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Clinical Strategies for the Treatment of
Neuroblastoma

D. Niethammer and R. Handgretinger

Neuroblastoma is the most common solid extracranial tumour in childhood. In spite of intensive efforts of
clinicians and scientists the prognosis for advanced disease is still poor. This paper presents a short review of the
state-of-the-art in conventional treatment including surgery, chemotherapy, and radiation. This is followed by a
review of the treatment attempts with high dose chemotherapy followed by autologous bone marrow or stem cell
transplantation. One of the main problems with this approach is the contaminating tumour cells. Finally the
various immunotherapeutic strategies are summarised which are used to remove minimal residual disease. Later,

our new approach, combining various treatment modalities, is described.
Key words: neuroblastoma, clinical strategies, high dose chemotherapy, immune therapy
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INTRODUCTION
NEUROBLASTOMA IS the most common solid extracranial tumour
in childhood. It shows a remarkable biological heterogeneity,
ranging from spontaneous differentiation or regression to pro-
gression in spite of intensive multimodal therapy. According to
clinical and radiological criteria, 4 stages were initially defined
by Evans and associates [1]. Recently, the Forbeck classification
has been introduced based on additional surgical and histological
criteria [2]. The clinical outcome for lower stages of neuroblas-
toma is normally good, whereas the prognosis for advanced
stage III and stage IV tumours is poor. Additional risk factors,
such as elevated lactate dehydrogenase (LDH), resectability of
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primary tumour, age > 9 months at diagnosis, decreased white
blood cell count, or the histological presence of undifferentiated
tumour tissue, have been described [3]. Recently, additional
biological features have been identified which may predict the
clinical outcome [4-7]. Based upon DNA ploidy,
chromosome 1p deletion, MYCN amplification, loss of
heterozygosity (LOH), and expression of the high affinity nerve
growth factor receptor pl40v* (TRKA) risk groups can be
identified. Tumours within the ”good risk group” are likely to
differentiate or regress spontaneously, or respond favourably to
chemotherapy. In the “bad risk group”, aggressive multimodal
therapy regimens or innovative therapeutic modalities are justi-
fied. All therapeutic modalities used in neuroblastoma should,
therefore, be adapted to the stages and biological risk factors.
This should prevent overtreatment of low risk neuroblastomas
on the one hand, and undertreatment of high risk tumours on
the other.

The aim of this review is to discuss risk-adapted therapeutic
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strategies in the treatment of neuroblastoma. Since most patients
present with high risk tumours and very poor prognosis, most
of this paper deals with the multimodal treatment of high risk
neuroblastoma.

SURGERY

Primary surgery is the treatment of choice in patients with
localised neuroblastoma. Histological and molecular characteris-
ation of the resected tumour is necessary for the exact staging of
the patient and for designing further therapeutic strategies. The
molecular and cytogenetic characterisation should, at least,
include ploidy, presence or absence of chromosome 1p deletion
and status of MYCN amplification. In case of non-resectability,
some courses of chemotherapy can be given followed by surgery.
The aim should be the complete surgical resection of the tumour.
However, this might not be necessary for the majority of
intrathoracic neuroblastomas.

CHEMOTHERAPY

A number of trials have been performed in neuroblastoma in
order to evaluate the role of chemotherapy. The German Society
for Paediatric Oncology/Haematology (GPOH) initiated co-
operative treatment protocols for neuroblastoma (NB) in 1979.
Since then, four consecutive trials have been performed, starting
in 1979 (NB 79, 82, 85 and 90). The event-free survival (EFS)
for patients with stage IV disease in these trials was 0.04, 0.18,
0.19 and 0.37, respectively. A multivariate analysis showed
disease-free survival (DFS) of 90% after 6 years, in the absence
of identified risk factors (elevated LDH at diagnosis, age
>9 months at diagnosis, primary tumour not resectable) for
stage III patients. In the presence of all three risk factors, DFS
was 22%. In stage IV neuroblastoma, identified risk factors were
elevated LDH, histological grade 3 (after Hughes), primary
tumour not resectable, and decreased white blood cell count (F.
Berthold). The survival of patients without these risk factors
was 37%, whereas the presence of elevated LDH and some of
the other risk factors decreased the survival to 8%.

Other investigators have not reported significantly better
results, although the chemotherapeutic regimens have been
intensified [8-12). In most of these studies, the initial responses
were good. In the GPOH studies, 30-40% complete remissions
(CR) and 60-70% partial remissions (PR) were obtained, and
some tendency to prolong EFS and survival time was seen
with dose intensification of the chemotherapy regimens or
the introduction of a maintenance therapy. Clinical protocols
investigating the role of intensified induction therapies, such as
the OPEC/OJEC or rapid COJEC protocol, including the use
of haematopoietic growth factors, have been initiated [13].
However, despite the high initial response rates, the long-term
results for stage IV patients are still poor, and no clear correlation
between initial response and survival can be seen.

