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A single center clinical analysis of children with neuroblastoma
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Abstract. In the present study, the cases of 59 children diag-
nosed with neuroblastoma (NB) were retrospectively analyzed
to assess the association between the short-term efficacy of
treatment and prognostic factors. In total, 59 patients with NB
that were diagnosed between July 1, 2008 and June 30,2013 at
Shanghai Children's Hospital were enrolled in the present
study. The follow-up was performed until December 31,
2013, and the data revealed that 44 patients (74.6%) achieved
complete remission (CR) or partial remission (PR). The
3-year overall survival (OS) rate of patients with stage I, II,
III, IV and IVs disease was 100, 100, 65.6, 34.8 and 85.7%,
respectively (P=0.02). The 3-year OS and event-free survival
rates were evidently increased in patients with favorable
histology compared with the rates in the patients with unfavor-
able histology (P=0.046 and 0.030, respectively). Univariate
statistical analysis revealed that the factors significantly
associated with prognosis were patient age, tumor stage and
risk group (P=0.004,0.02 and 0.001, respectively). The present
study identified that tumor stage, risk group and patient age
are important prognostic factors for NB. An age of 18 months
was also hypothesized to be the cut-off for the prognosis of
patients.

Introduction

Neuroblastoma (NB) is the second most common extracra-
nial malignant tumor that occurs in childhood and is the
most common solid tumor of infancy (1). NB is a high-grade
malignancy that demonstrates a poor prognosis when metas-
tasis occurs in the early phase of disease (2). This tumor
remains an enigmatic challenge for clinical and non-clinical
scientists (3). Over the past several decades, the outcome for
childhood cancer has improved dramatically in the USA, but
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the long-term outcome of children with NB that are classi-
fied as high risk remains poor, despite the administration of
aggressive multimodal therapy (2,4-6). A notable gap remains
in the treatment of NB between China and the USA. For
example, a previous study reported that four-year event-free
survival (EFS) rate of stage IV neuroblastoma was 29.2% in
China following multimodal therapy (7), while an American
study revealed that the five-year EFS rate of stage IV patients
with metastatic disease limited to the distant lymph nodes was
77.0% (8).

In the present study, the cases of 59 children with NB that
were admitted to Shanghai Children's Hospital (Shanghai Jiao
Tong University, Shanghai, China) between July 2008 and
June 2013 were retrospectively analyzed, and the association
between short-term efficacy and prognostic factors was retro-
spectively analyzed in the patients with NB.

Patients and methods

Patients. In total, 61 patients were admitted to the Depart-
ment of Hematology/Oncology of Shanghai Children's
Hospital between July 2008 and June 2013. As 2 patients had
not received 2 courses of chemotherapy, these cases were
excluded, and the 59 eligible cases were included in the present
study. The patients consisted of 35 males and 24 females, with
a median age of 24 months (43 days-108 months). Follow-up
was performed until December 31, 2013, resulting in a median
follow-up time of 22 months (4-66 months). Written informed
consent was obtained from all patients and the study was
approved by the ethics committee of Shanghai Children’s
Hospital.

The initial diagnostic testing included chest computed
tomography (CT) or X-ray, and abdominal CT or B-scan
ultrasonography to evaluate the size of the primary tumor, and
regional extent and distant spread of disease. B-scan ocular
ultrasonography and fundus examination, unilateral iliac bone
marrow punctures (smear and immune phenotype) and whole
body bone scans were also performed. According to the Inter-
national Neuroblastoma System Study (INSS), the patients
with NB were divided into different stages (9). The principle of
risk group with or without MYCN data is reported in Table I.

Therapy. According to the standard treatment of NB admin-
istered at the Department of Hematology/Oncology of the
Shanghai Children's Hospital, the patients underwent surgical
treatment first, and were then diagnosed subsequent to tumor
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resection. The requirement for a second surgical resection
was based upon the assessment following 3-5 courses of
chemotherapy, if complete resection was not performed at
the time of diagnosis. Subsequent to achieving complete
response (CR) or partial remission (PR), 4 courses of chemo-
therapy were administered, leading to a total administration
of <12 chemotherapy courses.

The low risk group was followed up closely subsequent
to surgery, while the middle risk and high risk groups were
administered with 160 mg/m? 13-cis-retinoic acid for 14 days
every month for 6 months subsequent to the completion of
chemotherapy.

