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Neuroblastoma, accounting for nearly 12–15% of childhood 
cancers, is the most prevalent and fatal extracranial solid 
malignancy affecting children. Nevertheless, despite its low 
incidence, with approximately 10 cases per million children 
under 15 years of age (8–10% of the total), neuroblastoma 
remains a significant clinical concern (1). 

Neuroblastoma primarily originates in the adrenal gland 
from neural crest precursor cells, that usually differentiate 
into adrenal chromaffin and sympathetic ganglion cells. 
However, it can emerge anywhere along the sympathetic 
nervous system chain. The exceptional feature of 
neuroblastoma lies in its diverse clinical behavior, as some 
tumors regress or mature, while others persist and progress 
despite intensive multimodal treatments. This variability 
in behavior closely correlates with a range of clinical and 
biological characteristics (2).

Over the past few decades, extensive efforts have been 
made to increase the accuracy of the neuroblastoma risk 
classification system by integrating a variety of clinical and 
biological parameters. These advancements have facilitated 
the categorization of patients into low-, intermediate-risk, 
and high-risk groups. 

The Children’s Oncology Group (COG) applies a 
set of criteria to categorize patient risk, which includes 

the patient’s age at the time of diagnosis, the disease’s 
extent as per the International Neuroblastoma Staging 
System (INSS), tumor characteristics determined by the 
International Neuroblastoma Pathology Classification 
(INPC) criteria, the MYCN gene status, and the DNA index 
or tumor cell ploidy (3).

Older age has long been associated with poorer outcomes 
in neuroblastoma since the 1970’s. Previous studies 
indicated that children over 12 months of age at diagnosis 
had inferior outcomes (4). This evidence was also supported 
by evidence generated from neuroblastoma mass screening 
programs conducted in Japan, Quebec and North America, 
and UK (5). Later on, a retrospective analysis by London  
et al. from Pediatric Oncology Group (POG) and Children’s 
Cancer Group (CCG) studies revealed that 18 months was 
a better age cut-off for risk stratification (6).

Regarding to the disease stage, Evans et al. described the 
first staging system for neuroblastoma in 1970, based on 
both, the site of origin, metastatic spread and the clinical 
behavior of the tumor (7). Later, an international panel of 
experts came together to establish a surgical staging system 
with the aim of facilitating the comparison of outcomes 
and treatment approaches across different countries. In 
1988, the INSS was initially introduced and later revised 
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in 1993. It took into account factors such as the extent 
of tumor removal, involvement of nearby lymph nodes, 
tumor infiltration across the body’s midline. The difference 
between infants with a specific metastatic disease pattern 
(INSS stage 4S) that primarily affected the liver, skin, and 
bone marrow, and other children with metastatic disease 
(INSS stage 4) was also introduced (8). Shimada and 
colleagues created the initial histological grading framework 
for categorizing neuroblastic tumors, considering factors 
such as the presence of stroma, the level of differentiation, 
and the mitosis-karyorrhexis index. Subsequently, in 1999, 
the INPC was introduced, largely built upon Shimada’s 
original classification (9). Furthermore, genetic elements 
like MYCN status and DNA index were incorporated as 
well (10). MYCN amplification was linked to more advanced 
tumor stages (10) and reduced progression-free survival 
across all disease stages (11). Conversely, a higher DNA 
index was associated with improved treatment response in 
infants with inoperable tumors (10).

Regarding the clinical management of these patients. 
low-risk disease, typically seen in newborn infants or 
diagnosed prenatally, can exhibit spontaneous regression. 
Survival rates for patients with INSS stage 1 neuroblastoma 
are excellent with surgery alone (12) and a subset of infants 
(stage 4S neuroblastoma without MYCN amplification) often 
undergo spontaneous regression without any treatment (13).  
Chemotherapy can be used as a salvage therapy for 
relapsed cases. For patients with biologically favorable but 
completely resected localized tumors (INSS stage 2A and 
2B), chemotherapy can be omitted in the majority of cases, 
resulting in a survival rate higher than 95%. Chemotherapy 
or low-dose radiotherapy is recommended for patients with 
large tumors or massive hepatomegaly causing mechanical 
obstruction, respiratory insufficiency, or liver dysfunction.

