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ABSTRACT

The current multidisciplinary treatment for patients with high-risk neuroblastoma
(NB) is the common census. However, protocols and opinions are different in
different regions and institutions. We aimed to assess the protocol formulated by
Chinese Children’s Cancer Group study in 2009, and the impact of surgery extent was
highlightly evaluated.

Methods: This study enrolled patients with high-risk neuroblastoma between
2009 and 2014 in Department of Pediatric Oncology of Tianjin Medical University
Cancer Institute and Hospital. The clinical characteristics of patients were illustrated
and surgery extent was evaluated by the impact on survival rate.

Results: The 3-year overall survival (OS) and progression-free survival (PFS) were
56.2% and 50.5%, respectively. LDH (P<0.001), bone marrow metastasis at time of
diagnosis (P=0.001), bone marrow negative after neoadjuvant chemotherapy (P<0.001),
radiotherapy (P<0.001) were significant predictors of OS and PFS. And surgery extent
had no impact on the enhancement of high-risk neuroblastoma patients in short time.

Conclusions: This study showed no substantial survival benefit in patients with
high-risk NB undergoing gross total tumor resection. Multidisciplinary intensive
treatment was essential, especially for patients received subtotal tumor resection.
Longer term follow-up is needed to survey complications in surviving patients who
received intensive chemotherapy and radiotherapy.

INTRODUCTION have widespread metastatic disease at initial diagnosis which
increases the difficulty of therapy. Unfortunately, a higher
disproportionate percent of children who are older than 1
year have International Neuroblastoma Staging System
(INSS) Stage 4 disease, approximately 70% [5—7]. Systemic
therapy has led to increasing improvement in treatment of
children with the disease and resulted in overall survival rate

Neuroblastoma (NB) is the second most common
extracranial malignant tumor of childhood that accounts for
7-10% of all pediatric malignancies but is responsible for
nearly 15% of children’s cancer deaths [1-3]. The tumor has

a preference for young children; 60% of patients are younger of 80% or so [8, 9]. But this heterogeneous tumor reflects
than 2 years old and 97% occur before their first decade [4]. different degrees of maturation, varying from spontaneous
During the past three decades, multidisciplinary treatment regression or maturity to a quite aggressive and malignant
has been highlighted because more than half of children phenotype [10]. For patients with high-risk NB, despite
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Table 1: Clinical characteristics of patients with high-
risk neuroblastoma on CCCG09

Characteristics Number of patients %
Sex
Male 52 61.2
Female 33 38.8
Age
Median (range) 46 (8-168)
<18 months 14 16.5
>18 months 71 83.5
Location
Abdominal, cervix 62 72.9
Pelvis, thorax 16 18.8
INSS stage
2A 1 1.2
8 9.4
4 72 84.7
4s 4 4.7
N-myc
amplified 25 29.4
unamplified 47 553
unknown 13 15.3
LDH
<1500U/L 59 69.4
>1500U/L 26 30.6
Bone marrow metastasis
at time of diagnosis
Positive 62 72.9
Negative 23 27.1
Bone marrow negative
after neoadjuvant
chemotherapy
Yes 34 54.8
No 28 45.2
Surgery extent
STR 37 43.5
GTR 48 56.5
Postoperative
complications
Negative 55 64.7
Positive 30 353

(Continued)

Characteristics Number of patients %
Radiotherapy
IMRT 31 36.5
3D-CRT 21 24.7
No 33 38.8
ASCT
Yes 21 24.7
No 64 75.3
Therapy response
CR 34 40.0
VGPR 17 20.0
PR 10 11.8
SD 13 15.3
PD 11 12.9

Abbreviations: CCCGO09: Chinese Children’s Cancer
Group study 2009; INSS: International Neuroblastoma
Staging System; LDH: lactate dehydrogenase; STR:
Subtotal resection; GTR: Gross total resection; IMRT:
Intensity Modulated Radiation Therapy; 3D-CRT:
three dimensional conformal RT; ASCT: autologous
hematopoietic stem cell transplantation; CR: complete
remission; VGPR: very good partial remission; PR: partial
remission; SD: stable disease; PD: progressive disease.

intensive treatment with combination of chemotherapy,
surgery, bone marrow transplant, radiotherapy, the outcomes
remain poor with long-term survival of less than 50% which
would be further decreased by late recurrences and various
complications [11-13]. As is reported, relapse at the primary
disease site is a major problem of frustrated cases for patients
with high-risk NB [14]. Though surgery and radiotherapy
play an important role in local control of high-risk NB in
most reported protocols, there have been conflicting reports
of whether surgery extent improves survival in this cohort
of patients [15—18]. A retrospective analysis of patients with
high-risk neuroblastoma between 2009 and 2014 attending
our institution was performed to demonstrate clinical features
and treatment modalities in these patients and to evaluate
whether the extent of resection had an impact on survival
rate.

