identifying and acting on 
specific cell lines. For example, blinatumomab is specific 
to CD19 positive B-cell leukemias and lymphomas, as it 
targets only the CD19 positive cells. Inotuzumab ozo-
gamicin, a conjugated anti-CD22 monoclonal antibody, is 
another immunotherapy agent that demonstrates activity 

in B-cell leukemias and lymphomas by binding to CD22 
positive cells. Brentuximab vedotin is a conjugated 
monoclonal antibody with anti-CD30 activity, used in the 
treatment of Hodgkin lymphoma and anaplastic large cell 
lymphoma (Capitini et al., 2014). Rituximab, one of the 
first immunotherapy agents used in pediatric oncology, is 
an anti-CD20 monoclonal antibody used to treat Epstein 
Barr Virus associated posttransplant lymphoproliferative 
disorders, lymphocyte predominant Hodgkin lymphoma, 
diffuse large B-cell lymphoma and Burkitt lymphoma 
(Meinhardt et  al., 2010). Dinutuximab is a chimeric 
monoclonal antibody that targets GD2 expressed in 
human neuroblastoma cells. This drug, in combination 
with traditional treatment modalities, has increased the 
2-year event free survival for high-risk neuroblastoma, 
and is now included as standard of care in metastatic neu-
roblastoma following autologous stem cell transplant 
(Capitini et al., 2014; Meinhardt et al., 2010).

With the increased use of immunotherapy in pediat-
ric oncology, and the varying mechanisms of action for 
each agent, it is important for nurses to be aware of the 
unique toxicity profiles associated with this therapeutic 
modality. Therefore, the purpose of this evidence-based 
practice (EBP) project was to complete a systematic 
review to: (a) identify commonly reported AEs associ-
ated with immunotherapy agents used in pediatric 
oncology and (b) generate recommendations for nursing 
care and management.

Method

In 2017, the Children’s Oncology Group (COG) Nursing 
Discipline issued a call for nursing members to partici-
pate in a mentored EBP project. Four nurses (3 nurse 
practitioners and 1 nurse scientist with active clinical 
practice) were selected through a competitive review pro-
cess to join an EBP team examining commonly reported 
AEs associated with selected immunotherapy agents. The 
team was led by a PhD-prepared nurse with experience in 
completing systematic reviews for EBP-related projects.

PICO Question Development

The topic for this systematic review was chosen to align 
with the COG Nursing Discipline’s blueprint for nursing 
research (Landier et al., 2013). Addressing illness-related 
distress remains a current area of focus for COG Nursing 
that guided the development of the following Population, 
Intervention, Comparison, Outcome (PICO) question 
(Melnyk et al., 2010): “Among pediatric oncology patients 
receiving immunotherapy agents (dinutuximab, rituximab, 
brentuximab, inotuzumab, and blinatumomab), what ther-
apy-associated toxicities are commonly reported?” The 
five agents included in this review were chosen based on 
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(a) their current or recent use in pediatric oncology clinical 
trials and (b) availability of published literature. For the 
purposes of this article, “commonly reported” toxicities 
were defined as the five most frequent Grades 3 to 5 AEs 
reported within each included study.

Literature Search Strategy

A health science informationist, with expertise in con-
ducting systematic reviews, used the PICO question to 
construct and complete a literature search, with input 
from the clinical team. In October 2018, three databases 
were searched (PubMed, Embase, and Web of Science 
Core Collection) to identify relevant articles. The 
Cochrane Childhood Cancer review group website was 
hand searched. The Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses recommenda-
tions were used to guide the review process (Moher 
et al., 2009).

Articles were included if published in English between 
January 1, 2003 and October 31, 2018. The searches 
combined controlled vocabulary supplemented with key-
words related to the concepts of childhood (e.g., pediat-
ric, child, infant), oncology (e.g., neoplasm, cancer, 
carcinoma, malignancy), immunotherapy/antibody ther-
apy (e.g., antineoplastic agents, monoclonal antibodies), 
and therapy-associated toxicities (e.g., drug-related side 
effects, toxicity, adverse effects). Inclusion criteria were 
as follows: age range of birth to 25 years old, humans, 
and studies involving single immunotherapy agents or 
studies with immunotherapy in combination with tradi-
tional chemotherapy. The date range of 15 years was cho-
sen to capture the early immunotherapy studies conducted 
in pediatric oncology. Case reports and literature reviews 
were filtered out of the search strategy as they did not 
provide the level of detail (i.e., number or frequency) 
needed to determine the most commonly occurring AEs. 
“Nephrotic syndrome” was added as an exclusion crite-
rion, as this condition may be treated with rituximab. Full 
search strategy details are provided in online supplemen-
tary materials.

A total of 635 articles were identified (629 through 
database searches and 6 additional articles through ref-
erence list reviews of open COG clinical trials). 
Duplicate articles (127) were excluded, leaving a total 
of 508 articles to undergo inclusion/exclusion evalua-
tion. Twenty-five articles remainedeligible for full text 
review. Articles that included both pediatric and adult 
populations, but without distinguishing the AE reports 
by age, were excluded. Eight articles were excluded 
during the full text review phase, leaving 17 that met all 
eligibility criteria. See Figure 1 for the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses flow diagram.

