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Abstract
Neuroblastoma is the most common extracranial solid tumour in children, accounting for 15% of all paediatric cancer deaths. 
High-risk neuroblastoma is a particularly challenging-to-treat form of disease that requires multimodality treatment, consist-
ing of chemotherapy, surgery, high-dose chemotherapy with autologous haematopoietic stem cell rescue, radiotherapy and 
differentiation therapy. However, despite intense multimodal treatment regimens, the prognosis for this patient population 
remains poor. In recent years, immunotherapy with anti-disialoganglioside 2 (anti-GD2) antibodies was found to improve 
survival rates for patients with high-risk neuroblastoma. Based on studies led by the SIOPEN (International Society of Paedi-
atric Oncology European Neuroblastoma) group, the anti-GD2 antibody dinutuximab beta was approved for use in high-risk 
neuroblastoma by the European Medicines Agency and has been implemented into the standard of care in many countries 
across Europe. However, immunotherapy with dinutuximab beta is associated with a number of adverse events that may be 
challenging for clinicians, such as pain, fever, hypersensitivity reactions and capillary leak syndrome. While these adverse 
events are considered manageable, there are currently no formal guidelines to support clinicians with their management. The 
aim of this article is to discuss the management of the most common adverse events encountered in clinical practice and to 
provide practical guidance to assist clinicians in minimising toxicity associated with dinutuximab beta.

Key Points 

Dinutuximab beta can cause adverse events that warrant 
consideration and management.

Most common adverse events include pain, fever, allergy 
and capillary leak syndrome.

Practical guidance is provided on the management of the 
most common adverse events.

1 Introduction

Neuroblastoma (NB) is an aggressive malignant tumour of 
the peripheral nervous system that predominantly occurs in 
children aged < 5 years and accounts for 15% of all pae-
diatric deaths due to cancer [1, 2]. Because of its clinical 
heterogeneity, the treatment of NB is risk based [3]. Risk is 
stratified into low, intermediate and high, based on specific 
clinical and biological features, such as age at time of diag-
nosis (18 months cut-off), tumour histology and molecular 
profile (MYCN amplification, segmental chromosomal aber-
rations and ploidy) [3]. Children with high-risk NB account 
for 50% of cases and have poor prognosis (survival rates 
< 50%) despite multimodality treatment (induction chemo-
therapy, surgery, high-dose chemotherapy with autologous 
haematopoietic stem cell transplant, radiotherapy and dif-
ferentiation therapy) [4, 5]. Anti-disialoganglioside 2 (anti-
GD2)-based immunotherapy has changed the outlook for 
patients with high-risk NB [1]. The addition of the anti-GD2 
antibody dinutuximab  (Unituxin®) to the standard of care 
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has improved outcomes (survival rates > 60%) in patients 
with high-risk NB in the COG-ANBL0032 study, which 
led to the approval of this antibody in the USA [6–8]. A 
similar anti-GD2 antibody, dinutuximab beta  (Qarziba®), 
has been added to the current standard of care for patients 
with high-risk NB in Europe (Fig. 1a), based on the positive 
results of the SIOPEN (International Society of Paediatric 
Oncology European Neuroblastoma) studies [9–11]. How-
ever, treatment with these chimeric antibodies is associated 
with a number of adverse events (AEs) that warrant special 
consideration and management. Although the incidence and 
severity of AEs have been widely reported, little guidance is 
available in the literature regarding the management of com-
mon AEs in children receiving dinutuximab beta. Training 
clinicians and nurses on how to properly manage these AEs 
is important to ensure safe administration of immunotherapy 
and to avoid unplanned dose and schedule modifications that 
may result in reduced efficacy.

This review provides a brief overview of the toxicity 
profile associated with different treatment schedules of 
dinutuximab beta in children with NB and aims to provide 
clinical guidance for the management of the most frequently 

encountered AEs to support clinical decision-making by 
healthcare professionals.