RESULTS

Patient characteristics

Clinical characteristics of the patients were delineated
in Table 1. This study included 52 male patient and 33
female patients (M/F=1.6:1). The median age was 46
months (range: 8—168 months), 14 patients were less than
18 months while 71 aged older than 18 months. Multiple
primary lesions occurred in 7 (7/85, 8.3%) patients. Sixty-
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two lesions (62/85, 72.9%) were in the abdominal or cervix,
and sixteen (16/85, 18.8%) in the pelvis or thorax. One
patient seemed to have a history of the disease whose two
brothers were diagnosed with NB. The majority of patients
were in the advanced stage of tumor development (4: n=72
and 3: n=8), according to International Neuroblastoma
Staging System (INSS). And there were 4 patients with
stage 4s disease, and 1 patient with stage 2A disease. Of the
patients with available N-myc status, twenty-five patients
(25/85, 29.4%) were N-myc positive, forty-seven patients
(47/85, 55.3%) were N-myc negative. Fifty-nine patients
(59/85, 69.4%) had serum lactate dehydrogenase (LDH)
less than 1500U/L, and twenty-six (26/85, 30.6%) more
than 1500U/L. Bone marrow metastasis occurred in 62
(62/85, 72.9%) patients and it turned to be negative after
neoadjuvant chemotherapy in 34 (34/62, 54.8%) patients.
Thirty-seven (37/85, 43.5%) patients underwent STR and
forty-eight (48/85, 56.5%) GTR. Fifty-two patients received
radiotherapy (IMRT: n=31, CRT: n=21). Twenty-one
patients experienced ASCT, among them, three had only
once ASCT.

Treatment outcomes

Up to the cut-off date for this analysis, no patient had
been lost to follow-up. The 3-year OS rate and PFS rate of
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the whole population were 56.2% and 50.5%, respectively
(Figure 1 and Figure 2). The median survival time (MST)
was 25 months (range 3-86 months), 31.8 % surviving
3 years. Forty-three patients were still alive without
recurrence and forty-one had died of disease progression
or relapse. Although patients experienced therapy-induced
complications, nearly all patients could tolerate the intensive
treatment. Only one patient died of chemotherapy-induced
varicella. Twenty-nine patients relapsed. Among them,
recurrent disease was detected at the primary site in only
3 patients, the most common organs of distant relapse
involved were bone (n = 13), followed by bone marrow (n =
8), brain (n = 3), and lungs (n = 2). The median progression-
free survival (PFS) time was 23 months (range 3-86
months), 27.1 % being progression free at 3 years.
According to univariate analysis (Table 2), LDH
(P<0.001), bone marrow metastasis at time of diagnosis
(P=0.001), bone marrow negative after neoadjuvant
chemotherapy (P<0.001), radiotherapy (P<0.001)
were significant predictors of OS. Sex (P=0.351),
age (P=0.232), primary location (P=0.126), N-myc
(P=0.066), postoperative complications (P=0.218), ASCT
(P=0.454) were not significantly correlated with OS.
Univariate analysis also indicated that primary location
(P=0.031), LDH (P<0.001), bone marrow metastasis
at time of diagnosis (P=0.002), bone marrow negative

OS of the whole population (n=85)
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Figure 1: Kaplan-Meier survival curves showing overall survival of the whole population.
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after neoadjuvant chemotherapy (P<0.001), radiotherapy
(P=0.002) significantly affected PFS.

Clinical characteristics of patients with NB
between two types of surgery were described in Table 3.
Surgery extent had no impact on OS and PFS (Figure 3
and Figure 4). And patients underwent GTR faced with
more surgery-induced complications than those with
STR (P=0.006). Furthermore, we analyzed the impact of
radiotherapy and ASCT in the subgroup of patients with
GTR and STR, respectively. In the subgroup of patients
with STR, radiotherapy significantly affected OS (X*=25.6,
P<0.001) and PFS (X*=21.813, P<0.001). And in this
subgroup, ASCT was significantly correlated with OS
(X*=4.362, P=0.037) and PFS (X*=5.086, P=0.024). While
in the subgroup of patients with GTR, both radiotherapy
and ASCT were not found to have impact on OS and PFS.

DISCUSSION

Patient age at time of diagnosis is an important
independent prognostic factor, more than 18 months is
associated with greater risk of disease recurrence and
lower survival rate [19]. And NB progression and therapy
response are often age-dependent [20]. The common use
of 18 months as a prognostic factor was unconfirmed in
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our study. Age did not affect the 3-year OS and EFS rates,
probably because of inevitable selected bias that in our
study infants in high-risk group were found to be N-myc
positive and they could not bear the intensive treatment.

