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Abstract

The anti-GD2 antibody dinutuximab beta (Qarziba®) has been added to the present standard of care for patients with high-
risk neuroblastoma in Europe based on the positive results obtained in different studies. In both the first-line and relapsed/
refractory settings, treatment with dinutuximab beta attains objective clinical responses in children with high-risk neuro-
blastoma. Its incorporation has changed the outcome for these patients and optimized management should be guaranteed to
minimize possible adverse effects. Most prevalent adverse events include pain, allergic reactions, fever and capillary leak
syndrome. There are still no evidence-based clinical guidelines that include the latest published evidence to optimize its use,
as it depends on the experience gained in each referral center. Topics such as the mode of preparation and administration,
the concomitant use of interleukin-2, the recommended pediatric age and dose for its use, or the adequate management of
possible toxicities are important aspects to review. The objective of this article was to update the clinical guide to manage-
ment with dinutuximab beta of children with neuroblastoma based on the most recent published evidence and our own

experience in clinical practice.

Key Summary Points

This review describes the current evidence supporting
clinical management guidelines with the anti-GD2 anti-
body dinutuximab beta in the treatment of children with
high-risk neuroblastoma (NB). Dinutuximab beta has
been added to the current standard of care for patients
with high-risk NB in Europe based on positive results
from several studies.

The efficacy and safety of dinutuximab beta in children
with NB has been demonstrated in several trials and its
use has changed the outcome of patients with high-risk
NB, both at diagnosis and at relapse.

Appropriate management of potential drug-associated
toxicities of the patient, following recent evidence-based
guidelines and clinical practice experience, reduces
treatment-associated adverse effects and ensures better
tolerability.

Extended author information available on the last page of the article

1 Introduction

Neuroblastoma (NB) is an aggressive malignant tumor of
the sympathetic nervous system that predominantly occurs
in children aged <5 years, accounting for 10% of all pedi-
atric cancers and 15% of all childhood cancer deaths [1,
2]. The treatment of NB is risk-based [3]. Risk is stratified
into low, intermediate and high, based on distinct clinical
and biological features, such as age at time of diagnosis,
extent of the disease, tumor histology, molecular profile
and presence of metastasis [3].

Children with high-risk NB (mostly metastatic and/
or MYCN-amplified) comprise 50% of cases and have
poor prognosis (survival rates <50%) despite several
approaches to treatment (induction chemotherapy, surgery,
high-dose chemotherapy with autologous hematopoietic
stem cell transplant, radiotherapy and differentiation ther-
apy) [4]. Furthermore, half of the children with high-risk
NB still relapse or do not respond to upfront therapy, and
after relapse, survival options are minimal, with 4-year
progression-free survival and overall survival (OS) rates
of 6% and 20%, respectively, and even less in cases with
amplification of MYCN [5].
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As the disialoganglioside (GD2) is present on the
majority of NB cells and in regular tissues, it is only
expressed in melanocytes, neurons and fibers of the cen-
tral and peripheral sensory and motor nervous system, it
was proposed as a suitable target for immunotherapy [6].
The human/mouse chimeric anti-GD2 antibody ch14.18
(dinutuximab) produced in SP2/0 cells was developed and
investigated in clinical trials [7], showing a significant
increase in the survival of patients who received this drug.
In Europe, ch14.18 was re-cloned in Chinese hamster
ovarian (CHO) cells (dinutuximab beta [DB]) [8]. Other
anti-GD2 molecules such as naxitamab or hul4.18K322A
have also been developed, and athough in Europe cur-
rently only dinutuximab beta is authorized, there are many
ongoing trials analyzing the role of immunotherapy with
anti-GD2 monoclonal antibodies in different settings and
using different strategies (NCT02258815, NCT01701479,
NCTO01767194, NCTO02308527, NCT03794349,
NCTO01717554, NCT02914405).

The European Medicines Agency (EMA) has approved
dinutuximab beta (Qarziba®) for the treatment of high-
risk NB in patients aged > 12 months who have previously
received induction chemotherapy and achieved at least a
partial response, followed by myeloablative therapy and
stem cell transplantation, as well as patients with a his-
tory of relapsed or refractory NB, with or without residual
disease [9]. This anti-GD2 antibody has been added to
the present standard of care for patients with high-risk
NB in Europe based on the positive outcomes obtained
in different studies [9—12]. Its incorporation has altered
the outcome for those with high-risk NB, but optimized
management should be guaranteed in these patients to
minimize possible adverse effects. Nevertheless, there are
still no evidence-based clinical guidelines that include the
latest published evidence to optimize its use, as it depends
on the experience gained in each referral center.

The purpose of this work was to update the clinical man-
agement guide with dinutuximab beta of children with NB
based on the most recent published evidence and our own
experience in clinical practice.

2 Methods

We conducted a PubMed search on 10 April 2022 using the
search terms ‘dinutuximab’ and ‘beta’ and ‘neuroblastoma’.
Potentially relevant articles were chosen based on the title
and abstract. Additional references were accessed as needed.
The group of experts who wrote this clinical guideline pre-
sent extensive experience in the use of the drug, and their
institutions have participated in the SIOPEN studies.
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3 Dinutuximab Beta

Dinutuximab beta is a chimeric monoclonal immunoglob-
ulin (Ig) G1 antibody that is specifically targeted against
the carbohydrate moiety of GD2, which is present on the
suface of NB cells [13]. The complex antigen GD2 antibody
activates the antibody-dependent cellular cytotoxicity and
complement-dependent cytotoxicity, which cause apoptosis
of NB cells [14]. In the presence of human effector cells,
including peripheral blood nuclear cells and granulocytes
from healthy human donors, dinutuximab beta was found to
mediate the lysis of human NB and melanoma cell lines in
a dose-dependent manner (Fig. 1) [15, 16].
Pharmacokinetic data were accessible from three clinical
studies: APN311-101, -202 and -303 (see Table 1) [9, 17,
18]. In these studies [9, 18], maximum levels were generally
attained at the end of the 10-day infusion, and the approxi-
mated half-life (¢,,) was around 190 h [9, 18]. Given its target
and elimination profile, dinutuximab beta is considered to
have a reduced potential for drug—drug interactions [9, 18].

3.1 Dinutuximab Beta Clinical Trial Program

Efficacy and safety have been determined in five clinical tri-
als (Table 1). The clinical data show evidence across differ-
ent infusion regimens, different disease scenarios (first-line,
relapse, and refractory), and as a single agent or in combina-
tion with aldesleukin (interleukin [IL]-2) and/or isotretinoin
(13-cis-retinoic acid [13-cis-RA]).

Available data from these studies with dinutuximab
beta show increases in event-free survival (EFS) and OS in
patients with high-risk NB, with an increase in EFS of 20%
and OS of 9%. Of note, the SIOPEN HRNBL1 clinical trial,
which assessed the use of dinutuximab beta in the first-line
setting, has been open to recruitment from 2002 to 2017.
In this clinical trial, historical data with the same patient
population showed a 5-year OS of 50% without dinutuximab
beta versus 65% with dinutuximab beta (p < 0.0001) [12].

