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Abstract: Neuroblastoma, a tumor of the sympathetic nervous system, is the most common
extra-cranial neoplasm of childhood. Variables with prognostic significance in patients with
neuroblastoma, including age at diagnosis, disease stage, tumor histology, MYCN gene amplification,
tumor cell ploidy, and the presence of segmental chromosomal aberrations are utilized to classify
patients based on risk of disease recurrence. Patients with non-high-risk neuroblastoma, low- and
intermediate-risk categories, represent nearly half of all newly diagnosed cases. This group has an
excellent event-free and overall survival with current therapy. Over time, the objective in treatment
of non-high-risk neuroblastoma has been reduction of therapy intensity to minimize short- and
long-term adverse events all the while maintaining excellent outcomes.
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1. Introduction

Neuroblastoma, a tumor of the sympathetic nervous system, is the most common extra-cranial
neoplasm of childhood accounting for approximately 8–10% of childhood cancers. The incidence is
approximately 10 cases per 1 million per year in children under 15 years of age in the United States.
Neuroblastoma is a disease of young children; more than one third of patients are diagnosed during
infancy, and approximately 90% are diagnosed before five years of age [1].

Neuroblastoma tumors most commonly arise in the adrenal medulla or along the sympathetic
chain. A majority of patients have abdominal disease resulting in symptoms of pain, distention,
constipation or bowel, and/or bladder dysfunction. Extra-abdominal disease may occur in the
paravertebral ganglia of the neck, chest or pelvis and result in a palpable mass, respiratory symptoms,
neurologic compromise or spinal cord impingement if tumors invade the neural foramina. Horner
syndrome is a common manifestation of superior cervical ganglion involvement.

More than half of patients with neuroblastoma have metastatic disease at the time of diagnosis.
Typical metastatic sites include regional or distant lymph nodes, cortical bone, bone marrow, and liver
while involvement of the lungs and brain is rare. Metastatic disease may result in constitutional
symptoms such as fever, weight loss or fatigue as well as pancytopenia, periorbital ecchymosis,
and bone pain at the time of diagnosis.

Current risk classification utilizes clinical factors at diagnosis (age, disease stage) and tumor
biologic features to assign patients to appropriate therapy based on risk of disease recurrence.
Non-high-risk neuroblastoma, low- and intermediate-risk categories, represent nearly half of all
newly diagnosed patients.
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2. Classifying Patients with Non-High-Risk Neuroblastoma

Variables with prognostic significance in patients with neuroblastoma, including age at diagnosis,
disease stage, tumor histology, MYCN gene amplification, tumor cell ploidy, and the presence
of segmental chromosomal aberrations are utilized to classify patients and assign appropriate
treatment regimen.

2.1. Age at Diagnosis

Prior studies have demonstrated patients less than one year of age at diagnosis have a more
favorable outcome as compared to older patients. Despite a higher proportion of younger patients
presenting with localized disease, age remained a significant prognostic factor even after stage was
taken into consideration [2]. In the more recent era, international cooperative group analyses have
provided evidence to support an increase to 18 months of age at diagnosis as an appropriate cutoff for
separating younger from older patients with respect to risk stratification [3,4].

2.2. Disease Staging

The presurgical International Neuroblastoma Risk Group Staging System (INRGSS) [5,6], based
on radiographic characteristics of the primary tumor and presence or absence of metastatic disease, has
replaced the International Neuroblastoma Staging System (INSS) [7], a post-surgical staging system.
The INRGSS distinguishes locoregional tumors based on the absence (stage L1) or presence (stage
L2) of image-defined risk factors, a measure of tumor invasiveness. Patients with distant metastatic
disease are classified as stage M disease, and those infants with the characteristic metastatic pattern of
liver, skin, and limited bone marrow involvement are classified as stage MS disease (Table 1).

Table 1. International Neuroblastoma Risk Group Staging System (INRGSS) [5,6].