Approximately 65% of NB patients arise in the
abdomen, with over half of them in the adrenal gland.
Other predilection sites include the neck, chest, and pelvis
[1]. Thorax and pelvis are categorized as favorable primary
sites, while adrenal, subdiaphragmatic nonadrenal, and
cervix are unfavorable [21, 22]. Unconsistent with these
reports, we did not find a preferable overall survival rate
in thorax and pelvis. It seemed that primary tumor sites
were similar in survivors and nonsurvivors. Eventually it
did not appear to confer a survival advantage.

Twenty-five to thirty percent of primary NBs
are N-myc amplified obtained by fluorescence in situ
hybridization (FISH) and N-myc amplification is present
in 40% of patients with advanced disease [23]. N-myc
amplification is strongly associated with relapse and
poor outcome [24-26]. In the present study, N-myc
status did not significantly affect the survival rate due to
the generally advanced stage and the limited data were
insufficient to make firm conclusions.

As a baseline for disease surveillance, serum LDH
level at diagnosis correlates to survival rate and is helpful

PFS of the whole population (n=85)
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Figure 2: Kaplan-Meier survival curves showing progression-free survival of the whole population.
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in assessing prognosis [4]. Our survival analysis revealed
a statistically significant relationship between OS/PFS
and serum LDH level, consistent with the literature.
Bone marrow and bone are the most common sites of
metastases at diagnosis [4, 23]. In parallel to the literature,
62 patients experienced bone marrow metastasis. Of
these, bone marrow metastasis in 34 patients turned to be
negative after neoadjuvant chemotherapy. According to
the univariate analysis, bone marrow metastasis and its
cure time affected the survival rate.

ASCT is considered to have influence on the
improved survival rate [27, 28]. While the outcome in
our study was not comparable with the previous studies.
The nonprospective nature of this study and the small
number of patients may have introduced bias. But in the
subgroup of patients with STR, ASCT was an important
indicator of OS and PFS. Conceivably, for patients
with STR, the combined therapy mode was relatively
advocated. In the future, more patients would be enrolled
in our study to obtain more convincing conclusions about
ASCT.

Neuroblastoma is sensitive to radiation therapy,
second only to brain tumors [29]. Radiotherapy provides
excellent local control in high-risk NB [30, 31], especially
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IMRT which delivers a conformal dose to the target with
minimal damage to normal peripheral issues. The latest
protocol for high-risk NB by the Children’s Oncology
Group (COG) recommends a dose ranging from 21.6Gy
to 36Gy [6]. In the current study, RT did increase the
survival rate, especially for the subgroup of patients with
STR. To some extent, the effect of STR combined with RT
and ASCT was equivalent to that of GTR. Furthermore,
observed complications caused by RT were limited and
involved only minor toxicities in skin and bowel function.
IMRT was feasible, safe in the short run and future clinical
trials of high-risk NB should collect data about long-term
toxicities about RT.

Treatment of patients with high-risk NB continues
to represent a challenge for clinicians and preclinical
researchers. Indispensably, surgery in conjunction with RT
on primary site improves the local control of high-risk NB,
which is a common consensus in most previous studies
[32—34]. The contribution of surgery to patients with low-
risk and intermediate-risk NB is absolutely apparent and
long-term survival rate can reach up to more than 95% with
multidisciplinary treatment [32]. But the impact of surgery
extent on survival rate for high-risk NBs remains disputable
[27, 32-37]. Some researchers argue in favor of gross total

_m STR (n=37)
% GTR (n=48)

Cumulative survival rate (%)
ey
o
1

]
o
1

Jomomettmt

X?=1.633, P=0.201

0 T T
0 20 40

T
60 80 100

Overall survival time (months)

Figure 3: Kaplan-Meier survival curves showing overall survival according to surgery extent. Surgery extent did not

significantly affect the 3-year OS (P=0.201).
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Table 2: Univariate analysis of clinicopathological features and treatment modalities in the 85 neuroblastoma patients

Characteristics 3-year OS 3-year PFS
% P % P
Sex
Male 52.4 0.351 48.9 0.21
Female 44.2 373
Age
<18 months 63.5 0.232 57.0 0.092
>18 months 47.9 44 .4
Location
Abdominal, cervix 47.2 0.126 37.1 0.031*
Pelvis, thorax 69.6 67.0
N-myc
amplified 422 0.066 36.1 0.074
unamplified 51.1 43.7
LDH
<1500U/L 70.3 <0.001%* 63.3 <0.001*
>1500U/L 18.7 13.2
Bone marrow metastasis at time
of diagnosis
Positive 38.2 0.001* 30.0 0.002*
Negative 68.2 65.0