The chemotherapy regimens consisted of the admin-
istration of cyclophosphamide, anthracyclines, platinum
and other antineoplastic agents. The medium risk group
received 1.5 mg/m? vincristine, 120.0 mg/m? cyclophos-
phamide, 90.0 mg/m? cisplatin and 160.0 mg/m? etoposide,
comprising the OPEC regimen, and 1.5 mg/m? vincristine,
120.0 mg/m? cyclophosphamide, 90.0 mg/m? cisplatin and
30.0 mg/m? adriamycin, comprising the OPAC regimen,
for 2-10 cycles (median, 4 cycles). The high risk group
received 1.5 mg/m? vincristine, 1.0 g/m? cyclophosphamide,
25.0 mg/m? cisplatin and 100.0 mg/m? etoposide, comprising
the A regimen, and 1.5 g/m? ifosfamide, 30.0 mg/m? pira-
rubicin and 550.0 mg/m?* carboplatin, comprising the
B regimen, for 2-12 cycles, with a median treatment dura-
tion of 10 cycles. The drugs and dosages administered are
reported in Table II.

Histopathology. In total, 45 patients (45/59; 76.3%) were
diagnosed by tumor pathology, according to the Interna-
tional Neuroblastoma Pathology Classification (INPC)
system (10,11). Typical imaging characteristics and the pres-
ence of NB cells in the bone marrow, or a level of urinary
VMA 2 times higher than normal, measured over 24 hours,
were used to diagnose 14 patients. These diagnoses were
confirmed pathologically, as the patients underwent resection
subsequent to chemotherapy.

Pathological categorization of the tumors with favorable
histology (FH) or unfavorable histopathology (UH) was
based on a classification system according to the quantity of
Schwannian stroma, degree of differentiation, mitosis kary-
orrhectic index (MKI) and age at diagnosis (12).

Amplification of MYCN. Amplification of the MYCN onco-
gene was initially identified in NB patients in 1983, and was
one of the first genes demonstrated to be of prognostic value
in pediatric oncology (13). MYCN amplification continues to
be of use as a marker of high-risk disease for patients with
locoregional NB (14). Fluorescence in situ hybridization
was utilized to identify MYCN amplification, as previously
described (14).

Statistical analyses.Priorto and following 2 courses of chemo-
therapy during ongoing treatment, and every 3-6 months
subsequent to the completion of treatment, imaging examina-
tions, which consisted of CT, magnetic resonance imaging
and B-scan ultrasonography, were performed to evaluate the
efficacy of treatment. According to internationally proposed
criteria for the response to therapy in patients with NB, CR
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was defined as a definite absence of the tumor, while PR was
defined as a reduction in tumor size of >50% (15).

The overall survival (OS) time was calculated as the time
between diagnosis and mortality, while the event-free survival
(EFS) time was calculated as the time between diagnosis and
relapse, progression, secondary malignancy or mortality, or
until the time of the last contact with the patient if none of
these events occurred. The OS and EFS were calculated using
the Kaplan and Meier method, and the curves were compared
using the Mantel-Cox log-rank test. All statistical analyses
were performed using GraphPad Prism 5 software (GraphPad
Software, Inc., La Jolla, CA, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

Efficiency of treatment. According to the INSS criteria,
4 patients were diagnosed with stage I disease (6.8%), 7 patients
were diagnosed with stage II disease (11.9%), 18 patients
were diagnosed with stage III disease (30.5%), 22 patients
were diagnosed with stage IV disease (37.3%), and 8 patients
were diagnosed with stage IVs disease (13.5%). Follow-up
was performed until December 31, 2013. It was found that
44 patients (44/59; 74.6%) achieved CR or PR, 8 patients (8/59;
13.6%) experienced relapse or metastasis and 7 patients (7/59;
11.8%) discontinued treatment or follow up. In total, 1 (1.7%),
30 (50.8%) and 28 (47.5%) patients were classified as low,
medium and high risk, respectively. The differences between
the 3-year OS and EFS rates in the various stages and risk
groups were significantly different (P<0.05; Figs. 1 and 2). The
rates of CR and PR were significantly increased in patients aged
<18 months (92.3%) compared with the CR and PR rates in
patients aged >18 months (60.6%; Fig. 3; Table III).

Of the 59 cases, the records for 20 patients contained data
on the tumor MCYN expression. MYCN amplification was
detected in 9 tumor samples (9/20; 45%), consisting of 7 speci-
mens with UH and 2 specimens with FH. MYCN amplification
was detected in 3 bone marrow samples (3/24; 12.5%) that were
obtained from patients with stage IV disease, out of the total
24 records that included bone marrow MCYN data.