INRG Stage Description

L1 Localized tumor not involving vital structures as defined by absence of an image-defined risk
factor and confined to one body compartment.

L2 Locoregional tumor with presence of one or more image-defined risk factors.
M Distant metastatic disease (except MS).

MS
Metastatic disease in children younger than 18 months with metastases confined to skin, liver,
and/or bone marrow (bone marrow involvement should be limited to <10% of total nucleated
cells on smears or biopsy). Primary tumor may be L1 or L2 as defined above.

2.3. Tumor Histology

Neuroblastoma arises from primitive sympathetic nerve cells derived from the neural crest.
A spectrum can be observed histologically including benign ganglioneuroma composed of mature,
fully differentiated cells, ganglioneuroblastoma containing both differentiated ganglion cells and
malignant neuroblastoma cells and the classic malignant neuroblastoma tumors. The International
Neuroblastoma Pathology Classification System (INPC) relates histopathologic features to clinical
outcome and is currently used for risk classification. Tumors are categorized as favorable or
unfavorable histologic subtype based upon the degree of neuroblast differentiation, Schwannian
stroma content, mitosis-karyorrhexis index (MKI), and age at diagnosis [8].

2.4. Tumor Genomic Features

Distinct tumor genomic features are also critical in characterizing patients with neuroblastoma.
Amplification of the MYCN gene on chromosome 2 is the most common genomic alteration
in neuroblastoma, occurring in approximately 20% of patients, and is highly correlated with
advanced disease stage and a poor prognosis. Due to the poor outcomes observed in patients with
MYCN amplification, these children are currently treated with intensive multi-modality (high-risk)
therapy [9–12].
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Tumor cell ploidy (DNA index) is a strong prognostic marker, particularly for younger patients
with metastatic disease. Hyperdiploid DNA content correlates with favorable disease behavior, more
commonly found in lower stage disease and in MYCN non-amplified tumors. Near-diploid (and
near-tetraploid) tumors tend to behave more aggressively. This correlation is highly predictive in
patients less than one year of age, but is no longer significant after 18 to 24 months of age [13,14].

Retrospective studies have shown loss of heterozygosity (LOH) of 1p or 11q predict poor outcome
for subsets of neuroblastoma patients. The DNA index and 1p and 11q LOH have more recently been
used in North American and European clinical trials as integral biomarkers to determine risk groups
and assign therapy [15–21]. More recently, whole-chromosome copy number profiles have been shown
to be prognostic in neuroblastoma. Two overall genomic patterns have been described; genomes
characterized by numerical or whole-chromosome gains and losses, termed numerical chromosomal
aberrations (NCAs), and genomes characterized by segmental gains and losses of regions within
chromosomes, segmental chromosomal aberrations (SCAs). Numerical chromosomal aberrations are
associated with more favorable outcomes while SCAs portend a poorer prognosis and are indicative
of higher risk disease. Even within the cohort of patients classified as non-high-risk neuroblastoma,
tumors found to have SCAs have an inferior progression-free and event free survival (EFS) [15,22–25].

There are additional genomic features that may be useful particularly in the non-high-risk
neuroblastoma group to distinguish patients with a more favorable outcome from those who do
not fare as well. Select examples include Ha-ras p21 gene expression [26], positive TrkA and low
affinity nerve growth factor receptor mRNA expression [27,28], parental imprinted miRNA (maternal
miR-487b and paternal miR-516a-5p) expression [29]. A genome-wide association study identified four
genes (DUSP12, DDX4, IL31RA and HSD17B12) associated with low risk disease [30]. Gene expression
profiling has also been demonstrated by several groups to be a reliable method of classifying patients
with non-high-risk neuroblastoma [31–33]. Though not a part of the current classification system these
factors may impact future schema.