Bone marrow negative after
Neoadjuvant chemotherapy

Yes 58.7 <0.001* 51.8 <0.001*
No 15.4 11.4

Surgery extent
STR 56.0 0.201 48.9 0.087
GTR 42.0 37.3

Postoperative complications
Negative 57.3 0.218 47.6 0.107
Positive 39.8 35.8

Radiotherapy
Yes 63.2 <0.001* 58.6 0.002*
No 30.7 28

ASCT
Yes 65.0 0.454 56.0 0.413
No 56.0 47.7

*P<0.05

Abbreviations: LDH: lactate dehydrogenase; STR: subtotal resection; GTR: gross total resection; ASCT: autologous
hematopoietic stem cell transplantation
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Table 3: Clinical characteristics of patients with neuroblastoma between two types of surgery

STR GTR X2 P

Age
<18 months 3a 11 3.33 0.083
>18 months 34 37

Location
Abdominal, cervix 27 42 2.886 0.089
Pelvis, thorax 10 6

N-myc
amplified 8 17 1.947 0.378
unamplified 23 24

LDH
<1500U/L 27 32 0.391 0.532
>1500U/L 10 16

Bone marrow

metastasis at time of

diagnosis
Positive 25 37 0.959 0.328
Negative 12 11

Bone marrow negative

after neoadjuvant

chemotherapy
Yes 14 15 1.579 0.454
No 12 22

Postoperative

complications
Negative 30 25 7.693 0.006*
Positive 7 23

Radiotherapy
Yes 26 26 2.281 0.131
No 11 22

ASCT
Yes 8 13 0.335 0.563
No 29 35

*P<0.05, a: Both groups were doing chi square test for 2 x 2 tables and the Fisher exact ratio are used when expectations

are calibrated at time of number less than 5

Abbreviations: LDH: lactate dehydrogenase; STR: subtotal resection; GTR: gross total resection; ASCT: autologous

hematopoietic stem cell transplantation.

resection (GTR) [32-35, 38], while others hold the opposing
view [27, 36, 37]. In our study the rate of local failure was
10.3%, much better than that reported in the literature [30,
39, 40]. But no substantial survival benefit was found in the
subgroup of patients with GTR. Additionally, the concept

of accepting STR to avoid serious complications proved to
be successful. The first reason might be the prevailed use
of neoadjuvant chemotherapy. Neoadjuvant chemotherapy
would not only render extensive, aggressive high-risk
tumors more fibrous, less vascular, and more applicable
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Table 4: Chemotherapy regimens for high-risk neuroblastoma

Regimen Drug Dosage Days
A VCR 1.5 mg/m? 1,8
CTX 1000 mg/m? 1-2
DDP 25 mg/m? 1-5
VP-16 100 mg/m? 1-5
B IFO* 1500 mg/m? 1-5
ADR 30 mg/m? 1
CBP 450 mg/m? 2
CI CTX >12kg 400 mg/m? 1-5
<12kg 13.3mg/kg 1-5
TOPO 1200 mg/m? 1-5
or Irinotecan 120 mg/m? 1-3
PE DDP >12kg 50 mg/m? 1-4
<12kg 1.66mg/kg 1-4
VP-16 >12kg 200 mg/m? 1-3
<12kg 6.67 mg/kg 1-3
COA CTX* >12kg 1800 mg/m? 1-2
<12kg 60 mg/kg 1-2
VCR <12 mon 0.017 mg/kg 1-3
>12 mon and >12 kg 0.67 mg/m? 1-3
>12 mon and <12 kg 0.022mg/kg 1-3
ADR >12kg 25 mg/m? 1-3
<12kg 0.83 mg/kg 1-3

*Mesna: 420mg/m?, D1-2, q4h*3; Abbreviations: IVgtt, intravenous guttae; VCR, vincristine; CTX, cyclophosphamide;
DDP, cisplatin; VP-16, etoposide; IFO, Ifosfamide; ADR, adriamycin; TOPO, topotecan
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Figure 4: Kaplan-Meier survival curves showing progression-free survival according to surgery extent. Surgery extent
did not significantly affect the 3-year PFS (P=0.087).

www.impactjournals.com/oncotarget 30364 Oncotarget



to excision but also eradicate metastasis and offer a clean
graft for ASCT. Secondly, effective systemic treatment is
often administered in most high-risk NB and the impact of
surgery might become smaller with intensive chemotherapy,
ASCT and radiotherapy [41]. Though it is impossible to
perform a complete resection, the principle of resection at
the earliest feasible time should be considered if patients
tolerate induction treatment [42]. In the present study, when
patients underwent STR, parents were inclined to choose
more intensive therapy if economic permitting. And both
RT and ASCT did significantly affect the OS and PFS in
the cohort of patients with STR. As a result, no impact of
surgery extent on the survival rate was found in high-risk
NB patients.