Evidence Review Method

Team members met in person at the start of the project, 
during an EBP workshop at Duke University, and again 
during an annual COG member meeting. Additionally, 
team conference calls were held 1 to 2 times per month 
for 18 months to discuss identified articles and resolve 
any conflicts related to article evaluations. Rayyan, a 
web-based systematic review tool, was used by team 
members to review the title and abstract for each citation 
and to clearly document review decisions related to 
inclusion/exclusion criteria (Ouzzani et  al., 2016). To 
reduce bias, a minimum of two team members plus the 
project mentor reviewed each article. Matrix tables were 
completed independently, by each assigned reviewer, 
and discussed during team calls. The matrix tables were 
used to extract information related to the study design, 
number of participants, cancer treatment medications 
used within the study, reported AEs and their associated 
frequency and severity (if reported). The team also eval-
uated the quality of the articles based on the Grading of 
Recommendations Assessment, Development, and 
Evaluation (GRADE) tool (Guyatt et  al., 2011). The 

Figure 1.  PRISMA flow diagram for the systematic review.
Note. PRISMA = Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses.
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criteria for the appraisal of the article’s quality level 
included evaluations related to the study design, method-
ological flaws, inconsistency, indirectness, effect size, 
and publication bias. A quality rating (High, Moderate, 
Low, or Very Low) was generated for each article with 
the level being decreased when threats to quality were 
identified. Some, but not all, of the included studies were 
clinical trials that were categorized by phase (i.e., Phases 
1, 2, or 3). This article describes the research design (not 
the study phase) for each included article, as the research 
design is used in evaluating the GRADE of each article. 
Therefore, quasi-experimental study designs refer to tri-
als in which participants received an intervention (study 
drug) in a nonrandomized manner. The study mentor 
suggested edits and provided a final review of all devel-
oped matrix tables. Findings from all articles were used 
to generate practice recommendations which were scored 
for strength (strong vs. weak) per the GRADE criteria. 
The strength of the recommendation indicates the level 
of confidence that “adherence [to the recommendation] 
will do more good than harm” (Atkins et  al., 2004). 
Discrepancies, among reviewers, were discussed with 
the full team until consensus was reached.

Results

Summary of Articles

The 17 articles retained in this review consisted of three 
randomized controlled trials (RCTs), 11 quasi-experimen-
tal studies and 3 retrospective studies. Five studies 
reported AEs in protocols that contained dinutuximab 
(Marachelian et  al., 2016; Mody et  al., 2017; Mueller 
et al., 2018; Ozkaynak et al., 2018; Yu et al., 2010), five 
included rituximab (Bilic et  al., 2010; Goldman et  al., 
2014; Griffin et  al., 2009; Meinhardt et  al., 2010; 
Samochatova et  al., 2014), four included brentuximab 
(Cole et al., 2018; Faulk et al., 2018; Flerlage et al., 2016; 
Locatelli et al., 2018), two included inotuzumab (Bhojwani 
et al., 2019; Rytting et al., 2014) and one included blinatu-
momab (von Stackelberg et al., 2016). The sample size, 
per study, ranged from 5 to 226 (mean 57; median 43). 
Most studies (n = 15) reported using the National Cancer 
Institute’s Common Terminology Criteria for Adverse 
Events for grading AEs (National Cancer Institute, 2013).

Dinutuximab.  Overall, a strong level of evidence was 
available across five studies to support AEs associated 
with dinutuximab in three RCTs and two quasi-experi-
mental studies (Table 1). Pain and fever were reported 
across all studies as two of the most commonly occurring 
AEs associated with this immunotherapy agent. Regard-
ing pain, two studies (Mueller et  al., 2018; Yu et  al., 
2010) specified “neuropathic pain” in relationship to the 
graded AE. Of note, studies published prior to this agent 

obtaining Food and Drug Administration approval and 
designation as dinutuximab, use the term “Ch14.18” to 
refer to the study drug.

Rituximab.  Overall, a moderate level of evidence was 
available across five quasi-experimental studies to sup-
port commonly occurring AEs with the use of rituximab in 
combination with chemotherapy (Table 2). One study 
(Meinhardt et  al., 2010) utilized rituximab as a single 
agent for 5 days prior to chemotherapy, with the other four 
studies using rituximab combined with chemotherapy 
throughout treatment. Infection was reported as a fre-
quently occurring AE in three out of the five studies per-
taining to use of rituximab in children with cancer (Bilic 
et al., 2010; Goldman et al., 2014; Griffin et al., 2009). 
Another study (Samochatova et al., 2014) did not report 
infection as a frequently occurring AE but did report low 
serum Immunoglobin (Ig) levels in 55% of treated chil-
dren. Low serum Ig levels have been associated with an 
increased risk for infection (Barmettler et al., 2018).

Hypersensitivity-related AEs were also reported in 
two of the five studies in children receiving rituximab 
(Griffin et al., 2009; Samochatova et al., 2014). Reported 
symptoms related to hypersensitivity included “urticar-
ial,” “broncho-obstruction,” “fever,” and “allergy/hyper-
sensitivity reactions.”

Brentuximab.  Overall, a moderate level of evidence was 
available across four studies to support AEs occurring in 
three quasi-experimental and one retrospective study uti-
lizing brentuximab (Table 3). Three studies used this drug 
in combination with chemotherapy, while one study 
(Locatelli et al., 2018) used the drug as a single agent in a 
dose escalation trial. There was a moderate level of evi-
dence related to neutropenia as a commonly occurring 
AE associated with brentuximab (reported in 3 of the 4 
included studies). An additional article reported a low 
level of evidence related to a unique AE—an increased 
risk for pulmonary toxicity—when brentuximab was 
administered in combination with chemotherapy (Faulk 
et al., 2018).

Inotuzumab.  Two studies presented a low level of evi-
dence for AEs commonly reported in studies utilizing 
inotuzumab (Table 4). Both were retrospective studies 
using inotuzumab as a single agent. Of note, both studies 
included patients that had been heavily pre-treated on 
prior protocols with one study (Bhojwani et  al., 2019) 
including patients receiving inotuzumab through a com-
passionate use protocol. Secondary to the small number 
of subjects included in these studies, the low level of evi-
dence, and the inconsistency in the most frequently 
reported AEs in each study, no conclusions could be 
confidently drawn related to the most commonly occur-
ring AEs associated with this agent.
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Blinatumomab.  One single agent, dose escalation study 
provided a moderate level of evidence for AEs associ-
ated with blinatumomab (Table 5). In this study (von 
Stackelberg et  al., 2016) anemia, thrombocytopenia, 
febrile neutropenia, hypokalemia, and neutropenia were 
the most frequently reported AEs. Only 8 of the 70 
patients (11%) in the reviewed study experienced any 
grade of cytokine release syndrome, which did not meet 
our definition of a “commonly occurring” AE for the 

purposes of this review. Additional discussion on this 
important point occurs under study limitations.

