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Abstract The purpose of the study was to evaluate the outcome of patients under 18 months diagnosed with
 neuroblastoma. Between April 2006 and December 2013, 45 consecutive patients followed in Hospital 
de Pediatría Garrahan, were retrospectively reviewed. With a median age of 9.3 months (1-18 months) N-myc 
amplification was detected in 5 out of 38 patients, 1p deletion (del1p) in 4 patients, and 11q aberration in one 
patient. With a median follow-up of 53 (range: 6-109 months), at 24 months the event free survival (EFS) of all 
patients was 83% (SE 6%) and overall survival (OS) of 88% (SE 5%). Significant difference was found in OS 
and EFS between patients with stages L1, L2 and Ms vs. stage M (p = 0.01 and p = 0.01 respectively). EFS for 
each stage: L1 85% (SE 7%), L2 100%, MS 100%, vs. M 55% (SE 16%). OS: L1 90% (SE 6%), L2 100%, MS 
100%, vs. M 66% (SE 15%). OS and EFS results are similar to those reported in international studies. However, 
better identification of biological prognostic factors will warrant accurate staging and consequently an appropriate 
treatment.
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Resumen Neuroblastoma en pacientes menores de 18 meses. Experiencia en el Hospital de Pediatría
 Prof. Dr. Juan P. Garrahan. El objetivo del trabajo fue evaluar las características y evolución de 
pacientes menores de 18 meses de edad, con diagnóstico de neuroblastoma. Se realizó un análisis descriptivo, 
retrospectivo entre abril/2006 y diciembre/2013, de 45 pacientes diagnosticados en forma consecutiva. La edad 
media fue 9.3 meses (1-18 meses). La amplificación del gen N-myc fue detectada en 5 pacientes, deleción del 
cromosoma 1p (del1p) en 4, y aberración de 11q en uno. Con una media de seguimiento de 53 meses (6-109 
meses), la supervivencia libre de eventos (SLE) de todos los pacientes, a 24 meses fue 83% (ES 6%) y la su-
pervivencia global (SG) de 88% (ES 5%). Se encontró diferencia significativa en la SG y SLE entre los pacientes 
con estadios  L1, L2 y Ms, y aquellos con estadio M (p = 0.01). La SLE para cada estadio fue: L1 85% (ES 7%), 
L2 100%, MS 100%, M 55% (ES 16%). SG para cada estadio: L1 90% (ES 6%), L2 100%, MS 100%, y M 66% 
(ES 15%). Aunque los resultados de SG y SLE son similares a los publicados en estudios internacionales, una 
mejor identificación de los factores pronósticos biológicos permitirá una estadificación precisa y, en consecuencia, 
un tratamiento adecuado. 
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Neuroblastoma is the most common solid tumor arising 
outside the brain1. Variable clinical course is observed 
from spontaneous tumour regression (as in infants with 
stage Ms disease), tumour maturation to a benign histo-
logic form, to another extreme of agressive metastasic 
disease. Much effort has been given to find predictive 
factors to clarify clinical outcomes and hence to guide the 
treatment. The stage of the disease, the age at diagnosis, 
MYCN oncogene amplification, and Shimada histological 
grading have all been documented as prognostic factors. 

Treatment stratification will be based on these prognostic 
factors ranging from low intensity chemotherapy to in-
tensive multi-modality approaches. When presenting in 
infants, it has particular characteristics. Localized tumors 
diagnosed before 1 year of age usually have a favorable 
prognosis. Outcomes for patients with localized disease 
(stage L1, L2 according to INRG classification system) 
and those classified as Ms, are excellent. International 
published results report 3-year Overall Survival (OS) 
and Event Free Survival (EFS) rates of 85% and 97% 
respectively, for patients with low-stage neuroblastoma2. 
EFS and OS are also higher in patients whose tumors are 
hyperdiploid rather than diploid, being a favorable prog-
nostic factor. However, patients with unfavorable biological 
features, especially MYCN amplification, still have less 
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favorable prognosis3, 4. We reviewed patients under 18 
months of age diagnosed with neuroblastoma, to evalu-
ate clinical and biological features, as well as outcome. 

Materials and methods

This is a retrospective study of all patients under the age of 18 
month, with neuroblastoma admitted to Hospital de Pediatría 
Prof. Dr. Juan P. Garrahan, Argentina, from April 2006 and 
December 2013. The demographic data of 45 were presented 
in Table 1. Parents or guardians provided written informed 
consent before starting treatment. Tumor histology was cat-
egorized following neuroblastoma Pathology Classification 
(INPC) and Shimada classification systems5. MYCN amplifi-
cation was determined by fluorescence in situ hybridization. 
For data analysis, staging was performed according to INRG 
pretreatment classification schema2. In the INRGSS, extent of 
locoregional disease is determined by the absence or pres-
ence of image-defined risk factors (L1 and L2, respectively). 
Stage M will be used for widely disseminated disease, and 
MS describes metastatic neuroblastoma limited to skin, liver, 
and bone marrow without cortical bone involvement in children 
age 0 to 18 months with L1 or L2 primary tumors. 

