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Summary

Neuroblastoma is the most common extra-cranial malignancy of childhood, with the highest 
incidence in children younger than 4 years. The prognosis depends on many factors, such as 
age at diagnosis, stage of disease and molecular genetic subtype. More than 50% of children 
who present with the disease are deemed to have high-risk neuroblastoma. The standard the-
rapy for children with high-risk neuroblastoma consists of intensive chemotherapy, surgery, 
radiotherapy, myeloablative consolidation with autologous haematopoietic stem cell rescue 
followed by the treatment of minimal residual disease with 13-cis-retinoic acid. Unfortunately, 
more than half of the patients relapse regardless of the treatment intensity. 
Combined therapy with monoclonal antibodies (anti-GD2), intravenous interleukin-2 (Il-2), 
intravenous granulocyte-macrophage colony-stimulating factor (GM-CSF) and oral 13-cis-reti-
noic acid have been proved to be effective in some randomised trials. A better understanding 
of the underlying immunological processes in therapy with anti-GD2 antibodies will allow 
its success to be evaluated more accurately and direct future endeavours. Nevertheless, the 
long-term benefit of this treatment approach needs to be established. 
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Introduction

Neuroblastoma is a heterogeneous group of tumours 
originating from the primordial neural crest cells that 
form the sympathetic nervous system. It is a rare child-
hood malignancy accounting for 7% of all cancers in 
children. Each year it affects 10.5 million children under 
the age of 15 years [14]. The incidence is highest in chil-
dren younger than 4 years and the median age at diag-
nosis is 19 months. It is the most common extra-cranial 
malignancy of childhood and accounts for 10% of can-
cer mortality in children [14]. Although there is no racial 
variation in incidence of this tumour, African Americans 
are more likely to develop high-risk tumour and a fatal 
outcome [10]. The prognosis depends on many factors, 
such as age at diagnosis, stage of disease and molecu-
lar genetic subtype. Those features determine whether 
the tumour will spontaneously regress, metastasise or 
develop resistance to therapy [5]. More than 50% of chil-
dren who present with the disease are deemed to have 
high-risk neuroblastoma. The term high-risk neuroblas-
toma refers to children of the age of 12 months or above 
with disseminated disease (stage 4 according to the 
International Neuroblastoma Staging System (INSS)) or 
patients with INSS stage 2, 3, 4 or 4s disease with ampli-
fication of the MYCN proto-oncogene. Amplification of 
the MYCN gene has been shown to be associated with 
a greater risk of relapse and death from disease progres-
sion [7].

The standard therapy for children with high-risk neu-
roblastoma consists of intensive chemotherapy, sur-
gery, radiotherapy, myeloablative consolidation with 
autologous haematopoietic stem cell rescue followed 
by the treatment of minimal residual disease with 13-cis-
retinoic acid [14]. However, management of childhood 
high-risk neuroblastoma is challenging in view of dis-
ease heterogeneity, resistance, and treatment toxic-
ity. More than half of the patients relapse regardless of 
the intensity of therapy [13]. US data from the high-risk 
neuroblastoma trial and introduction of immunother-
apy with a  monoclonal antibody against a  tumour-
associated antigen, the disialoganglioside GD2, added 
to the neuroblastoma therapy has revealed promising 
results [3,9,18]. In the UK immunotherapy, with mono-
clonal antibodies (anti-GD2) and interleukin-2 (Il-2), has 
been incorporated into neuroblastoma treatment within 
a clinical trial. The primary aim of this study is to inves-
tigate, in a randomised fashion, the potential of immu-
notherapy, in addition to 13-cis-retinoic acid. [2]. 

The aim of this essay is to discuss the evidence for the 
effectiveness of immunotherapy in children with high-
risk neuroblastoma.