Practice Recommendations

Recommendation 1.  There is a strong recommendation, 
based on a strong level of evidence, to anticipate, assess, 
and manage pain and fever in children with neuroblastoma 
receiving therapy containing dinutuximab.

Table 1.  Evidence Summary for Dinutuximab.

Author  
(year)

Study design 
(number of subjects)

Single agent or 
combination

Most frequently  
reported AEs

Evidence 
GRADE

Marachelian et al. 
(2016)

Randomized, cross 
over study (28)

Combination Fever (46.3%), pain: reported as pain, pain in 
extremity, and abdominal pain (31.5%), anemia 
(27.8%), hypokalemia (25.9%), hyponatremia 
(18.5%)

Strong

Mody et al. (2017) RCT (35) Combination Pain (44%), hypokalemia (38%), neutropenia 
(25%), thrombocytopenia (25%), anemia (25%), 
fever with infection (25%), and Hypoxia (25%)

Strong

Mueller et al. 
(2018)

Quasi-experimental 
(53)

Combination Neuropathic pain (37.7%), pruritus (15.1%), 
cough (15.1%), capillary leak (13.2%), Fever 
(9.4%)

Moderate

Ozkaynak et al. 
(2018)

Quasi-experimental 
(105)

Combination Pain (29.2%), allergic reactions (5.4%), capillary 
leak (1.4%), hypotension (10.6%), fever (24.6%)

Moderate

Yu et al .(2010) RCT (226) Combination Neuropathic pain (52%), infection (39%), fever 
without neutropenia (39%), hypokalemia (35%), 
hypersensitivity reaction (25%)

Strong

Note. Terminology for the listed AEs came directly from the articles and were reported as Grades 3 or 4 events. GRADE = Grading of 
Recommendations Assessment, Development, and Evaluation; AEs = adverse events; RCT = randomized controlled trial.

Table 2.  Evidence Summary for Rituximab.

Author  
(year)

Study design  
(number of subjects)

Single agent or 
combination

Most frequently  
reported AEs

Evidence 
GRADE

Bilic et al. (2010)a Quasi-experimental (7) Combination Mucositis (100%), oral fungal infection (100%) Low
Meinhardt et al. 

(2010)
Quasi-experimental 

(136)
Single agent 

for 5 days 
prior to 
combination 
therapy

Grades 3-4: Pain: included headache, myalgia, 
arthralgia, and “other” (25.1%); fatigue 
(18.4%); decreased hemoglobin (15.5%); ALT/
AST elevation (11.8%); decreased platelets 
(8.1%)

Moderate

Griffin et al. 
(2009)

Quasi-experimental 
(20)

Combination Grades 3-4: Vomiting (35%), infection (30%), 
nausea (25%), hypokalemia (25%), decreased 
platelets (25%), allergy/hypersensitivity (25%)

Moderate

Goldman et al. 
(2014)

Quasi-experimental 
(40)

Combination Grades 3-4: Infection (49%), mucositis (19%), 
transaminitis (18%), anorexia (14.6%), and 
pain (13%)

Moderate

Samochatova 
et al. (2014)a

Quasi- experimental 
(83)

Combination Serum Ig below 5g/L (55.4%), symptoms 
grouped together: headache, fever, nasal 
congestion and urticaria (30.1% during first 
cycle); Broncho-obstruction responsive to 
bronchodilators (6%), hypotension (1.2%)

Moderate

Note. AEs = adverse events; ALT = alanine aminotransferase; AST = aspartate transaminase; Ig = immunoglobin; GRADE = Grading of 
Recommendations Assessment, Development, and Evaluation.
aGrade of AEs not reported. Terminology for the listed AEs came directly from the articles.
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Recommendation 2.  There is a strong recommendation, 
based on a moderate level of evidence, for awareness of 
increased infection risks in children receiving rituximab 
as treatment for cancer. Infection risks should be antici-
pated for children receiving rituximab, including ritux-
imab in combination with chemotherapy, and preventative 
actions should be taken per local institutional practices 
and/or clinical trial protocols.

Recommendation 3.  There is a strong recommendation, 
based on a moderate level of evidence, to anticipate and 
monitor hypersensitivity-related reactions in children 
receiving rituximab during cancer therapy. Familiarity 
with local institutional or clinical trial-specified use of 

prophylactic medications, such as administration of acet-
aminophen or diphenhydramine pre-rituximab infusion, 
is warranted.

Recommendation 4.  There is a strong recommendation, 
based on a moderate level of evidence, for nurses to be 
aware of the differing AE profiles associated with indi-
vidual immunotherapy agents.

Discussion

The primary objective of this review was to describe ther-
apy-associated toxicities commonly reported for immu-
notherapy agents frequently used in pediatric oncology. 

Table 3.  Evidence Summary for Brentuximab.

Author (year)
Study design 

(number of subjects)
Single agent or 
combination

Most frequently  
reported AEs

Evidence 
GRADE

Cole et al. 
(2018)

Quasi-experimental 
(45)

Combination Grades 3-4: Decreased neutrophil count (44.5%), 
transaminitis (27.5%), decreased white blood cell 
count (24.5%), decreased platelets (18%), rash (7%)

Moderate

Faulk et al. 
(2018)a

Retrospective study 
(19)

Combination Odds of pulmonary toxicity four times higher in pts 
receiving brentuximab in addition to chemo

Low

Flerlage et al. 
(2016)

Quasi-experimental 
(16)

Combination Grades 3-4: Neutropenia (81.3%), leukopenia (75%), 
stomatitis (6.3%), and anemia (6.3%)

Moderate

Locatelli et al. 
(2018)

Dose escalation (36) Single Grades 3-4: Neutropenia (11%), increased 
transpeptidase (6%), pyrexia (6%)

Moderate

Note. AEs = adverse events; GRADE = Grading of Recommendations Assessment, Development, and Evaluation.
aGrade of AEs not reported.

