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Present situations of hospitals for pediatric solid tumor in Japan
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Purpose: We conducted this study to assess the current situation of hospitals in Japan that treat pediatric
patients with solid tumors. Method: We sent a questionnaire to 265 hospital departments to collect data
about their hospital personnel, facilities, capabilities, and the number of new cases. Results: Out of the 162
departments that responded to the questionnaire, 123 were involved in medical treatment of pediatric
patients with solid tumors. This number was too high in proportion to the population when compared to
that of Europe and the United States. There were 68(56%), 35(29% ), and 20(16%) departments in which
the number of new patients was 5 or less, 5-10, and more than 10 cases, respectively. The fulfillment
indexes of hospital personnel and facilities were proportional to the number of new patients. Conclusion:
We found that some of the hospitals in Japan were equivalent to pediatric cancer centers in western
countries in terms of personnel, facilities, capabilities, and the number of new cases. However, many of the
hospitals with less than 5 new patients lacked multidisciplinary teams and total care systems.
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Neurobla "to Abstract .
‘ S:uro :‘:1 ead al Background: In neuroblastomas (NBs) without MYCN amplification, segmental chromosome
A gem e gam anc foss;- - aberrations SCAs such as 1p loss, 11q loss, and 17q gain have been suggested to be associated with
£ o the prognosis of the patients. We assessed the correlation between the number of SCAs and other
.MYCN amphﬁcatlon L L
S tal-chr al biological factors in primary NBs samples.
Z%?ri:mons OIOSom Method: The status of SCAs in 54 primary NBs samples was analyzed using the single-nucleotide

polymorphism (SNP) array (Human CMV370-Duo; Illumina, San Diego, CA). The status of MYCN
amplification was determined by an SNP array and the fluorescence in situ hybridization method. The
DNA ploidy was determined by flow cytometry.

Results: Nine of 54 samples showed MYCN amplification. All 9 samples with MYCN amplification and
20 of 45 samples without MYCN amplification showed diploidy/tetraploidy, and the other 25 samples
without MYCN amplification showed aneuploidy. The most frequent SCAs were 17q gain (26/54;
48.1%) and 11q loss (16/54; 29.6%), followed by Ip loss (15/54; 27.8%). The number of SCAs in
diploidy/tetraploidy NBs without MYCN amplification (7.00 + 4.67) was higher than that in NBs with
MYCN amplification (4.78 + 2.82) and in aneuploid NBs (1.64  2.78) (P < .05). In diploid/tetraploid
NBs without MYCN amplification, there was a significant difference between an age at diagnosis less
than 12 months (n = 7) and over 12 months (n = 13) (4.14 + 3.63 vs 8.54  4.54; P = .04). Moreover, the
number of SCAs correlated with the age at diagnosis in diploid/tetraploid samples without MYCN
amplification (» = 0.70, P = .0006). In NBs with MYCN amplification, the number of SCAs did not
comrelate with the age at diagnosis.

Conclusion: The number of SCAs significantly increased in proportion to age at diagnosis in diploid/
tetraploid NBs without MYCN amplification. The increase in the number of these SCAs may play an

important role in the prognosis of patients without MYCN amplification over 12 months of age.
© 2011 Elsevier Inc. All rights reserved. :

Presented at the Pacific Association of Pediatric Surgeons 44th Annual . ial
Meeting, Cancun, Mexico, April 10-14, 2011. Neurob.lastoma (NBS? 1s ﬂ.le most common extracranial
* Corresponding author. Tel.: +81 92 642 5573; fax: +81 92 642 5580. solid malignant tumor in children. It originates from the
E-mail address: ryotas@pedsurg.med.kyushu-u.ac.jp (R. Souzaki). sympathetic nervous system and usually occurs in the

0022-3468/% — see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j jpedsurg.2011.09.005
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adrenal medulla. Despite the increasing knowledge about the
biology of NBs, the survival rate of high-risk NBs patients is
still poor [1].

Several genetic markers of NBs have been shown to
provide prognostic information. For example, with regard to
the ploidy of NBs, in contrast to diploidy/tetraploid NBs,
triploid tumors are associated with a good outcome [2].
MYCN gene amplification occurs in approximately 25% of
primary NBs, and NBs with MYCN amplification show a
poor prognosis [3-5]. In NBs without MYCN gene amplifi-
cation, genetic instability as the segmental chromosome
aberration (SCAs), such as a 1p loss, 3p loss, 11q loss, and
17q gain [6,7], is another poor prognostic factor. However, in
NB samples, SCAs are found in not only 1p, 3p, 11q, and 17q
but also in other chromosomes. The correlation between the
number of SCAs and the prognosis of NBs is not revealed.

Genome-wide high-resolution screening methods, such as
single-nucleotide polymorphism (SNP) [8,9], comparative
genomic hybridization (CGH) [10], and other arrays have
recently been used to detect the biological alterations in NBs
samples instead of low-resolution approaches such as G-
banded chromosome analysis. These genome-wide analyses
have facilitated and accelerated the known copy number
alterations of NBs.