Most recent studies analyse the use of alternative sched-
ules, strategies and combinations of dinutuximab beta.
Recently, a phase I/II trial (NCT02258815) has shown that
dinutuximab beta infusions after haploidentical stem cell
transplantation in children with relapsed metastatic NBs
appear to be acceptable without increased risk of inducing
graft-versus-host disease. This study included 68 patients
with 1st to 5th metastatic relapse. The success of treat-
ment, defined as stable disease or improvement after the
last treatment cycle, was shown in 58.8% of patients. OS at
2 and 3 years was 68.6% and 58%, respectively, and EFS at
2 and 3 years was 51.2% and 46.9%, respectively (median
follow-up 2.5 years) [21]. Thus, the combinatorial therapy
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Fig. 1 Neuroblastoma tumor microenvironment and cytotoxic action
induced by anti-GD2. (1) Anti-GD2 can trigger complementary acti-
vation by Clg—antibody interaction, leading to complement lysis of
neuroblastoma cells (CDC). (2) Anti-GD2 activates NK cells via Fc
RIIIA (CD16a), leading to the release of perforins and granzymes
that can kill neuroblastoma cells (ADCC). (3) Anti-GD2 can acti-
vate macrophages via Fc RI (CD64) and Fc RIIA (CD32), leading to

of haplo-SCT and dinutuximab beta seem to increase the
efficacy of immunotherapy [22].

Early use of dinutuximab beta, post-induction chemother-
apy, has been proposed as a promising strategy to improve
responses. Administering at least one cycle of dinutuximab
beta post-induction and prior to surgery in three children
with high-risk NB who did not demonstrate a complete
response to induction chemotherapy allowed them to achieve
complete remission in one series [23].

In relapsed/refractory NB, the SIOPEN BEACON trial
(NCT02308527) [24] has been amended to evaluate whether
the incorporation of dinutuximab beta to temozolomide or
temozolomide and topotecan enhances the efficacy of back-
bone chemotherapy, with results pending.

There is also an ongoing clinical trial to analyze a sched-
ule of dinutuximab beta of 10-21 days, in combination with
subcutaneous IL-2 and oral isotretinoin, to children and
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initiation of phagocytosis of neuroblastoma cells (ADP). (4) Mono-
clonal antibodies such as anti-GD2 can induce calreticulin (‘eat me’
molecule) expression on neuroblastoma cells and enhance phagocyto-
sis by macrophages. The figure was created using Biorender.com, and
was adapted from Chan and Chan [16]. CDC complement-dependent
cytotoxicity, NK natural killer, ADCC antibody-dependent cellular
cytotoxicity, ADP antibody-dependent phagocytosis

young people with primary refractory or relapsed NB with-
out intravenous morphine (NCT01701479).

Opportunities to improve the activity of immunother-
apy include targeting different mechanisms or increas-
ing immune modulation (radiation can enhance immune
responses). The MiNivAN study (n = 36) [NCT02914405]
is looking at the efficacy, safety and tolerability of the
combination dinutuximab beta, nivolumab and metaio-
dobenzylguanidine (mIBG) in pediatric patients with
relapsed and refractory high-risk NB. Similarly, a previous
case report analyzing the efficacy of the combination of
dinutuximab beta with the checkpoint inhibitor nivolumab
showed a complete and very good partial response in two
patients with relapsed/refractory NB [25].
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Table 1 Clinical studies

Study code phase Neuro- Design Treatment regimen EFS (3 years) OS (3 years)
blastoma
setting
APN311-101"7 R/R Open-label, uncontrolled, None NA NA
Phase I multicentre
EMA/263814/2017
APN311-201° R/R Open-label, uncontrolled, Cycles 1-3: None Cycles 40% (R/R together) 55% (R/R together)
Phase 11 multicentre 4-9: 1L-2
EMA/263814/2017
APN311-202° R/R Open-label, uncontrolled, IL-2, 13-cis-RA 37%/45% (R/R) 42%162% (R/R)
Phase I/ randomized, multi-
NCTO01701479 centre
APN311-303'%1° (com- R/R Open-label, uncontrolled, IL-2, 13-cis-RA 24%/29% (R/R) 55%170% (R/R)
passionate use) single-centre
EMA/263814/2017
APN311-304% R/R Open-label, uncontrolled, None 31.5% (R/R together) 65.5% (R/R together)
Phase 11 multicentre
NCT02743429 [20]
APN311-302/HR-NBL1/ First-line  Open-label, controlled, ~ With/without IL-2 STI'? STI'?
SIOPEN!0-11.12 randomized, multi- 13-cis-RA as mainte- 57%/42%" (with/without  57%/42%*
Phase 111 centre nance therapy DB) (with/without DB)
NCTO01704716 LTI LTI
63%164%° 74%/83%°

(with/without IL.-2) (with/without IL-2)

EMA-/263814/2017: European Medicines Agency (Dinutuximab Beta Assessment Report) [available at: https://www.ema.europa.eu/en/docum
ents/assessment-report/dinutuximab-beta-apeiron-epar-public-assessment-report_en.pdf]

ClinicalTrials.gov identifier NCT01701479: Long Term Continuous Infusion ch14.18/CHO Plus s.c. Aldesleukin (IL-2) (LTI) [available at:

https://clinicaltrials.gov/ct2/show/NCT01701479]

ClinicalTrials.gov identifier NCT01704716: High Risk Neuroblastoma Study 1.8 of SIOP-Europe (SIOPEN) [available at: https://clinicaltrials.

gov/ct2/show/NCT01704716]

DB dinutuximab beta, EFS event-free survival, /L interleukin, LTI long-term infusion, OS overall survival, R/R relapsed/refractory, ST/ short-

term infusion, /3-cis-RA 13-cis-retinoic acid
45 years

® 2 years

4 Treatment Schedules of Dinutuximab Beta
4.1 Short-Term versus Long-Term Infusion

In 2016, Siebert et al. [26] analyzed the pharmacokinetics
and pharmacodynamics of long-term infusion (LTI; 100
mg/m? administered over 10 days as a continuous infusion)
of dinutuximab beta in relapsed/refractory high-risk NB
patients. LTI of dinutuximab beta demonstrated to induce
effector mechanisms over the entire treatment period and
the authors concluded that may therefore emerge as the
preferred delivery method of anti-GD2 immunotherapy
to NB patients [26]. They showed that extension of the
treatment time of dinutuximab beta by the LTI resulted
not only in effective immune modulation but also lowered

A\ Adis

pain toxicity, which is known to be a limiting factor after
short-term infusions (STIs) of anti-GD2 Ab [27].