Table 4.  Evidence Summary for Inotuzumab.

Author  
(year)

Study design  
(number of subjects)

Single agent or 
combination

Most frequently  
reported AEs

Evidence 
GRADE

Bhojwani et al. 
(2019)

Retrospective study 
(51)

Single Grades 3-4: Infection (19.6%), febrile neutropenia 
(11.8%), electrolyte disturbances (5.9%), ALT 
increase (5.9%), infusion reaction (3.9%)

Low

Rytting et al. 
(2014)

Retrospective study 
(5)

Single One patient experienced Grade 5 sepsis. One patient 
experienced a perianal fissurea

Very low

Note. AEs = adverse events; ALT = alanine aminotransferase; GRADE = Grading of Recommendations Assessment, Development, and 
Evaluation.
aGrade of AE not reported.

Table 5.  Evidence Summary for Blinatumomab.

Author  
(year)

Study design  
(number of subjects)

Single agent or 
combination

Most frequently  
reported AEs

Evidence 
GRADE

von Stackelberg 
et al. (2016)

Dose escalation (70) Single Grades 3-4: Anemia (36%), 
thrombocytopenia (21%), febrile 
neutropenia (17%), hypokalemia (17%), 
neutropenia (17%)

Moderate

Note. AEs = adverse events; GRADE = Grading of Recommendations Assessment, Development, and Evaluation.
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Our systematic review encompassed 17 articles that 
detailed information related to the five agents selected for 
inclusion in our search. Two agents, dinutuximab and 
rituximab, had stronger levels of evidence available to 
answer the PICO question, perhaps secondary to the fact 
that these agents have been utilized longer in pediatric 
oncology.

Fever and pain are well-documented toxicities occur-
ring with dinutuximab. As such, clinicians should antici-
pate their occurrence and have plans in place for 
assessment and management. Protocol-related care to 
minimize and manage fever and pain may be dictated in 
a clinical trial using dinutuximab. Institutions using 
dinutuximab outside of a clinical trial setting should 
have policies in place to optimize evidence-based care 
directed toward anticipating and minimizing pain and 
fever in children receiving this agent.

This review identified infections as commonly 
reported AEs in children receiving rituximab as part of 
their cancer therapy. This finding is consistent with stud-
ies in adult oncology where 4% of patients receiving 
rituximab as monotherapy, and 30% to 50% of patients 
receiving rituximab in combination with chemotherapy, 
developed bacterial, or viral infections (Salles et  al., 
2017). The increased risk of infection associated with 
rituximab is secondary to B-cell depletion which may 
persist for multiple weeks following administration 
(Abulayha et  al., 2010; Grillo-Lopez et  al., 2002). 
Clinicians should be aware of the increased risk for infec-
tions when rituximab is included in a treatment regimen 
and follow local institutional or protocol-specific guide-
lines for prophylactic management, which may include 
monitoring of B-cell and Immunoglobulin G (IgG) levels 
and administration of intravenous immunoglobulin 
(IVIG) or prophylactic antibiotics when rituximab is 
given in combination with chemotherapy.

For the rituximab studies included in this review, 
AEs related to infection were reported to occur more 
commonly than hypersensitivity reactions. This finding 
differs somewhat from the adult literature, which 
reports infusion-related reactions as the most com-
monly occurring AE associated with rituximab (Salles 
et  al., 2017). It is possible that hypersensitivity reac-
tions during infusion were of lesser severity and/or fre-
quency in children who participated in the included 
studies, secondary to the implementation of pre-medi-
cation regimens which included acetaminophen or 
paracetamol and diphenhydramine prior to administer-
ing rituximab. Premedications were detailed in four of 
the five studies, with the remaining study (Samochatova 
et  al., 2014), noting “supportive care” pre-rituximab 
infusion. Hypersensitivity reactions are well docu-
mented with this agent, and thus warrant awareness and 
consideration for management (Guan et al., 2015).

Brentuximab, inotuzumab, and blinatumomab are newer 
agents and therefore less evidence was available to address 
the PICO question. This review provides preliminary evi-
dence of commonly occurring AEs associated with immu-
notherapy agents frequently utilized in pediatric oncology. 
The literature suggests that there are unique toxicity pro-
files associated with different immunotherapy agents, with 
variations present even within subcategories such as mono-
clonal antibodies. Secondary to the identified agent specific 
toxicities noted in this review, a strong recommendation 
was made for nurses to become familiar with individual 
toxicity profiles associated with the immunotherapy agents 
commonly utilized in their practice settings. Of note, toxic-
ity profiles may change over time with increased use of the 
agents.

Immunotherapy is rapidly emerging as an effective 
therapeutic approach in oncology (Boyiadzis et al., 2016). 
The growing adoption of immunotherapy is partly due to 
the reduction in toxic side effects when compared with 
chemotherapy (Landau, 2019). Even so, these therapies, 
as demonstrated in this review, have significant toxicities. 
It has recently been suggested that institutions and prac-
tice sites using these agents should work to establish mul-
tidisciplinary teams with the purpose of identifying and 
managing AEs related to immunotherapy agents (The 
ASCO Post, 2019). Nurses would be important members 
of teams developed for this purpose, as they are often the 
frontline caregivers for patients and as they are tasked 
with providing anticipatory guidance during patient/fam-
ily education (Rodgers et al., 2016), which includes top-
ics such as commonly occurring treatment-related AEs.

This review had several limitations. First, many of the 
included articles only reported higher level toxicities 
(Grades 3-5) and three articles reported toxicities without 
including specific grading for the events. This limited our 
ability to comment on the most commonly occurring tox-
icities overall as it is possible that lower grade toxicities 
(Grades 1-2) occurred with greater frequency. There are 
also additional immunotherapy-related toxicities that the 
nurse should be aware of, such as cytokine release syn-
drome associated with blinatumomab, that were noted in 
our review but did not occur with sufficient frequency to 
be listed as a commonly occurring toxicity. Cytokine 
release syndrome, associated with immunotherapy agents, 
is a significant and potentially life-threatening AE (Lee 
et  al., 2014). Although not a frequently occurring AE, 
nurses should be aware of the association between cyto-
kine release syndrome and specific immunotherapy agents 
so that appropriate monitoring/intervention can occur.