2  Toxicity Profiles Associated with Different 
Treatment Schedules of Dinutuximab Beta

Prior to the development of dinutuximab beta, a similar anti-
GD2 antibody called dinutuximab was developed and inves-
tigated by the Children’s Oncology Group (COG) [6, 7, 13]. 
While the development of dinutuximab and dinutuximab 
beta was based on the same anti-GD2 antibody construct 
(ch14.18), they were produced in different cell lines (dinu-
tuximab in mouse SP2/0 cells; dinutuximab beta in Chinese 
hamster ovary [CHO] cells), resulting in different post-
translational glycosylation patterns [8, 9, 13]. Dinutuximab 
was approved for use by the Food and Drug Administration 
(FDA) based on the COG trial ANBL0032, which showed 
that dinutuximab combined with cytokines (granulocyte 
macrophage colony-stimulating factor and interleukin-2 
[IL-2]) and isotretinoin prolonged event-free survival and 

Fig. 1  a SIOPEN treatment pathway in high-risk neuroblastoma. b 
Short-term and long-term infusion treatment schedules of dinutuxi-
mab beta for the treatment of patients with high-risk neuroblastoma 

in the SIOPEN studies [5, 10, 11]. Bid twice daily, IL-2 interleukin-2, 
SIOPEN International Society of Paediatric Oncology European Neu-
roblastoma
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overall survival in patients with high-risk NB compared with 
isotretinoin alone [6–8].

Maintenance therapy with dinutuximab beta was 
investigated as part of a long-term study undertaken by 
the SIOPEN group to improve outcomes of children with 
high-risk NB treated according to the European protocol 
[10, 11, 14]. The SIOPEN group tested two different treat-
ment schedules of dinutuximab beta (Fig. 1b): short-term 
infusion (STI) and long-term infusion (LTI) [10, 11]. The 
initial STI study investigated whether the addition of IL-2 
to dinutuximab beta STI (100 mg/m2 given over 8 h for 5 
days) could increase survival in patients with high-risk NB 
who responded to standard SIOPEN induction and consoli-
dation therapy [10]. However, adding IL-2 to dinutuximab 
beta STI and isotretinoin did not improve patient outcomes, 
but substantially increased toxicity compared with dinu-
tuximab beta and isotretinoin alone [10]. Because clinical 
observations suggested that immunotherapy-related pain 
and other side effects could be reduced by decreasing the 
infusion rate [12], the SIOPEN group next investigated 
whether dinutuximab beta given as LTI (100 mg/m2 given 
over 10 days as continuous infusion) was associated with 
a better toxicity profile than the STI schedule [11]. Similar 

to the STI study, the potential of IL-2 to improve patient 
outcomes was also assessed in the LTI study. To reduce 
AEs, IL-2 was administered at half the dose used in the 
STI study (Fig. 1b). The addition of IL-2 to dinutuximab 
beta LTI plus isotretinoin substantially increased toxic-
ity, without improving survival in children with high-risk 
NB [11]. The most common grade 3/4 AEs (according to 
the National Cancer Institute Common Toxicity Criteria 
[NCI-CTCAE]) reported in the SIOPEN studies included 
pain, fever, hypersensitivity reactions/allergy, capillary 
leak syndrome, diarrhoea and elevated liver enzymes 
(Table 1) [10, 11]. While all of these AEs were experi-
enced by patients receiving either treatment schedule, the 
incidence of immunotherapy-related pain, hypersensitivity 
reactions and hypotension was lower with the LTI com-
pared with the STI regimen in patients receiving dinu-
tuximab beta alone (Table 1) [10, 11]. Therefore, not only 
the omission of IL-2 but also the use of the LTI schedule 
were associated with an improved toxicity profile. Based 
on these findings, SIOPEN recommends dinutuximab beta 
LTI without IL-2 as the standard of care for patients with 
high-risk NB receiving immunotherapy [11]. Since this 
treatment regimen is now predominantly used in clinical 

Table 1  Selected grade 3 and 4 adverse events reported with dinutuximab beta short-term infusion (100 mg/m2 given over 8 h for 5 days) and 
long-term infusion (100 mg/m2 given over 10 days) in patients with high-risk neuroblastoma in the SIOPEN studies [11]

ALT alanine aminotransferase, AST aspartate aminotransferase, IL-2 interleukin 2, LTI long-term infusion, SIOPEN International Society of Pae-
diatric Oncology European Neuroblastoma, STI short-term infusion
a Not all patients were evaluable for each adverse event
b Half the dose administered in the STI study (3 ×  106 IU/m2/day rather than 6 ×  106 IU/m2/day)

Selected grade 3/4 adverse events, % Dinutuximab beta STI Dinutuximab beta LTI

Alone (n =  186a) + IL-2 (n =  192a) Alone (n =  171a) + 50% 
IL-2b 
(n =  150a)