Histopathology. In total, 45 diagnostic specimens, which
consisted of 36 specimens of NB tissue and 9 specimens of
ganglioneuroblastoma (GNB) tissue, were used in the present
study. Overall, 3 tumors were Schwannian stroma-rich
tumors (3/45; 6.7%), of which 2 were classified as intermixed
GNB (GNBi) and 1 was classified as nodular GNB (GNBn),
according to the INPC system. In total, 42 patients possessed
Schwannian stroma-poor tumors (42/45; 93.3%; Table IV). Out
of the 36 cases of NB, 25 tumors were undifferentiated or poorly
differentiated (25/36; 69.4%) and 11 tumors were differentiated
(11/36; 30.6%). Out of the 9 cases of GNB, 6 tumors were
GNBIi (6/9; 66.7%) and 3 tumors were GNBn. High MKI (=4%)
was observed in 64.4% of tumors (29/45), intermediate MKI
(2-4%) was observed in 11.1% of tumors (5/45) and low MKI
(<2%) was observed in 24.4% of tumors (11/45) (Table IV). In
the 13 patients with FH, 5 were diagnosed with NB, 6 were
diagnosed with GNBi and 2 were diagnosed with GNBn, while
in the 32 patients with UH, 31 were diagnosed with NB and
1 was diagnosed with GNBn.
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Table I. Principle of the risk groups, with and without MYCN data.

Risk Without MYCN data With MYCN data
Low Stage I patients aged <18 months Stage I patients with a MYCN level <5-fold higher than normal, and
stage II patients aged <12 months with a MYCN level <5-fold higher
than normal
Middle  Stage I patients aged >18 months; stage III Stage I patients with a MYCN level =5-fold higher than normal, other
and IV patients aged <18 months; all stage I ~ stage II patients, all stage I'Vs patients, stage III and IV patients aged
and IVs patients 12-18 months with a MYCN level <5-fold higher than normal, and
stage IIT and IV patients aged <12 months with a MYCN level =5-fold
higer than normal
High Stage III and IV patients aged =18 months All stage III and IV patients aged >18 months, and stage III and IV
patients aged 12-18 months with a MYCN level =5-fold higher than
normal
A P=0.0201 Table II. Chemotherapy regimen for neuroblastoma.
100 b '
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E L 1V, intravenous; IV gtt, intravenous guttae; VCR, vincristine; CTX,
o 204 cyclophosphamide; VP-16, etoposide; CDDP, cisplatin; Adr, adria-
0 " . : ' mycin; IFO, ifosfamide; THP, pirarubicin; CBP, carboplatin.
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Figure 1. Kaplan-Meier (A) overall and (B) event-free survival curves in
patients with neuroblastoma by tumor stage (P=0.0201 and 0.0095).

Diagnostic specimens were not obtained in 14 cases, with
13 cases being diagnosed by bone marrow metastasis and 1 case
being diagnosed by clinical features, imaging and elevated
VMA. In total, the diagnosis was confirmed in 12 cases by
delayed surgery following 4-6 cycles of chemotherapy. Treat-
ment was discontinued in 2 cases, without surgery, following
4 cycles of chemotherapy.

Site of the primary lesion and the relapse or metastasis site. Out
of the total 59 patients, the 52 cases (88.1%) of primary retroper-
itoneal tumors included 4 lesions from both the retroperitoneum
and postmediastinum, 4 tumors from the postmediastinum,

2 tumors from the neck and 1 lesion from an unknown site.
The primary metastasis was located in the bone marrow in
18 patients (18/59; 30.5%), which included 1 patient that devel-
oped metastasis in the bone marrow, bone and lung, 6 patients
that developed metastasis in the bone marrow and bone, and
1 patient that developed metastasis in the bone marrow and
orbit. Other incidences of metastasis included 1 case of lung
and skin metastasis, 2 cases of bone metastasis, 4 cases of liver
metastasis, 1 case of lung metastasis, 2 cases of skin metastasis,
1 case of distal lymph node metastasis and 1 case of liver and
armpit metastasis.