Additionally, this review found only a small number 
of published manuscripts in pediatric oncology, which 
detailed AEs associated with dinutuximab, blinatu-
momab, rituximab, inotuzumab ozogamicin, and bren-
tuximab vedotin. Within the 17 included studies, 10 
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contained sample sizes of fewer than 50 patients and 
only three studies were RCTs. The remaining studies 
were quasi-experimental or retrospective studies that 
yielded a moderate to low level of evidence. Secondary 
to these limitations, it is possible that future studies will 
yield more robust information that could change the 
reported AEs commonly associated with these agents. 
Even with these identified limitations, this review pro-
vides evidence for distinct toxicity profiles associated 
with frequently used monoclonal antibody immunother-
apy agents in pediatric oncology.

Conclusion

Nurses provide direct care to patients receiving immu-
notherapy across inpatient and outpatient treatment set-
tings and are therefore well positioned to be among the 
first to identify and respond to treatment-associated 
AEs specific to these agents. Awareness of commonly 
occurring AEs can ultimately lead to reduced illness-
related distress in children receiving immunotherapy. 
Knowledge of immunotherapy-specific AEs is also 
warranted in order to provide safe, effective, and evi-
dence-based care to patients receiving these newer and 
innovative therapies (Bayer et al., 2017). As more evi-
dence becomes available, it will be important for clini-
cians to work toward developing and refining toxicity 
profile information specific to individual immunother-
apy agents. This type of drug-specific information will 
hold great value in educating new team members work-
ing with patients receiving these agents. Equally impor-
tant, this information would be useful for developing 
patient/family educational resources to assist families 
with anticipating and/or identifying commonly occur-
ring AEs related to immunotherapy.

Acknowledgments

The authors would like to thank Dr. Peter Adamson, Dr. 
Wendy Landier and Sue Zupanec for their early input into the 
conceptualization of this article and for their final review of 
this work.

Declaration of Conflicting Interests

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

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this arti-
cle: This work was supported by the National Clinical Trials 
(NCTN) Network Operations Center Grant (U10CA180886; 
PI-Adamson).

ORCID iDs

Janice S. Withycombe  https://orcid.org/0000-0002-3042-9049

Aimee Carlson  https://orcid.org/0000-0003-3634-4094

Sharon Leslie  https://orcid.org/0000-0002-6597-977X

Micah Skeens  https://orcid.org/0000-0001-6786-8128

Elizabeth A. Duffy  https://orcid.org/0000-0001-5038-803X

Supplemental Material

Supplemental material for this article is available online.

References

Abbott, M., & Ustoyev, Y. (2019). Cancer and the immune 
system: The history and background of immunotherapy. 
Seminars in Oncology Nursing, 35(5), Article 150923. 
https://doi.org/10.1016/j.soncn.2019.08.002

Abulayha, A. M., Tabal, S. A., Shawesh, E. I., Elbasir, M. A., 
Elbanani, A. S., Lamami, Y. M., & Bredan, A. (2010). 
Depletion of peripheral blood B cells with Rituximab and 
phenotype characterization of the recovering population in a 
patient with follicular lymphoma. Leukemia Research, 34(3), 
307-311. https://doi.org/10.1016/j.leukres.2009.06.005

Atkins, D., Best, D., Briss, P. A., Eccles, M., Falck-Ytter, Y., 
Flottorp, S., Guyatt, G. H., Harbour, R. T., Haugh, M. 
C., Henry, D., Hill, S., Jaeschke, R., Leng, G., Liberati, 
A., Magrini, N., Mason, J., Middleton, P., Mrukowicz, 
J., O’Connell, D., . . . GRADE Working Group. (2004). 
Grading quality of evidence and strength of recommenda-
tions. British Medical Journal, 328(7454), Article 1490. 
https://doi.org/10.1136/bmj.328.7454.1490

Barmettler, S., Ong, M. S., Farmer, J. R., Choi, H., & Walter, 
J. (2018). Association of immunoglobulin levels, infec-
tious risk, and mortality with rituximab and hypogamma-
globulinemia. JAMA Network Open, 1(7), Article e184169. 
https://doi.org/10.1001/jamanetworkopen.2018.4169

Bayer, V., Amaya, B., Baniewicz, D., Callahan, C., Marsh, 
L., & McCoy, A. S. (2017). Cancer immunotherapy: An 
evidence-based overview and implications for practice. 
Clinical Journal of Oncology Nursing, 21(2 Suppl.), 13-21. 
https://doi.org/10.1188/17.CJON.S2.13-21

Bhojwani, D., Sposto, R., Shah, N. N., Rodriguez, V., Yuan, 
C., Stetler-Stevenson, M., O’Brien, M. M., McNeer, J. L., 
Quereshi, A., Cabannes, A., Schlegel, P., Rossig, C., Dalla-
Pozza, L., August, K., Alexander, S., Bourquin, J. P., Zwaan, 
M., Raetz, E. A., Loh, M. L., & Rheingold, S. R. (2019). 
Inotuzumab ozogamicin in pediatric patients with relapsed/
refractory acute lymphoblastic leukemia. Leukemia, 33(4), 
884-892. https://doi.org/10.1038/s41375-018-0265-z

Bilic, E., Femenic, R., Konja, J., Simat, M., Dubravcic, K., 
Batinic, D., Ries, S., & Rajic, L. (2010). CD20 positive child-
hood B-non Hodgkin lymphoma (B-NHL): Morphology, 
immunophenotype and a novel treatment approach: a sin-
gle center experience. Collegium Antropologicum, 34(1), 
171-175. https://hrcak.srce.hr/file/78512

