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Abstract

The addition of anti-disialoganglioside-2 (GD2) monoclonal antibodies (mAbs) such as dinutuximab and naxitamab to
standard therapies for high-risk (HR) neuroblastoma has significantly improved outcomes for children with this devastating
disease. The care for these young patients receiving treatment for HR neuroblastoma is complex, with need for the involve-
ment of a multidisciplinary team. Clinical implementation of anti-GD2 mAb treatment requires the same harmonized team
approach. The authors share the development process of this coordinated team method and practical recommendations for
administration of anti-GD2 mAbs and adverse event (AE) management. Successful collaboration between nurses and other
team members ensures optimal treatment and comfort of patients and their families. The primary focus of this approach is
to mitigate and manage AEs associated with anti-GD2 mAb treatments, such as pain, hypotension, allergic reactions, and
hypertension, and to ensure safe and effective use of anti-GD2 mAbs. The two treatments approved for use in patients with
neuroblastoma, dinutuximab for patients with HR disease following a partial response or better to frontline multimodal
therapy and naxitamab for refractory or relapsed HR disease in the bone or bone marrow, were studied in different administra-
tion settings and follow different regimens and infusion schedules. Therefore, AE management requirements are specific to
each treatment. The awareness of these differences and implementation of appropriate AE management strategies in clinical
practice are important to ensure the best possible outcomes for patients with HR neuroblastoma.

1 Introduction

Key Points

Approximately 50% of patients with neuroblastoma present
with high-risk (HR) disease [1, 2]. Patients treated with
traditional therapy regimens experience a recurrence rate

Caring for patients receiving treatment with dinutuximab
or naxitamab requires a nurse-centered multidisciplinary

team. of > 50% due to residual disease resulting in poor clinical
Practical guidance is given for managing adverse events outcomes [3, 4].
including guidance that is common to both dinutuximab Two disialoganglioside-2 (GD2)-targeted monoclonal
and naxitamab and that which is specific to each. antibodies (mAbs), dinutuximab and naxitamab, have been
proven efficacious in treating neuroblastoma by targeting
GD2, which is highly expressed on the surface of neuro-
blastoma cells and has limited expression on normal tissue
cells, improving outcomes in these patients versus non-mAb
- treatments alone [3—7]. Both anti-GD2 mAbs are approved
>4 Rita Secola by the US Food and Drug Administration (FDA); both are
rsecola@chla.usc.edu .. . . . . . .
administered as intravenous (i.v.) infusions. The chimeric
' Hospital for Sick Children, Toronto, ON, Canada mADb dinutuximab (ch14.18), combined with granulocyte-
2 Texas Children’s Hospital, Houston, TX, USA macrophage colony stimulating factor (GM-CSF), inter-
; . . . i . leukin-2 (IL-2), and 13-cis-retinoic acid (RA), is indicated
University of Chicago Medicine, Comer Children’s Hospital, for th f pediatri . ith HR bl
Chicago, IL, USA or the treatms:nt of pe 1.atrlc patients wit neuroblas-
4 ) ) ) ) toma who achieve a partial response (PR) or better to prior
Cancer and Blood Disease Institute, Children’s Hospital Los . . . .
Angeles, 4650 Sunset Boulevard, Los Angeles, CA 90027, first-line multiagent, multimodality therapy. The approval
USA of dinutuximab in the USA in 2017 was based on results
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of the Children's Oncology Group (COG) ANBL0032
phase 3 trial (NCT00026312) [3]. Although included in
the dinutuximab label, IL-2 use has declined following a
publication indicating no improvement in clinical efficacy
[8]. The humanized mAb naxitamab (hu3F8) is indicated in
combination with GM-CSF for the treatment of pediatric
patients aged > 1 year and adult patients with relapsed or
refractory HR neuroblastoma limited to the bone or bone
marrow who have demonstrated a PR, minor response, or
stable disease to prior therapy [9]. This indication received
accelerated approval from the FDA in 2020 based on overall
response rate and duration of response from the phase 2 Trial
201 (NCT03363373) [9] and the phase 1/2 Trial 12-230
(NCTO01757626) [10]. Continued approval for this indica-
tion may be contingent upon verification and description
of clinical benefit in a confirmatory trial. In Trial 201, 95%
of naxitamab infusions were administered in the outpatient
setting [11].