In conclusion, our study showed no substantial
survival benefit in patients with high-risk NB undergoing
gross total tumor resection. For patients received subtotal
tumor resection, multidisciplinary intensive treatment was
essential. But longer term follow-up is needed to survey
complications in surviving patients who received intensive
chemotherapy and radiotherapy. Prospective studies are
required to evaluate the definite role of surgery in these
patients.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board of Tianjin Medical University Cancer Institute
and Hospital, and all guardians of the patients provided
written informed consent. The records of Tianjin Medical
University Cancer Institute and Hospital from 2009 to
2014 were searched. One hundred and seventy-nine
patients with previously untreated NB were reviewed in
our institution. Eighty-five of them were confirmed to have
high-risk NB and adequate clinical data. Diagnosis was
established by two pathologists in our institution based on
biopsy of tumors, bone marrow or metastases. Biological
factors of the tumor such as histopathologic classification
and MYCN were also analyzed. Eligible patients were
staged according to International Neuroblastoma Staging
System (INSS) criteria and assigned to the high-risk
group according to COG risk-stratification scheme
[23, 43]. All patients received the majority of their
treatment including neoadjuvant chemotherapy, surgery,
adjuvant chemotherapy and radiotherapy by the same team
of pediatric oncologists. Information regarding patient
characteristics, diagnosis and therapy modalities was
retrospectively reviewed.

Treatment

Surgery

Primary surgery was performed when the tumor
was considered to be resectable at diagnosis. When the
tumor was beyond the midline or involved vital nerves

or vessels, 4 or 6 courses of neoadjuvant chemotherapy
were requisite and patients without disease progression
underwent delayed surgery. Gross total resection (GTR)
was defined as removal of more than 95% of visible
tumor, including regional lymph nodes and surrounding
organs infiltrated by tumor. Subtotal resection (STR) was
defined as removal of more than 50% but less than 95%
of the visible tumor. The extent of surgery was determined
by record of the phisician’s operative report and
postoperative computed tomography (CT) [38, 43, 44].
Surgical complications were defined as events interfering
subsequent treatment included nephrectomy, great vessel/
neurological injury, peritumoral organ excision or lesion,
tumor rupture, intestinal obstruction, pleural effusion,
infection, and hematuria [42].

Chemotherapy

The chemotherapy regimens mainly consisted of
the administration of cyclophosphamide, anthracyclines,
platinum and other antineoplastic agents. Patients
older than 18 months with stage 4 NB received
cyclophosphamide and topotecan, comprising the CI
regimen, and cisplatin and etoposide, comprising the
PE regimen, and cyclophosphamide, vincristine and
adriamycin, comprising the COA regimen (recommended
order was CI-CI-PE-COA-PE-COA-CI-PE-COA-CI-PE-
COA). Others with high-risk NB turned to an induction
backbone of vincristine, cyclophosphamide, cisplatin,
etoposide, ifosfamide, doxorubicin and carboplatin
(regimen A and B, alternately). Courses were to be
repeated every 3 weeks. Eight to twelve courses were
recommended. The drugs and dosages prescribed were
reported in Table 4. All patients were administered
with 160 mg/m? 13-cis-retinoic acid for 14 days per
month for half a year, subsequent to the completion of
chemotherapy. Chemotherapy-induced severe side-effects
mainly included: 1) Grade III-IV myelosuppression after
chemotherapy according to the WHO classification; 2)
Organ dysfunction required medical treatment, such
as hepatic veno occlusive disease (VOD) and cardiac
function damage for left ventricular ejection fraction
(EF) being less than 60% revealed by cardiac ultrasound
examination; 3) Chemotherapy-related agranulocytosis
and infection in need of medical care.

Radiotherapy

Radiotherapy was applied after the completion
of chemotherapy and surgery. For patients receiving
autologous hematopoietic stem cell transplantation (ASCT),
radiotherapy was scheduled between the internal of two
ASCTs. According to radiologists’ suggestions, patients
would receive three dimensional conformal radiotherapy
(3D-CRT) or intensity modulated radiation therapy (IMRT)
at doses ranging from 16.0 to 36.0 Gy (median, 24.2 Gy) in
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median single daily fractions of 1.5/1.8 Gy given once daily
for 5 days per week. The radiation fields were recommended
to encompass the pretreatment primary tumor volume and
regional lymph nodes with a 3-cm margin. Metastatic site
more than 3-cm also needed radiotherapy [31]. Furthermore,
clinical and pathological information was analyzed for
the decisions on final dose and clinical target volume
(CTV) as well as planning target volume (PTV). Possible
complications included myelosuppression, mucositis, skin
and soft tissue injury, intestinal discomfort; long-term
problems might include skeletal-muscle abnormalization,
neurodevelopmental delay, cataracts, deterioration of
critical organs and secondary malignancies [24].