Boyiadzis, M., Bishop, M. R., Abonour, R., Anderson, K. C., 
Ansell, S. M., Avigan, D., Barbarotta, L., Barrett, A. J., Van 

https://orcid.org/0000-0002-3042-9049
https://orcid.org/0000-0003-3634-4094
https://orcid.org/0000-0002-6597-977X
https://orcid.org/0000-0001-6786-8128
https://orcid.org/0000-0001-5038-803X
https://doi.org/10.1016/j.soncn.2019.08.002
https://doi.org/10.1016/j.leukres.2009.06.005
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1001/jamanetworkopen.2018.4169
https://doi.org/10.1188/17.CJON.S2.13-21
https://doi.org/10.1038/s41375-018-0265-z
https://hrcak.srce.hr/file/78512


24	 Journal of Pediatric Oncology Nursing 38(1)

Besien, K., Bergsagel, P. L., Borrello, I., Brody, J., Brufsky, 
J., Cairo, M., Chari, A., Cohen, A., Cortes, J., Forman, S. 
J., Friedberg, J. W., .  .  . Dhodapkar, M. V. (2016). The 
Society for Immunotherapy of Cancer consensus statement 
on immunotherapy for the treatment of hematologic malig-
nancies: Multiple myeloma, lymphoma, and acute leuke-
mia. Journal for Immunotherapy of Cancer, 4(1), Article 
90. https://doi.org/10.1186/s40425-016-0188-z

Capitini, C. M., Otto, M., DeSantes, K. B., & Sondel, P. M. 
(2014). Immunotherapy in pediatric malignancies: Current 
status and future perspectives. Future Oncology, 10(9), 
1659-1678. https://doi.org/10.2217/fon.14.62

Cole, P. D., McCarten, K. M., Pei, Q., Spira, M., Metzger, M. 
L., Drachtman, R. A., Horton, T. M., Bush, R., Blaney, S. 
M., Weigel, B. J., & Kelly, K. M. (2018). Brentuximab 
vedotin with gemcitabine for paediatric and young adult 
patients with relapsed or refractory Hodgkin’s lymphoma 
(AHOD1221): A Children’s Oncology Group, multicentre 
single-arm, phase 1-2 trial. Lancet Oncology, 19(9), 1229-
1238. https://doi.org/10.1016/S1470-2045(18)30426-1

Faulk, K. E., Sopfe, J. M., Campbell, K., Liptzin, D. R., Liu, A. 
K., Franklin, A. R. K., & Cost, C. R. (2018). Pulmonary 
toxicity in paediatric patients with relapsed or refrac-
tory Hodgkin lymphoma receiving brentuximab vedotin. 
British Journal of Haematology, 183(2), 251-256. https://
doi.org/10.1111/bjh.15586

Flerlage, J. E., Metzger, M. L., Wu, J., & Panetta, J. C. (2016). 
Pharmacokinetics, immunogenicity, and safety of weekly 
dosing of brentuximab vedotin in pediatric patients 
with Hodgkin lymphoma. Cancer Chemotherapy and 
Pharmacology, 78(6), 1217-1223. https://doi.org/10.1007/ 
s00280-016-3180-x

Goldman, S., Smith, L., Galardy, P., Perkins, S. L., Frazer, J. 
K., Sanger, W., Anderson, J. R., Gross, T. G., Weinstein, 
H., Harrison, L., Shiramizu, B., Barth, M., & Cairo, M. 
S. (2014). Rituximab with chemotherapy in children and 
adolescents with central nervous system and/or bone mar-
row-positive Burkitt lymphoma/leukaemia: A Children’s 
Oncology Group Report. British Journal of Haematology, 
167(3), 394-401. https://doi.org/10.1111/bjh.13040

Griffin, T. C., Weitzman, S., Weinstein, H., Chang, M., Cairo, 
M., Hutchison, R., Shiramizu, B., Wiley, J., Woods, D., 
Barnich, M., Gross, T. G., & Children’s Oncology Group. 
(2009). A study of rituximab and ifosfamide, carboplatin, 
and etoposide chemotherapy in children with recurrent/
refractory B-cell (CD20+) non-Hodgkin lymphoma and 
mature B-cell acute lymphoblastic leukemia: A report 
from the Children’s Oncology Group. Pediatric Blood & 
Cancer, 52(2), 177-181. https://doi.org/10.1002/pbc.21753

Grillo-Lopez, A. J., Hedrick, E., Rashford, M., & Benyunes, 
M. (2002). Rituximab: Ongoing and future clinical devel-
opment. Seminars in Oncology, 29(1 Suppl. 2), 105-112. 
https://doi.org/10.1053/sonc.2002.30145

Guan, M., Zhou, Y. P., Sun, J. L., & Chen, S. C. (2015). Adverse 
events of monoclonal antibodies used for cancer therapy. 
Biomed Research International, 2015, Article 428169. 
https://doi.org/10.1155/2015/428169

Guyatt, G., Oxman, A. D., Akl, E. A., Kunz, R., Vist, G., 
Brozek, J., Norris, S., Falck-Ytter, Y., Glasziou, P., 

DeBeer, H., Jaeschke, R., Rind, D., Meerpohl, J., Dahm, 
P., & Schunemann, H. J. (2011). GRADE guidelines: 1. 
Introduction-GRADE evidence profiles and summary of 
findings tables. Journal of Clinical Epidemiology, 64(4), 
383-394. https://doi.org/10.1016/j.jclinepi.2010.04.026

Huehls, A. M., Coupet, T. A., & Sentman, C. L. (2015). 
Bispecific T-cell engagers for cancer immunotherapy. 
Immunology & Cell Biology, 93(3), 290-296. https://doi.
org/10.1038/icb.2014.93

Landau, D. (2019). Why advances in immunotherapy mean the 
golden age of oncology. Oncology Times, 41(13), 24, 32. 
https://doi.org/10.1097/01.Cot.0000574936.15457.93

Landier, W., Leonard, M., & Ruccione, K. S. (2013). Children’s 
Oncology Group’s 2013 blueprint for research: Nursing 
discipline. 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 cyto-
kine release syndrome. Blood, 124(2), 188-195. https://doi.
org/10.1182/blood-2014-05-552729