Adverse events (AEs), including infusion-related reac-
tions, neurotoxicity, pain, hypotension, allergic reactions,
and hypertension, are seen with all anti-GD2 mAbs;

however, infusion duration and administration setting (inpa-
tient vs. outpatient) differ between dinutuximab and naxita-
mab—therefore, the approach to AE management should
be refined for each. This review aims to describe how AEs
experienced by patients with HR neuroblastoma during
dinutuximab and naxitamab infusions are managed from a
multidisciplinary perspective. It provides practical guidance,
based on the authors’ experiences, for the prevention and
management of AEs before, during, and after anti-GD2 mAb
infusions. Specific recommendations for each mAb will be
provided as appropriate, as well as guidance to optimize the
multidisciplinary team approach to AE management.

2 Administration of Anti-GD2 Monoclonal
Antibodies

The administration regimens for dinutuximab and naxitamab
are shown in Table 1. Dinutuximab treatment is repeated
over four consecutive days per cycle, up to a recommended
five cycles [12]. Naxitamab treatment cycles are repeated

Table 1 Summary of administration regimens for dinutuximab and naxitamab in patients with refractory or relapsed high-risk neuroblastoma [9,

12]

Administration regimen  Dinutuximab Naxitamab
characteristic

Clinical trial setting Inpatient Outpatient

Dosing 17.5 mg/m?/day as i.v. infusion

Administration schedule

Cycles 1, 3, and 5 are 24 days in duration, with dinu-

tuximab administration on days 4-7

Infusion on 4 consecutive days of five cycles:

3 mg/kg/day as i.v. infusion

(9 mg/kg/cycle)

Infusion on days 1, 3, and 5 of each 28-day treatment
cycle repeated until partial or complete response, fol-
lowed by five additional cycles every 4 weeks

Subsequent cycles may be repeated every 8 weeks

Cycles 2 and 4 are 32 days in duration, with dinutuxi-

mab administration on days 8—11

Some hospitals use 28-day cycles only, where dinutuxi-
mab is administered on days 4-7 of cycles 1-5

Infusion rate Infusion over 10-20 h

First infusion of cycle 1 day 1 given over a minimum of
l1h

Infusion started at 5 cc/h (0.875 mg/mth) for 30 minutes,
followed by gradual increase to a maximum rate of
10 cc/h (1.75 mg/m?/h) as tolerated

If the infusion is not tolerated at 10 cc/h, at any point, the
rate can be decreased to 5 cc/h

Concomitant medication Cycles 1-5:

GM-CSF s.c. (or i.v. over 2 hours): 250 pg/m>/day on
days 1-14
RA p.o. on days 11-24:

Patients weighing < 12 kg: 2.67 mg/kg b.i.d.
Patients weighing > 12 kg: 80 mg/m? b.i.d.

Infusion time typically ranges from 30-60 min depending
on patient tolerability

If infusion is tolerated, subsequent infusions are given
over a minimum of 30 min

All cycles:
GM-CSF s.c.: 250 ug/m*/day on Days —4 to 0

GM-CSF s.c.: 500 pg/m?/day on days 1-5 (> 1 h before
naxitamab administration on days 1, 3, and 5)

b.i.d. twice daily, GM-CSF granulocyte-macrophage colony-stimulating factor, i.v. intravenous, p.o. oral, RA 13-cis-retinoic acid, s.c. subcutane-

ous
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every 4 weeks until complete response or PR, followed by
five additional cycles every 4 weeks. Subsequent cycles may
be repeated every 8 weeks until disease progression or unac-
ceptable toxicity [9].

3 Managing Patients During Anti-GD2
Therapy

3.1 Multidisciplinary Team and Nursing
Considerations

A multidisciplinary team helps improve patient and car-
egiver experience during treatment [13—15]. Key team mem-
bers are shown in Fig. 1. Nurses play a crucial role within
this team, with responsibilities including education of staff,
patients, and caregivers; ensuring appropriate equipment
and therapies are available at the bedside to mitigate AEs;
assessment and management of AEs during and post-infu-
sion; and coordination of tasks with other team members.

Assigned nurses should be Pediatric Advanced Life Sup-
port certified (or local equivalent) and have adequate expe-
rience in administering oncology treatments and immuno-
therapies, in addition to managing infusion-related reactions
(IRRs).

* Manage patient care throughout infusion ; O
¢ Work with nurse educator/clinical nurse @

specialist to educate interdisciplinary team
Primary oncology

and provide teaching to family regarding
physician/NP/PA

therapy, side effects, supportive medications,

etc.