In total, 8 patients, with a mean age of 41 months (range,
17 months-7 years), experienced relapse or metastasis.
The time between the relapse and initial diagnosis was
4-28 months. Out of these patients, 4 experienced relapse
or metastasis within 1 year of the completion of therapy,
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Table I'V. Analysis of histological features in predicting the outcome of patients with NB.
Feature Total, n 3-year OS P-value 3-year EFS P-value
Pathology
FH 13 1.00+0.00 0.046 1.00+0.00 0.03
UH 32 0.63+0.12 0.36+0.17
INPC
NB 36 0.83+0.07 0.808 0.45+0.19 0.382
GNB 9 0.50+0.35 0.50+0.35
Stroma
R/M 3 1.00+0.00 0.568 1.00£0.00 0.479
Poor 42 0.78+0.09 0.66+0.10
MKI
H/T 34 0.64+0.13 0.718 0.49+0.13 0.794
Low 11 0.59+0.19 0.59+0.19
Differentiation
UD/PD 25 0.86+0.08 0.458 0.44+0.19 0.943
D 11 0.81+0.12 0.81+0.12

Data are expressed as the mean + standard error. FH, favorable histology; UH, unfavorable histology; INPC, International Neuroblastoma
Pathology Classification; NB, neuroblastoma; GNB, ganglioneuroblastom; R/M, rich/mix; H/I, high/intermediate; UD/PD, undifferenti-
ated/poorly differentiated; D, differentiated; OS, overall survival; EFS, event-free survival; SE, standard error.

Table V. Relapse and metastasis of patients with neuroblastoma.

Age, Risk Relapse Relapse or
Patient months Stage group 1st pathology Primary site time, months metastasis site
1 24 I HR GNBn Retroperitoneum 28 Intracranial
2 84 I HR NB UD Retroperitoneum 22 Abdominal
3 48 I HR NB UD Retroperitoneum 8 Abdominal
4 48 v HR BM Retroperitoneum, BM, bone 22 Intracranial
5 17 v MR BM Retroperitoneum, BM, bone 12 Abdominal
6 46 v HR BM Retroperitoneum and 22 Intracranial

postmediastinum, BM

7 25 v HR BM Retroperitoneum, BM, orbit 20 Intracranial
8 38 v HR BM Retroperitoneum, BM 4 Lung

HR, high risk; MR, medium risk; GNBn, nodular ganglioneuroblastoma; NB UD, undifferentiated neuroblastoma; BM, bone marrow.

while 4 patients experienced relapse or metastasis during
therapy. Overall, 3 patients developed recurrence in the
retroperitoneum, 4 patients developed intracranial metastasis
and 1 patient developed lung metastasis (Table V).

Discussion

Age is an important clinical prognostic factor for patients
with NB. The rates of NB tumor progression and response are
often age-dependent (6). The currently accepted age cut-off of
365 days was based on observations by Breslow and McCann
>30 years ago, which indicated that an older age was associated
with a worse outcome (16). An age of 12 months was hypoth-
esized to be a boundary to determine the prognosis in NB

patients, particularly for stage I'V patients (17). A retrospective
analysis of 3,606 patients with NB performed by the Pediatric
Oncology Group and Children's Cancer Group (CCG) revealed
the prognostic contribution of age to outcome was continuous
in nature (2). Within the clinically relevant risk stratification,
statistical support exists for an age cut-off of 460 days (18).
According to a previous study by CCG, patients aged between
12 and 18 months of age demonstrate a significantly improved
long-term survival rate compared with older children treated
with intensive chemotherapy, with or without autologous bone
marrow transplantation (19). These patients may not benefit
from additional intensification of therapy beyond that provided
in earlier clinical trials and may even maintain this high
survival rate with less intensive therapy (19,20).
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Figure 2. Kaplan-Meier (A) overall and (B) event-free survival curves of
patients with neuroblastoma by risk group (P=0.0013 and 0.002).

The potential use of a younger age as a prognostic factor
in patients with NB was confirmed in the present study.
The 3-year OS and EFS rates in patients aged <18 months
were significantly increased compared with patients aged
>18 months (P=0.004 and 0.009, respectively), while the rates
of relapse and metastasis and lost follow up/abandonment
decreased significantly in patients at a younger age. The age
cut-off of 18 months may be considered as a boundary, which
causes patients aged between 12 and 18 months of age to be
classified as a middle risk group and receive low-dose chemo-
therapy, avoiding the cardiotoxicity caused by anthracyclines.

A previous study by Hero er al (21) provided strong
evidence that spontaneous regression may regularly be
observed in localized infant NB and was not limited to the
first year of life. Tumor regression without cytotoxic therapy
was observed in 47% of the infant patients with non-resected
NB in the study by Hero et al. A wait-and-see strategy was
justified in those patients. The long-term outcome of patients
with stage IVs NB revealed that the majority of patients
demonstrate no clinically or radiologically significant
sequelae but do exhibit residual abnormalities (22). However,
not all infants with NB demonstrate a good prognosis, and
neonates with hepatomegaly are particularly at risk (23).