Immunology and immunotherapy

Neuroblastoma forms a unique immunosuppressive 
microenvironment preventing the development of 
efficient T cell immunity. Through downregulation 

of human leukocyte antigen and adhesion molecules, 
neuroblastoma cells avoid both T cells and natural 
killer cells. The malignant cells kill T cells and nat-
ural killer cells (NK) by inhibition or release of pro-
teins. The cells can also engage tissue macrophages to 
deprive them of lymphocytes. High levels of ganglio-
sides and sialic acid comprising sugars and proteins 
(important for metastasis, adhesion and migration) 
are carried by neuroblastoma cells. These epitopes are 
poorly immunogenic. The presence of natural antibod-
ies against neuroblastoma or natural anti-ganglioside 
antibodies is uncommon [5]. The disialoganglioside 
GD2 is uniformly expressed by neuroblastomas and 
some other malignancies [18]. Therefore carbohy-
drate differentiation antigens such as GD2 seem to 
be promising targets for antibody-based therapies. 
GD2 is classified as a distinctive class of T cell-inde-
pendent carbohydrate antigen. One of its character-
istic features is homogeneity within neuroblastoma 
tumours, and there is seldom evidence of antigen loss. 
Its expression is limited to neurons, pain nerve fibres 
and skin melanocytes in normal human tissues [15]. 
Anti-GD2 antibodies not only passively attach neuro-
blastoma cells to NK cells, but they also protect NK 
cells from tumour suppression or inhibition [5]. There 
are two types of intravenous anti-GD2 IgG antibodies, 
which have been tested in clinical studies: a chimeric 
human-murine anti-GD2 monoclonal antibody called 
ch14.18 and a mouse 3F8. Antibody-dependent cell-
mediated cytotoxicity is enhanced by administration 
of granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) and interleukin-2 (Il-2) [18]. Combined 
therapy with ch14.18, intravenous interleukin-2 (Il-
2), intravenous granulocyte-macrophage colony-
stimulating factor (GM-CSF) and oral 13-cis-retinoic 
acid proved effective in a randomised trial published 
by Yu et al. in the New England Journal of Medicine 
in 2010 [18]. The researchers investigated whether 
adding ch14.18, GM-CSF, and Il-2 to standard isotreti-
noin therapy, after intensive multimodal treatment, 
would improve outcomes in high-risk neuroblastoma. 
The study group consisted of 226 patients with high-
risk neuroblastoma who responded to many different 
induction regimens followed by high dose chemother-
apy. The patients were randomly assigned to receive 
either a standard treatment with 6 cycles of isotreti-
noin or immunotherapy with five concomitant cycles 
of ch14.18, with alternating GM-CSF and Il-2 added to 
6 cycles of isotretinoin. The study revealed promising 
results with up to 20% improvement in 2-year event-
free survival [18]. Nevertheless, a long-term benefit of 
this treatment approach needs to be established. The 
efficacy of this immunotherapy has only been shown 
in children with minimal residual disease [6]. It has 
hardly ever been seen in children with bulky neuro-
blastoma [5]. The data published by Yu et al. were not 
confirmed by a retrospective, nonrandomised analy-
sis of 334 children with high-risk neuroblastoma that 
was conducted by Simon et al. [4,17]. All the patients 
were treated with initial induction therapy, and 166 
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decreased complement activation and reduced but 
did not eliminate the pain [5]. Apart from capillary 
leak, hypersensitivity reactions and pain, the adverse 
effects observed with the immunotherapy regimen 
include a  risk of developing posterior reversible 
encephalopathy syndrome (PRES) with potentially 
critical consequences [8]. The clinical features of 
the syndrome include hypertension, seizures, head-
ache, visual disturbances and altered higher cogni-
tive processes. Magnetic resonance of the brain shows 
oedematous changes mainly in the parietal and occip-
ital lobes. Although the underlying pathophysiology 
is unknown, it is considered that hypertension and 
injury to the vascular endothelium and the blood-
brain barrier play a role in the aetiology of PRES [8]. 
Hypertension is the most common initial presenta-
tion for PRES in children treated for malignancy. In 
2013 Krushner et al. reported that 2.3% of patients 
treated with anti-GD2 antibodies 3F8 were diagnosed 
with PRES, which can be challenging for the safe 
implementation of the immunotherapy in children 
with neuroblastoma [8]. 