Later, the SIOPEN group tested the two different treat-
ment schedules of dinutuximab beta in the first-line setting:
STI (100 mg/m? administered over 5 days as a continuous
infusion) and LTI (100 mg/m? administered over 10 days as
a continuous infusion) [10, 11]. Dinutuximab beta adminis-
tered as an LTI was linked with an improved toxicity profile
compared with the STI schedule [11]. The most common
grade 3/4 adverse events (AEs; according to the National
Cancer Institute Common Toxicity Criteria [NCI-CTCAE])
described in the SIOPEN studies included pain, fever, hyper-
sensitivity reactions/allergy, capillary leak syndrome, diar-
rhea and elevated liver enzymes. All of these AEs were
experienced by patients receiving either treatment regimen,
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but the incidence of some of the AEs, such as immunother-
apy-related pain, hypersensitivity reactions and hypotension,
was significantly lower with the LTI regimen compared with
the STI regimen in patients receiving dinutuximab beta
alone [10, 11]. Therefore, the use of the LTI schedule was
considered to provide an improved toxicity profile (Fig. 2).

4.2 Dinutuximab Beta with or Without
Interleukin-2

The APN311-302 study carried out by the SIOPEN group
investigated the function of the addition of subcutaneous
IL-2 to the STI of dinutuximab beta (20 mg/m?*/day as an
8 h infusion for 5 consecutive days) in association with
13-cis-RA, and randomized patients to dinutuximab beta
plus 13-cis-RA versus dinutuximab beta plus subcutane-
ous IL-2 and 13-cis-RA. The trial showed that the addition
of subcutaneous IL-2 to immunotherapy with dinutuximab
beta and 13-cis-RA did not improve outcomes (3-year EFS
was 56% without IL-2 and 60% with IL-2; p = 0.76) but
increased toxicity [10]. The most frequent grade 3—4 AEs
were hypersensitivity reactions (10% in the group without
IL-2 vs. 20% in the subcutaneous IL-2 group), capillary leak
(4% vs. 15%), fever (14% vs. 40%), infection (25% vs. 33%),
immunotherapy-related pain (16% vs. 26%) and impaired
general condition (16% vs. 41%).

Comparable with the STI study, the potential of IL-2 to
improve patient outcomes was also evaluated in another ran-
domization using dinutuximab beta-LTI [11]. The inclusion
of IL-2 did not improve outcomes (2-year EFS and OS for
dinutuximab beta-LTI vs. dinutuximab beta-LTI and sub-
cutaneous IL-2 was 64% versus 63% [p = 0.844] and 83%
versus 74%, respectively [p = 0.337]). Grade 3 and 4 toxicity
was lower in the dinutuximab beta group versus dinutuxi-
mab beta and subcutaneous IL-2 for fever (14% vs. 31%;
p < 0.001) and pain (7% vs. 18%; p = 0.005), and no sig-
nificant difference was seen for general condition (17% vs.
22%; non-significant), allergy (3% vs. 3%; non-significant),
capillary leak (4% vs. 8%, non-significant), liver enzyme

Fig.2 Treatment schema of
SIOPEN maintenance immu-
notherapy (dinutuximab beta).
The figure was created using
Biorender.com. IV intravenous,
13.cis-RA 13-cis-retinoic acid

Cycle1to5

Dinutuximab beta
10 mg/m2/day

continuous IV infusion

elevation (20% vs. 27%; non-significant) and neurological
toxicities (2% vs. 2%; non-significant). Therefore, the incor-
poration of IL-2 to dinutuximab beta-LTI did not improve
survival in children with high-risk NB but substantially
increased toxicity. Based on all these findings, dinutuximab
beta-LTI without IL-2 is the standard of care for patients
with high-risk NB receiving immunotherapy as part of main-
tenance therapy [10-12, 26, 27].

5 Therapeutic Indications

Expert Opinion
We recommend the use of dinutuximab beta:

1. Associated with 13-cis-RA as first-line maintenance
to eliminate MRD after cytotoxic treatment in patients
aged 12 months and above with high-risk neuroblas-
toma, defined as either International Neuroblastoma
Risk Group Staging System (INRGSS) stage L2, M or
MS with MYCN amplification, any age, or stage M,
aged > 12 months at diagnosis, and stage MS, 12-18
months of age, any MYCN status [28, 29].

Although the current drug label contains the indica-
tion for concomitant use with IL-2, currently, following
the recommendations of the SIOPEN group, there is no
evidence of increased survival when associating IL-2,
and it was related with more toxicity [10, 11]. Therefore,
our recommendation is not to associate IL-2.

Likewise, although the recommendation, accord-
ing to the Summary of Product Characteristics, is for
patients older than 12 months of age, the HR-NBL1/
SIOPEN trial has shown that its use is well tolerated in
younger patients, adjusting the dose according to weight
in patients < 12 kg [30]. Nevertheless, our experience is
that in children under 12 months of age, immunotherapy
is not usually prescribed because the prognosis of high-
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risk NB is more favorable at this age and therefore, it is
not usually included in the SIOPEN protocols.

2. Association with Cytostatic Treatment for the Manage-
ment of Relapsed/Refractory Disease [23].

Early-phase clinical trials with different anti-GD2 mono-
clonal antibodies in combination with different schemas of
chemotherapy have shown positive results (NCT01576692,
NCTO01857934, NCT01767194). In addition, the BEACON
phase II trial, the European trial for relapsed/refractory NB
patients, has recently demonstrated the activity of dinutuxi-
mab beta in addition to chemotherapy with temozolomide
and topotecan. The ORR was 18% with chemotherapy alone
and 35% for patients receiving chemotherapy with dinutuxi-
mab beta. The 1-year PFS was also encouraging, with a rate
of 27% for chemotherapy alone and 57% for chemotherapy
with dinutuximab beta [31].

Based on these results, and considering fewer than 8%
of children with relapsed high-risk NB achieve long-term
survival, we recommend to include dinutiximab beta in the
treatment strategy (ideally within a clinical trial), in refrac-
tory and first relapsed patients.

6 Posology

In the first-line setting, treatment with Qarziba consists of
five consecutive courses, each comprising 35 days. The indi-
vidual dose is established based on the body surface area and
should be a total of 100 mg/m? per course (Fig. 2).

In the relapse setting, different schedules are being tested.
For example, the BEACON trial (NCT02308527) proposes
treatment with Qarziba within six consecutive courses. The
total dose per course is 70 mg/m?, administered in a continu-
ous infusion over 7 days at the daily dose of 10 mg/m? (each
course comprising 28 days) [32]. There is also an ongoing
clinical trial NCT01701479) to analyze a schedule of 10-21
days with dinutuximab beta in combination with subcutane-
ous IL-2 and oral isotretinoin in children and young patients
with primary refractory or relapsed NB. Three dose lev-
els will be considered with respect to daily dose (7, 10 and
15 mg/mz), which relate to total doses of 100, 150 and 210
mg/m?>.

Expert Opinion

Two modes of administration are possible: a continuous
infusion or a daily infusion administered over 8 h. We rec-
ommend continuous infusion in all scenarios due to a better
toxicity profile and, in particular, less pain [10, 11]. In first-
line treatment and R/R patients, the drug label indicates the
dosage by body surface but the experts consider that in chil-
dren between 5 and 12 kg, a dosage of 0.33 mg/kg/day, total
dose per cycle of 3.3 mg/kg, is recommended. In children
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under 5 kg, 0.22 mg/kg/day is recommended, a total dose
per cycle of 2.2 mg/kg.