2.5. Classification Schema

Incorporating these known prognostic features, the Children’s Oncology Group (COG)
(Table 2) [34] and INRG (Table 3) [5] have developed classification schema. In the INRG schema,
non-high-risk neuroblastoma patients include those with localized disease, all L1 tumors and L2
tumors without MYCN gene amplification. Also included are patients with metastatic disease, <18
months of age at diagnosis with MYCN non-amplified tumors and those with stage MS disease, MYCN
non-amplified tumors except patients with an unfavorable biologic feature (11 q aberration).



Children 2019, 6, 5 4 of 12

Table 2. Children’s Oncology Group (COG) neuroblastoma risk assignment table [34].

INSS Stage * Age MYCN DNA Index INPC Other Risk Classification

1 Any Any Any Any Low
2a/2b Any Not amplified Any Any Resection ≥50%, asymptomatic Low
2a/2b Any Not amplified Any Any Resection ≥50%, symptomatic Intermediate
2a/2b Any Not amplified Any Any Resection <50% Intermediate
2a/2b Any Not amplified Any Any Biopsy only Intermediate
2a/2b Any Amplified Any Any Any degree of resection High

3 <547 days Not amplified Any Any Intermediate
3 >547 days Not amplified Any Favorable Intermediate
3 Any Amplified Any Any High
3 >547 days Not amplified Any Unfavorable High
4 <365 d Amplified Any Any High
4 <365 d Not amplified Any Any Intermediate
4 365–<547 days Amplified Any Any High
4 365–<547 days Any DI = 1 Any High
4 365–<547 days Any Any Unfavorable High
4 365–<547 days Not amplified DI > 1 Favorable Intermediate
4 >547 days Any Any Any High

4S <365 days Not amplified DI > 1 Favorable Asymptomatic Low
4S <365 days Not amplified DI = 1 Any Asymptomatic or symptomatic Intermediate
4S <365 days Missing Missing Missing Too sick for biopsy Intermediate
4S <365 days Not amplified Any Any Symptomatic Intermediate
4S <365 days Not amplified Any Unfavorable Asymptomatic or symptomatic Intermediate
4S <365 days Amplified Any Any Asymptomatic or symptomatic High

* Modified schema under development replacing INSS with INRGSS. Reprinted with permission. © 2018 American Society of Clinical Oncology. All rights reserved. Naranjo, A. et al.: J
Clin Oncol Clinical Cancer Informatics, Vol. (2), 2018: page 14.



Children 2019, 6, 5 5 of 12

Table 3. INRG neuroblastoma risk assignment table [5].

INRG Stage Age (Months) Histology Tumor Differentiation MYCN Status 11q
Aberration Ploidy Risk

Classification

L1/L2 Any Ganglioneuroma (GN) maturing
Ganglioneuroblastoma (GNB) intermixed Any Any Any Any Very low

L1 Any Any except GN maturing or GNB intermixed Any Non-amplified Any Any Very low
L1 Any Any except GN maturing or GNB intermixed Any Amplified Any Any High
L2 <18 Any except GN maturing or GNB intermixed Any Non-amplified No Any Low
L2 <18 Any except GN maturing or GNB intermixed Any Non-amplified Yes Any Intermediate
L2 ≥18 GNB nodular, neuroblastoma Differentiating Non-amplified No Any Low
L2 ≥18 GNB nodular, neuroblastoma Differentiating Non-amplified Yes Any Intermediate

L2 ≥18 GNB nodular, neuroblastoma Poorly differentiated,
undifferentiated Non-amplified Any Any Intermediate

L2 ≥18 GNB nodular, neuroblastoma Any Amplified Any Any High
M <18 Any Any Non-amplified Any Hyperdiploid Low
M <12 Any Any Non-amplified Any Diploid Intermediate
M 12 to <18 Any Any Non-amplified Any Diploid Intermediate
M <18 Any Any Amplified Any Any High
M ≥18 Any Any Any Any Any High

MS <18 Any Any Non-amplified No Any Very low
MS <18 Any Any Non-amplified Yes Any High
MS <18 Any Any Amplified Any Any High

