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Naxitamab [humanized 3f8 (hu3F8)] is a humanized monoclonal antibody (mAb) targeting the disialoganglioside GD2.
It was approved in 2020 by the United States Food and Drug Administration (FDA) in combination with granulocytee
macrophage colony-stimulating factor (GM-CSF) for treatment of pediatric and adult patients with relapsed/refractory
high-risk neuroblastoma, limited to the bone or bone marrow (BM). The team at Sant Joan de Déu Children’s Hospital in
Barcelona, Spain, have been using naxitamab to treat neuroblastoma under clinical trial protocols [e.g. Trial 201, and
hu3F8, irinotecan, temozolomide, and sargramostim (GM-CSF) (HITS) study] and compassionate use since 2017. The
team has experience with two primary regimens: naxitamab with GM-CSF only, or naxitamab in combination with
irinotecan, temozolomide, and GM-CSF (chemoimmunotherapy). This article aims to provide a practical overview of
the team’s experience with naxitamab to date, including preparing the treatment room and selecting the team.
Adverse event management, including the use of ketamine to manage pain during anti-GD2 mAb infusions, is also
discussed. We hope this will provide practical information for other health care providers considering offering this
treatment.
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INTRODUCTION

It is estimated that 70% of patients with high-risk (HR)
neuroblastoma have metastatic disease at the time of
diagnosis, most commonly in the bone or bone marrow
(BM).1-4 BM metastases may act as a reservoir for residual
disease, harboring drug-resistant neuroblastoma cells that
drive refractory disease and relapse.5 While bone/BM me-
tastases are associated with a high mortality rate,6 there are
also prognostic differences between patients who have re-
fractory versus relapsed disease, with worse outcomes
often seen in patients who relapse following an initial
response.7-9 Patients with HR neuroblastoma have a poor
prognosis despite intensive multi-modal therapy.7,10 His-
torically, the overall response rates (ORRs) to subsequent
treatment of these patients are w30%, with long-term
overall survival (OS) rates of <50%.8-11
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Immunotherapy directed against the disialoganglioside 2
(GD2) antigen is becoming part of the standard treatment
protocols for patients who are not in remission despite
prior frontline therapies, including chemotherapeutic
agents. Studies are also investigating the potential of these
agents to consolidate treatment response to chemo-
therapy.12,13 Naxitamab [humanized 3f8 (hu3f8)], a hu-
manized anti-GD2 immunotherapy, received ‘orphan’
designation from the United States Food and Drug Admin-
istration (FDA) in 201314 and from the European Medicines
Agency in 201815; in 2018, it was also assigned ‘break-
through therapy’ designation by the FDA.16 Naxitamab in
combination with sargramostim [recombinant granulocytee
macrophage colony-stimulating factor (GM-CSF)] was
approved by the FDA in November 2020 for the treatment
of pediatric patients �1 year of age and adults with
relapsed and/or refractory (R/R) HR neuroblastoma in the
bone or BM who have demonstrated a partial response
(PR), minor response (MR), or stable disease (SD) to prior
therapy. This indication is approved under accelerated
approval based on ORRs and duration of response.
Continued approval for this indication may be contingent
upon verification and description of clinical benefit in a
confirmatory trial(s).17 The clinical Trial 201 was designed to
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Table 1. Overview of treatment regimens used at HJSD

Regimen and cycle length Treatment and dosage Cycle day

�4 to 0 1 2 3 4 5 6 7 8 9 10 11 12þ
Naxitamab monotherapya

28-day cycles
Naxitamab 3 mg/kg/day i.v.
(9 mg/kg/cycle)

X X X

GM-CSF 500 mg/m2/day s.c. X X X X X
GM-CSF 250 mg/m2/day s.c. X

Naxitamab
chemoimmunotherapyb,19

21-day cycles

Naxitamab 2.25 mg/kg/day
i.v. (9 mg/kg/cycle)

X X X X

Irinotecan 50 mg/m2/day
i.v. þ temozolomide
150 mg/m2/day p.o.