Chemotherapy treatment regimens for low-risk patients 
consist of oral cyclophosphamide (Cy) 5 mg/kg × 5 days and 
vincristine (V) 0.05 mg/kg; for intermediate risk cyclophospha-
mide 10 mg/kg × 5 days, doxorubicin (Dox) 1 mg/kg × 2 days/ 
carboplatin 6.6 mg/kg and etoposide (VP) 5 mg/kg× 3 days, 
according to French Society of Pediatric Oncology (SFOP) and 
SIOPEN study for low and intermediate risk neuroblastoma 
treatment guidelines6. High-risk patients received five cycles 
of chemotherapy with V 1.5 mg/m2, Cy 140 mg/kg, doxorubicin 
(Dox) 75 mg/m2 / cisplatin (Cis) 200 mg/m2 and VP 600 mg/m2, 
followed by consolidation with autologous bone marrow trans-
plantation, plus surgery and radiotherapy for gross residual 
disease; 13-cis-retinoic acid therapy after transplantation or 

chemotherapy, following N5 treatment protocol for high risk 
neuroblastoma7.

Kaplan-Meier method was used to estimate survival prob-
abilities, and log-rank test was used to compare survival 
curves, with P values less than 0.05 considered statistically 
significant. EFS and OS values were reported at the 2-year 
time point. EFS was defined as the time from diagnosis to 
first event (relapse, progression or death) or last follow-up. 
Graphpad Prism 5 program was used to data analysis.

Results

Data regarding 45 patients with neuroblastoma were 
analyzed. 

Amplified MYCN was documented in 5 out of 38 pa-
tients (7 not evaluated), deletion of 1p (del1p) in 4 patients 
(12 without evaluation), and 11q aberration in one patient 
(only 8 patients studied). Two patients were excluded from 
the following analyses due to loss to follow up.

According to INRG pretreatment classification schema, 
twenty-one patients belonged to L1 category, receiving 
treatment with chemotherapy (n = 1), surgery (n = 15), 
chemotherapy followed by surgery (n = 4) and observa-
tion only (n = 1). No unfavorable biological features were 
detected in this group. Relapse occurred in 2 patients 
(+2 and +9 months after surgery); one of them died from 
infectious complication, the other is in complete remission 
at 74 months, after receiving chemotherapy and surgery 
(pathologic results after chemotherapy showed: ganglio-
neuroblastoma). Other patient with Nijmegen syndrome 
developed acute megakaryoblastic leukemia, 5 months 
after complete resection of neuroblastoma.  

Eleven patients were classified as L2 tumors; therapy 
consisted of chemotherapy (n = 3), surgery (n = 4) and 
combined surgery plus chemotherapy (n = 4). Amplifica-
tion of MYCN was present in one patient, who received 4 
cycles of Cy/Dox alternating with Carboplatin/VP; del1p 
was detected in other case, treated with 4 cycles of oral 
Cy. Both patients with cervical localized tumors, underwent 
initial surgery followed by chemotherapy, and maintained 
complete remission to more than 24 months. 

Nine stage M patients received treatment for interme-
diate-risk (n = 5) (one aberration of 11q) and high-risk 
groups (n = 4) (1 amplification of MYCN, 3 amplification of 
MYCN and del1p). All three patients with MYCN amplifica-
tion and del1p died after progression or relapse (time from 
event to death: +1, +2 and +4 months). Patient with 11q 
aberration has stable disease +45 months after progres-
sion, receiving metronomic chemotherapy. 

Two patients classified as Ms stage, received therapy 
strategy for low-risk (initial observation followed by 6 
cycles of V due to subcutaneous nodules progression 
after 1 month) and very low-risk groups (observation). 

Permanent damages by surgical complications were 
observed in 4 patients: stage L2 (n = 1), L1 (n = 2) and 
M. Sequelae consist on Horner Syndrome, swallowing 

TABLA 1.– Demografic data for patients with neuroblastoma

Mean age at diagnosis 9.3 months (0-18 months)
Median age at diagnosis 9.5 months
Male:Female 26:19
Primary site
 Adrenal gland 34%
 Paravertebral 29%
 Cervical 9%
 Mediastinal 7%
 2 or more sites 21%
INPC (n° of patients)
 Favourable 4
 Unfavourable 31
 Uncharacterized 9
 Not biopsed 1
INRG SS stage (n° of patients)
 L1 21
 L2 11
 Ms 9
 M 2

INPC: International Neuroblastoma Pathology Classification;  INRG: 
International Neuroblastoma Risk Group
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disorder, uretero-hydronephrosis and nephroureterec-
tomy, eyelid ptosis secondary to stellate ganglion injury. 
One high-risk patient, who received radiotherapy, present 
permanent decreased visual acuity (patient with exoph-
thalmos at diagnosis).