Pharmacist

* Educate families on post

discharge medications

Confirm dosing and check

for drug interactions

* Prepare dinutuximab and
naxitamab infusions

* Educate on anti-GD2
therapies and supportive

medications pre and during

infusion

* Provide
psychosocial
support for
patients before,
during, and after
treatment

* Assist with non-
pharmacological
pain management

Child life
specialists/
psychologists

¢ Coordinate infusion, monitor
patient and manage AEs during
infusion with support from
physician/NP

* Reinforce teaching with family
and patient and provide

psychosocial support

Nurse care
managers

Patient

For dinutuximab, one nurse per patient is typically
required during the initial infusion, whereas two nurses are
recommended for naxitamab, as the onset of acute pain and
hypotension is faster and, therefore, immediate interven-
tion should be available if needed. Additional team mem-
bers ensure adequate support during assessment, monitor-
ing, treatment, and documentation of the infusion and AEs

(Fig. 1).
3.2 Preparation of Patients and Caregivers

Knowledgeable anti-GD2 therapy healthcare providers, such
as a (pediatric) oncologist, advanced practice provider, or
nurse specialist, should educate caregivers and patients on
all aspects of the infusion. A child life specialist can assist
with explaining the treatment and AEs to patients and pre-
pare distraction objects for patients to have during infusions
(i.e., games, computer tablet to watch favorite movie/TV
show, headphones/earbuds for music, etc.). It is important to
note that the experience can be especially intense during the
first treatment cycle, particularly on the first day of the cycle.
Connecting the family with others who have experienced
anti-GD2 treatment may also be helpful.

Patients may be advised to arrive with an empty stomach
for naxitamab infusions as a prevention for nausea and vomit-
ing. The same recommendation is not routine for dinutuximab

* Assist with funding and accommaodations for
families requiring outpatient therapy away from
home

* Provide psychosocial support to families

* Schedule appointments

L

Nurse educator
and clinical nurse

<=

Supportive

clinical and non-
clinical staff

Educate and train nurses on
the administration and
management of anti-GD2
therapies

specialist
Respiratory
P —— care
~—
N
Anaesthesia/
pain team
Key consultants e N
Critical and
\ /) emergency
care
Family/ * Collaborate closely with the N J

clinical team to provide
comfort to patients during
infusions

caregivers

Fig.1 The role of key multidisciplinary team members in patient care during anti-GD2 infusions. AE adverse event, GD2 disialoganglioside-2,

NP nurse practitioner, PA physician assistant
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infusions due to fewer reports of nausea and vomiting with
prolonged infusions, and it would not be ideal for a patient
to fast before and for the duration of a 10- to 20-h infusion.

3.3 Infusion Practical Preparation

Organized preparation, including infusion discussions within
the multidisciplinary team, is critical to ensuring optimal
patient care and safety throughout infusions. It is strongly
advised that all necessary information be readily available,
such as safety information, an individualized list of pre-
medications, room set-up, emergency medication, equip-
ment checklists, guidelines for infusion administration, and
monitoring and management of potential AEs.

All pertinent team members must be informed of patient
admission/arrival time and planned infusion start times.
Additionally, a review of all patient therapy and supportive
care orders, as well as physical and laboratory results, must
be completed before the infusion. Sufficient time must be
allowed for infusion nurses to prepare medications, set up
monitoring and emergency equipment, and administer pre-
medication, including i.v. saline. Nurses should also use this
time to ensure well-functioning central venous/i.v. access for
the infusion, and if required, arrange an additional peripheral
venous access for administration of i.v. medications during
the infusion. A large room with space for equipment, sup-
plies, and clear access to the patient is optimal. The bed
should have sufficient space for parents to be near the child
for comfort and should allow for use of the Trendelenburg
position.

The following items should be available in the infusion
room: respiratory support (non-rebreather mask, simple face
mask, nebulizer kit, blow-by oxygen, suction, and bag-valve-
mask resuscitator), rapid i.v. fluid bolus line with normal
saline (required for emergency situations, should be primed
and connected to patients during infusion), manual blood
pressure (BP) and/or Doppler measurement (if continuous
BP monitoring equipment is not available; Dopplers can also
be used if unable to obtain BP reading with a manual cuff
or if BP is difficult to hear at baseline), continuous oxygen
monitors (pulse oximeter or continuous mobile monitor),
electrocardiogram monitors, positional supports (e.g., pil-
lows, blankets), emesis basins and face cloths, distraction
objects, and warm/cold packs for comfort and pain relief.
A crash cart should be readily accessible for both infusions.
It is critical to have emergency and supportive medications
pre-drawn before starting naxitamab infusions as AEs may
occur more acutely with the shorter infusion duration.

Furthermore, caregivers must be prepared for anaphylac-
tic reactions, which can occur with anti-GD2 mAbs and are
potentially life threatening. As per institutional guidelines,
treatment for anaphylaxis (such as i.v./intramuscular (i.m.)
epinephrine or i.v. bolus hydrocortisone) must be available at
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the patient’s bedside. Racepinephrine or an equivalent inhal-
ant must be available pro re nata (as needed; PRN) for stri-
dor, and levalbuterol or comparable selective f2-adrenergic
receptor agonist (bronchodilator) for bronchospasm/lower
respiratory issues.