Locatelli, F., Mauz-Koerholz, C., Neville, K., Llort, A., 
Beishuizen, A., Daw, S., Pillon, M., Aladjidi, N., Klingebiel, 
T., Landman-Parker, J., Medina-Sanson, A., August, K., 
Sachs, J., Hoffman, K., Kinley, J., Song, S., Song, G., Zhang, 
S., Suri, A., & Gore, L. (2018). Brentuximab vedotin for 
paediatric relapsed or refractory Hodgkin’s lymphoma and 
anaplastic large-cell lymphoma: A multicentre, open-label, 
phase 1/2 study. Lancet Haematology, 5(10), e450-e461. 
https://doi.org/10.1016/S2352-3026(18)30153-4

Marachelian, A., Desai, A., Balis, F., Katzenstein, H., Qayed, 
M., Armstrong, M., Neville, K. A., Cohn, S. L., Bush, M., 
Gunawan, R., Lim, A. P., Smith, M. A., & Smith, L. M. 
(2016). Comparative pharmacokinetics, safety, and toler-
ability of two sources of ch14.18 in pediatric patients with 
high-risk neuroblastoma following myeloablative therapy. 
Cancer Chemotherapy and Pharmacology, 77(2), 405-412. 
https://doi.org/10.1007/s00280-015-2955-9

Meinhardt, A., Burkhardt, B., Zimmermann, M., Borkhardt, 
A., Kontny, U., Klingebiel, T., Berthold, F., Janka-Schaub, 
G., Klein, C., Kabickova, E., Klapper, W., Attarbaschi, 
A., Schrappe, M., Reiter, A., & Berlin-Frankfurt-Munster 
Group. (2010). Phase II window study on rituximab in newly 
diagnosed pediatric mature B-cell non-Hodgkin’s lymphoma 
and Burkitt leukemia. Journal of Clinical Oncology, 28(19), 
3115-3121. https://doi.org/10.1200/JCO.2009.26.6791

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. 
American Journal of Nursing, 110(1), 51-53. https://doi.
org/10.1097/01.NAJ.0000366056.06605.d2

Mody, R., Naranjo, A., Van Ryn, C., Yu, A. L., London, W. 
B., Shulkin, B. L., Parisi, M. T., Servaes, S. E., Diccianni, 
M. B., Sondel, P. M., Bender, J. G., Maris, J. M., Park, J. 
R., & Bagatell, R. (2017). Irinotecan-temozolomide with 
temsirolimus or dinutuximab in children with refractory 
or relapsed neuroblastoma (COG ANBL1221): An open-
label, randomised, phase 2 trial. Lancet Oncology, 18(7), 
946-957. https://doi.org/10.1016/S1470-2045(17)30355-8

https://doi.org/10.1186/s40425-016-0188-z
https://doi.org/10.2217/fon.14.62
https://doi.org/10.1016/S1470-2045(18)30426-1
https://doi.org/10.1111/bjh.15586
https://doi.org/10.1111/bjh.15586
https://doi.org/10.1007/s00280-016-3180-x
https://doi.org/10.1007/s00280-016-3180-x
https://doi.org/10.1111/bjh.13040
https://doi.org/10.1002/pbc.21753
https://doi.org/10.1053/sonc.2002.30145
https://doi.org/10.1155/2015/428169
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1038/icb.2014.93
https://doi.org/10.1038/icb.2014.93
https://doi.org/10.1097/01.Cot.0000574936.15457.93
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/10.1016/S2352-3026(18)30153-4
https://doi.org/10.1007/s00280-015-2955-9
https://doi.org/10.1200/JCO.2009.26.6791
https://doi.org/10.1097/01.NAJ.0000366056.06605.d2
https://doi.org/10.1097/01.NAJ.0000366056.06605.d2
https://doi.org/10.1016/S1470-2045(17)30355-8


Withycombe et al.	 25

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Group, P. 
(2009). Preferred reporting items for systematic reviews and 
meta-analyses: The PRISMA statement. British Medical 
Journal, 339, Article b2535. https://doi.org/10.1136/bmj.
b2535

Mueller, I., Ehlert, K., Endres, S., Pill, L., Siebert, N., Kietz, 
S., Brock, P., Garaventa, A., Valteau-Couanet, D., Janzek, 
E., Hosten, N., Zinke, A., Barthlen, W., Varol, E., Loibner, 
H., Ladenstein, R., & Lode, H. N. (2018). Tolerability, 
response and outcome of high-risk neuroblastoma patients 
treated with long-term infusion of anti-GD2 antibody 
ch14.18/CHO. mAbs, 10(1), 55-61. https://doi.org/10.108
0/19420862.2017.1402997

National Cancer Institute. (2013). National Cancer Institute 
guidelines for investigators: Adverse event reporting 
requirements for DCTD (CTEP and CIP) and DCP INDs 
and IDEs. National Institutes of Health. https://ctep.cancer.
gov/protocolDevelopment/electronic_applications/docs/
aeguidelines.pdf

Ouzzani, M., Hammady, H., Fedorowicz, Z., & Elmagarmid, 
A. (2016). Rayyan-a web and mobile app for systematic 
reviews. Systematic Reviews, 5(1), Article 210. https://doi.
org/10.1186/s13643-016-0384-4

Ozkaynak, M. F., Gilman, A. L., London, W. B., Naranjo, A., 
Diccianni, M. B., Tenney, S. C., Smith, M., Messer, K. 
S., Seeger, R., Reynolds, C. P., Smith, L. M., Shulkin, B. 
L., Parisi, M., Maris, J. M., Park, J. R., Sondel, P. M., & 
Yu, A. L. (2018). A comprehensive safety trial of chime-
ric antibody 14.18 With GM-CSF, IL-2, and isotretinoin in 
high-risk neuroblastoma patients following myeloablative 
therapy: Children’s Oncology Group Study ANBL0931. 
Frontiers in Immunology, 9, Article 1355. https://doi.
org/10.3389/fimmu.2018.01355