Immunotherapy-related pain 16 26 7 18
Fever 14 40 13 29
Hypersensitivity reaction 10 20 3 3
Capillary leak syndrome 4 15 4 8
Diarrhoea 7 21 11 12
Neurotoxicity
 Central 2 6 1 1
 Peripheral 1 2 1 1

AST/ALT 17 23 21 26
Haematological toxicities
 Haemoglobin 42 66 53 66
 White blood cells 26 36 32 33
 Granulocytes 33 58 43 67
 Platelets 34 61 33 51

Hypotension 7 17 2 3
Infection 26 34 32 33
General condition 16 41 16 21
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practice, this article focuses on the management of AEs 
associated with dinutuximab beta LTI without IL-2.

3  Optimising Supportive Care for Children 
Receiving Dinutuximab Beta

In the absence of formally recognised guidelines for the 
management of AEs associated with dinutuximab beta, 
European experts in immunotherapy for NB were brought 
together in a virtual meeting to provide practical guidance 
for the management of common AEs in children receiving 
dinutuximab beta, based on their clinical experience (key 
recommendations are summarised in Table 2). The experts 
agreed that while different treatment regimens/schedules 
of dinutuximab beta were associated with similar AEs, the 
intensity and/or frequency of these events observed in clini-
cal practice differs among the different approaches, with an 
improved toxicity profile associated with the LTI schedule 
and the omission of IL-2. It was considered important not 
only to include guidance regarding the management of the 
most common AEs observed in clinical practice (including 
pain, fever, hypersensitivity reactions, capillary leak syn-
drome and diarrhoea) but also AEs that might have a greater 
impact on the patient and their treatment over the longer 
term (e.g. neuropathy and visual disturbances).

3.1  General Principles

The management of AEs associated with dinutuximab beta 
may be challenging and may vary from patient to patient, 
institution to institution and country to country. However, in 
general, dinutuximab beta-related AEs are considered man-
ageable. It is important to note that beyond the first cycle 
of treatment, the incidence and/or intensity of some AEs, 
such as pain, allergies or capillary leak syndrome, generally 
decreases [10, 12].

Some AEs such as fever, hypotension and capillary leak 
syndrome can be difficult to differentiate from those caused 
by infection and sepsis and can be diagnostically challeng-
ing. The management of these symptoms may also vary 
substantially according to the underlying cause. Other AEs 
may be related to NB itself, and should be considered when 
symptoms do not resolve promptly on discontinuation of 
dinutuximab beta or in response to adequate supportive care. 
For example, bone pain or central nervous system symp-
toms can be observed in children with disease relapse. The 
group was in consensus that once an AE has occurred in a 
patient and is considered related to dinutuximab beta treat-
ment, steps should be taken to proactively prevent recurrence 
during the current cycle and subsequent treatment cycles.

Corticosteroids should be avoided for the duration of 
dinutuximab beta treatment, from 2 weeks before the first 

dose in the first cycle to 1 week after the last dose in the last 
cycle, except for life-threatening conditions. Due to their 
immunosuppressant activities, corticosteroids are likely to 
interfere with immunotherapy, although studies to prove 
such an interaction have not been performed [9]. In addi-
tion to emergency events, such as severe allergic reactions, 
the experts recommend the use of corticosteroids for chil-
dren with adrenal insufficiency and asthma. In the case of 
severe or life-threatening symptoms (e.g. anaphylaxis) or 
autoimmune disease (e.g. transverse myelitis), the infusion 
should be stopped immediately and dinutuximab beta treat-
ment should be permanently discontinued; corticosteroids 
and intravenous (i.v.) immunoglobulins should be consid-
ered for treatment.

Importantly, most AEs associated with dinutuximab beta 
occur during drug administration and resolve upon infusion 
completion [10]. Therefore, temporarily interrupting the 
infusion to give supportive therapy can slow or prevent the 
progression of symptoms and does not appear to be detri-
mental. Once symptoms improve, immunotherapy can be 
continued, except in cases of severe neurotoxicity. The dinu-
tuximab beta Summary of Product Characteristics provides 
guidance regarding dose interruption and adjustments based 
on the severity of certain AEs, such as hypersensitivity reac-
tions and capillary leak syndrome [9]. However, the group 
strongly recommends that AEs should first be managed with 
supportive therapy, before dose reductions and interruptions 
are being considered. It is crucial to train medical staff on 
how to best manage each of the AEs associated with dinu-
tuximab beta. Clinicians should also keep in mind the impor-
tance of educating the parents/carers of patients of what to 
expect in terms of potential AEs with dinutuximab beta as it 
will help them support their child through treatment.