3.4 Patient Care During and After Infusions

Nurses play a key role in patient monitoring during and
after administration of anti-GD2 mAbs (Fig. 2). Continuous
monitoring of vital signs and assessment of pain, respiratory
status, mental status, and perfusion are important during
infusions. For dinutuximab, vital signs should be monitored
before the infusion, every 15 min during the first 1.5 h of the
infusion, then hourly until completion of the infusion [12].
For naxitamab, vital signs should be monitored as clini-
cally indicated, but at least before administering premedi-
cation, before PRN opioids/analgesia, before the infusion,
at start of the flush, at the completion of flush (i.e., the end
of the infusion), and at least every hour while recovering,
for > 2 h, until discharge criteria are met [9].

As dinutuximab is no longer routinely used with IL-2, the
incidence of capillary leak syndrome (CLS) has decreased [8,
16]. However, it is recommended to monitor patients’ hemo-
globin and serum albumin levels daily during dinutuximab
infusions and ensure that hemoglobin levels are > 10 g/dL
and serum albumin levels are > 3 g/dL before infusion. In
some institutions, dinutuximab infusions are extended over-
night (up to 20 h) if hemoglobin levels are < 10 g/dL. Addi-
tionally, some institutions recommend transfusion of packed
red blood cells or 25% albumin to meet these parameters,
followed by a diuretic to remove excess fluids [17]. Patients’
weight may be monitored twice daily during dinutuximab
infusion to ensure they are not overloaded with fluid or expe-
riencing CLS. If the patient’s weight increases by 10% from
the initial admission weight during dinutuximab infusion,
albumin and/or furosemide can be administered.

Although the patient is usually stable shortly after the
infusions, continued monitoring is essential for > 4 h fol-
lowing dinutuximab and 2 h following naxitamab infusions.
Patients treated with dinutuximab are usually discharged the
day after the last infusion in the cycle, if clinically stable.
For naxitamab, patients are discharged on the day of infu-
sion after the post-infusion monitoring period, provided
AEs have been resolved and vital signs are acceptable.
Before discharge, the interdisciplinary team must provide
instructions to caregivers regarding timing and administra-
tion of supportive home medications, how to monitor for
potential AEs, and when to return to hospital and/or request
assistance.

Debriefing as a team and with caregivers is useful for
reviewing the patients’ infusion experience and to further
optimize AE management strategies. Support services,
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Patient Premedication: Ensurei.v. Monitor vital signs: E A Naxitamab on |y
and/or * Analgesics access: * ECG leads equipment set up: of blood,
. caregiver * Antihistamines ¢ CVCaccess laced + Face mask, oxygen kidney, liver, .
PrePa ration for education on * Antipyretics * Temporary . gxygen equipment, 78 and Emergency equipment:
anﬁ_GDz mAb therapy and * Anxiolytics PRN PIV line monitoring and suction, ambu bag, respiratory * Crashcart
AEs supportive care resus cart, emesis function:
treatment setup basins, cloths, * Blood rgency medication
Check hydration status: * Automatic and hot/cold packs transfusion Ready at bedside
« Saline infusion if needed manual BP cuff if needed
Ensure Monitor vital signs Emergency Supportive therapies on hand: Oxygen Anaphylaxis treatment:
alternative i.v. * Asclinically indicated i * Analgesic therapy * iv./i.m. epinephrine
access is * Increase frequency of * Emergency * Antihistamines +/-i.v. bolus
always monitoring as clinically resuscitation * Nebulizers hydrocortisone
available indicated « albumin infusion and/or furosemide )
Anti-GD2 mAb Dinutuximab Naxitamab
infusion N
Minimum vital sign monitoring: Monitor Minimum vital sign monitoring:
« Before the infusion, every 15 minutes for the first weight: « Before administering premedication, before PRN opioids/analgesia,
1.5 hours, then hourly until completion of the ¢ b.id. before the infusion, at start of the flush, at the completion of flush (i.e.,
infusion the end of the infusion), and at least every hour while recovering, for 22
hours, until discharge criteria are met Y,

Monitor vital signs Monitor lab abnormalities

* Monitor BP for delayed
hypotension

Post-treatment
monitoring

Dinutuximab

Monitor vital signs:
* Until discharge — day after the last infusion of the
cycle

Psych-social support and
education for family:
« Education on monitoring

Ensure up to date patient Outpatient follow up:

* Lab checks 1 week after
discharge

* Next appointment

schedule

records:
* Pain medication
* Doses and infusion rates

AEs at home and contact
information for AE
support

* Social work follow-up

Naxitamab

Monitor vital signs:
* Hourly for at least 2 hours after infusion until
discharge criteria are met
* Increase frequency of monitoring if clinically indicated

Fig.2 The role of nurses in the process of care before, during, and
after anti-GD2 mAb infusion. AE adverse event, b.i.d. twice daily, BP
blood pressure, CVC central venous catheter, ECG electrocardiogram,

including social work, psychology, or peer support may be
recommended to caregivers and team members who experi-
ence distress during the infusion.