Treatment response

Complete remission (CR): greater than 90%
regression of tumor; very good partial remission (VGPR):
decrease by 90%-99%; partial remission (PR): more
than 50% volume reduction of the primary tumor all
measurable metastatic sites; stable disease (SD): no new
lesions, < 50% reduction but < 25% increase in any lesion;
progressive disease (PD): greater than 25% increase in any
preexisting lesion or any new lesion [43].

Statistical analysis

The statistical software SPSS 22.0 (Chicago, IL,
USA) was used to analyze the data. Cumulative survival
analysis was performed by the Kaplan—-Meier method
and the log-rank test was used for single-factor analysis.
Overall survival (OS) was calculated from the date of
surgery to the time of death from any cause or until the last
follow-up. Progression-free survival (PFS) was calculated
from the date of surgery to the time of disease progression,
recurrence, or death. All P values were two-tailed, and
P<0.05 was considered statistically significant.

ACKNOWLEDGMENTS

The authors like to acknowledge Tianjin Medical
University Cancer Institute and Hospital for support of
samples and excellent conditions. She provides us with
a good platform for this clinical research. Furthermore, I
appreciate Qiang Zhao, without his impressive guidance
and patience, I could not have completed this work.

CONFLICTS OF INTEREST

The authors declare no conflicts of interests.

GRANT SUPPORT

Tianjin Medical University Support Program
(N0.2014KYMO7) and Tianjin Medical University Cancer
Institute and Hospital Support Program (Nos.1409 and 1422).

REFERENCES

10.

11.

12.

Park JR, Eggert A, Caron H. Neuroblastoma: biology,
prognosis, and treatment. Pediatr Clin North Am. 2008;
55:97-120, x.

Ora I, Eggert A. Progress in treatment and risk stratification
of neuroblastoma: impact on future clinical and basic
research. Semin Cancer Biol. 2011; 21:217-28.

Bhatnagar SN, Sarin YK. Neuroblastoma: a review
of management and outcome. Indian J Pediatr. 2012;
79:787-92.

Matthay KK. Neuroblastoma: biology and therapy.
Oncology. 1997; 11:1857-1866; discussion 1869-1872,
1875.

Pai Panandiker AS, McGregor L, Krasin MJ, Wu S, Xiong
X, Merchant TE. Locoregional tumor progression after
radiation therapy influences overall survival in pediatric
patients with neuroblastoma. Int J Radiat Oncol Biol Phys.
2010; 76:1161-65.

Pai Panandiker AS, Beltran C, Billups CA, McGregor LM,
Furman WL, Davidoff AM. Intensity modulated radiation
therapy provides excellent local control in high-risk
abdominal neuroblastoma. Pediatr Blood Cancer. 2013;
60:761-65.

Nickerson HJ, Matthay KK, Seeger RC, Brodeur GM,
Shimada H, Perez C, Atkinson JB, Selch M, Gerbing RB,
Stram DO, Lukens J. Favorable biology and outcome of
stage IV-S neuroblastoma with supportive care or minimal
therapy: a Children’s Cancer Group study. J Clin Oncol.
2000; 18:477-86.

Baade PD, Youlden DR, Valery PC, Hassall T, Ward L,
Green AC, Aitken JF. Population-based survival estimates
for childhood cancer in Australia during the period 1997-
2006. Br J Cancer. 2010; 103:1663-70.

Robison LL, Armstrong GT, Boice JD, Chow EJ, Davies
SM, Donaldson SS, Green DM, Hammond S, Meadows
AT, Mertens AC, Mulvihill JJ, Nathan PC, Neglia JP, et al.
The Childhood Cancer Survivor Study: a National Cancer
Institute-supported resource for outcome and intervention
research. J Clin Oncol. 2009; 27:2308-18.

Brodeur GM, Nakagawara A. Molecular basis of clinical
heterogeneity in neuroblastoma. Am J Pediatr Hematol
Oncol. 1992; 14:111-16.

Pinto NR, Applebaum MA, Volchenboum SL, Matthay
KK, London WB, Ambros PF, Nakagawara A, Berthold F,
Schleiermacher G, Park JR, Valteau-Couanet D, Pearson
AD, Cohn SL. Advances in Risk Classification and
Treatment Strategies for Neuroblastoma. J Clin Oncol.
2015; 33:3008-17.

Matthay KK. Intensification of therapy using hematopoietic

stem-cell support for high-risk neuroblastoma. Pediatr
Transplant. 1999; 3:72-77.

. Matthay KK, Reynolds CP, Seeger RC, Shimada H,

Adkins ES, Haas-Kogan D, Gerbing RB, London WB,

www.impactjournals.com/oncotarget

30366

Oncotarget



14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

Villablanca JG. Long-term results for children with
high-risk neuroblastoma treated on a randomized trial of
myeloablative therapy followed by 13-cis-retinoic acid:
a children’s oncology group study. J Clin Oncol. 2009;
27:1007-13.

