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Abstract

Neuroblastoma is the most common extracranial solid tumor in children. One subset, high-risk neuroblastoma, is very
difficult to treat and requires multi-modal therapy and radiation therapy, alongside surgery, is one of means to ensure
local control of disease. We report in this work, the case of 5-year-old girl presenting a high risk neuroblastoma,
having benefited from a multimodal therapeutic approach. Through this report case, we will discuss the place of
radiotherapy in this treatment strategy, we will describe the various technical aspects of this radiotherapy and we will

shed light on the main points of discussion that persist.
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INTRODUCTION

Treatment of high-risk neuroblastoma involves
induction chemotherapy, surgical resection, local
radiation therapy, and maintenance therapy. This
aggressive multi-modality program has improved
outcomes, but entails major acute and long-term
toxicities. Currently radiation therapy has a major place
in the local treatment of high-risk neuroblastoma. We
report in this work, the case of 5-year-old girl
presenting a high risk neuroblastoma, having benefited
from a multimodal therapeutic approach. Through this
report case, we will discuss the place of radiotherapy in
this treatment strategy, we will describe the various
technical aspects of this radiotherapy and we will shed
light on the main points of discussion that persist.

CASE REPORT

This is a 5-year-old girl who presented in
October 2015 with an increase in abdominal volume
associated with diffuse bone pain. An abdominal
computed tomography (CT) scan showed a large mass
at the expense of the left adrenal gland, pushing the left
kidney downwards (Figure-1). Biopsy returned in favor
of a moderately differentiated adrenal neuroblastoma.
Test for amplification of the N-MYC gene came back
positive. Bone marrow biopsy revealed the presence of
medullary invasion by a poorly differentiated
neuroblastoma. Meta-iodo-benzyl-guanidine (MIBG)
scan returned in favor of secondary bony localizations
in skull, both shoulders, sternum and dorsal and lumbar
spine. Biologically, level of lacticodehydrogenase
(LDH) was normal at 326 1U / ml.
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Fig-1: Abdominal CT scan in axial slices (A) with sagittal (B) and coronal (C) reconstruction, showed a large mass
at the expense of the left adrenal gland, pushing the left kidney downwards

The disease has been classified according to
the International Neuroblastoma Risk Group (INRG) [1,
2] as a high risk neuroblastoma.

Patient received 05 cycles of induction
chemotherapy according to Pediatric Oncology Group
protocol 9341 [3]. Evaluation, made after induction
chemotherapy, showed a tumor reduction of
approximately 80% with absence of bone marrow
invasion on bone marrow biopsy and persistence of
bone metastatic foci on the MIBG scan. In April 2016,
the child underwent a total macroscopic resection
(GTR) of residual disease. Pathological examination
showed an 1lcm fragment of a mixed ganglio-
neuroblastoma in its favorable form. An autologous
transplant of hematopoietic stem cells was performed
after consolidation chemotherapy according to Bu-Mel
protocol combining Busulfan and Melphalan [3].

The child was referred in October 2016 for
local radiotherapy as part of his consolidation treatment.

First examination was unremarkable except for a scar
from left subcostal laparotomy.

A simulation computed tomography scanner
with injection of contrast product was performed with a
thorax support, with both hands above head, allowing
the two upper limbs to be released from the trunk.

On a treatment planning system, a registration
with initial imaging (scanner before induction
chemotherapy) was performed (Figure-2). Then, a
delineation of target volumes and organs at risk was
carried out. Clinical target volume (CTV) corresponds
to the initial macroscopic volume, before induction
chemotherapy. Planning target volume (PTV)
corresponds to CTV with a margin around 1.5 cm
(Figure-3). Delineation makes it possible to obtain a
three-dimensional reconstruction of the different
volumes of interest, which will facilitate definition of
treatment ballistics.
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Fig-2: Axial CT-scan image from treatment planning
system, showing a registration between simulation CT-
scan (star) and initial CT-scan (circle)

Fig-3: Axial CT-scan image from treatment planning
system, showing delineation of clinicql tqrget volume
(cyan), planning target volume (red), peritoneal cavity
(blue), liver (brown) and kidneys (green)

Radiation therapy by modulation of intensity
was used. A dose of 21 Gray (Gy) was prescribed on
the PTV, with a fractionation of 1.5 Gy per fraction
either fraction, for a total of 14 fractions. Treatment
planning system allows checking dose distribution in
target volumes (Figure-4). The treatment was spread
over days 18 days. Radiotherapy treatment was well
tolerated with only grade 2 gastrointestinal toxicity,
nausea type with diarrhea.