7 Method of Administration

Dinutuximab beta is administered by intravenous infusion.
In children, we recommend that the treatment should be
administered through a central intravenous line, avoiding
leakage and extravasation and facilitating children to have
greater arm mobility. We strongly recommend to place a
double lumen catheter, or, if not possible, a peripheral line
(at least in the first administration), to be able to use it in
case of secondary effects (such as anaphylaxia, hypotension,
etc.) and also to be used for the other drugs administered
concomitantly intravenously. For dinutuximab beta, the solu-
tion is administered at a rate of 2 mL per hour (48 mL per
day) using an infusion pump.

8 Interaction with Other Medicinal Products
and Other Forms of Interaction

Although no interaction studies have been carried out, a risk
for indirect reduction of cytochrome P450 activity due to
higher tumor necrosis factor (TNF)-a and IL-6 levels and
therefore interactions with concomitantly used medicinal
products, cannot be excluded (Table 2) [19, 33].

9 Practical Administration Guide
9.1 Preparation of Dinutuximab Beta

Dinutuximab beta is diluted in a solution of sodium chloride
and albumin. The solution for infusion should be prepared
under aseptic conditions and should not be exposed to heat
or direct sunlight. Under usual conditions, the drug must
be prepared and purged from the pharmacy service. The
patient’s daily dose is calculated based on body surface area,
except in patients < 12 kg. The vials of the drug are diluted
to a concentration of 4.5 mg/mL; it must be diluted to the
patient’s specific dose with a solution for infusion of chlo-
ride sodium 9 mg/mL (0.9%) containing human albumin.
Solution for infusion can be prepared daily or in sufficient
quantity for a maximum of 5 days of continuous infusion.
The amount of solution to be perfused daily should be 48 mL
(infusion rate 2-2.1 mL/h), for a total of 240 mL for a 5-day
dose. It is recommended to prepare 50 mL of solution in a
50 mL syringe, or 250 mL in an infusion bag suitable for the
infusion pump used, i.e. a surplus amount of 2 mL (syringe)
or 10 mL (infusion bag), taking into account the residual
volumes of the infusion systems. Purging is performed using
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Table 2 Possible interactions with other medicinal products

Corticosteroids

Corticosteroids are likely to interfere with immunotherapy due to their immunosuppressant activity and are not recommended during the
administration of dinutuximab beta treatment, from 2 weeks before the first dose in the first cycle to 1 week after the last dose in the previous
process, except for life-threatening conditions, although studies to prove such an interaction have not been performed (Qarziba Summary of

Product Characteristics, 2020) [9]

Vaccinations

During the administration of dinutuximab beta until 10 weeks after the last treatment course, vaccinations should be avoided due to immune
stimulation through dinutuximab beta and the possible risk for rare neurological toxicities

Intravenous immunoglobulin

Concomitant use of intravenous immunoglobulins is not recommended as they may interfere with dinutuximab beta-dependent cellular cytotox-

icity

the same preparation of the antibody and at the same rate,
and is administered directly purged to the patient (infusion
rate 2.1 mL/h prepared at 50 cc/day); at discharge, 2.1 mL/h
(finished in 24-25 h). No washing is performed.

Chemical and physical stability during use has been dem-
onstrated for a period of up to 48 h at 25 °C (50 mL syringe)
and for up to 7 days at 37 °C (infusion bag of 250 mL), after
continuous storage in a refrigerator (between 2 and 8 °C)
for 72 h (EMA, 2017) [18]. Any suitable medical device for
infusion can be used at a rate of 2 mL/h, e.g. infusers/syringe
infusion pumps or electronic pumps for outpatient infusions.
If an infusion syringe is used, it is undoubtedly much more
accurate but is not usually suitable for the home setting.

The container should be visually inspected for the pres-
ence of solid particles before administration. The use of a
0.22 pm inline filter during infusion, except in the case of
elastomeric pumps, is recommended as the infusion rhythm
may be altered. Once the filter and system are connected to
the syringe or bag with the infusion solution, it is recom-
mended that the system is purged with the drug in order to
start the infusion at the corresponding rate, i.e. 2-2.1 mL/h.
It is advisable to start with the purged antibody.

In the case of infusers, it is important to control their posi-
tioning (when the child sleeps or if the infuser bends) since
the rhythm of the infusion must be constant and varies with
gravity, and therefore depends on the arrangement of the
infuser’s backpack and whether the line bends. Therefore,
during the use of these systems, caution is recommended
at the beginning, both by professionals and in-home use,
and to make it more flexible depending on the response and
specific circumstances of each patient and the experience of
the service itself to adapt to each specific case.

9.2 Home-Based Administration

Home-based administration has to be very carefully chosen,
depending on the experience of the center; time to get to the
hospital in case of risk; 24 hours, 7 days a week assessment
by trained professionals; and parents’ social profile. Home
administration may be considered in centers with experience

in handling the drug and once adequate patient tolerance
has been guaranteed. The group of experts considers home
administration when the distance from home to the center is
<30-60 min and always from the second cycle onwards. In
successive cycles, home-based administration can be consid-
ered if no toxicity is observed and once the patient does not
require concomitant intravenous medication. For adequate
home administration, it is important to properly train the
family in the use of the pumps/infusors, and the centers must
have a set of tools at the disposal of the families (where to
call, where to go, what to do in each case) (Fig. 3).

9.3 Types of Pumps Used at Home

Both elastomeric and home infusion pumps can be used at
home. Elastomeric infusion pumps have a single infusion
rate (2.1 mL/h), and their handling is ON/OFF. The advan-
tage of these pumps is that they do not need manipulation,
purging, or knowledge about electronic devices. The main
disadvantage is that if any adverse effects appear, the infu-
sion rate cannot be slowed down. Elastomeric pumps can be
used at recommended administrations of 2—-5 days. Specific
instructions should be given to parents and they should be
helped in the process, especially during the first cycle.
Home pumps include several models. It would be advis-
able to use stable systems such as household pumps that
warn quickly when the system is bent and do not have a
drip chamber so that air does not enter. Purging should be
performed with SSF, not medication. The home pump sys-
tem usually employed in most services only requires 5 cc.
The purging is performed quickly but always by introduc-
ing a slightly lower amount into the system to avoid the
administration of a bolus. The most rigorous method of
employing the system is to use a closed purging system
on the laminar flow hood: a serum system is placed in
the bag with a three-step wrench at the end, and the air
is removed from the empty system with a syringe so that
it is filled little by little (if a small amount of air enters it
can be returned to the bag without exposure to spills, in
the same way that volume is not lost). At the end of the
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Fig.3 General timeline, adjustable according to the characteristics of
each patient. All cycles are started in hospital. The patient goes to the
clinic on day —3 of treatment for clinical assessment, hemogram in
the clinic, and initiation of prophylactic gabapentin. On day +3, when
it is expected that the patient will not require intravenous medica-
tion, he/she will be able to go home. Halfway through treatment, the
patient goes to the pediatric oncology outpatient clinic for a clinical

infusion, the serum is connected so that the system enters
at the same speed as the infusion.

It is recommended that centers starting treatment with
dinutuximab beta contact an experienced referral center to
share experiences and logistical issues.