3.2  Pain

As an on-target effect, pain, including neuropathic pain, is 
commonly experienced in children treated with dinutuximab 
beta [10–12, 15]. GD2, the target of dinutuximab beta, is not 
only expressed on the surface of NB cells but also in normal 
human tissue in the central and peripheral nervous system 
[16]. Dinutuximab beta can activate the complement cas-
cade at the GD2-expressing peripheral sensory nerve fibres, 
resulting in neuropathic pain [9, 17].

Pain occurs most commonly in the abdomen, extremi-
ties, back, chest or joints (arthralgia) [9]. It generally begins 
immediately after initiation of the infusion during the first 
cycle and decreases with subsequent treatment cycles [9, 
10, 12]. Rarely, pain may be chronic, disrupt sleep and 
cause altered sensation, requiring long-term treatment. The 
administration of dinutuximab beta as LTI and the omission 
of IL-2 from the treatment regimen resulted in decreased 
morphine usage [12], potentially permitting home-based 
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Table 2  Summary of recommendations for the management of common adverse events associated with dinutuximab beta treatment in patients 
with high-risk neuroblastoma

Adverse event Management recommendation

Pain Non-opioid analgesics Paracetamol or ibuprofen are recommended for the first cycle(s) of dinutuximab beta treatment. In 
painless consecutive cycles, the omission of non-opioids can be considered

Gabapentin Start prior to and continue during dinutuximab beta infusion
 Start at 10 mg/kg/day 3 days prior to infusion, increase to 2 × 10 mg/kg/day and 3 × 10 mg/kg/day in 2 consecutive days 

before the infusion
 Gabapentin 3 × 10 mg/kg/day can be interrupted between courses or given continuously. It should be tapered off at discon-

tinuation of dinutuximab beta
Morphine: Start prior to and continue during dinutuximab beta infusion. Aim for the lowest dose of morphine required for 

the shortest possible time
 Prior to dinutuximab beta infusion, start continuous i.v. morphine infusion (0.02–0.05 mg/kg/h) or administer bolus 

(0.05–0.1 mg/kg/h) 2 h before infusion
 During dinutuximab beta treatment, continue morphine at 0.03 mg/kg/h or higher if needed
 With daily infusions of dinutuximab beta, morphine infusion can be continued at a decreased rate (e.g. 0.01 mg/kg/h) for 4 

h after the end of dinutuximab beta infusion
For pain uncontrolled by gabapentin, morphine or non-opioid analgesics, additional i.v. ketamine is recommended. Adjust-

ing the rate and dose of dinutuximab beta infusion should also be considered
Hyoscine butylbromide may be given to manage abdominal pain

Fever Prophylactic antipyretics such as paracetamol or metamizole (where licensed) can be given
Fever can be treated with paracetamol, ibuprofen or metamizole (where licensed)
Blood cultures should be taken to rule out an infection
Febrile neutropenia should be treated with antibiotics according to local guidelines at least until blood cultures return a 

negative result and the patient does not present with other features suggestive of active bacterial infection
Fever persisting more than 48−72 h despite adequate management should prompt ruling out other causes of fever (e.g. 

fungus, virus, etc.) as per local guidelines
If fever is not extremely high and is well tolerated, supportive therapy may not be needed

Hypersensitivity reactions i.v. antihistamines (e.g. diphenhydramine) should be administered ~ 20 min before each dinutuximab beta infusion and 
repeated every 4–6 h as required

 Oral antihistamines may also be given the day before dinutuximab beta infusion
For grade 1−2 reactions, dinutuximab beta might be interrupted or the infusion rate reduced and symptoms treated
For grade ≥ 3 reactions, dinutuximab beta should be interrupted immediately and symptoms treated
For severe, life-threatening reactions, the infusion should be stopped immediately and dinutuximab beta treatment should be 

permanently discontinued. i.v. antihistamine, adrenaline and steroids should be administered
 Intramuscular adrenaline or slow i.v. adrenaline may also be used in patients with anaphylaxis
 The use of steroids should be limited to severe and life-threatening reactions
For more detailed guidance, see flow charts in Fig. 2