Fig-4: Axial CT-scan image from treatment planning
system, showing dose distribution

The child was subsequently given maintenance
treatment with isotretinoin for 6 months. With a 15-
month follow-up, the disease is well controlled both
locally and remotely. No late complications from
radiotherapy have been reported.

DISCUSSION

Neuroblastoma (NBL) is the most common
extra-cranial solid tumor in children [4], and account
for 97% of all neuroblastic tumors [5]. Neuroblastomas
are heterogeneous, varying in terms of location,
histopathologic appearance, and biologic characteristics

[5].

The International Neuroblastoma Risk Group
(INRG) utilizes a classification system that utilizes
multiple risk factors to stratify patient’s pretreatment.
These factors include INRG imaging stage, age, and
pathology (histology, differentiation, amplification of
MYCN, diploidy, and 11q aberration). The combination
of these factors allows a patient to be stratified into the
following pre-treatment risk groups: very low, low,
intermediate, and high [1].

Patients at the highest risk for disease
progression and mortality are those who are older than
18 months of age and have either disseminated disease
or localized disease with unfavorable markers such as
MYCN amplification. Despite aggressive multimodality
therapy, current survival rates remain low
(approximately 50 percent) [6], and the improved
outcomes have come at a cost of significant early and
late toxicity [7].

Improved survival outcomes have been
achieved using an aggressive multimodality approach
that includes chemotherapy, surgical resection,
hematopoietic  stem-cell transplantation, radiation
therapy, and immunotherapy or cis-retinoic acid [8].

As with other aggressive metastatic cancers,
local control of the primary tumor plays an important
role for high-risk neuroblastoma, and patients are
treated with both surgery and radiation therapy
(administered after consolidation chemotherapy). The
importance of achieving a gross total resection of the
primary tumor in patients with disseminated disease is
controversial, with some studies [9], but not others [10,
11], suggesting a better outcome for complete resection.
Surgical resection of the tumor should be performed by
a pediatric surgeon with experience in resecting
extensive, infiltrating tumors. Resection should be
performed after several courses of induction
chemotherapy, when the tumor is smaller and less
invasive [8].

Radiation therapy (RT) to the primary tumor
bed is recommended for high-risk neuroblastoma and is
administered after consolidation therapy in most
treatment protocols. Radiation therapy is beneficial in
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preventing local tumor recurrence [12, 13]. The
standard amount of radiation administered is 21 Gy to
the primary tumor bed, as well as radiation to end-
induction sites of metastatic disease [14, 15]. Current
studies are ongoing, evaluating radiation dose
escalation in patients with residual primary tumor and
dose de-escalation in patients who had a complete
resection of their primary tumor. The few studies
evaluating proton radiation therapy have shown that
when compared to photon therapy, patients were able to
decrease the dosage of radiation to nearby organs
without any increase in local recurrence [16]. There is
debate about whether the RT field should include lymph
nodes adjacent to the primary tumor [13]. Similarly,
there is discussion about which metastatic lesions need
irradiation, and how this impacts local versus overall
relapse risk [17].

The child, subject of this work, received local
irradiation with modulation of intensity, after gross total
resection and  consolidation  treatment.  The
consequences in terms of survival and tolerance are
very satisfactory.

CONCLUSION

Radiotherapy currently has a major place in the
local treatment of high-risk neuroblastoma, however
several questions remain to be resolved, in particular
the prescribed dose at the level of the target volumes,
the definition of these target volumes and finally the
irradiation technique.
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