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Abstract

Purpose: To improve knowledge about the course and clinical characteristics 
of patients, we reviewed our the clinical characteristics and outcome of 
consecutive patients aged 10 years or more at the time they were diagnosed 
with neuroblastoma in a single institution for a period of 21 years.

Methods: The records of seven consecutive patients over 10 years old 
with a newly diagnosed neuroblastoma who were treated at the Instituto de 
Oncologia Pediatrica-GRAACC/UNIFESP in Sao Paulo from January 1991 to 
2012 were reviewed. 

Results: From 249 patients with Neuroblastoma, 7 were defined as AYA and 
included in the study. Recurrent disease occurred in 3 of 7 evaluated patients. 
Time to relapse ranged from 2.5 to 9.3 years (median, 5.6 years) and the time 
from recurrence to death ranged from 8 to 19.8 months (median, 13.9 months) 
in 2 of 3 patients with recurrent disease. Progressive disease was present 
continuously in four patients who died.

Conclusion: Neuroblastoma is very rarely diagnosed past the age of 10 
years and we have highlighted that the incidence is very low, though, AYA present 
a more indolent disease course with long-term relapses and fatal outcomes.
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Introduction
Neuroblastoma (NB) is the most common and most deadly solid 

tumor that occurs in children outside of the brain [1]. Incidence 
peaks in infancy and then rapidly declines, with less than 10% of cases 
diagnosed in adolescents and adults older than 10 years of age [2]. 

Due to the rarity of disease in adolescents and adults, few series 
are reported in literature. These reports suggest that older NB patients 
have unique biology characterized by an indolent disease course 
with long-term relapses and fatal outcomes, despite the presence 
of very few unfavorable biologic markers [3-6]. In childhood NB, a 
genomic profile is a key requirement for the accurate identification of 
molecular prognostic markers, especially indicated when the MYCN 
oncogene is not amplified [7-9]. 

Recent results from studies of older high-risk NB patients showed 
an age-dependent pattern in overall response [10]. Franks et al. 
reported that the course of the disease was highly dependent on stage; 
the majority of adolescents presented with stage 4, in comparison 
with localized disease observed among adults [4]. 

To improve knowledge about the course and clinical characteristics 
of this population of patients, we retrospectively reviewed the clinical 
characteristics and outcome of consecutive patients aged 10 years or 
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more at the time they were diagnosed with neuroblastoma in a single 
institution for a period of 21 years.

Materials and Methods
Between January 1991 and 2012, seven consecutive patients over 

10 years old with a newly diagnosed neuroblastoma were treated 
at the Instituto de Oncologia Pediatrica-GRAACC/UNIFESP in 
Sao Paulo. The diagnosis was based on histological examination 
of tumor biopsy or resection specimens. Patients with a diagnosis 
of ganglioneuroma were not included in the present study. The 
diagnostic imaging methods were: extent of disease was evaluated 
by computed tomography and/or magnetic resonance on the site 
of the primary tumor, bilateral bone marrow aspirate and biopsy, 
iodine-131 Meta-Iodo-Benzylguanidine (MIBG) scan. Laboratory 
analyses included urinary concentrations of Vanillylmandelic Acid 
(VMA) and Homovanillic Acid (HVA). The number of MYCN 
oncogene copies was evaluated on fresh frozen tissue in two cases. 
The disease was staged using the International Staging System criteria. 
This study was approved by the Institutional Review Board with 
waiver of informed consent. The following variables were evaluated: 
gender, age, time from the onset of symptoms to diagnosis, primary 
tumor site, and stage of disease, the median follow-up and time to 
relapse. Categorical data were summarized as absolute and relative 
frequencies; quantitative data were described as median. 

Results
From January 1991 to January 2012, 249 patients with NB were 

admitted at our institution. Of these, 242 were children aged up to 10 
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years and 7 were defined as adolescent and young adult (AYA) and 
included in the study. Clinical characteristics and outcome of patients 
are presented in Table 1. 