Capillary leak syndrome Blood pressure and weight should be monitored regularly to guide management
Mild symptoms may require fluid management:
 Fluids may be given or restricted dependent on weight/blood pressure and local protocols
Severe symptoms should be managed with fluid restriction
 Diuretics should be used with caution
 Furosemide may be given to manage severe weight gain with lung oedema or ascites
 In severe cases, human albumin solution might be used if albumin levels are low
 Some patients may require oxygen support for hypoxaemia
For very rare, severe symptoms, dinutuximab beta infusion may be slowed or interrupted

Visual disturbances Patients with pupillary palsy may temporarily require corrective glasses
Sunglasses are recommended for patients whose symptoms are exacerbated by sunlight
1% pilocarpine can be given to improve symptoms
Patients should undergo complete ophthalmological examination and be monitored

Diarrhoea For mild diarrhoea, fluids should be given
For severe diarrhoea, loperamide or racecadotril can be administered

Neurotoxicity For moderate neuropathy, dinutuximab beta should be interrupted and may be resumed once symptoms have resolved
For severe peripheral neuropathy or transverse myelitis, the infusion should be stopped immediately and dinutuximab beta 

treatment should be permanently discontinued; i.v. IgG and high-dose steroids should be administered
Hepatotoxicity No management required if no other symptoms present

If transaminase levels are < 20 times normal, patients should be monitored closely
Concomitant hepatotoxic drugs should be avoided

Haematological toxicities Generally, no management required other than support with blood products according to local practice
Laboratory abnormalities Generally, no management required

Ion disturbances should be monitored frequently and fluids should be corrected if needed

IgG immunoglobulin, i.v. intravenous
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administration of dinutuximab beta. Pain was generally con-
sidered well managed by pain relief, with infrequent grade 
3/4 pain when appropriate pain relief measures were given.

3.2.1  Management

Pain should be treated aggressively by using triple therapy 
(non-opioid analgesics, gabapentin and morphine). Non-
opioid analgesics should be given throughout treatment, 
e.g. paracetamol or ibuprofen. The experts also recommend 
the use of metamizole, where licensed for use, and highlight 
that the type of non-opioid analgesic used depends on the 
tolerability of the individual patient and the preference of 
the individual institution.

The use of gabapentin before and during dinutuximab 
beta infusion is strongly recommended. Gabapentin has to 
be gradually increased to ensure that the patient is on the 
full dose regimen prior to dinutuximab beta infusion [9]. A 
dose of 10 mg/kg/day should be administered 3 days prior 
to infusion, which is then increased to 2 × 10 mg/kg/day 
the next day and to 3 × 10 mg/kg/day the day before the 
infusion to completion of the cycle. It should be tapered off 
and discontinued between cycles and after completion of 
dinutuximab beta infusion. Alternatively, it can be contin-
ued between cycles at full dose or tapered to 10 mg/kg/day, 
especially in patients with lasting pain.

The use of morphine has also been recommended as pre-
medication and during dinutuximab beta treatment. The first 
infusion day and cycle usually require higher doses than 
subsequent days and cycles. However, morphine schedules 
vary among different hospitals and different countries. The 
experts agreed that a continuous i.v. morphine infusion 
(0.02–0.05 mg/kg/h) should be started prior to dinutuxi-
mab beta treatment or a bolus (0.05–0.1 mg/kg) should be 
administered 2 h before antibody infusion. Subsequently, a 
continuous morphine infusion dosing rate of 0.03 mg/kg/h 
(or higher if needed) is recommended concomitantly with 
dinutuximab beta infusion, and can be weaned off during 
dinutuximab beta treatment in the absence of pain. Morphine 
should be weaned off over a maximum of 5 days by progres-
sively decreasing the dosing rate, with the aim of completing 
morphine withdrawal by the end of dinutuximab beta infu-
sion in the first cycle, and within 3−5 days from the start of 
the second cycle. However, some patients may need pain 
relief medication after completion of dinutuximab infusion.