The intermediate-risk group encompasses a wide 
spectrum of diseases. Surgical removal of the tumor and a 
moderate-intensity combination of multiple chemotherapy 
agents (two to eight initial cycles) form the core of 
neuroblastoma treatment (13). The prognosis for patients 
with INSS stage 3 disease heavily relies on the histologic 
and biological features of the tumor. For children whose 
tumors show favorable characteristics, the combination of 
surgical resection and moderate-intensity chemotherapy, 
which includes cisplatin, doxorubicin, etoposide, and 
cyclophosphamide, leads to a survival rate exceeding 95%. 

High-risk neuroblastoma is characterized by the 
presence of MYCN oncogene amplification or metastatic 
disease (stage M) diagnosed at 18 months of age or 

older (13), although specific definitions may exhibit 
slight variations within certain subgroups across various 
cooperative organizations. High-risk tumors display a high 
level of aggressiveness, and their long-term overall survival 
(OS) rate is only around 40% to 50%. The majority of 
patients have metastatic disease, most frequently affecting 
the bone, bone marrow, and liver (14). These cohorts of 
patients undergo a regimen of five to six rounds of initial 
chemotherapy followed by surgical intervention. The 
consolidation therapy involves the administration of high-
dose myeloablative chemotherapy, followed by either 
a single or tandem autologous hematopoietic stem-cell 
transplantation, radiation therapy, and subsequent post-
consolidation immunotherapy, which includes the use of an 
anti-GD2 antibody (15). 

Despite the above-described aggressive multi-model 
treatment, nearly half of the patients will not be cured (16). 
Numerous investigations have provided valuable insights 
into the fact that individuals who have successfully overcome 
high-risk neuroblastoma often experience significant and 
diverse long-term consequences. The LEAHRN study 
conducted with a cohort of high-risk neuroblastoma 
survivors treated with contemporary therapy between 
2000 and 2006, showed that there is a range of severe and 
multiple late effects, including endocrine complications such 
as hypothyroidism, growth failure, and hypogonadism (17).  
Poor linear growth is common, particularly among those 
exposed to total body irradiation or radiation-induced 
damage. Survivors with delayed growth should undergo 
growth hormone stimulation testing. Testicular or ovarian 
gonadal failure is prevalent, and associated with high-dose 
alkylators and/or radiation. Female survivors are at risk of 
absent or delayed puberty and must be closely monitored by 
endocrinologists. Both genders may experience infertility 
due to treatment. Profound hearing loss is highly prevalent 
and linked to learning problems. Pulmonary and cardiac 
diseases, including cardiomyopathy and stroke, are also 
frequent risks for high-risk neuroblastoma survivors and 
should take periodic pulmonary and cardiac screenings. 
Furthermore, high-risk neuroblastoma survivors have 
higher rates of subsequent solid malignant neoplasms 
(SMNs), necessitating early screening for breast, colorectal, 
and skin cancers (17).

In 2005, several studies pointed out that certain high-
risk neuroblastoma patients aged 12–18 months had 
favorable outcomes (18). Then, in 2006, with the aim to 
optimize treatment outcomes while minimizing exposure to 
treatment-related toxicities, the COG changed the age cut-
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Figure 1 Schematic representation of treatments in intermediate- and high-risk neuroblastoma based on age cutoff. Intermediate-risk 
patients may only need surgery and few cycles of standard chemotherapy. Instead, high-risk patients receive intense chemotherapy (COJEC), 
surgery, radiotherapy, myeloablative chemotherapy (orange IV fluid) and or immunotherapy. White-colored children represent patients 
≤12 months; green-colored children represent children between 12 and 18 months; red-colored children represent children >18 months. 
COJEC, a combination of cisplatin, vincristine, carboplatin, etoposide, and cyclophosphamide.

off, from 12 to 18 months, which reclassified some patients 
from high to intermediate risk (Figure 1) (19). 