In this series of 7 patients with NB, 4 were females, and the median 
age was 11.5 years (range, 10.4-30.1). The primary site of the tumor 
was the had a longer time interval instead of had a length interval in 
3 patients, the adrenal in 3; in one case the site of the primary tumor 
was not know. As for stage, 6 cases were stage 4 and one was stage 3. 
The main sites of distant metastasis were bone marrow (n=4), lymph 
nodes (n=4) and bone (n=2). MYCN status was assessed in 2 patients 
and was amplified in one. The mean time from symptom onset to 
diagnosis was 6 months (range, 1-24) in 6 patients. This information 
was unknown for one patient. In most of the cases, the presenting 
sign and symptoms included bone pain (4), abdominal mass (3), fever 
(2), loss of weight (2), abdominal pain (1) and neurological alteration 
(1). Recurrent disease occurred in 3 of 7 evaluated patients. Time to 
relapse ranged from 2.5 to 9.3 years (median, 5.6 years) and the time 
from recurrence to death ranged from 8 to 19.8 months (median, 13.9 
months) in 2 of 3 patients with recurrent disease. Progressive disease 
was present continuously in four patients who died. The median 
follow-up was 3.3 years (range, 2.06 - 11.4). By the time of the last 
follow-up, only one patient (14%) was alive after a median follow-up 
of 11.37 years. 

Discussion
Like the AYA patients in previous studies, the subgroup of AYA 

with NB in the current study represents less than 5% of patients with 
childhood NB. 

An important consideration is the manner in which age has been 
converted to a categorical variable. Some authors have evaluated 
children as the person who has not yet completed twelve years of age 
[5,11], while others have defined children as all under ten years of 
age [3,6,12,13] and still others have used a cut-off set at 13 year old 
[4]. We considered adolescent according the definition of the World 
Health Organization, that considered an adolescent as any person 
between ages 10 and 19.

In this series, the most frequent site of the primary tumor was 
adrenal and paravertebral instead of par vertebral. The signs and 
symptoms at presentation in the older patients were much the same 
as the reported in the children under 10 years old [3,6,13] 

However the adolescents and young adults had a longer time 

interval instead of had a length interval between the appearance of 
the first symptom and the diagnosis, probably due the rarity of NB 
in AYA and a different NB growth pattern between children and 
older subjects. The stage found were also similar to those found in 
young children, most patients presenting with stage IV disease [3-
5,11,13]. These observations are similar to those reported in previous 
adolescent and adult series, with the majority of patients with stage IV 
disease with bone marrow involvement [3,13]. 

Recent studies have suggested NB in adolescents is a special 
subgroup characterized by high-risk prognostic features which differ 
from those seen in younger patients, especially in relation to genetic 
abnormalities [13]. Although these patients may have a more indolent 
course and infrequent MYCN amplification [4,5,14], older children 
with advanced disease have a poor rate of survival. 

Conclusion
The current study is limited by its retrospective, single institution 

nature. However, NB is very rarely diagnosed past the age of 10 years 
and we have highlighted that the incidence is very low, though, AYA 
present a more indolent disease course with long-term relapses and 
fatal outcomes. NB should be considered in the differential diagnosis 
of the tumors originating in the sites where sympathetic nervous 
system tissue is present. 
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Case Age (years) Gender Primary tumor site Metastases Disease stage Y/N Time in years 
from diagnosis Outcome Survival 

(years)
1 11.5 M Not know Y IV N NA DOD 2.06

2 10.8 M Right adrenal Y IV Y 5,6 Alive 11.37

3 16.6 F Paravertebral N III Y 2,5 DOD 4.15

4 19.4 F Left adrenal Y IV N NA DOD 3.15
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Table 1: Clinical characteristics and outcome of patients.

Y-yes; N-no; NA-not applicable; DOD-dead of disease.
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