The literature has previously reported the survival
rate for symptomatic infants with stage IVs NB that were
<2 months of age was lower compared with the survival
rate for infants with symptomatic NB >2 months of age
(78 vs. 90%), suggesting that extremely young infants with
symptomatic NB are at the highest risk of succumbing to
the disease (24). These infants with rapidly expanding liver
disease may require an earlier administration of a more
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Figure 3. Kaplan-Meier (A) overall and (B) event-free survival of patients
with neuroblastoma by age (P=0.0037 and 0.0086).

aggressive chemotherapy, to decrease the risk of abdominal
distention, resulting in mechanical respiratory failure. The
treatment administered to infants with stage IVs NB with
massive hepatomegaly should be individualized based on
the disease course (25). A sequential approach comprising
observation, intravenous chemotherapy and hepatic
intra-arterial chemoembolization may improve the outcome
of these infants (26,27).

In the present study, 8 patients with stage IVs NB survived
without recurrence, and disease progression may be associ-
ated with the receipt of intervention immediately subsequent
to diagnosis. One patient received surgery only, but follow-up
was discontinued subsequent to 7 months of CR. The
remaining 7 patients received chemotherapy, with 5 patients
achieving CR and 2 patients achieving PR, due to the presence
of minimal residual disease indicated on imaging. Minimal
residual disease indicated on imaging investigation performed
subsequent to the end of treatment may indicate the presence
of a non-tumor tissue, or the immune system may effectively
remove minimal residual tumor; however, a small number of
tumor cells may continue to possess self-differentiation prop-
erties in the body environment. The incidence of minimal
residual disease decreased the EFS rate, but did not affect
the OS rate. No large study investigating minimal residual
disease in imaging examinations has been performed, so the
characteristics of non-tumor tissue and the process of tumor
differentiation remain unknown. This requires investigation
in a future study.

Survival subsequent to NB relapse is poor. In a retro-
spective study, Garaventa et al (28) reported the cases of
781 children with NB that experienced tumor recurrence.



The 10-year OS rate was 6.8% following progression and
14.4% following relapse. The majority of relapses occurred
early (median interval, 7.8 months), but 86 (24%) occurred
late (median, 28 months). Early relapses had a more rapid,
unfavorable course, with ~80% of mortalities occurring
within 2 years, whereas the survival time was longer for late
relapses. At present, children are offered a wide variety of
salvage regimens following relapse (29-31). Multiple salvage
therapy has been reported in a previous study to extend
the median survival time between 2.2 and 3.2 months for
patients with MYCN amplification and between 0.7 and
5.8 months for patients with early relapse subsequent to stem
cell transplantation, but the long-term disease-free survival
following recurrent disease remains extremely poor (32).
This study reported the cases of 8 patients that experienced
recurrence or metastasis, with 4 patients experiencing
late-occurring intracranial metastases (median, 23 months).
In total, 8 patients discontinued therapy following relapse or
metastasis.

NB is classified as a small blue round cell neoplasm of
childhood and belongs to the group of peripheral neuroblastic
tumors, which includes NB, GNB and the benign ganglio-
neuromas (33). The NB category comprises three subtypes,
consisting of the undifferentiated, poorly differentiated and
differentiated subtypes. These tumor types reflect different
degrees of maturation, such as undifferentiated cells with
large dense nuclei and scant cytoplasm, poorly differentiated
and differentiating cells, or ganglion cells with the inclusion
of neutrophils and Schwann cells with increased matura-
tion (14).

High cell turnover, as manifested by increased mitotic
activity at diagnosis has been recognized as a sign of aggres-
sive tumor behavior in NB (34). Ambros et al (35), in an
analysis of individual morphological features, reported that
a high MKI and prominent nucleoli in undifferentiated and
poorly differentiated neuroblasts at the time of diagnosis
led to a poor outcome. The prognosis of the 45 patients
included in this previous study was not significantly different
between patients with NB and those with GNB, patients with
undifferentiated or poorly differentiated NB and those with
differentiated NB, patients with a high or medium MKI and
those with a low MKI, and patients with stroma-rich lesions
and those with stroma-poor lesions. However, the prognosis
between patients with FH and UH was significantly different
(P=0.046). In the present study, only the pathology at diag-
nosis was investigated, while various pathologies and the
association with prognosis following chemotherapy should
be assessed in additional studies.
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