Haas-Kogan DA, Swift PS, Selch M, Haase GM, Seeger
RC, Gerbing RB, Stram DO, Matthay KK. Impact of
radiotherapy for high-risk neuroblastoma: a Children’s
Cancer Group study. Int J Radiat Oncol Biol Phys. 2003;
56:28-39.

La Quaglia MP, Kushner BH, Heller G, Bonilla MA,
Lindsley KL, Cheung NK. Stage 4 neuroblastoma
diagnosed at more than 1 year of age: gross total resection
and clinical outcome. J Pediatr Surg. 1994; 29:1162-65.

Escobar MA, Grosfeld JL, Powell RL, West KW, Scherer
LR 3rd, Fallon RJ, Rescorla FJ. Long-term outcomes in
patients with stage IV neuroblastoma. J Pediatr Surg. 2006;
41:377-81.

Sitarz A, Finklestein J, Grosfeld J, Leikin S, Mc Creadie
S, Klemperer M, Bernstein I, Sather H, Hammond D.
An evaluation of the role of surgery in disseminated
neuroblastoma: a report from the Children’s Cancer Study
Group. J Pediatr Surg. 1983; 18:147-51.

Tsuchida Y, Yokoyama J, Kaneko M, Uchino J, Iwafuchi M,
Makino S, Matsuyama S, Takahashi H, Okabe I, Hashizume
K, Hayashi A, Hakada K, Yokoyama S, et al. Therapeutic
significance of surgery in advanced neuroblastoma: a
report from the study group of Japan. J Pediatr Surg. 1992;
27:616-22.

Moroz V, Machin D, Faldum A, Hero B, Iehara T, Mosseri
V, Ladenstein R, De Bernardi B, Rubie H, Berthold F,
Matthay KK, Monclair T, Ambros PF, et al. Changes over
three decades in outcome and the prognostic influence of
age-at-diagnosis in young patients with neuroblastoma: a
report from the International Neuroblastoma Risk Group
Project. Eur J Cancer. 2011; 47:561-71.

Kushner BH, Kramer K, LaQuaglia MP, Modak S,
Cheung NK. Neuroblastoma in adolescents and adults: the
Memorial Sloan-Kettering experience. Med Pediatr Oncol.
2003; 41:508-15.

Adams GA, Shochat SJ, Smith EI, Shuster JJ, Joshi VV,
Altshuler G, Hayes FA, Nitschke R, McWilliams N,
Castleberry RP. Thoracic neuroblastoma: a Pediatric
Oncology Group study. J Pediatr Surg. 1993; 28:372-77.

Haase GM, O’Leary MC, Stram DO, Lukens JN, Seeger
RC, Shimada H, Matthay KK. Pelvic neuroblastoma—
implications for a new favorable subgroup: a Children’s
Cancer Group experience. Ann Surg Oncol. 1995; 2:516-23.
Davidoff AM. Neuroblastoma. Semin Pediatr Surg. 2012;
21:2-14.

Kushner BH, Wolden S, LaQuaglia MP, Kramer K, Verbel
D, Heller G, Cheung NK. Hyperfractionated low-dose
radiotherapy for high-risk neuroblastoma after intensive
chemotherapy and surgery. J Clin Oncol. 2001; 19:2821-28.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Brodeur GM, Seeger RC, Schwab M, Varmus HE,
Bishop JM. Amplification of N-myc in untreated human
neuroblastomas correlates with advanced disease stage.
Science. 1984; 224:1121-24.

Seeger RC, Brodeur GM, Sather H, Dalton A, Siegel
SE, Wong KY, Hammond D. Association of multiple
copies of the N-myc oncogene with rapid progression of
neuroblastomas. N Engl J Med. 1985; 313:1111-16.

Castel V, Tovar JA, Costa E, Cuadros J, Ruiz A, Rollan V,
Ruiz-Jimenez JI, Perez-Hernandez R, Canete A. The role
of surgery in stage IV neuroblastoma. J Pediatr Surg. 2002;
37:1574-78.

Gillis AM, Sutton E, Dewitt KD, Matthay KK, Weinberg
V, Fisch BM, Chan A, Gooding C, Daldrup-Link H, Wara
WM, Farmer DL, Harrison MR, Haas-Kogan D. Long-
term outcome and toxicities of intraoperative radiotherapy
for high-risk neuroblastoma. Int J Radiat Oncol Biol Phys.
2007; 69:858—64.