X X X X X

GM-CSF 250 mg/m2/day s.c. X X X X X

BM, bone marrow; CR, complete response/remission; GM-CSF, granulocyteemacrophage colony-stimulating factor; HR, high risk; HSJD, Hospital Sant Joan de Déu; i.v.,
intravenous; MR, minor response; p.o., oral; PR, partial response; R/R, relapsed and/or refractory; s.c., subcutaneous; SD, stable disease.
aNaxitamab monotherapy is suggested for three groups of patients at HSJD: patients with R/R HR disease limited to bone or BM who have demonstrated PR, MR, or SD to prior
therapy; or as consolidation in patients with relapsed disease who achieve a CR following latest therapy, or patients with HR disease who achieve a CR following frontline therapy.
bNaxitamab chemoimmunotherapy is suggested for two groups of patients at HSJD: patients with persistent soft-tissue disease; or patients who are refractory to or relapse
following naxitamab monotherapy.
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administer naxitamab in the outpatient setting, defined as
without the need for overnight stays. The data show that
95% of naxitamab infusions were administered in the
outpatient setting with 98% of infusions providing the
complete dose.18 The current paper describes the experi-
ences of the team at Hospital Sant Joan de Déu (HSJD) in
Barcelona, Spain, who have been treating patients with
naxitamab since 2017 under compassionate use as well as
in the clinical trial setting, highlighting key practical points
relating to the administration of naxitamab on an
outpatient basis.
HOW WE USE NAXITAMAB TO TREAT HIGH-RISK
NEUROBLASTOMA

Treatment regimens

Between June 2017 and May 2020, 131 patients received a
total of 864 treatment cycles of naxitamab at HSJD either
under a compassionate use or in clinical trials. The median
number of cycles of naxitamab-based therapy per patient
was 5 (range 1-24).

Table 1 provides an overview of the two treatment reg-
imens involving naxitamab that are routinely used at HSJD:
naxitamab monotherapy (defined as naxitamab and
GM-CSF), or naxitamab chemoimmunotherapy [defined as
naxitamab and GM-CSF in combination with the chemo-
therapeutic agents irinotecan and temozolomide (IT)].19

Naxitamab monotherapy is administered to patients with
R/R HR disease limited to bone or BM who have demon-
strated a PR, MR, or SD to prior therapy (e.g. based on the
Trial 201 protocol; NCT03363373), or as consolidation in
patients who achieve a complete response/remission (CR)
following prior therapy. When used as consolidation, pa-
tients are recommended to have either relapsed HR disease
and a CR following prior therapy, or HR disease and a CR to
frontline therapies.

Naxitamab chemoimmunotherapy is being investigated
for patients with chemoresistant disease and is based on
the hu3F8, IT, and GM-CSF (HITS) MSK Trial 17-251 protocol
(NCT03189706). Patients with persistent soft-tissue disease,
2 https://doi.org/10.1016/j.esmoop.2022.100462
defined by its avidity in meta-iodobenzylguanidine (MIBG)
or uptake in positron emission tomography/computerized
tomography, are treated with naxitamab chemo-
immunotherapy. This regimen is also selected for patients
who are refractory to or relapse after treatment with nax-
itamab monotherapy. The HITS protocol was developed to
investigate the combinations of naxitamab with the widely
used second-line combination IT.20

The naxitamab regimen is similar for patients receiving
monotherapy, either for R/R disease in bone/BM or
following a CR to prior therapy (Table 1). Treatment cycles
repeat every 4 weeks until CR or PR, followed by five
additional cycles every 4 weeks in responders. Subsequent
cycles are repeated every 8 weeks; the total number
of cycles depends on the decision by a patient, parent,
and a treating physician. Naxitamab is given as an intra-
venous (i.v.) infusion over 30-60 min in the outpatient
settingdGM-CSF is omitted if the absolute neutrophil
count is above 20 000/mL.13,17

When using naxitamab as consolidation therapy to
maintain a first or second CR achieved during prior therapy,
patients receive five cycles of monotherapy.13

In 73 patients with HR neuroblastoma in first or second
CR who received a total of 385 cycles of naxitamab for
consolidation, the 3-year event-free survival (EFS) rate was
58% and the 3-year OS rate was 82%; OS was calculated
from start of immunotherapy to death, whereas EFS used
disease progression, relapse, and secondary malignancy as
additional endpoints. The 3-year EFS rate was significantly
higher for patients after a first CR than for those being
treated after a second CR (74% versus 19%; P ¼ 0.0029);
the difference in 3-year OS was not significant (91.6%
versus 66.1%; P ¼ 0.18).13

For the naxitamab chemoimmunotherapy protocol, the
total dose of naxitamab per cycle is 9 mg/kg cycle, the same
as naxitamab monotherapy (Table 1).