4 Management of Common Adverse Events
During and Following Anti-GD2 Therapy

A different approach to AE management is needed for
dinutuximab and naxitamab due to the differences in drug
administration, dosing, and setting, which influence the
onset, duration, and severity of AEs. The most common
AEs experienced during anti-GD?2 treatment include pain,
hypotension, IRRs, and fever (Table 2). The interdisciplinary
team should monitor for AEs and intervene as necessary.

4.1 Pain

Acute pain is one of the most common AEs associated with
anti-GD2 infusions [19, 20]. Pain usually starts within min-
utes of the infusion and gradually decreases after the infu-
sion. Locations often affected are the abdomen, neck, back,
sternum, and extremities. General anti-GD2 pain manage-
ment recommendations include premedication, breakthrough
pain medication, post-infusion medication, and nonpharma-
cologic pain management strategies.

GD?2 disialoganglioside-2, ECG electrocardiogram, i.m. intramuscu-
lar, i.v. intravenous, mAb monoclonal antibody, PIV peripheral intra-
venous, PRN pro re nata [as needed]

Pediatric-appropriate pain assessments are an essential
part of pain management for dinutuximab and naxitamab
infusions. Nonverbal pain observations such as Face, Legs,
Activity, Cry, Consolability (FLACC), or the faces pain
scales can be used for neonates and pre-toddlers, and the
numerical visual analog scale or verbal scale (both 1-10)
can be used for older children.

Premedication with gabapentin is recommended for both
dinutuximab and naxitamab treatment. With dinutuximab,
gabapentin is recommended for patients for whom opioids
provided inadequate pain relief [12], with schedules starting
either 1 week before the infusion or on the day of the infu-
sion [17]. For naxitamab, all patients receive a 12-day course
of gabapentin, beginning 5 days before the first infusion and
continuing until day 7 [9]. Dosing can be titrated based on
the individual patient’s needs (Table 3).

For dinutuximab, nurse-controlled analgesia (NCA) or
patient-controlled analgesia (PCA) infusion of opioids (i.e.,
morphine, hydromorphone, or fentanyl) starts 1 h before
the infusion. An i.v. loading-dose of pain medication (e.g.,
morphine sulfate) is given immediately before the infusion,
and the NCA/PCA is continued for < 2 h after the infu-
sion, or as per patient history [12, 21]. For intense pain,
the PCA is sometimes continued throughout the infusion
cycle until 2 h after the last dinutuximab infusion. NCA/
PCA dosage settings should always begin with a bolus dose
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Table2 Overview of key adverse events (AEs) observed with dinutuximab and naxitamab [9, 12, 18]

AE category

Dinutuximab

Naxitamab

AEs observed in > 25%
of patients in pivotal
studies

Black box warning

General: pain, pyrexia, IRRs

Cardiovascular: hypotension, CLS
Pulmonary: cough

Gastrointestinal: increased ALT, increased AST, nausea,
vomiting, diarrhea

Dermatologic: urticaria

Hematologic: thrombocytopenia, lymphopenia, anemia,
neutropenia

Electrolytes: hypokalemia, hypoalbuminemia, hypocal-
cemia

Serious infusion reactions and neurotoxicity

IRRs (including facial and upper airway edema, dysp-
nea, bronchospasm, stridor, urticaria, and hypotension)
and anaphylaxis

Neuropathy (severe neuropathic pain, transverse myeli-

General: pain, IRRs, fatigue, pyrexia, injection site reac-
tion, anxiety, irritability

Cardiovascular: hypotension, tachycardia, hypertension
Pulmonary: cough

Gastrointestinal: nausea, vomiting, diarrhea, decreased
appetite

Dermatologic: erythema multiforme, urticaria, edema
Neurologic: peripheral neuropathy, headache

Serious infusion reactions and neurotoxicity

IRRs (including cardiac arrest, anaphylaxis, hypotension,
bronchospasm, and stridor)

Neurotoxicity (severe neuropathic pain, transverse myeli-

tis, peripheral sensory neuropathy; motor neuropathy

in adults)

tis, and RPLS)