Ducassou A, Gambart M, Munzer C, Padovani L, Carrie
C, Haas-Kogan D, Bernier-Chastagner V, Demoor C,
Claude L, Helfre S, Bolle S, Leseur J, Huchet A, et al, and
Neuroblastoma study group and radiotherapy group of the
French Society of Children with Cancer (SFCE). Long-
term side effects of radiotherapy for pediatric localized
neuroblastoma: results from clinical trials NB90 and NB94.
Strahlenther Onkol. 2015; 191:604—12.

Matthay KK, Atkinson JB, Stram DO, Selch M, Reynolds
CP, Seeger RC. Patterns of relapse after autologous purged
bone marrow transplantation for neuroblastoma: a Childrens
Cancer Group pilot study. J Clin Oncol. 1993; 11:2226-33.
Wolden SL, Gollamudi SV, Kushner BH, LaQuaglia
M, Kramer K, Rosen N, Abramson S, Cheung NV.
Local control with multimodality therapy for stage 4
neuroblastoma. Int J Radiat Oncol Biol Phys. 2000;
46:969-74.

Yeung F, Chung PH, Tam PK, Wong KK. Is complete
resection of high-risk stage IV neuroblastoma associated
with better survival? J Pediatr Surg. 2015; 50:2107-11.
Sultan I, Ghandour K, Al-Jumaily U, Hashem S, Rodriguez-
Galindo C. Local control of the primary tumour in
metastatic neuroblastoma. Eur J Cancer. 2009; 45:1728-32.
Tsuchida Y and Kaneko M. Surgery in pediatric solid
tumors with special reference to advanced neuroblastoma.
[Article in Twanese] Acta paediatrica Taiwanica. 2002;
43:67-71.

De loris MA, Crocoli A, Contoli B, Garganese MC, Natali
G, Toma P, Jenkner A, Boldrini R, De Pasquale MD, Milano
GM, Madafferi S, Castellano A, Locatelli F, Inserra A.
Local control in metastatic neuroblastoma in children over
1 year of age. BMC Cancer. 2015; 15:79.

Koivusalo Al, Pakarinen MP, Rintala RJ, Saarinen-Pihkala
UM. Surgical treatment of neuroblastoma: twenty-three
years of experience at a single institution. Surg Today. 2014;
44:517-25.

WWw

.impactjournals.com/oncotarget

30367

Oncotarget



37.

38.

39.

40.

Olgun N, Kansoy S, Aksoylar S, Cetingul N, Vergin C, Oniz
H, Sarialioglu F, Kantar M, Uysal K, Tuncyurek M, Kargi
A, Aktas S, Bayol U, et al. Experience of the [zmir Pediatric
Oncology Group on Neuroblastoma: IPOG-NBL-92
Protocol. Pediatr Hematol Oncol. 2003; 20:211-18.

La Quaglia MP, Kushner BH, Su W, Heller G, Kramer K,
Abramson S, Rosen N, Wolden S, Cheung NK. The impact
of gross total resection on local control and survival in high-
risk neuroblastoma. J Pediatr Surg. 2004; 39:412—17.

Seeger RC, Villablanca JG, Matthay KK, Harris R,
Moss TJ, Feig SA, Selch M, Ramsay N, Reynolds CP.
Intensive chemoradiotherapy and autologous bone marrow
transplantation for poor prognosis neuroblastoma. Prog Clin
Biol Res. 1991; 366:527-33.

Ikeda H, August CS, Goldwein JW, Ross AJ 3rd,
D’Angio GJ, Evans AE. Sites of relapse in patients with
neuroblastoma following bone marrow transplantation in
relation to preparatory “debulking” treatments. J Pediatr
Surg. 1992; 27:1438-41.

41.

42.

43.

44.

Simon T, Hédberle B, Hero B, von Schweinitz D, Berthold
F. Role of surgery in the treatment of patients with stage 4
neuroblastoma age 18 months or older at diagnosis. J Clin
Oncol. 2013; 31:752-58.

Cafiete A, Jovani C, Lopez A, Costa E, Segarra V,
Fernandez JM, Verdeguer A, Veldzquez J, Castel V.
Surgical treatment for neuroblastoma: complications
during 15 years’ experience. J Pediatr Surg. 1998;
33:1526-30.

Brodeur GM, Pritchard J, Berthold F, Carlsen NL, Castel
V, Castelberry RP, De Bernardi B, Evans AE, Favrot
M, Hedborg F. Revisions of the international criteria
for neuroblastoma diagnosis, staging, and response to
treatment. J Clin Oncol. 1993; 11:1466-77.

Zwaveling S, Tytgat GA, van der Zee DC, Wijnen MH, Heij
HA. Is complete surgical resection of stage 4 neuroblastoma
a prerequisite for optimal survival or may >95 % tumour
resection suffice? Pediatr Surg Int. 2012; 28:953-59.

www.impactjournals.com/oncotarget

30368

Oncotarget