9.4 Patient Preparation

According to the Summary of Product Characteristics,
before the initiation of each treatment course, the following
clinical parameters should be assessed and treatment should
be delayed until these values are reached: (1) pulse oxime-
try >94% on room air; (2) adequate bone marrow function:
absolute neutrophil count >500/uL, platelet count > 20,000/
pL, hemoglobin > 8.0 g/dL; (3) adequate liver function:
alanine aminotransferase (ALT)/aspartate aminotransferase
(AST) <5 times the upper limit of normal (ULN); and (4)
adequate renal function: creatinine clearance or glomerular
filtration rate (GFR) > 60 mL/min/1.73 m? [9].

In the case of dinutuximab beta in combination with chem-
otherapy, adequate bone marrow function must also be ensured
in the relapse setting.

Initiation of the infusion should be carried out under the
supervision of a specialist in pediatric oncology, in a place
equipped with the necessary means in case of a severe or
potentially serious adverse reaction.

Expert Opinion

Prior to each cycle, the following are recommended. (1)
Thorough history and detailed physical examination, includ-
ing pupils and pupillary reflexes. (2) Vital constants measure-
ments, i.e. temperature, heart rate (HR), respiratory rate (RR),
oxygen saturation and blood pressure. During the infusion, on
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mid-treatment 10
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Pump replacement Pump removal.
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check-up, and goes to the hospital for a change of medication pump.
After the pump change, the patient goes home until day +10 of the
cycle, when he/she will return to the oncology consultation and the
infusion pump will be removed in the day hospital, ending the treat-
ment cycle. The figure was created using Biorender.com. DB dinu-
tuximab beta, IV intravenous

the first day of the cycle or until the patient is stable, it is rec-
ommended to repeat these determinations every 30 min for the
first 4 h and then on an hourly basis. (3) A central line for dinu-
tuximab beta should be ensured and, during the first cycles, a
second venous access should be guaranteed only when other
drugs are administered intravenously concomitantly.

If the patient does not meet all the criteria, the cycle will
be delayed until basic requirements are met. However, if the
patient meets all the requirements except minimum values
of neutrophils and/or platelets, apart from patients receiv-
ing dinutuximab beta and chemotherapy, treatment could be
initiated in individual cases by evaluating the risk/benefit in
each case.

9.5 Premedication
9.5.1 Prevention of Neuropathic Pain

During treatment with dinutuximab beta, the occurrence of
neuropathic pain is very common, mainly at the beginning
of the infusion in the first cycle. That is why patients should
begin prophylactic treatment with gabapentin 3 days prior
to the start of each cycle (Day-3: 10 mg/kg/day [once]; Day-
2: 20 mg/kg/day [twice daily]; Day-1: 30 mg/kg/day [three
times daily]; with a maximum of 300 mg/dose) and is con-
tinued until the end of dinutuximab beta infusion.

Before starting dinutuximab beta (mainly in the first
cycles), premedication with morphine is recommended.
Based on our experience, different strategies can be used
(see Table 3). It should be borne in mind that tolerance to
dinutuximab beta evolves in each cycle, and our experience
is that approximately 80% of patients are without intrave-
nous morphine on the fifth day of treatment during the first
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course of treatment. Thus, depending on the AEs of the pre-
vious cycle, the dose of morphine can be reduced in the next
cycles, oral morphine can be used in some cases, or there is
even no need for morphine.

9.5.2 Prevention of Anaphylactic Reactions

Anaphylactic reactions can occur at any time during treat-
ment but are more frequent within minutes after starting
the infusion. Therefore, the administration of prophylactic
medication at the beginning of each cycle is necessary.

Expert Opinion

The administration of intravenous antihistamines 20 min
prior to infusion is recommended. The dose can be repeated
every 4-6 h as needed.

The different antihistamine options include (1) dexchlor-
pheniramine 0.1-0.15 mg/kg/intravenous dose (daily maxi-
mum 20 mg) every 8 h; (2) diphenhydramine 1.25 mg/kg/
dose (maximum 50 mg/dose) every 6 h; (3) cetirizine 5 mg
every 24 h (children <30 kg) or 5 mg every 12 h (children
> 30 kg) orally; (4) hydroxyzine 1-2 mg/kg/day (divided
into two to three doses) orally.

Administration of one dose of ondansetron (0.15 mg/
kg/dose) is recommended prior to initiation of morphine

therapy and premedication with omeprazole (1 mg/kg/day)
in case of gastric pain is also recommended.

10 Toxicity Management

The incidence and severity of AEs have been widely
reported and some instructions are available in the litera-
ture regarding the management of common AEs (pain, aller-
gic reactions, fever, hypotension, capillary leak syndrome,
neurotoxicity, hematological toxicity, liver toxicity, cardiac
toxicity) in children receiving dinutuximab beta [33]. Edu-
cating clinicians and nurses on how to adequately identify
and manage these AEs is very important to avoid unplanned
dose and schedule modifications that may reduce efficacy
and ensure safe immunotherapy administration [33]. Many
of the adverse effects of dinutuximab beta may coincide
with those of other NB treatments, but some, such as pain,
allergic reactions or capillary leak syndrome, are quite spe-
cific. Therefore, whenever they appear in a patient receiving
dinutuximab beta, this should be taken into account in the
differential diagnosis, in order to ensure the best possible
management of the drug.

Table 3 Summary of recommendations for the management of pain associated with dinutuximab beta treatment in patients with neuroblastoma

Drug Management recommendation

Intravenous morphine
Day 1

Premedication: Prior to dinutuximab beta (2 h before infusion), start a continuous intravenous morphine infusion (0.03

mg/kg/h) or administer bolus (0.03—-0.06 mg/kg) with the possibility of increasing the dose up to 0.1 mg/kg
Concomitantly to dinutuximab beta infusion: Intravenous morphine infusion at 0.03 mg/kg/h. This dose can be reduced

from the first day depending on tolerance
Days 2-10%

If well-controlled pain: early morphine reduction is recommended as well as oral morphine as soon as possible (to allow

outpatient infusion), with a progressive decrease in the rate of infusion until its suspension:
- Day +2: Continous intravenous morphine infusion at a rate of 0.02 mg/kg/h
- Day +3: Continous intravenous morphine infusion at a rate of 0.01 mg/kg/h
- Day 4+4: Continous intravenous morphine infusion at a rate of 0.005 mg/kg/h
- Day +5: Discontinue intravenous morphine and switch to oral morphine or fentanyl patches

Oral morphine

Dose between 0.2 and 0.4 mg/kg/dose, every 46 h, to be adapted to each patient according to evolution

Conversion to oral morphine, depending on the intravenous dose being administered, and progressively decrease until

withdrawal

Non-opioid analgesics Administer scheduled paracetamol throughout the infusion. If necessary, for abdominal pain, fever, etc., prescribe
metamizole,’ ibuprofen, or other according to the usual practice of each center
In the case of abdominal cramping pain or visceral pain, the treatment of choice is metamizole for its antispasmolytic

effect

In the case of high fever, consider the introduction of indomethacin. To be avoided in patients under 2 years of age

Recommended doses:

Paracetamol: 10-15 mg/kg/6 h orally, 15 mg/kg/6 h (7.5 mg/kg/6 h for patients < 10 kg) intravenously

Ibuprofen: 7 mg/kg/dose orally, every 6-8 h

Metamizole: 12.5 mg/kg/dose orally, 20 mg/kg/dose intravenously, and doses can be increased up to 40 mg/kg/dose

according to patient characteristics
Indomethacin: 0.5 mg/kg/6 h orally

#This recommendation of morphine reduction applies to cycle 1. For successive cycles, it can be adapted according to the needs of the patient

and the medical criteria

®Metamizole is banned in some countries due to its potential for adverse events, including agranulocytosis
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The degree of toxicity refers to Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0 published
in November 2017 [34].