The group’s recommendation was to aim for the lowest 
dose of morphine required for the shortest possible time 
to control a patient’s pain. Some patients may not require 
morphine beyond cycle 2 of dinutuximab beta treatment. 
For pain uncontrolled by gabapentin and morphine, i.v. 
ketamine may be used in addition to these drugs. However, 
fewer patients require ketamine when dinutuximab beta is 

administered using the LTI schedule rather than the STI 
schedule. Hyoscine butylbromide may be given to manage 
abdominal pain. For uncontrolled pain, adjusting the rate 
and dose of the dinutuximab beta infusion should also be 
considered.

3.3  Fever

Fever, which is considered to be an axillary temperature 
of ≥ 38 °C, is a common AE associated with dinutuximab 
beta treatment [11]. Occasionally, patients receiving dinu-
tuximab beta experience temperatures of 40 °C or higher. 
Although fever related to dinutuximab beta can occur at any 
time during and shortly after dinutuximab beta infusion, it 
is generally observed during the first few days of infusion. 
Fever that is experienced later during treatment may also 
be due to an infection, indicating the need for a differential 
diagnosis. Because the introduction of the LTI schedule and 
the omission of IL-2 from the treatment regimen has been 
associated with a lower frequency of dinutuximab-related 
fever in clinical practice, infections should be considered 
earlier during treatment. Given that fever is experienced by 
many patients and is often a cause for concern, educating 
the patient, family and staff about fever prior to beginning 
dinutuximab beta therapy may be helpful.

3.3.1  Management

As fever is an expected AE of immunotherapy, prophylactic 
antipyretics, such as paracetamol, can be given, particularly 
in patients who did not tolerate fever well in previous treat-
ment cycles. Where licensed for use, intermittent or con-
tinuous infusion of metamizole may also be administered 
to prevent fever.

If a patient develops a fever, blood cultures should be 
taken to rule out an infection, which, if confirmed, should 
be treated appropriately (i.e. with antibiotics), particularly 
in the event of concomitant neutropenia. Generally, empiric 
antibiotics are not recommended in patients with fever alone, 
even in the case of mild C-reactive protein elevation, unless 
there is neutropenia or clinical suspicion of infection.

Febrile patients can generally be treated with paraceta-
mol. If children do not respond well to paracetamol, ibu-
profen may be given as an alternative with appropriate gas-
troprotectants (e.g. proton-pump inhibitors). According to 
some experts, ibuprofen administered as half dose every 4 h 
as opposed to full dose every 8 h may also be effective. In 
addition, metamizole was considered a good alternative for 
fever relief, but it is not available in all EU countries. Once 
antipyretics are initiated to treat fever in a patient, considera-
tion should be given to administering regular antipyretics 
during the next two subsequent dinutuximab beta cycles. 
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The experts agreed that, if the fever is stable, well tolerated 
by patients and not extremely high, supportive therapy may 
not be needed. Fans and cold packs can be used if the patient 
finds them helpful.

3.4  Hypersensitivity Reactions

Due to the immunotoxic effects of monoclonal antibod-
ies [18], hypersensitivity reactions are an expected AE in 
patients receiving dinutuximab beta [10, 11, 15]. Hypersen-
sitivity reactions may include mild symptoms (e.g. localised 
cutaneous reactions), moderate symptoms (e.g. hypoten-
sion), or severe symptoms (e.g. bronchospasm, angioedema 
or anaphylactic shock) [10]. While dinutuximab beta has 
previously been associated with severe reactions, the use of 
premedication, LTI and the omission of IL-2 has resulted in 
most hypersensitivity reactions now being mild and cutane-
ous (rash/pruritus). Severe reactions, such as anaphylaxis, 
are rare. If they do occur, anaphylactic reactions can be 
experienced as early as within a few minutes of the first 
dinutuximab beta infusion and are commonly associated 
with bronchospasm and urticaria [9].

3.4.1  Management

As hypersensitivity reactions are expected in association 
with immunotherapy, premedication is recommended to 
prevent such reactions. The consensus was that i.v. antihis-
tamines (e.g. diphenhydramine, chlorphenamine) should 
be administered ~ 20 min before starting each dinutuximab 
beta infusion and repeated every 4–6 h as required. Alterna-
tively, oral antihistamines may be given regularly from the 
day before starting the dinutuximab beta infusion. Patients 
should be closely monitored for anaphylaxis and allergic 
reactions, particularly during the first and second treatment 
cycle.