RADIOTHERAPY

Neuroblastoma is a radiosensitive tumour [14] and therefore,
local radiotherapy is used for treatment of stages III and IV. In
stage III, the site of the primary tumour after surgery should be
irradiated in patients with an expected EFS < 50%. Due to the
high local relapse rate in patients with stage IV, the primary
tumour site as well as single bone metastases should be
irradiated. Irradiation should be given during concomitant
chemotherapy. Some emergency situations may exist where
irradiation might be helpful to stop tumour growth (i.e. immi-
nent blindness owing to infiltration of the orbita, or paraplegia
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in case of intraspinal tumour, when a laminectomy cannot be
performed).

MIBG (meta-iodobenzylguanidine) is a norepinephrine ana-
logue which is selectively accumulated by the uptake-1 process
in tumours of neural crest origin, such as neuroblastoma. When
appropriately radiolabelled, MIBG can be used for scintigraphic
imaging as well as treatment. For the latter, 131-Iodine has been
linked to benzylguanidine. In a series of 47 patients treated with
several courses of **MIBG, no permanent clinical benefit could
be seen [15]. The role of MIBG in the conventional treatment of
neuroblastoma is, therefore, not yet clear. Some authors suggest
a frontline therapy with MIBG prior to chemotherapy [16].
However, further clinical results are necessary to assess the
clinical benefit of this approach.

One of the side effects of high dose MIBG therapy is prolonged
myelosuppression. MIBG has, therefore, been introduced into
the myeloablative conditioning regimen prior to autologous stem
cell transplantation. In a series of 7 patients, high dose MIBG
was added to the conditioning regimen followed by autologous
transplantation with peripheral stem cells [17]. A rapid and
complete haematopoietic recovery was seen in these patients. It
is difficult to judge the clinical benefit of high dose MIBG in this
multimodal therapy regimen. However, there is a diagnostic
value of the high dose MIBG prior to the myeloablative chemo-
therapy, since residual neuroblastoma tissue can be detected,
which would not be seen with the conventional diagnostic MIBG
scintigraphy [18].

Another therapeutic strategy for stage IV neuroblastoma is the
use of radiolabelled antibodies directed against neuroblastoma
cells. In a recent Phase I study, using 131-Iodine labelled anti-
ganglioside GD2 antibody 3F8, 23 patients with refractory
neuroblastoma were treated at various dose levels [19]. In 21 of
the patients, a subsequent haematopoietic rescue with autolog-
ous bone marrow was performed. Some responses were seen in
both soft tissue masses and bone marrow. However, longer
clinical follow-up is necessary for the assessment of this treat-
ment modality. The use of other antibodies, such as the chimeric
anti-GD2 antibody ch 14.18 labelled with 186-Rhenium (R.
Handgretinger, unpublished results) or the radiolabelled chim-
eric antibody chCE7 [20], is still in the preclinical evaluation
phase.

HIGH DOSE CHEMOTHERAPY

While there is substantial experience of the use of high dose
chemotherapy with subsequent stem cell rescue in stage IV
neuroblastoma patients, its role is still not clear when compared
with conventional therapy. Some reports favoured bone marrow
transplantation (BMT) [21], whereas others failed to show a
benefit of BMT compared with conventional therapy. However,
dose intensification of induction and maintenance therapy has
coincided, so that comparison with earlier historical data derived
from less intensive chemotherapy might be misleading. When
high dose chemotherapy was introduced for the treatment of
stage IV neuroblastoma, haematological rescue with allogeneic
bone marrow from siblings was initially performed. Owing to the
higher morbidity and mortality rate associated with allogeneic
BMT, there was no clinical benefit of allogeneic BMT [22].
Therefore, autologous stem cells are widely used for haematolog-
ical rescue after high dose chemotherapy. In some clinical trials,
double autograft protocols have been evaluated. This strategy
was associated with severe side effects, and no clinical benefit
was obtained [23]. Some investigators favour the use of total
body irradiation (TBI) in the myeloablative regimen. However,
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published data do not support this approach, since no improved
outcome has been seen [24]. The role of purging autologous
stem cells in order to remove contaminating tumour cells is not
yet clear, since no randomised trials have been performed in
order to answer this question. Several purging methods have
been described, such as chemopurging [25] or immunomagnetic
tumour cell depletion [26]. The disadvantage of most of the
negative depletion methods is a prolonged haematopoietic recov-
ery period after myeloablative therapy. In order to clarify the
role of contaminating tumour cells, autologous bone marrow
was transfected with marker genes prior to transplantation.
Using this approach, Brenner and associates showed that relapses
after high dose chemotherapy can originate from graft-contami-
nating tumour cells [27]. The risk of contaminating tumour cells
was assumed to be lower when using peripheral blood stem cells
(PBSC) as a stem cell source for autologous transplantation.
However, using sensitive detection methods, tumour cells were
still found in PBSC in a number of patients [28]. Therefore, the
advantage of PBSC in terms of tumour cell contamination is not
yet clear. However, one advantage of using PBSC compared
with bone marrow is clearly the more rapid haematopoietic
recovery [29], which is associated with a lower morbidity and
mortality rate. Methods for tumour depletion of PBSC by
positive stem cell selection methods (CD34 positive selection)
have recently been introduced in the treatment of neuroblas-
toma. Preliminary results show a rapid haematopoietic recovery
after autologous grafting with enriched CD34-positive progeni-
tor cells (R. Handgretinger, unpublished results).