In 36 patients with R/R HR neuroblastoma who received
a total of 210 cycles of naxitamab chemoimmunotherapy
(median of six cycles per patient), we observed an ORR of
47% with a 1-year OS of 55%.21,22
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For comparison, data from the ongoing Trial 201, which
uses the naxitamab monotherapy regimen, report an ORR
of 58% (95% confidence interval 41% to 75%) for 36 pa-
tients with R/R HR disease; OS data are not yet mature.23

Establishing an outpatient management team

At HSJD, the overall team structure comprises five main
specialties: psychology, anesthesiology and pain manage-
ment, oncology, nursing, and pharmacy. Team members
from other specialties, such as surgical oncology,
nephrology, and dermatology, are included as needed. The
oncology team consists of dedicated infusion coordinators
and physician instructors, who teach nurses and fellows at
the patient’s bedside, while the nursing team includes
infusion nurses, clinical research nurses, and child life
specialists (CLS).

The current approach at HSJD is based on the team’s
experience to date under compassionate use and in Trial
201. We recommend that each nursing team comprises
three nurses: two prepare the infusion suite before the
patient arrives and receive patients and families upon
arrival, while the third nurse verifies all the medications and
doses, prepares the medications for each infusion, and
ensures that the medications are available in the infusion
suite. Throughout the infusion of naxitamab, two of the
nurses are present at the patient’s bedside together with
the infusion doctor: one nurse is responsible for medica-
tion, whereas the other nurse monitors vital signs and
completes any registration paperwork. The third nurse re-
mains outside the infusion suite and is responsible for
administering chemotherapy (as appropriate), post-
naxitamab infusion patient monitoring/follow-up, and
providing premedication to patients awaiting naxitamab
infusion.

Practical considerations in the outpatient setting

All pre-existing documentation for patients and families
receiving naxitamab (e.g. registration forms, safety moni-
toring forms) are adapted to the outpatient setting. The
week before starting each infusion, all patients have a
consultation with a research nurse and a referral physician
who is part of the infusion team. The treatment plan,
medications, and adverse events (AEs) are discussed and
reviewed both verbally and in writing. All patients and their
treatments are discussed weekly within the team, so
everyone is aware of the specific needs of each patient.

The infusion schedule should be arranged based on the
overall neuroblastoma treatment regimen that is being
used. For example, when using naxitamab monotherapy
at HSJD, infusion days were scheduled for Mondaye
WednesdayeFriday, whereas patients who received nax-
itamab chemoimmunotherapy were treated on Tuesdays
and Thursdays. The MondayeWednesdayeFriday schedule
was also prioritized for patients who required a procedure
room for their naxitamab infusions, such as patients
receiving ketamine analgesia due to a history of apnea,
complex allergic reactions that could be exacerbated by the
Volume 7 - Issue 2 - 2022
use of opioids, refractory hypotension, or unmanageable
pain.20

The room used for infusion can be very simpleda full
intensive care unitestyle suite is not necessary, and the
most important factors are ensuring all monitoring equip-
ment listed below is available, and that it provides a
comfortable and relaxed environment for the patient and
family.

The standard pediatric hospital rooms at HSJD required
some adaptation for naxitamab infusions. Essential equip-
ment include an aspiration source and tubes, pediatric self-
inflating (Ambu®; AmbuR SpurR, Ballerup, Denmark) bags, a
two-output oxygen source, two volumetric infusion pumps,
a continuous infusion syringe pump, a cardiac monitor with
blood pressure (BP) cuffs appropriate for the size of the
patient, and an oxygen saturation monitor. Emergency
equipment, including a crash cart, should be available
outside the room as needed. Ideally, the procedure room
should be close to the infusion room or suite, as it can be
helpful to have rapid access to the anesthesiology team.
Including a television in the infusion room and allowing
regular visits from CLS and entertainers, such as clowns and
artists, can help the patient and their family feel at ease.