Reprinted with permission. © 2009 American Society of Clinical Oncology. All rights reserved. Cohn, S.L. et al.: J Clin Oncol, Vol. (27:2), 2009: page 295.
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3. Non-High-Risk Neuroblastoma Treatment over Time

Therapy intensity in neuroblastoma varies significantly for patients in different risk groups
(Table 4). Patients with low risk disease may be observed or undergo surgical resection.
Intermediate risk treatment typically includes systemic chemotherapy with carboplatin, etoposide,
cyclophosphamide, and doxorubicin administered at three-week intervals for up to eight cycles. Other
active agents, topotecan for example, may be included in patients with refractory or relapsed disease
and biologic therapy with isotretinoin is utilized in select cohorts with metastatic disease. Patients
undergo surgical resection of the primary tumor in select cases. Radiation therapy is reserved for
rare emergent situations. This compares with high-risk patients who are treated with multimodality
intensive therapy [35,36].

Table 4. Comparison of standard upfront treatment for patients with neuroblastoma.

Risk Classification Standard Therapy

Low Risk Observation
Surgical resection

Intermediate Risk Chemotherapy
Surgical resection

High Risk Chemotherapy
Surgical resection

Myeloablative chemotherapy with autologous stem cell transplant
External beam radiation therapy

Immunotherapy with differentiating agent

Patients classified as having non-high-risk neuroblastoma (low- and intermediate-risk categories)
have an excellent EFS and overall survival (OS) with current therapy, nearing 90% and exceeding 95%
respectively in cooperative group trials [37,38]. Over time, the objective in treatment of non-high-risk
neuroblastoma has been reduction of therapy intensity to minimize short- and long-term adverse
events all the while maintaining excellent outcomes. As a result, patients are currently receiving
fewer cycles of chemotherapy, surgical interventions are less aggressive and cohorts of the most
favorable patients undergo observation only. This de-escalation of therapy was achieved through
several consortium group clinical research trials described below.

3.1. Low-Risk Neuroblastoma

Patients with low-risk neuroblastoma (stage 1, 2, and rare 4S) treated on the COG P9641 trial,
underwent maximally safe tumor resection followed by 2 to 4 cycles of chemotherapy for those with
organ compromise, life threatening symptoms or less than a partial resection. The five-year EFS and
OS for eligible patients (n = 915) was excellent, 89% and 97%, respectively. Importantly the EFS and OS
rates for patients treated with surgery alone and for patients treated with surgery and chemotherapy
were not significantly different nor were the rates of progressive disease or disease recurrence. Among
patients with stage 2b disease, EFS and OS were significantly lower for those with unfavorable histology
or diploid tumors, and OS was significantly lower for those over 18 months of age at diagnosis [37].
Similar results were seen on an International Society of Pediatric Oncology European Neuroblastoma
(SIOPEN) study in patients with MYCN non-amplified localized neuroblastoma (LNESG1) [39].

3.2. Intermediate-Risk Neuroblastoma

Intermediate-risk patients on a Children’s Cancer Group trial (CCG 3881) with Evans stage III
tumors classified as more favorable based on age, MYCN gene copy number, histology, and serum
ferritin level were treated with less intensive therapy. This cohort included patients less than one year
of age (n = 89) and patients one year of age or greater with favorable biology (n = 54). The four-year
EFS and OS rates both were 100% for patients with favorable biology regardless of age and 90% and



Children 2019, 6, 5 7 of 12

93%, respectively, for patients less than one year of age with at least one unfavorable characteristic.
Importantly for this group EFS did not depend on degree of resection, gross versus partial resection [40].