Rodgers, C. C., Stegenga, K., Withycombe, J. S., Sachse, K., 
& Kelly, K. P. (2016). Processing information after a 
child’s cancer diagnosis-how parents learn. Journal of 
Pediatric Oncology Nursing, 33(6), 447-459. https://doi.
org/10.1177/1043454216668825

Rytting, M., Triche, L., Thomas, D., O’Brien, S., & Kantarjian, 
H. (2014). Initial experience with CMC-544 (inotuzumab 
ozogamicin) in pediatric patients with relapsed B-cell acute 
lymphoblastic leukemia. Pediatric Blood & Cancer, 61(2), 
369-372. https://doi.org/10.1002/pbc.24721

Salles, G., Barrett, M., Foa, R., Maurer, J., O’Brien, S., 
Valente, N., Wenger, M., & Maloney, D. G. (2017). 
Rituximab in B-Cell hematologic malignancies: A 
review of 20 years of clinical experience. Advances in 
Therapy, 34(10), 2232-2273. https://doi.org/10.1007/
s12325-017-0612-x

Samochatova, E. V., Maschan, A. A., Shelikhova, L. N., 
Myakova, N. V., Belogurova, M. B., Khlebnikova, O. 
P., Shamardina, A. V., Ryskal, O. V., Roumiantseva, J. 
V., Konovalov, D. M., Dubrovina, M. E., & Rumyantsev, 
A. G. (2014). Therapy of advanced-stage mature B-cell 
lymphoma and leukemia in children and adolescents with 
rituximab and reduced intensity induction chemotherapy 
(B-NHL 2004M protocol): The results of a multicenter 
study. Journal of Pediatric Hematology/Oncology, 
36(5), 395-401. https://doi.org/10.1097/MPH.0b013e318 
29d4900

The ASCO Post. (2019). Multidisciplinary approach for 
addressing immunotherapy-related toxicities. https://asco-
post.com/News/60202

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, S. G., .  .  . Gore, L. 
(2016). Phase I/Phase II Study of blinatumomab in pedi-
atric patients with relapsed/refractory acute lymphoblastic 
leukemia. Journal of Clinical Oncology, 34(36), 4381-
4389. https://doi.org/10.1200/JCO.2016.67.3301

Warren, C. B. (2018). Immunotherapy in pediatric oncology: 
An overview of therapy types and nursing implications. 
Clinical Journal of Oncology Nursing, 22(6), 649-655. 
https://doi.org/10.1188/18.CJON.649-655

Wedekind, M. F., Denton, N. L., Chen, C. Y., & Cripe, T. P. 
(2018). Pediatric cancer immunotherapy: Opportunities 
and challenges. Paediatric Drugs, 20(5), 395-408. https://
doi.org/10.1007/s40272-018-0297-x

Yu, A. L., Gilman, A. L., Ozkaynak, M. F., London, W. B., 
Kreissman, S. G., Chen, H. X., Smith, M., Anderson, B., 
Villablanca, J. G., Matthay, K. K., Shimada, H., Grupp, S. 
A., Seeger, R., Reynolds, C. P., Buxton, A., Reisfeld, R. 
A., Gillies, S. D., Cohn, S. L., Maris, J. M., . . . Children’s 
Oncology Group. (2010). Anti-GD2 antibody with GM-CSF, 
interleukin-2, and isotretinoin for neuroblastoma. New 
England Journal of Medicine, 363(14), 1324-1334. https://
doi.org/10.1056/NEJMoa0911123

Author Biographies

Janice S. Withycombe, PhD, RN, MN, is an associate profes-
sor in the School of Nursing at Clemson University and a 
researcher at Bi-Lo Charities Children’s Cancer Center, 
PRISMA Health. She is the Chair of the Nursing Research 
Subcommittee within the Children’s Oncology Group.

Aimee Carlson, MSN, CPNP, CPHON, is a pediatric nurse 
practitioner at Cleveland Clinic Children’s Hospital in the 
Department of Pediatric Hematology, Oncology, and Transplant.

Carly Coleman, MSN, PNP, RN, CPHON, is a registered nurse 
on a pediatric oncology bone marrow transplant unit at Cohen 
Children’s Medical Center.

Sharon L. Leslie, MSLS, AHIP, is the nursing informationist 
at the Woodruff Health Sciences Center Library at Emory 
University.

Micah Skeens, PhD, RN, PNP, is a nurse scientist at Nationwide 
Children’s Hospital. She currently serves as the Chair of the 
Nursing Clinical Trials Subcommittee for the Children’s 
Oncology Group.

Hanna Tseitlin, MN, PNP, CPHON, is a pediatric nurse practi-
tioner at McMaster Children’s Hospital in the Department of 
Pediatric Hematology/Oncology.

Elizabeth A. Duffy, DNP, RN, CPNP, is a clinical assistant 
professor at The University of Michigan School of Nursing. She 
is chair of the Nursing Evidence-Based Practice Subcommittee 
for the Children’s Oncology Group.

https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1080/19420862.2017.1402997
https://doi.org/10.1080/19420862.2017.1402997
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/aeguidelines.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/aeguidelines.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/aeguidelines.pdf
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.3389/fimmu.2018.01355
https://doi.org/10.3389/fimmu.2018.01355
https://doi.org/10.1177/1043454216668825
https://doi.org/10.1177/1043454216668825
https://doi.org/10.1002/pbc.24721
https://doi.org/10.1007/s12325-017-0612-x
https://doi.org/10.1007/s12325-017-0612-x
https://doi.org/10.1097/MPH.0b013e31829d4900
https://doi.org/10.1097/MPH.0b013e31829d4900
https://ascopost.com/News/60202
https://ascopost.com/News/60202
https://doi.org/10.1200/JCO.2016.67.3301
https://doi.org/10.1188/18.CJON.649-655
https://doi.org/10.1007/s40272-018-0297-x
https://doi.org/10.1007/s40272-018-0297-x
https://doi.org/10.1056/NEJMoa0911123
https://doi.org/10.1056/NEJMoa0911123