The preferred central venous access method should be
considered, and protocols adapted as needed. At HSJD, all
patients are fitted with a single-lumen Port-A-Cath (Sims
Deltec Inc., Minneapolis, MN) for central line access, as this
minimizes disruption to normal outpatient life. I.v. medi-
cation regimens are adapted to allow infusion of naxitamab
and other i.v. pre-medications and supportive medications
through the single line, via pause and re-initiation of infu-
sion as required. A double-lumen Port-A-Cath can be ad-
vantageous, as it allows patients to receive multiple
infusions simultaneously; however, if using this system, it is
important to ensure that the morphine line is the closest to
the venous access to reduce risk of overdose when infusing
through other lumens.
Administering naxitamab in the outpatient setting

When the patient arrives at the outpatient infusion suite on
their first day of naxitamab therapy, their Port-A-Cath is
accessed and blood samples are taken. Premedications are
given to mitigate common AEs and infusion-related re-
actions (Table 2). Following the administration of premed-
ications, the i.v. system is flushed before naxitamab infusion
is initiated. In the naxitamab monotherapy regimen, the
infusion is started 30-90 min after administration of GM-
CSF; however, with naxitamab chemoimmunotherapy, GM-
CSF is given before the infusion on days 9 and 11
(Table 1). For the first infusion, the recommended duration
is currently 60 min, but subsequent infusions can take place
over 30-90 min based on the patient’s experience with the
infusion on cycle 1 day 1/cycle 1 day 2. Following comple-
tion of the naxitamab administration, the i.v. system is
flushed again, marking the end of the infusion. In the
standard AE management protocol, patients are regularly
monitored before and during naxitamab infusion for vital
https://doi.org/10.1016/j.esmoop.2022.100462 3
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Table 2. Overview of relevant AEs seen with naxitamab infusion and corresponding supportive treatments, including nurse action employed by the HSJD team

Category AE Premedication (30-60 min
pre-infusion)

Supporting medication (PRN) Nurse action

Skin Erythema, pruritus, or
urticaria (hives)

Cetirizine 2.5-10.0 mg p.o.
H2 blocker e.g. ranitidine
2 mg/kg p.o.

Dexchlorpheniramine 0.15 mg/kg i.v.
Hydroxyzine 0.5-1.0 mg/kg i.v. or p.o.

Apply an ice pack locally to
soothe pain or pruritus

Cardiovascular Hypotension Saline bolus Saline bolus
Naloxone 1 mg/kg i.v.; repeated every
2-3 min
Adrenaline 0.1 mg/kg i.v. or i.m.

Use Trendelenburg position
Peripheral i.v. where more fluids
are required

Hypertension Enalapril starting at 0.08 mg/kg/day
p.o.
Nifedipine 0.25-0.50 mg/kg/dose p.o.
(max. 10 mg/dose)
Hydralazine 0.3-0.5 mg/kg/dose i.v.
(max. 20 mg/dose)

Respiratory Bronchospasm Salbutamol nebulizer:
� <20 kg: 2.5 mg
� >20 kg: 5.0 mg
Add if needed: Ipratropium bromide
nebulizer:
� <10 kg: 125 mg
� 10-30 kg: 250 mg
� >30 kg: 500 mg

Position the patient correctly for
effective nebulizer use

Edema of tongue Dexchlorpheniramine 0.15 mg/kg i.v.
Apnea Naloxone 1 mg/kg i.v.; repeated every

2-3 min
Position the patient correctly for
assisted ventilation

Laryngitis or
laryngotracheitis

Adrenaline nebulizer
0.5 mg/kg/dose (max. 5 mg)
Add if needed:
Budesonide nebulizer
2 mg
Grade 3: add dexamethasone
0.15 mg/kg/dose i.v. (max. 10 mg)

Position the patient correctly for
effective nebulizer use

Anaphylaxis Airway or cardiovascular
compromise

Adrenaline 0.1 mg/kg i.m. or i.v.

Pain Standard supportive pain
protocol during naxitamab
infusion

Paracetamol 15 mg/kg p.o.
Gabapentin 5-10 mg/kg
every 8 h p.o. (max. 600 mg)
Morphine chloride
25-100 mg/kg i.v.

Morphine chloride
25-100 mg/kg i.v.