Patients with intermediate-risk, MYCN non-amplified neuroblastoma including infants (<365 days
of age) with INSS stage 3 or 4 disease, children (≥365 days of age) with stage 3 disease with favorable
histology, and infants who had stage 4S disease with unfavorable biologic features were also evaluated
in the context of decreased therapy intensity (COG A3961). Patients who had disease with favorable
biologic features (favorable histology and hyperdiploid tumors) received four cycles of chemotherapy
and patients with unfavorable biologic features or an incomplete response received eight chemotherapy
cycles as well as surgical resection in select cases. The three-year EFS and OS for the entire group
(n = 479) were 88% and 96%, respectively, with a 98% OS for patients with tumors exhibiting favorable
biologic features as compared to 93% for those with unfavorable biologic features. Ploidy was
significantly predictive of outcome. Excellent outcomes were achieved for all disease stages, but EFS
and OS were significantly higher for patients with stage 3 and 4S disease as compared to patients
with stage 4 disease [38]. A SIOPEN study demonstrated comparable favorable outcomes in patients
<18 months of age and those with favorable histology following reduction of therapy [41].

On a German trial, infants with MYCN non-amplified, localized neuroblastoma underwent either
surgical resection or were observed without intervention. Chemotherapy was administered initially
only to patients with life threatening symptoms. OS at three years was excellent for all cohorts; 99%
for those observed without intervention (n = 93), 95% for those treated with chemotherapy (n = 57),
and 98% for those who underwent surgical resection (n = 190). In the observation cohort, with a
median follow up 58 months (range 10–128 months), spontaneous regression was demonstrated in
47% of patients. The age at first evidence of regression varied (median 6.7 months, range 1–23 months)
and regression was complete in 17 patients and incomplete in 27 patients. Ten patients (11%) had no
change in tumor size with observation, eight underwent complete surgical resection, one received
chemotherapy and one continued observation only. Tumor progression was observed in 42%, but only
4.3% progressed to Stage 4 disease. A high percentage (70%) of patients were spared cytotoxic therapy
and the associated acute and late effects [42].

These trials confirmed excellent outcomes can be achieved despite reduction in therapy for select
patients and culminated in a recent phase III COG trial utilizing tumor biologic features to determine
duration of treatment in patients with intermediate risk neuroblastoma (ANBL0531). Risk-stratification
and treatment assignment was based on age at diagnosis, INSS stage, histology, MYCN status, DNA
ploidy and loss of heterozygosity (LOH) at 1p36 and/or 11q23. Patients received 2–8 courses of
chemotherapy with or without surgery and the treatment endpoint for patients with localized disease
was partial response, greater than 50% decrease in size of the primary tumor, aimed to further reduce
therapy. The three-year EFS and OS for all patients were 83% and 95%, respectively, supporting further
decrease in therapy for many patients with intermediate risk neuroblastoma. It has been demonstrated
that a partial response is sufficient to stop therapy in a majority of cases. Patients with unfavorable
biology fared worse and are likely the exception to therapy reduction [43].

3.3. Localized Perinatal Tumors

Patients in the perinatal group typically have localized tumors that arise in the adrenal gland.
Additionally, the vast majority of the perinatal tumors exhibit favorable biologic features (<5% MYCN
amplified, >95% favorable histology), and outcomes in these patients are excellent, with a four-year
EFS of 92% and OS of 96% [44,45]. These tumors often spontaneously regress; therefore, a conservative
approach was evaluated on a recent COG pilot study for perinatal neuroblastoma (ANBL00P2).
The trial utilized observation only without biopsy or therapeutic intervention for patients less than
six months of age at diagnosis with small adrenal masses (<16 mL in volume if solid and <65 mL in
volume if ≥25% cystic). Of the subjects observed on this trial, 81% were spared surgical resection or
chemotherapy with excellent event free and overall survival, 97.7% and 100%, respectively [45].
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3.4. Stage MS Tumors