With a median follow-up of 53 months (range: 6-109), 
after 2 years, the EFS of all patients was 83% (SE 6%) 
and OS of 88% (SE 5%). Significant difference was found 
in OS and EFS between patients with stages L1, L2 and 
Ms vs. stage M (p = 0.01). EFS for each stage was: L1 
85% (SE 7%), L2 100%, MS 100%, vs M 55% (SE 16%). 
OS: L1 90% (SE 6%), L2 100%, MS 100%, vs M 66% 
(SE 15%) (Fig 1).

Discussion

Neuroblastoma prognosis is variable based on the age at 
diagnosis, the stage and biologic features of the tumor. 
Treatment varies depending on risk group and can range 
from observation or only surgery for low risk patients 
to aggressive multimodality treatment for patients with 
MYCN-amplified tumors. Infants with L1 or Ms tumor, with-
out unfavorable biological characteristics, are classified 
as very low risk group, according to INRG pretreatment 
schema. Consequently, most of these patients can be 
observed as initial treatment strategy. In our series, only 
2 patients underwent observation. Prospective studies 
are needed to evaluate outcome of infants treated with 
an observational strategy, compared to those receiving 
surgery. Probably more patients could have benefited from 
non-interventionist treatment8. 

In regards to reduce treatment, data suggest that 
intensive chemoradiotherapy may not be necessary for 
patients with low-stage, MYCN-amplified neuroblastoma 
whose tumors are hyper-diploid, being candidates for re-
ductions in currently designated intensive therapy3. Data 
regarding tumor cell ploidy were not available in our group 
of patients. On the other hand, a factor associated with 

poor prognosis and MYCN-amplification, is low urinary 
catecholamine excretion9. Normal urinary values of norepi-
nephrine and vanillylmandelic acid, suggests immaturity 
of catecholamine metabolism in neuroblastoma tumors. 
The relationship between immaturity of catecholamine 
metabolism and prognosis has been reported in several 
studies. Efforts has to be made to achieve the study of 
this prognostic factor in all patients with neuroblastoma.

Concerning to L2 tumors, surgery extension have been 
defined. Although surgery plays a role in the diagnosis 
and management of all stages of neuroblastoma, achiev-
ing a complete resection in infants staged as L2, should 
be deeply analyzed. Considering the excellent prognosis 
(EFS and OS) in this group of patients, morbidity should 
be minimized. 

Previously published reports indicate that patients with 
low-stage neuroblastoma can be successfully treated 
with surgery alone. Surgery and/or radiation therapy can 
be used to manage recurrences. Metastatic relapses are 
rare and often treated successfully with chemotherapy. 
However, patients with localized tumors with unfavorable 
biologic features, particularly NMYC amplification, have a 
worse prognosis, despite low disease stage at diagnosis 
and treatment. Management of these patients remains 
controversial3. 

Only 1 patient in the L2 group present NMYC ampli-
fication, achieving complete remission after surgery and 
moderate-intensity chemotherapy (carboplatine/VP/ Cy/
Dox: 4 cycles). Other patient with 1p deletion underwent 
surgery and adjuvant low-intensity chemotherapy (oral Cy: 
4 cycles). Both remain without evidence of disease after 
30 and 90 months. Therefore, cooperative clinical trials 
should be carried out in order to define characteristics and 
biological factors that can predict a less aggressive tumor 
behavior and, consequently, can receive less intensive 
treatment, avoiding sequelae and morbidity. 

OS and EFS results are similar to those reported in 
international studies. Only 2 patients (L1 and Ms) have 
been observed as initial treatment. However more patients 

Fig. 1.– Kaplan-Meier curves for overall survival (OS) and event-free survival (EFS) 
for each group



NEUROBLASTOMA IN INFANTS 283

could have benefited from this treatment strategy, which 
should be re discussed in the future and is currently being 
implemented in our institution. Further studies should be 
carried out to determine the less aggressive treatment for 
patients with low stage neuroblastoma, with and without 
unfavorable biologic features. It is essential to study bio-
logic factors in 100% of the patients. Better identification of 
biological prognostic factors will warrant accurate staging 
and consequently an appropriate treatment.
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- - - -
The two offices of memory are collection and distribution; by one images 

are accumulated, and by the other produced for use. Collection is always the 
employment of our first years; and distribution commonly that of our advanced 
age.

Las dos funciones de la memoria son la colección y la distribución; con una 
se acumulan imágenes, la otra produce para el uso. Coleccionar es empleo 
de nuestros primeros años, y la distribución, por lo común, de nuestra edad 
avanzada.
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