ALT alanine aminotransferase, AST aspartate aminotransferase, CLS capillary leak syndrome, /RR infusion-related reaction, RPLS reversible

posterior leukoencephalopathy syndrome

and a low background infusion, titrating upwards until pain
is controlled or the maximum recommended dose has been
reached. It may be beneficial to choose NCA over PCA for
patient safety during the infusion, as opioids can exacerbate
hypotension, and overdosing can lead to respiratory depres-
sion. In subsequent cycles, the opioid infusion can begin at
the dose that provided effective pain control during the pre-
vious cycle and be adjusted as required. Pain management
specialists should always be consulted on NCA/PCA dosage
settings and if any adjustments are needed. If pain during
dinutuximab infusion is inadequately managed with opioids,
lidocaine or gabapentin can be administered in conjunction
with i.v. opioids [12, 22].

Oral opioids are preferred over i.v. opioids as premedica-
tion before naxitamab infusion, as they are associated with
areduced risk of AEs such as hypotension, respiratory sup-
pression, and decreased responsiveness, with i.v. opioids
reserved for breakthrough pain during naxitamab infusion
[10, 23, 24]. An oral opioid such as hydromorphone or oxy-
codone can be administered before the infusion (Table 3).
With the potential for acute onset of pain and increased
risk of hypotension, continuous i.v. infusion is not used for
administration of opioids with naxitamab. Breakthrough
pain can be managed using low-dose (i.e., quarter-dose) i.v.
opioids (Table 3). As the pain with naxitamab is acute and
generally dissipates within 0.5-2 h of infusion completion,
rapid-acting opioids with a short half-life are recommended.
If pain during dinutuximab or naxitamab infusion is inad-
equately controlled, the premedication dose of opioids and/
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or gabapentin and the i.v. dose of opioids can be carefully
titrated up.

Ketamine may also be used to manage pain; however,
its use is dependent on institutional guidelines and requires
consultation with pain management specialists to avoid deep
sedation and anesthetic or dissociative side effects. The dose
is based on age, weight, previous experience with anti-GD2
therapy, and, where available, history of AEs during prior
ketamine experience (e.g., altered neurological status). Keta-
mine can be administered orally or as a constant i.v. infusion
or bolus. Bertolizio et al. [21] reported effective pain con-
trol during dinutuximab infusion using continuous ketamine
infusion, whereas Mora and colleagues [25] reported that a
bolus allowed completion of treatment with naxitamab and
reduced post-cycle recovery time [25]. The use of low-dose
continuous infusion of ketamine for pain control during nax-
itamab infusions is under investigation [25].

Other pharmacologic pain management options include
acetaminophen, which can be given to patients as premedi-
cation 1 h before starting the anti-GD2 infusion. For dinu-
tuximab infusions, acetaminophen can be given every 4-6 h
during infusion or repeated every 4 h PRN. If platelet levels
are adequate, ibuprofen can be given post-infusion for pain
and fever that is unresponsive to acetaminophen. Tempera-
ture should be checked before administering acetaminophen
or ibuprophen and if febrile, the patient should be assessed
for possible infection.