Studies have confirmed the favorable outcome in patients with MS disease with a five-year EFS
rate for all infants of 86% and OS ranging 81–92%. Many patients in these trials were treated with
supportive care alone [46]. The majority of infants with an MS pattern of disease have tumors with
favorable biologic features, and many will experience spontaneous tumor regression without systemic
therapy. Observation is the preferred strategy for clinically well patients with stage MS disease.
There are subsets of patients with MS neuroblastoma who do not fare as well and experience recurrent
disease as seen in patients 12–18 months of age with unfavorable tumor biology [47]. Others are at risk
for significant morbidity and mortality particularly patients with large tumors and those with extensive
liver involvement who develop respiratory compromise, abdominal compartment syndrome, venous
obstruction, and liver dysfunction. In such patients, rapid initiation of chemotherapy to decrease
tumor burden and alleviate symptoms is required, often without biopsy in very ill infants [46,48].
Outcome data from patients with INSS Stage 4S disease treated on A3961 and P9641 similarly suggest
early initiation of treatment may be beneficial. The five-year OS rate for patients who were observed
was 84.3%, but reached >97% for symptomatic patients who received treatment [37,38].

4. Relapsed Therapy

The approach to salvage therapy in patients with relapsed or refractory non-high-risk disease
is not standardized and depends greatly on initial therapy and site of recurrence (localized or
metastatic). For those patients who were observed or minimally treated up front it may be appropriate
to consider surgical resection or begin/resume standard intermediate-risk therapy. For others,
treatment has include second line chemotherapy regimen, combination chemotherapy, surgery, and
radiation and even phase 1 or 2 clinical trials [49,50]. Irinotecan and temozolomide has demonstrated
activity in patients with relapsed neuroblastoma particularly in combination with the anti-GD2
antibody dinutuximab, a regimen frequently used in patients with relapsed high-risk disease [51,52].
Cyclophosphamide and topotecan has also been shown to be an effective regimen in patients
with relapsed or refractory neuroblastoma patients, and so is often utilized in these cases [53,54].
A secondary aim on ANBL0531 was to incorporate this chemotherapy combination as standard
retrieval therapy to better describe outcomes following this approach in relapsed or refractory
intermediate-risk patients.

5. Therapy—Future Directions

Classification of non-high-risk patients according to stage, age, histologic, and genomic
characteristics allows for identification of those patient cohorts with excellent or only intermediate
survival. Clinical and biologic characteristics present at diagnosis identify cohorts of non-high-risk
neuroblastoma patients with survivals nearing 100% and in whom exposure to chemotherapy or
surgery may be unnecessary. Conversely, there remain patients with non-high-risk neuroblastoma
who die of their disease and in whom earlier initiation of treatment or modification of current therapy
may be beneficial.

An ongoing non-high-risk neuroblastoma trial (ANBL1232) expands upon the perinatal experience
extending the age cutoff to 12 months, increasing the upper limit of tumor size to 5 cm maximum
diameter, and allowing for patients with non-adrenal primary tumors to be observed. Asymptomatic
patients <18 months of age with localized tumors that have image defined risk factors (INRGSS L2
tumor) are being observed after biopsy only if the tumors are found to have favorable histology and
favorable genomic features (absence of MYCN amplification and absence of segmental chromosomal
aberrations). Allowing for spontaneous regression of tumors with biologically favorable features such
that patients will not require neo-adjuvant chemotherapy or attempted surgical resection avoids all
inherent risks of either intervention.
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Patients with stage MS disease are likely to undergo spontaneous tumor regression and have
an excellent outcome with observation only. Of concern are those patients with a large tumor or
extensive liver involvement who are symptomatic and at risk for organ compromise. Chemotherapy or
in rare cases radiation may be necessary to decrease tumor burden and alleviate symptoms. A scoring
system to measure signs and symptoms of clinical deterioration has only been evaluated retrospectively,
but was predictive of patient’s clinical course. The COG study ANBL1232 will be the first to incorporate
a symptom-based scoring system in the MS patient cohort to be evaluated prospectively, validated,
and then incorporated in future studies. This study will determine if intervening with immediate
therapy or prior to the development of Grade 3 toxicity in the very young patients with hepatomegaly
will improve outcome.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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