Mild symptoms may resolve quickly, but in rare cases 
may develop into more serious symptoms, such as hypo-
tension or bronchospasm. For mild/moderate hypersensitiv-
ity reactions (grade 1−2), it is recommended to interrupt 
dinutuximab beta infusion and administer supportive meas-
ures. Once symptoms resolve, the infusion can be resumed. 
Depending on the symptoms, the starting rate of the infusion 
could be the original (e.g. for a rash) or reduced and then 
gradually increased (e.g. for bronchospasm or angioedema). 
In the case of grade ≥ 3 hypersensitivity reactions, dinu-
tuximab beta infusion should be interrupted immediately 
and symptoms should be treated appropriately. Treatment 
may be resumed for subsequent cycles. For severe, life-
threatening reactions (grade 3−4 anaphylaxis), the infusion 
should be stopped immediately and dinutuximab beta treat-
ment should be permanently discontinued; i.v. antihistamine, 

adrenaline (i.v. bolus every 3–5 min) and steroids, such as 
methylprednisolone (i.v. bolus) or hydrocortisone, should be 
administered, according to clinical response. The group also 
recommends the use of intramuscular adrenaline or slow 
i.v. adrenaline in patients with anaphylaxis. Antihistamines 
commonly used to manage hypersensitivity reactions include 
cetirizine, chlorphenamine, diphenhydramine, clemastine, 
dexchlorpheniramine and levocetirizine. For bronchial and/
or pulmonary hypersensitivity reactions, local guidelines 
may recommend the use of salbutamol, corticosteroids and/
or inhalation with adrenaline every 2 h. Levodropropizine 
or an adrenaline nebuliser can be used to treat cough. More 
guidance on the management of specific hypersensitivity 
reactions is provided in Figs. 2 and 3. 

3.5  Capillary Leak Syndrome

Capillary leak syndrome may develop within hours after ini-
tiation of dinutuximab beta treatment and/or IL-2 [9]. It can 
present with a variety of symptoms, including weight gain, 
fever, fatigue, light headedness, headache, rash, breathing 
difficulties, hypotension and tachycardia [9]. Whereas severe 
symptoms are rarely observed in schedules without IL-2, the 
LTI administration may also reduce capillary leak syndrome 
as compared to the STI schedule of dinutuximab beta. Mild 
symptoms such as puffiness and increased weight are still 
common with LTI. Similar to other AEs, such as pain, the 
frequency of capillary leak syndrome is highest during the 
first treatment cycle and decreases with subsequent cycles 
[10].

3.5.1  Management

The management of capillary leak syndrome varies among 
institutions. In general, the patient’s blood pressure should 
be closely monitored along with their weight to guide the 
management of symptoms. The experts agreed that mild 
capillary leak syndrome does not always require treatment; 
however, when it does, fluid management is indicated. Fluids 
may either be administered or restricted dependent on the 
patient’s weight/blood pressure and local protocols. Whereas 
in some institutions capillary leak syndrome is routinely 
managed with fluid restriction, in others, the usage is lim-
ited to severe cases. Due to the risk of decreased arterial 
pressure, diuretics should be used with caution. Generally, 
albumin infusions are not required, as albumin levels return 
to normal over time. However, some hospitals may use 
long-term albumin infusion in addition to diuretics in the 
case of severe fluid retention. The group also recommends 
the use of furosemide to manage severe symptoms, such as 
severe weight gain with lung oedema or ascites if the arterial 
pressure is normal. Some patients may also require oxygen 
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support for hypoxaemia, particularly at night. For very rare, 
severe cases that do not respond to therapy or require vaso-
active amines or ventilatory support, consideration should be 
given to slowing or interrupting dinutuximab beta infusion.

3.6  Visual Disturbances

There is very little information in the literature regard-
ing visual disturbances in association with dinutuximab 
beta therapy [19], and this expert group believes that 

these events are under-reported in clinical studies. Ocular 
abnormalities, such as mydriasis and impaired accommo-
dation, have also been reported with the humanised anti-
GD2 antibody hu14.18K322A [20]. An unusual dilation 
or widening of the pupils, often referred to as pupillary 
palsy, mydriasis and iridoplegia, is frequently experienced 
in patients receiving dinutuximab beta, particularly in 
the later stages of treatment. It can occur without visual 
problems or with mild and transient visual disturbances, 
and can be difficult to diagnose, as children often do not 

a

b

Fig. 2  Guidance on the management of a rash and b angioedema. i.m. intramuscular, i.v. intravenous
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complain of symptoms. Pupillary palsy might resolve after 
several months following the completion of dinutuximab 
beta treatment, but sometimes, may persist for years.