Nonpharmacologic strategies for managing pain may
be valuable for patients receiving naxitamab or dinutuxi-
mab treatment. Patient/family preferences and child life
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Q .@ o specialists’ assessment may assist in the choice .of me.th—
§ Z % ods, such as heat/cold therapy, age-appropriate dlstrgctlon
) 3 (e.g., comfort and support from parents, play, use of distrac-
Eﬁ i % tion objects, animal therapy), meditation, hypnosis, music
g g % therapy, massage therapy, environmental lighting, noise and
35 fb conversation levels, guided imagery, and comfort items (e.g.,
Té ';'2 § soft toys, blanket).
§ = g In young patients experiencing their first anti-GD2
g % g mAD infusion, pain can lead to breath-holding, which can
= E exacerbate hypoxia. Patients should be encouraged to take
S e £ deep breaths, and a cold pack can be applied to the back of
i g, é the neck to help stimulate breathing. If hypoxia does not
é E Q;; improve with these measures, humidified oxygen inhalation
E 2 2 equipment is recommended.
3 s
§§ ?Z 4.2 Hypotension
53 g
o E g Signs of hypotension often develop shortly after the start of
é § % -g the anti-GD2 infusion but may also occur within 24 h of the
g _§ g S* g infusion [9, 12]. Normal saline at 10 mL/kg can be infused
z g % 2 .§ 1 h before the dinutuximab or naxitamab infusion to reduce
4 z § t § é the risk of hypotension [9, 12]. Patients should be laid flat or
= e E 2 2 in the Trendelenburg position if hypotensive. Minor hypoten-
9 = = g g % sion during anti-GD2 infusions may be managed with hydra-
£ g = = B 5 tion and infusion rate reductions or pauses until BP reacl.les
2 ‘\: 2 g, g _é normal limits. However, as moderate or severe hy.potensmn
§ 50 § g _2 g can result in hemodynamic changes, poor perfusion, and.a
E CE = 2 T‘j é decr§ased 1ev§1 of c.onsciousness, a more urgent response is
= g % 5 E g% required. The infusion shou'ld be paused{mterrgpted and the
§ ‘§ £ § - é g use of vasopressors such as i.v. or i.m. eplnephrlne sh?ulq be
§ 2 3 E 5 3 é considered for hypotension refractory to fluid r€SUSCltatIOI'1,
= g 32 % 2 5 g or if the patient becomes unresponsive to physical stimuli.
2 é E.) § 2 3 § Additionally, opioid reversal with naloxone and/or possible
g j;% E 2 ;_é:o Y —C': g admission to the intensive care unit should be considered if
g g g : g 2 %’ E the patient does not respond to the above interventions.
§ E 2’ '09) § é 2 g In addition to the general measures for treating hypo-
g § < 8 % 9“5 § g tension outlined above, the following s.peciﬁc actior}s are
v % :’D %" § g = é recomme.nde.d for dinutuximab and na>.<1tama.b. The.: I‘]Sk. of
2 % % 3 o %°§ ? é % hypotension is greatest. at the. s.tart of dlputux1mab 1nfus1on
E|l5 2 5 = % 7 a;; -§ = due to pretreatment with opioids and diphenhydramine. If
é s% g T E g I SE = a patient’s BP decreases > 20% below baseline or to below
A E ;3 5 E g % Q;, 8 % g the fifth percentile per age and height [2§], the att.en'd'ing
Q‘S) é”fg :s;’ § team should pause the dinutuximab infusion, and initiate
27 S s lﬁ a normal saline bolus of 10-20 mL/kg. Furthermore, the
E‘ g ; § é team should closely monitor BP and other vital signs and
8 é § ; £ consider decreasing the opiate dose. If hypotension persists,
= i uE: < ? g an additional fluid bolus can be administered; however, if
§ Z» é g £ % the patient requires multiple fluid boluses, consultation with
é . g | T:: § 12’ % a rapid response team should be con§idered. Once signifi-
s s £ 21 822 g 2 cant hypotension is resolved, dinutuximab may be resumed
- | g é 5 | 23 3 £ 3 at 50% of the previous rate. If BP is stable for 2 h after
S| < < & > s S
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restarting dinutuximab, returning to full rate can be consid-
ered. Otherwise, extending subsequent infusions to 20 h is
recommended.

Before starting the naxitamab infusion, the patient should
be lying supine. In addition to the recommended saline pre-
treatment, a saline infusion can be given during the first
15 min of the naxitamab infusion before signs of hypoten-
sion occur; further hydration can be given after this time, if
required. If a patient develops Common Terminology Cri-
teria for Adverse Events (CTCAE), Version 5.0. [27] Grade
2 or greater hypotension during the infusion, the attend-
ing team may place the patient in Trendelenburg position,
administer a normal saline bolus of 10-20 mL/kg, and assess
vital signs frequently. The naxitamab infusion rate can be
decreased or paused, if clinically indicated. If a patient
develops Grade 3 hypotension with other signs/symptoms or
Grade 4 hypotension, the naxitamab infusion should imme-
diately be paused and aggressive fluid resuscitation initiated.
Close monitoring of the patient and frequent assessment of
vital signs should be continued. If hypotension resolves to
Grade 2 or less and clinical judgement indicates it is appro-
priate, the naxitamab infusion can be resumed at 50% of
the previous infusion rate. If the patient remains hypoten-
sive and is difficult to arouse, naloxone and/or vasopressor
administration should be considered. If the hypotension per-
sists after these measures, the naxitamab infusion should be
stopped and the rapid response team consulted.

4.3 Hypersensitivity/Allergy

Patients should be closely monitored for signs of IRRs,
such as cough, bronchospasm, hypoxia, angioedema, ana-
phylaxis, pruritus, and urticaria [3, 9, 10, 12, 24]. Depend-
ing on institutional protocols, premedication could include
diphenhydramine, hydroxyzine, or cetirizine, depending on
patient age, and an H2 antagonist (e.g., famotidine) 30 min
before starting the infusion. As the treatment duration is
longer with dinutuximab, antihistamines should be infused
for 10—15 min, 30 min before the dinutuximab infusion, then
every 6 h during the infusion. Suggested doses are shown in
Table 3. Patients receiving naxitamab should be premedi-
cated with i.v. corticosteroids before the start of their first
infusion in treatment cycle 1 (30—120 min pre-infusion), and
before subsequent infusions if a severe IRR occurred during
the previous infusion or cycle (Table 3) [9].