While this re-classification saved children to be exposed 
to unnecessary treatments, their outcome should remain 
unaltered. Thus, Bender et al. analyzed the outcome after 
the reclassification of the toddler’s groups diagnosed with 
neuroblastoma from the high-risk category to intermediate 
risk (19). 

Being conscious that the change in the classification 
system was not homogeneously applied among all COG 
centers, the authors decided on December 31st 2006 as the 
date to discriminate between patients treated before 2006 
(≤2006) or after (>2006). The criteria for eligibility were 

enrolment on a COG biology study between 1990 and 
2018, age at diagnosis less than 3 years, and known survival 
data. From 8,523 patients with known risk group, 28.46 % 
(≤2006, n=1,581 and >2006, n=845) were initially classified 
as high-risk, 30.55% (≤2006, n=1,160 and >2006, n=1,444) 
were intermediate-risk and 40.98% (≤2006, n=2,124 and 
>2006 n=1,369) were low-risk. Two cohorts of patients were 
reassigned from high- to intermediate-risk. On the one 
hand, patients between 12 and 18 months of age, and with 
tumors stage 4 and favorable biology (12–18mo/Stage4/
FavBiology; ≤2006, n=40 and >2006, n=55) and, on the 
other hand, 12–18 months old patients with tumors that had 
MYCN non-amplified and unfavorable histology (12–18mo/
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stage3/MYCN-NA/Unfav; ≤2006, n=6 and >2006, n=4). 
Survival analyses revealed that there were no significant 

differences in event-free-survival after the reassignment 
being 89%±5.1% (≤2006) versus 94%±3.2% (>2006). The 
similar trend was observed for OS showing 91%±4.4% 
(≤2006) versus 88%±4.3% (>2006). The small increase in 
OS observed in the group of patients treated >2006 could 
be due to the better response of a small subset of patients 
that relapse. 

Next, the authors compared the outcomes of the 
12–18 months cohorts with biologically favorable MYCN 
non-amplified disease (classified as high-risk in ≤2006) 
versus the rest of high-risk patients. These analyses showed 
that the second group (i.e., the rest of high-risk patients) 
had a remarkably worse outcome compared to the first 
group, both in event-free and OS. However, when the same 
comparison was analyzed in the cohort of intermediate-
risk patients diagnosed >2006, no significant differences 
were observed neither in event-free survival (EFS) nor OS. 
This stark contrast supported the decision to move the 
12–18 months cohorts from the high-risk category to the 
intermediate-risk category. Nevertheless, the study had 
some limitations that could affect the conclusions of the 
study. For example, from the cohort of 105 patients, only 
20 received treatment through the enrolment in clinical 
trials. It is also not clear whether those patients that were 
not in the trials, received high-risk therapy before 2006 and 
intermediate-risk therapy after 2006.

In conclusion, the authors have effectively shown that 
the adjustment in age cut-off was justified, and the decision 
made by COG to assign reduced therapy to these specific 
subgroups was indeed successful.

Even the number of patients that benefited from this 
change was relatively small (105 patients), their benefit for 
them and their families is high, since they will have lower 
risk of toxicities and late effects. 

Conclusion and future perspectives

Over the past few years, it has become progressively 
evident that the neuroblastoma community responded 
to the requirement to establish a worldwide agreement 
regarding the classification of pre-treatment risk levels 
for pediatric patients with neuroblastoma. Groups such 
as the INRG, continue working towards greater precision 
in risk stratification and unifying the stratification criteria 
for neuroblastoma patients. Most likely, mining all the 
molecular data generated into the paediatric oncology 

precision medicine programs, will yield novel elements to 
further refine the risk groups and offer tailored treatments 
for these patients, and improve not only their outcome but 
also their quality of lives. 
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