3.6.1  Management

The consensus of the group was that patients with pupil-
lary palsy may (temporarily) require corrective glasses. 
For patients whose symptoms are exacerbated by sunlight, 

sunglasses are recommended. In addition, symptoms may 
be improved with the use of 1% pilocarpine. If there are 
no additional neurological effects, no dose adjustment or 
interruption of dinutuximab beta therapy is required. The 
experts recommend complete ophthalmological examination 
and regular monitoring of patients.

a

b

Fig. 3  Guidance on the management of a bronchospasm and b anaphylaxis. i.m. intramuscular, i.v. intravenous, LOC loss of consciousness, SBP 
systolic blood pressure, SpO2 oxygen saturation
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3.7  Diarrhoea

Diarrhoea is a common AE associated with dinutuximab 
beta in clinical practice, often presenting during later 
stages of infusion and/or after discharge from hospital. It 
is believed to be related to capillary leak syndrome and the 
discontinuation of morphine.

3.7.1  Management

According to the experts, patients with mild diarrhoea may 
only require fluid support, whereas those with severe diar-
rhoea can be given loperamide. Racecadotril is an alternative 
agent recommended for the treatment of diarrhoea.

3.8  Neurotoxicity

Central neurotoxicity, such as transverse myelitis, has 
also been reported in patients receiving dinutuximab beta. 
Although the incidence of this type of neurotoxicity has been 
reported to be lower in the absence of IL-2, it can still occur 
when dinutuximab beta is given without IL-2 [11].

3.8.1  Management

In the case of transverse myelitis, the infusion should be 
stopped immediately and dinutuximab beta treatment should 
be permanently discontinued; i.v. immunoglobulin and high-
dose steroids should be administered. A few patients with 
such neuropathy have also been successfully treated with 
plasmapheresis, but the benefits are not fully understood. 
The group strongly agreed that children experiencing severe 
neuropathy should not be rechallenged with dinutuximab 
beta even after complete recovery.

3.9  Hepatotoxicity

Increased levels of liver transaminases have also been 
reported with dinutuximab beta treatment [10, 11], espe-
cially in patients who received busulfan/melphalan or 
experienced veno-occlusive disease prior to dinutuximab 
beta. Generally, these events are not severe; they are tran-
sient and are considered related to concomitant hepatotoxic 
medications.

3.9.1  Management

The consensus was that hepatotoxicity does not require man-
agement if no other symptoms are present. If transaminase 
levels are < 20 times the upper normal limit, the patient can 
be monitored closely without reducing or interrupting dinu-
tuximab beta. Hepatotoxic drugs should be avoided.

3.10  Haematological Toxicities

Low-grade haematological toxicities, including thrombo-
cytopaenia, leucopenia and anaemia, are often observed in 
patients who have undergone stem cell transplant, and are 
usually self-limiting.

3.10.1  Management

In general, haematological toxicities resolve with time and 
do not require specific management or modifications of 
dinutuximab beta administration.

3.11  Laboratory Abnormalities

Laboratory abnormalities, such as high C-reactive protein 
levels, low albumin levels or ion disturbances, may also 
occur in patients receiving dinutuximab beta treatment.

3.11.1  Management

In general, laboratory abnormalities resolve with time and 
do not require specific management or modifications of 
dinutuximab beta administration. Ion disturbances should 
be monitored frequently and fluids should be corrected if 
needed.

4  Conclusions

Dinutuximab beta immunotherapy is recommended by 
SIOPEN as part of the standard of care for patients with 
high-risk NB [11]. However, dinutuximab beta has been 
associated with various AEs, which may be a challenge 
for clinicians who may not be experienced in managing 
immunotherapy-related toxicities, such as severe pain, per-
sistent fever, hypersensitivity reactions and capillary leak 
syndrome. Clinicians should also be aware of the potential 
long-term effects of dinutuximab beta treatment, including 
visual disturbances, peripheral neuropathy and transverse 
myelitis, and how to manage these. This practical guidance 
for the management of AEs in patients receiving dinutuxi-
mab beta will facilitate their treatment, allowing them to 
receive the intended treatment doses of dinutuximab beta to 
gain the maximum benefit with minimal toxicity.
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