Rash, pruritus, and urticaria are also associated with anti-
GD2 mAbD infusions [9, 12]. Pruritus during infusions can
be managed by applying local treatment such as colloidal
oatmeal lotion, other non-alcohol-based skin lotions, topical
antihistamine, or by administering oral or i.v. antihistamine
(e.g., dexchlorpheniramine); occasionally, cold application
may be sufficient to relieve symptoms. Small bolus doses

of i.v. diphenhydramine can be given during naxitamab
infusions for urticaria and/or pruritus if required; however,
caution is needed to balance possible hypotensive effects of
diphenhydramine. If rash worsens, decreasing the infusion
rate to 50%, or pausing it and escalating care as appropriate,
should be considered.

Dinutuximab and naxitamab can also cause angioedema,
most evident around the lips, tongue, face, eyes, hands,
and feet. Mild angioedema can be monitored and does not
require intervention. If Grade 2 angioedema occurs, reduce
the infusion rate to 50% and monitor closely until it resolves
(< Grade 1); antihistamines can be considered for moder-
ate to severe angioedema. If angioedema is compromising
the airway, pause the infusion, consider i.v./i.m. epinephrine
and escalate care appropriately to maintain oxygenation and
perfusion.

If the patient develops bronchospasm and stridor during
the infusion, administer oxygen and a nebulized broncho-
dilator or epinephrine. If Grade 2 bronchospasm occurs,
reduce the infusion rate to 50% and monitor closely until it
resolves (< Grade 1). If the patient remains hypoxic, pause
the infusion and switch to a non-rebreather face mask. Once
bronchospasm, stridor, and hypoxia resolve, the infusion
can be restarted at half rate with careful monitoring of the
patient. If hypoxia continues, consider i.v./i.m. epinephrine,
manual ventilation, and escalating care by consulting the
rapid response team. The infusion should not be restarted
the same day.

For life-threatening reactions, such as anaphylaxis, the
infusion should be stopped immediately; i.v./i.m. epineph-
rine should be administered straight away, followed by sup-
portive care to maintain airway, perfusion, and oxygenation,
as previously described. The rapid response team should be
consulted, and supportive medications should be given, such
as an i.v. corticosteroid and i.v. antihistamine.

4.4 Hypertension

Patients with uncontrolled hypertension should be treated
according to institutional guidelines to ensure their BP is
normalized before the infusion starts. Reversible posterior
leukoencephalopathy syndrome (RPLS) is a rarely occurring
complication of hypertension that was observed during the
initial phase 1/2 trial of naxitamab [9] and has occurred in
patients treated with dinutuximab [12]. The infusion should
be permanently discontinued if signs or symptoms of RPLS
develop [9, 12]. To minimize the risk of RPLS, BP should be
monitored during and following the anti-GD2 infusion and
an assessment for neurologic symptoms should be carried
out. As hypertension can be a delayed AE of naxitamab, it is
recommended to monitor patient’s BP for 72 h post-infusion
and teach caregivers how to monitor BP at home.
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Antihypertensive medication may be prescribed at the
treating physician’s discretion post-naxitamab infusion.
It is recommended that patients be admitted to an inpa-
tient service for monitoring and management if their BP
is > 99th percentile [26]. Discontinuation of either dinu-
tuximab or naxitamab should be considered in patients with
persistent hypertension that does not resolve before future
infusions despite use of antihypertensive medications.

5 Discussion

Caring for patients receiving dinutuximab or naxitamab
treatment can be complex as both can cause signifcant
AEs. It is essential that nurses are aware of differences in
AE presentation between anti-GD2 mAbs so that appropri-
ate AE management strategies are followed. This ensures
that most patients can carry on with subsequent anti-GD2
infusions and their normal activities after discharge with-
out any prolonged AEs, such as severe pain, hypertension,
nausea, vomiting, headache, or recurrent cough.

A nurse-centered multidisciplinary team facilitates con-
sistency of care and enables both an individualized treat-
ment approach for each patient and teaching of patients
and caregivers. This review can guide nurses to develop
their own resources or algorithms for management of a
given AE during dinutuximab or naxitamab treatment and
provide patients with the best possible care.

We hope that sharing our experiences of AE man-
agement for each mAb will benefit other nurses treating
patients with dinutuximab or naxitamab, because manag-
ing AEs associated with one drug does not necessarily
translate to successful management of AEs with the other.
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