IMMUNOTHERAPY

Although improvements in survival of stage IV patients have
been achieved by either intensive induction and maintenance
chemotherapy or myeloablative therapy followed by autologous
stem cell transplantation, the cure rate still remains poor. The
tendency of stage IV neuroblastoma patients to relapse after
achieving a complete remission is well known. Therefore, the
aim of new therapeutic strategies should be to prevent relapse
by an adjuvant therapy, which is also the purpose of maintenance
therapy. Immunotherapy with monoclonal antibodies, cyto-
kines, a combination of both, or other immunological approaches
have been investigated in preclinical and clinical settings. Cyto-
kines, such as interferon-beta and interferon-gamma, have
already been investigated in combination with chemotherapy
[30] or in a phase I trial in stage IV patients [31], respectively.
No clinical benefit could be observed in these trials. Several trials
with murine [32, 33] or chimeric [34] monoclonal antibodies,
directed against the disialoganglioside GD2, have shown some
clinical responses, including complete and partial remissions in
resistant stage IV disease. The clinical role of lymphokine-
activated killer (ILAK) cells in combination with the infusion of
the lymphokine interleukin 2 (IL-2) have been investigated by
other authors [35, 36]. The side effects of these approaches,
however, proved to be unacceptable. IL-2 was also administered
in an adjuvant setting after ABMT [37]. Again, toxicity was
high, and this approach was not recommended as an effective
treatment strategy by the authors. Combinations of several
factors, using either the chimeric monoclonal anti-GD?2 antibody
ch 14.18 in combination with the haematopoietic growth factor,
granulocyte—macrophage colony stimulating factor (R. Handg-
retinger, unpublished data), or the murine anti-GD2
mADb 14.G22 in combination with IL-2, are in progress (P.
Sondel, personal communication). Another approach could
be the clinical use of genetically engineered fusion proteins
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consisting of monoclonal antibodies and cytokines. Some inter-
esting results have been obtained in animal studies using a
ch 14.18/1L-2 fusion protein [38].

It should be emphasised that immunotherapy of neuroblas-
toma is just beginning. It is clearly not a “magic bullet” for
advanced or relapsed disease. However, this treatment modality
could have a place in the context of conventional therapy of
neuroblastoma with chemo- and radiotherapy. The optimal time
for this therapeutic strategy may be the adjuvant setting at the
stage of minimal residual disease.

CONCLUSIONS

The role of risk factors has been discussed extensively (this
issue). It is clear that in the absence of “bad risk” biological
factors, the intensity of therapy can be reduced to a certain
extent. However, there are still many open questions regarding
the treatment of high risk neuroblastoma patients. Intensive
induction and maintenance therapy, including high dose chemo-
therapy, seem to improve the survival of the affected children.
It is not yet clear, however, whether this approach will have a
significant influence on the cure rate. In autologous stem cell
transplantation, there is no evidence for a positive effect of
the use of TBI, allogeneic BMT or autologous double-graft
protocols. The effect of bone marrow purging or CD34 positive
selecdon of PBSC on the clinical outcome still remains to
be determined, although the data reported by Brenner and
associates [27] argue for the further use of purging methods.
The role of MIBG in the clinical setting is still unproven, and it
remains an open question whether radiolabelled antibodies
can do better than MIBG. The value of immunotherapeutic
strategies, such as the use of antibodies, cytokines, a combination
of both, or other immunological approaches, remains to be
determined in clinical protocols. However, in order to answer
these questions, randomised protocols are necessary. For this
reason, large numbers of patients must be recruited for evalu-
ation of the different therapeutic strategies. Therefore, inter-
national co-operative studies are necessary to answer at least
some of the questions.

However, it can be anticipated, at least to a certain extent,
that higher cure rates of stage IV neuroblastoma patients will
only be achieved by a multimodality approach, combining all
the described therapeutic strategies. In our hospital, we have,
therefore, initiated a protocol consisting of induction chemo-
therapy according to the German national protocol followed by
surgery. After cyclophosphamide and G-CSF-induced stem
cell mobilisation, we positively select and cryopreserve CD34-
positive haematopoietic progenitors. We then proceed to high
dose MIBG therapy (in positive cases) and myeloablative chemo-
therapy, followed by rescue with autologous CD34-positive
peripheral stem cells. After the transplantation, further adjuvant
treatment with several courses of immunotherapy, using the
chimeric mAB ch 14.18, are performed. In case of resistant
metastasis, local radiotherapy is added. From the preliminary
results, we can conclude that this multimodal approach is
feasible without severe side effects. However, longer clinical
follow-up is necessary to assess the effect on the cure rate of the
patients.
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