The most common AEs (Qarziba Summary of Product
Characteristics, 2022) [29] are summarized in Table 4.

In the experience of experts, pain is the most frequent
adverse effect reported. Other frequent adverse effects
include fever and hypersensitivity reactions (mainly pruritus
and mild skin lesions). Furthermore, it has been observed
that irritative cough subsides with adrenaline sprays and
does not usually require suspension of the treatment because
it does not produce dyspnoea. Regarding capillary leakage
syndrome, some mild forms are observed, such as fluid
retention.

10.1 General Recommendations
for the Management of Common Adverse
Effects Associated with Dinutuximab Beta
Treatment

Regarding the management of AEs, it should be noted that
most occur during dinutuximab beta administration and
resolve upon infusion finalization [10]. Therefore, it is rec-
ommended to momentarily discontinue the treatment to
provide supportive therapy as it can prevent the progression
of symptoms and does not appear to be detrimental. When
symptoms improve, dinutuximab beta administration can
resume, except in a few situations of severe toxicity that
are specified below. Proper management of AEs with sup-
portive therapy is critical before considering dose reduction
or discontinuation of immunotherapy in successive cycles.

Significantly, the incidence and/or intensity of some AEs,
such as pain, allergic reactions, urticaria or capillary leak
syndrome, generally decreases beyond the first cycle of
treatment with dinutuximab beta [10, 19]. It is also essen-
tial to differentiate when the symptoms are due to the treat-
ment per se or may be a consequence of the NB itself (i.e.
central nervous system [CNS] symptoms) or, as in the case
of some symptoms such as fever, hypotension or capillary
leak syndrome, are caused by other triggers such as possible

Table 4 Most common adverse effects with dinutuximab beta

Fever 88%
Pain 77%
Hypersensitivity 74.1%
Vomiting 57%
Diarrhea 51%
Capillary leak syndrome 40%
Hypotension 42.2%
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infection or sepsis. Once an AE has occurred in a patient and
is considered related to dinutuximab beta treatment, proac-
tively preventing recurrence during the current cycle and
subsequent treatment cycles is mandatory.

Finally, to optimize the management of these patients,
educating parents/caregivers to identify possible AEs to sup-
port their children during treatment is essential.

10.2 Pain

Systemic administration of dinutuximab beta may result in
allodynia and severe neuropathic pain (localized most com-
monly in the extremities, abdomen, back, chest or joints
(arthralgia) [9]. Neuropathic pain may appear due to the
activation by dinutuximab beta of the complement cascade
at the GD2-expressing peripheral sensory nerve fibers [35],
since GD?2 is not only expressed in NB but also in healthy
nerve cells of the central and peripheral nervous systems
[36]. Pain generally begins immediately, the first or second
day after initiation of the infusion during the first cycle, and
decreases with subsequent treatment cycles.

Expert Opinion

In the event that a patient presents pain despite the
prophylaxis regimen described, the analgesic treatment
with intravenous morphine should be adjusted (morphine
bolus EV: 0.02 mg/kg and/or increase the rate of continu-
ous infusion of morphine, according to the needs of each
patient). If refractory pain occurs, assess continuous infusion
with lidocaine (per protocol) or ketamine (usual analgesic
doses). The appearance of tolerable G4 pain does not imply
modifications in the administration of dinutuximab beta, as
long as the pain can be controlled with the scheduled res-
cue analgesic treatment. Individually, if the pain persists, it
may be considered to interrupt the infusion of the antibody
for 30 min and then restart at half speed, and progressively
increasing the rate up to 100%. An intolerable, refractory
and/or unresponsive G4 pain despite the administration of
continuous infusion of morphine, indicates discontinuing
treatment with dinutuximab beta.

The administration of dinutuximab beta as LTI and the
omission of IL-2 from the treatment regimen resulted in
decreased morphine use [18], potentially allowing home-
based treatment during the last days of infusion, once the
pain is controlled with doses of stable oral morphine.

The recommendations of the morphine regimen will be
determined by the patient’s tolerance to pain and is mainly
met in the first cycles. When patients have not had any pain
during the first two cycles, many of the centers start the third
cycle with the morphine bolus and administer oral morphine
or simply usual analgesia; no incidences in these patients
have been observed.
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10.3 Allergic Reactions

Hypersensitivity reactions are a possible AE in patients
undergoing treatment with dinutuximab beta [37] due to the
immunotoxic effects associated with monoclonal antibodies
[38]. These hypersensitivity reactions may produce severe
(e.g. bronchospasm, angioedema or anaphylactic shock),
moderate (e.g. hypotension) or mild (e.g. pruritus or skin
lesions) symptoms [10] but the omission of IL-2, the admin-
istration of the drug by LTI, and the use of premedication in
current clinical practice has resulted in most hypersensitiv-
ity reactions now being mild and mainly cutaneous (rash/
pruritus). Severe reactions, such as anaphylaxis, are rare
and if they occur exceptionally, it is within a few minutes
of the administration of the first infusion of the drug. Thus,
patients should be closely monitored for anaphylaxis/allergic
reactions, particularly during the first and second treatment
cycle [31].

Intravenous antihistamine, epinephrine and methylpred-
nisone should be ready for administration at the bedside in
case of a severe allergic reaction during dinutuximab beta
treatment. Antihistamines (e.g. diphenhydramine, chlor-
phenamine) should be administered approximately 20 min
before starting each dinutuximab beta infusion and repeated
every 4—6 h as required. Regular administration of oral anti-
histamines from the day before starting the dinutuximab beta
infusion, depending on the symptoms presented during the
previous cycles, should also be considered (see Table 5).

Table 5 Management of allergic reactions

Expert Opinion

In the management of hypersensitivity reactions, it is
essential to make a good differential diagnosis and to rule
out other possible causes (i.e. hypotension can be the symp-
tom of an infectious process or the administration of mor-
phine, etc.). The use of corticosteroids should be restricted
as much as possible.

10.4 Fever

Fever, which is considered to be an axillary temperature of
>38 °C, is the most common AE associated with dinutuxi-
mab beta treatment, occurring in more than 80% of treated
patients. A temperature above 37-38 °C accompanied by
constitutional symptoms should be treated with usual anti-
pyretics: metamizole, paracetamol or ibuprofen if the plate-
let count is normal. The management of grade 3—4 fever is
summarized in Table 6.