A better understanding of the underlying immuno-
logical processes in therapy with anti-GD2 antibodies 
will enable us to explain its success and direct future 
research. In 2013 Modak et al. reported that oral 
barley-derived (1→3),(1→4)-β-D-glucan (BG) syner-
gises with the murine anti-GD2 antibody 3F8 against 
neuroblastoma. Preclinical studies have shown that 
β-glucans enhance the clinical activity of antibodies 
[11]. The group conducted a phase I trial to determine 
the safety of this treatment regimen in patients with 
chemo-resistant neuroblastoma. Patients were treated 
with intravenous 3F8 and concurrent dose-escalating 
oral BG for 10 days. Although the maximum tolerated 
dose of BG was not attained, 2 patients developed 
dose-limiting toxicities: grade 4 thrombocytopenia. 
The study showed that this therapy was well tolerated 
and demonstrated antineoplastic activity in chemo-
resistant neuroblastoma. The results also showed that 
plant carbohydrates such as β-glucans have the abil-
ity to elicit autoimmune reactions, as observed in the 
patients who developed thrombocytopenia. Therefore 
the role of the patient’s diet requires consideration 
when evaluating the results of immunotherapy [11].

Concluding remarks

Although immunotherapy with anti-GD2 has recently 
been incorporated into treatment of neuroblastoma 
in the US, its role in relapsed or refractory disease 
remains questionable. There is a need for confirma-
tory randomised multicenter trials to verify the role 
of monoclonal antibodies. Because of the complexity 
of those trials, progress remains extremely slow. How-
ever, the future has never been so promising.

patients were administered ch14.18 at doses similar to 
those used by Yu et al. In contrast to the results of Yu 
et al., the study revealed no significant improvement 
in the event-free survival rate or the overall survival 
rate [17]. However, the updated analysis showed that 
ch14.18 may prevent late relapse. Recently Kushner 
et al. showed that long-term progression-free sur-
vival is achievable in children with high-risk neuro-
blastoma who go into a second complete remission or 
very good partial remission and receive consolidation 
that involves anti-GD2 immunotherapy and isotreti-
noin. Long-term progression-free survival is possi-
ble in those patients even if these therapies are given 
prior to relapse [9,16]. 

Furthermore, based on the US immunotherapy trial, 
it is impossible to determine whether improved sur-
vival is the effect of the antibody or cytokines or both. 
The aim of the current European first-line trial (High-
Risk Neuroblastoma Study 1.5 of SIOP-Europe [SIO-
PEN]) is to establish in a randomised study whether 
the results published by  Yu at al. can be achieved 
with anti-GD2 antibodies alone or anti-GD2 antibod-
ies and Il-2. It has been decided to combine only one 
cytokine Il-2 with anti-GD2 antibodies as clinical and 
animal data imply that Il-2 rather than GM-CSF may 
be more effective [12]. The adverse effects of anti-
body-mediated anti-GD2 immunotherapy given with 
the concomitant treatment with cytokines, such as 
GM-CSF and Il-2, are severe. It has been shown that 
human Il-2 combined with tumour-specific monoclo-
nal antibody increases antibody-dependent cellular 
toxicity in mice [14]. However, administration of Il-2 
is associated with substantial toxicity [11], for exam-
ple around 23% of patients develop capillary leak [4]. 
Hypersensitivity reactions are also associated with 
administration of cytokines [18]. In 2012 Cheung et 
al. published the results of a retrospective analysis of 
sequential trials revealing that mouse 3F8 antibodies 
combined with subcutaneous GM-CSF and oral 13-cis-
retinoic acid without Il-2 are effective in therapy of 
high-risk stage 4 neuroblastoma treated in first remis-
sion. The study group consisted of 169 children with 
stage 4 neuroblastoma. This single arm study demon-
strated a 5-year progression-free survival rate of 62% 
and overall survival rate of 81%. However, randomised 
studies are needed to confirm this treatment’s effi-
cacy [4]. 

Regardless of the significant improvement in event-
free-survival and overall survival rates with the 
immunotherapy, further improvement in therapy is 
still required. The dose of anti-GD2 antibodies has 
been constrained by pain and other adverse effects of 
this treatment [1]. Pain is a major limitation of treat-
ment with anti-GD2 antibodies and is considered to 
be a result of complement activation [5]. Implemen-
tation of genetic and molecular biology techniques 
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