Apply cold/hot packs to painful
areas
O2 mask may be helpful

Residual post-infusion
pain

Metamizole 30 mg/kg/dose i.v.
(max. 2 g/dose)
Dexketoprofen 1 mg/kg/dose
(max. 50 mg/dose)

Gastrointestinal
disorders

Nausea Ondansetron 5 mg/m2 i.v.
Fosaprepitant 5 mg/kg
(max. 150 mg) i.v.a

Other Anxiety, nausea Lorazepam 0.01-0.02 mg/kg i.v. Lorazepam 0.01-0.02 mg/kg i.v.
or p.o. (max. 1 mg)

AE, adverse events; HSJD, Hospital Sant Joan de Déu; i.m., intramuscular; i.v., intravenous; p.o., oral; PRN, as needed.
aDay 1 of chemotherapy.
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signs including heart rate, respiratory rate, body tempera-
ture, peripheral O2 saturation, and BP. Vital signs are
measured immediately before morphine (or another opioid)
premedication. The 80% BP level is calculated to identify the
lower limit at which the naxitamab infusion should be
paused and rescue fluid therapy started. Vital signs are also
recorded as per the Trial 201 protocol: at least at the
beginning of naxitamab infusion, at minutes 15 and 30
during the naxitamab infusion, at flush initiation, at minutes
15 and 30 after the end of infusion, and 1 and 2 h after
infusion. Parents are encouraged to remain at the bedside
to provide comfort to the patient as neededdensuring the
parents or caregivers are educated regarding what to expect
during the infusion will help minimize any distress they and
the patient may experience. If no AEs occur, the patient is
observed for 2 h following the infusion or last dose of oral
4 https://doi.org/10.1016/j.esmoop.2022.100462
or i.v. opioids and then discharged home. Parents/caregivers
are advised that it is common for fever or rash to occur at
home after discharge, which can be relieved with minimal
intervention.
MANAGEMENT OF ADVERSE EVENTS DURING AND AFTER
NAXITAMAB INFUSION

Our experience with naxitamab treatment is that AEs are
manageable in the outpatient setting with appropriate
premedication and timely AE recognition and intervention.
Based on data from Trial 201 (n ¼ 48 patients; safety
population), the following AEs were reported by at least
50% of patients who received naxitamab plus GM-CSF: hy-
potension (98%), pain (96%), urticaria (83%), pyrexia (79%),
bronchospasm (67%), tachycardia (63%), cough (58%),
Volume 7 - Issue 2 - 2022
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Table 3. Ketamine-based management of naxitamab-induced pain at HSJD

Timing Midazolam Lidocaine Atropine Ketamine

Before infusion 0.05 mg/kg i.v. bolus �40 kg: bolus
>40 kg: bolus

0.005 mg/kg i.v. bolus 0.5 mg/kg i.v. bolus

During infusion d Minute 15: additional bolus PRN: additional bolus Minute 15: 1-2 mg/kg i.v. bolus; added
doses up to a total of 4 mg/kg

Ketamine was administered to patients if prior supportive therapy with opioids did not provide adequate support.
HSJD, Hospital Sant Joan de Déu; i.v., intravenous; PRN, as needed.
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vomiting (52%), and nausea (50%). While the majority of
these AEs were manageable, 27 treatment-emergent
serious AEs were reported by 19 patients (40%), most
frequently hypotension (4 events in 4 patients) or anaphy-
laxis (4 events in 3 patients).23 Of note, all AEs occurred
during naxitamab administration or in the 2-h post-infusion
observation period.

Administration data confirmed that 95% of infusions took
place in the outpatient setting, with 98% of infusions
administering the complete dose.18

Proper parent/caregiver education and preparation
before the infusion is therefore crucial. Ensuring they are
engaged in the process and know what to expect means
they are better equipped to support and reassure the child
during the infusion and manage secondary AEs at home.