Analytical modifications of commonly used acute-phase
reactants (C-reactive protein and procalcitonin) related to the
administration of dinutuximab beta have been described. At
the physician’s discretion and individually in each patient,
infectious causes should be excluded in cases of febrile pro-
cesses in these patients, with the extraction of blood cultures
and initiation of empirical antibiotic therapy until the reso-
lution of fever and negative cultures. In general, empirical
antibiotic therapy is not recommended when there is only
fever (even with elevated C-reactive protein). However,

Mild symptoms

Reduce the rate of infusion of the antibody to 50% until recovery of symptoms
Dexchlorpheniramine 0.1-0.15 mg/kg every 68 h intravenously (maximum 20 mg)
If tolerance is adequate, the rate can continue to be increased up to 100%. Complete the infusion as planned

Avoid the use of corticosteroids

Moderate symptoms
Discontinue infusion of the antibody

Supportive treatment depending on the clinical situation, which may include:
» Volume infusion in the form of physiological saline serum (20 mL/kg intravenously)
» Administration of antihistamines (dexchlorpheniramine 0.1-0.15 mg/kg intravenously)

» Administration of adrenaline (0.01 mg/kg/dose intramuscularly)
» Administration of corticosteroids (methylprednisone 1-2 mg/kg)

Clinical surveillance and monitoring of the patient until the resolution of symptoms
After complete resolution of symptoms (hypotension), 50% antibody infusion may be restarted. If tolerance is adequate, the rate can continue to

be increased up to 100%

Severe symptoms
Discontinue infusion of the antibody

Supportive treatment depending on the clinical situation, which may include:

» Volume infusion in physiological saline serum (20 mL/kg intravenously)

» Administration of antihistamines (dexchlorpheniramine 0.1-0.15 mg/kg intravenously)

» Administration of adrenaline (0.01 mg/kg/dose intramuscularly)
» Administration of corticosteroids (methylprednisone 1-2 mg/kg)
» Administration of salbutamol + ipratropium bromure

Clinical surveillance and monitoring of the patient until the resolution of symptoms for at least 24 h
DO NOT restart the antibody infusion in the same cycle. It could be restarted in subsequent cycles at a slower rate, except for grade 3 bronchos-

pasm and grade 4 anaphylaxis, which would be definitively discontinued
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empirical antibiotic therapy would be recommended if there
is associated neutropenia or clinical suspicion of an infec-
tious process. If symptoms are resolved and cultures are
negative after 72 h, antibiotics can be withdrawn.

10.5 Hypotension

Hypotension can be a symptom of a cytokine release syn-
drome, characterized by systemic symptoms such as fever,
hypotension and urticaria that appears after the start of
the first infusion. In case the patient presents hypotension,
despite all the measures described above, follow the recom-
mendations summarized in Table 7.

10.6 Capillary Leak Syndrome (CLS)

CLS consists of the massive leakage of fluids and proteins
from the intravascular space to the interstitial space, giving
rise to a situation of shock due to volume depletion and ana-
sarca (severe hypotension, hypoalbuminemia and hemocon-
centration). Complications include pulmonary edema, mul-
tiorgan failure related to hypoperfusion, hypercoagulability

Table 6 Management of fever

due to hemoconcentration and increased serum viscosity and
anasarca (see Table 8).

Management consists of intravenous hydration and early
use of vasopressors (see Table 9).

10.7 Neurological Toxicity

Sensory and motor neuropathies have been reported in
9% of patients [9]. Although most adverse reactions were
grade 1-2 (and resolved), cases of neuropathy lasting >4
days should be assessed and non-inflammatory causes
(infections, disease progression, metabolic syndromes or
concomitant medication) should be ruled out. Treatment
should be interrupted for patients with grade 2 neuropathy
(motor with or without sensory) and may be resumed at a
rate of 50% after neurologic symptoms resolve. Increase to
the initial infusion rate if the adverse effect disappears. It is
recommended to discontinue the dinutuximab beta infusion
in case of persistent peripheral motor neuropathy grade 2;
peripheral neuropathy grade 3; ocular toxicity grade 3; and
objective prolonged weakness. In the case of recurrence, the
infusion will be discontinued and re-evaluated individually.
Recent publications have shown that if severe neurotoxicity

o Fever grade 3

Dose modifications not required, except in individual cases at the discretion of the physician

o Fever grade 4

Stop the antibody if fever (> 40 °C) is present for > 6 h, despite the use of antipyretics
In subsequent cycles, the dose of dinutuximab beta should be reduced to 50%

Table 7 Management of hypotension

e Hypotension grade 1-2

Interrupt the infusion and initiate support measures: fluid administration (e.g. 20 mL/kg of SSF intravenously)

Once the symptoms have subsided, restart the infusion at the same rate

e Hypotension grade 3—4

Immediately interrupt the cycle with dinutuximab beta and initiate support measures. Treatment with dinutuximab beta will be restarted in the

next cycle if it has resolved

In the case of a decrease in diuresis associated with hypotension, ensure a good renal perfusion with fluids prior to the use of a diuretic. If
required, the oral route is advised, which has a more progressive and slow effect

Table 8 Capillary leak syndrome complications

Prodromes Hemoconcentration phase Leak phase Post-leak phase

Asthenia Presyncope Hypoalbuminemia Restoration of intravascular volume
Myalgia Oliguria Generalized edema

Fever Hypotension

Abdominal pain Hypoperfusion

Complications

e Deep vein thrombosis e Shock o Compartment syndrome o Cardiopulmonary failure

e Multiorgan failure

e Rhabdomyolysis
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Table 9 Management of capillary leak syndrome

Capillary leak syndrome grade 3:
Stop dinutuximab beta perfusion

If resolved or improved to grade 2 with supportive measures, the infusion is resumed on the hour, at 50% of the dose until the prescribed dose is
completed. In subsequent courses, the dose can be increased depending on tolerance

Capillary leak syndrome grade 4, or recurrence:

If capillary leak syndrome recurs or occurs in grade 4, including ventilatory support, treatment is definitively discontinued

Table 10 Treatment of ocular toxicity

Mpydriasis with slow photomotor reflex + photophobia

The infusion should be discontinued, resuming it at a rate of 50% if
resolved. In this case, the use of sunglasses and photoprotection
is recommended to continue the treatment, and immediately refer
patients to an ophthalmologist

Persistent mydriasis
Weigh the risks and benefits of discontinuing therapy

Vision-related grade 3 adverse reaction (subtotal loss of vision)
Administration should be discontinued

is developed, the use of corticosteroids, gamma globulins
and plasmapheresis can help with resolution of the situa-
tion [39, 40].

10.8 Ocular Toxicity

There is a lack of information in the literature regarding
visual disturbances in association with dinutuximab beta
therapy [41]. Ocular toxicity may occur in the form of
mydriasis and alteration of visual accommodation that is
correctable with glasses (13%), blurred vision (3%), photo-
phobia (3%), paralysis of the eye muscles, ophthalmoplegia
(2%) and optic atrophy. The treatment of ocular toxicity is
summarized in Table 10.