Pain

Generalized acute pain is a dose-limiting toxicity of anti-GD2
monoclonal antibodies (mAbs) that occurs during most in-
fusions. While opioids are routinely used to manage pain
associated with infusion of anti-GD2 mAbs, they may not
satisfactorily ameliorate the pain in all cases, and poten-
tially contribute to hypotension and unresponsiveness.
Targeting GD2 is associated with activation of the NR2B
subunit of the N-methyl-D-aspartate (NMDA) receptor.24

Based on this, ketamine, an NMDA-receptor antagonist,
has been investigated as an alternative, non-opioid
approach to the management of naxitamab-induced acute
pain if standard therapy is ineffective. At the subanesthetic
doses used, ketamine does not typically increase the risk of
hypotension, and may possess mild antihypotensive activity
by increasing systemic catecholamine levels.25 However,
ketamine is also associated with a transient increase in BP
that usually resolves within 15 min of administration, and
therefore it should be used with caution in patients with
hypertension or tachycardia.26

Our standard supportive AE management protocol in-
cludes gabapentin, paracetamol (acetaminophen), and
morphine chloride, in combination with an H1 antagonist
(i.e. cetirizine), an H2 blocker (i.e. famotidine), and a 5-HT3
antagonist (i.e. ondansetron); corticosteroids (i.e. i.v. meth-
ylprednisolone) are usually given for the first infusion of the
first cycle only (Table 2). If the standard morphine-based
supportive therapy regimen is ineffective, or there are con-
traindications to opioids, patients receive ketamine-based
analgesia (Table 3). At HSJD, ketamine is generally adminis-
tered in the procedure room under the supervision of an
anesthesiologist. Patients under this protocol receive
Volume 7 - Issue 2 - 2022
midazolam, lidocaine, ketamine, and atropine before their
naxitamab infusion. Midway through the naxitamab infusion
(minute 15), a second dose of lidocaine and ketamine is
given. Patients with difficult-to-manage pain can receive up
to a total of 4 mg/kg of ketamine, administered as 2 mg/kg
i.v. boluses. Of the 115 patients treated between June 2017
and March 2020 at HSJD, 21 (18%) received ketamine-based
analgesia: 7 due to unmanageable pain, 6 due to apnea, 4
due to complex allergic reactions potentially enhanced by
the use of opioids, and 4 due to refractory hypotension.20 Of
these, 19 patients (90%) successfully completed the planned
naxitamab treatment in the outpatient setting; 2 very young
patients (aged 1-2 years) on the ketamine protocol devel-
oped apnea in the first few minutes of infusion and were
permanently taken off naxitamab treatment. Based on
caregiver reports, the use of the ketamine protocol did not
negatively impact ability to perform daily activities following
cycle completion.20

If lingering pain occurs following completion of the nax-
itamab infusion, it is treated with metamizole or dexketo-
profen which is administered i.v. over 10-30 min. If pain or
discomfort happens after discharge, it can usually be
managed with oral paracetamol or metamizole; however, if
pain persists, we advise parents to return to the hospital for
i.v. analgesics. BP should be checked to rule out concomi-
tant hypertension.

CONCLUDING REMARKS

The HSJD team has extensive experience administering
naxitamab to patients with HR neuroblastoma, both under
compassionate use and as part of clinical trials.

Consolidation treatment and naxitamab chemo-
immunotherapy provide a meaningful addition to the
treatment options for patients with HR neuroblastoma.
Naxitamab has a relatively short infusion duration and at
HSJD, treatment has been administered in the outpatient
setting. Once a decision to treat with naxitamab has been
made, the physician will determine whether it is suitable to
administer naxitamab in the outpatient setting. Appropriate
premedication and timely AE recognition and intervention
should be implemented to prevent and manage treatment-
emergent AEs such as pain and hypotension. Importantly,
proactive management of AEs is needed to reduce the risk
of hospitalization for serious AEs. When preparing for
outpatient naxitamab infusions, seamless scheduling
throughout the treatment cycle is required and it is vital to
ensure adequate staffing and a multidisciplinary health care
team support on each shift. Anesthesiology/pain team
https://doi.org/10.1016/j.esmoop.2022.100462 5
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involvement may be required if patients require ketamine
for adequate pain control, dependent on local guidance.
Involvement of a psychologist or CLS may be needed to
provide support with nonpharmacologic approaches to pain
management. We hope that sharing our clinical experience
at HSJD provides practical guidance for institutions looking
to treat patients with HR neuroblastoma with naxitamab.
While further work is needed to capture the full impact of
outpatient administration of naxitamab on secondary
treatment costs, logistics, and travel burden, we believe this
approach has the potential to meaningfully help patients
and their families.
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