The experts recommend a complete ophthalmological
examination before starting the first cycle, as well as regular
monitoring of patients.

10.9 Hematological Toxicity

In patients who have undergone stem cell transplant, low-
grade hematological toxicities such as thrombocytopenia,
leucopenia and anemia are often observed and are usually
self-limiting. In general, these hematological toxicities
resolve with time and do not require specific management

Table 11 Management of hepatotoxicity

or modifications of dinutuximab beta administration. In the
case of delay, the dose will be reduced by 50% in the fol-
lowing course.

10.10 Hepatotoxicity

In patients treated with dinutuximab beta, particularly
those who experienced veno-occlusive disease or previ-
ously received busulfan/melphalan, increased levels of liver
transaminases have also been described [10, 11]. Gener-
ally, these events are transient, not severe and are consid-
ered related to concomitant hepatotoxic medications (see
Table 11). Therefore, hepatotoxicity does not require specific
management if no other symptoms are observed. However,
if transaminase levels are < 20 times the normal upper limit,
the patient should be monitored closely without reducing or
interrupting dinutuximab beta, and hepatotoxic drugs should
be avoided.

An isolated elevation of alkaline phosphatase is not a
good indicator of liver toxicity. Therefore, in such a cir-
cumstance, it is unnecessary to modify doses or interrupt
treatment. However, if bilirubin triples its normal value,
dinutuximab beta should be started when it has returned to
normal. In such a case, the dose can be restarted at 100%.

10.11 Nephrotoxicity

Adequate kidney function (based on GFR or serum creati-
nine clearance) is necessary to be able to administer treat-
ment. If kidney function is impaired but lower than grade 3,
avoid other nephrotoxic drugs.

10.12 Cardiac Toxicity
Any evidence of cardiac impairment requires immedi-

ate electrocardiogram evaluation, and if ischemia occurs,
discontinue immediately. Patients with asymptomatic atrial

Liver toxicity grade 3:

If <3 days or returning to grade 1 before the next course, dose modification of dinutuximab beta is not needed, provided that these toxicities are
considered tolerable by the doctor in charge, as well as by the family and the patient
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Table 12 Recommended dose modifications for dinutuximab beta according to adverse reaction

Adverse reaction Severity

Treatment modification

Any Grade 1-2

Decrease infusion rate to 50%

After resolution, resume infusion at the original rate

Hypersensitivity reaction For example, hypotension

Interrupt infusion and administer supportive measures

After resolution, resume infusion at the original rate

Dilated pupils with sluggish light reflex + photophobia

Interrupt infusion

After resolution, resume infusion at 50% rate

Any Grade > 3

Interrupt infusion and administer supportive measures

Resume infusion at 50% rate if adverse reaction resolves or improves to Grade 1-2
After resolution, increase to the original rate

Recurrent

Discontinue infusion

Resume the next day if adverse reaction resolves

Hypersensitivity reaction For example, bronchos-
pasm, angioedema

Capillary leak syndrome

Interrupt infusion immediately and treat appropriately (see Sect. 4.4)
Resume treatment for subsequent courses

Interrupt infusion and administer supportive measures depending on the grade,

Resume at 50% rate if adverse reaction resolves or improves to grade 1-2

tachycardia, related to temperature elevation, but without
evidence of ischemia or clinical hypotension, will be mon-
itored but treatment may continue. Only in patients with
cardiac toxicity higher than grade 3 should treatment with
dinutuximab beta be discontinued definitively.

Patients with clinical problems of volume overload may
receive diuretics (furosemide) to lower systolic blood pres-
sure (SBP), and infusion of dinutuximab beta should be
stopped if SBP <80 mmHg or drops at least 20 mmHg from
its baseline blood pressure and does not recover after passing
fluids or seroalbumin (e.g. 20 mL/kg of SSF). Treatment can
be resumed once baseline SBP is recovered, but always at
50% of the dose.

10.13 Hyponatremia

Hyponatremia may occur in patients treated with dinutuxi-
mab beta. Dinutuximab beta should be discontinued in those
patients with either symptomatic hyponatremia, persistent
(>48 h) sodium < 125 mmol/L, or severe hyponatremia
without symptoms (sodium < 120 mmol/L). Grade 3 elec-
trolyte imbalance (especially hyponatremia < 124 mEq/L in
the absence of CNS symptoms and sequelae) that improve
with treatment within 24 h will not require dose modification
when observed, provided that such toxicity is considered
tolerable at the discretion of the responsible clinician.

10.14 Vomiting and Diarrhea
According to the experts, prophylaxis of vomiting with

serotonin 5-HT; receptor antagonists is recommended and
patients with mild diarrhea may only require fluid support.
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11 Recommended Dose Modifications [19]

Treatment with dinutuximab beta should be permanently
discontinued if the following toxicities occur:

¢ Intolerable, refractory and/or unresponsive G4 pain
despite administration of a continuous infusion of mor-
phine =+ lidocaine.

e Grade 3 or 4 anaphylaxis.

e Prolonged grade 2 peripheral motor neuropathy and
objective prolonged weakness.

e Grade 3 peripheral neuropathy.

e Grade 3 vision eye toxicity.

e Grade 4 hyponatremia (< 120 mEq/L) despite appropri-
ate fluid management.

e Recurrent or grade 4 capillary leak syndrome (requires
ventilator support).

e Grade 4 cardiac toxicity.

11.1 Pediatric Population
The safety and efficacy of Qarziba in children aged <12

months has not yet been established and no data are avail-
able (Table 12).

12 Conclusions

The efficacy and safety of dinutuximab beta in children
with NB has been demonstrated in several trials, and its
use has changed the outcome of patients with high-risk
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NB, both at diagnosis and at relapse. The experience of
experts corroborates these findings, and in those patients
in whom the use of dinutuximab beta is indicated, the ben-
efits in their clinical practice are evident. Nevertheless,
these patients should be guaranteed optimized manage-
ment to minimize the possible adverse effects. Continuous
infusion of the drug during 10 days (LTI) and without IL-2
is recommended. Dinutuximab beta administered as an LTI
provides the same efficacy but a significantly lower toxic-
ity profile than the STI schedule, allowing the possibility
of home administration. Adequate patient management of
the potential drug-associated toxicities following recent
evidence-based guidelines and clinical practice experi-
ence could reduce potential treatment-associated adverse
effects and ensure a better tolerance. For the management
of adverse reactions, it is recommended to reduce the rate
or suspend the infusion of dinutuximab beta, manage the
symptoms with supportive care, and once resolved, restart
the drug progressively according to the patient’s tolerance
and the data sheet, except in severe and life-threatening
situations, where it should be definitively suspended.

To optimize the use of dinutuximab beta, manage-
ment should be carried out in centers where the personnel
(nurses, clinicians and pharmacists) are specifically trained
and have experience in ensuring proper preparation and
administration of the drug and in early detection of pos-
sible adverse effects. To date, there is increasing experi-
ence with the use of dinutuximab beta, which favors home-
based management that should be very carefully indicated
in selected patients according to individualized criteria.
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