In the present study, we determined the SCAs in 54 NBs
patients using a high-resolution SNP array to analyze their
association the number of SCAs with other prognostic
markers of NBs, such as MYCN amplification, age at
diagnosis and ploidy.

1. Materials and methods

1.1. Patient clinical data and biological data of
NB samples

Patients with NB, evaluated in the Department of
Pediatric Surgery in Kyushu University, were diagnosed
between April 1988 and March 2008. The tumors were
staged according to the International Neuroblastoma Staging
System (INSS). All of the parents of the patients provided
their informed consent for tumor preservation and the
biological analysis before surgery. We have obtained the
comprehensive agreement for all samples. This study was
performed according to ethical guidelines for clinical studies
of the Ministry of Health, Labour and Welfare of Japan.
Fifty-four NBs samples were obtained from untreated
patients. The patient clinical data and biological data of all
NB samples are shown in Table 1. The patients included 30
boys and 24 girls; 12 were stage 1 according to the INSS, 4
were stage 2, 8 were stage 3, 26 were stage 4, and 4 were
stage 4S. Thirty had been diagnosed when they were younger
than 12 months of age (median 12 months old, 0-108
months). Nine patients were identified by a mass screening
system in Japan at 6 months old. DNA ploidy was

Table 1 Patient clinical and biological data of NB

Clinical data
Sex —— .
Male
Female
Age
C<12mo et o 30
>12mo. - e ‘ T o
Mass:screening v »
Positive -~ ' 9
 Negative . - oo . #
12
4
8
26
4
g
25
.9
45

determined by flow cytometry in all 54 specimens [11], and
MYCN amplification was determined by fluorescence in situ
hybridization (FISH) and SNP array. All 54 samples were
grouped by three groups based on the difference of the tumor
biology. The diploid/tetraploid samples with MYCN ampli-
fication are identified as group 1. The diploid/tetraploid
samples without MYCN amplification are identified as group
2. The aneuploid samples without MYCN amplification are
identified as group 3.

1.2. SNP array

DNA was extracted from tumor samples and purified
using the standard method. The DNA was subjected to an
SNP array analysis using Human CMV370-Duo (Illumina,
San Diego, CA) according to the manufacturer’s protocol.
Genomic profiles were created using the Illumina Genome
Viewer and Chromosome Browser of Illumina’s BeadStu-
dio3.0 software program. All samples showed call rates
greater than 0.99. We counted the number of SCAs in each
chromosome for all samples.

1.3. FISH method

The gene dosage of the MYCN gene was determined by a
FISH analysis as described previously [12]. The MYCN gene
probe (LSI N-MYC SO; Vysis) or MYCN gene and the a
satellite region of human chromosome 2 probes (LSI N-
MYC SG/CEP 2 SO DNA probe; Vysis) were used. The
signals representing the MYCN gene and the centromeric
region of chromosome 2 were counted in 100 cells on each
slide. The MYCN amplification was defined as an increase of
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Table 2 SCAs and MYCN gene amplifications B

Group 1 (n=9) Group 2 (n = 20) Group 3 (2 = 25) Total (n = 54)
17q gam 8/9 (88.9%) 13/20 (65.0%) 5125 (16.0%) 26/54 (48.1%)
11q loss 3/9 (33.3%) 11/20 (55.0%) 2125 (8.0%) 16/54 (29.6%)
1p loss 9/9 (100%) 5/20 (25.0%) 1/25 (4%) 15/54 (27.8%)
2p gain 2/9 (22.2%) 7120 (45%) 2125 (8%) 11/54 (20.4%)
3p loss 1/9 (11.1%) 9/20 (45%) 1725 (4%)

11/54 (20.4%)

over 4-fold of MYCN signals in relation to the number of
chromosome 2 signals in a dual-color probe or over 8 MYCN
signals in a single-color probe.

1.4. Statistical analyses

Data were analyzed using Student t test. The results are
expressed as the means = SD for the number of SCAs of
NBs samples. We determined Pearson correlation co-
efficients between the number of SCA and the age at
diagnosis. The x? test was used for statistical analysis. We
calculated the P values, with P < .05 set to indicate
statistical significance.

2. Results

2.1. SCAs and MYCN gene amplifications

Nine of 54 samples showed MYCN amplification. All 9
samples with MYCN amplification (group 1) and 20 of 45
samples without MYCN amplification showed diploidy/
tetraploidy (group 2), and other 25 samples without MYCN
amplification showed aneuploidy (group 3). One or more
SCAs were detected in 37 (68.5%) of all 54 samples. In all 54

X P<05

10f
4.78+282

ol
6 | T

1.64+2.78

The number of segmental chromosome aberrations (SGAs)

Group1 Group?2 Group3

Fig.1  The number of SCAs in 3 groups. The number of SCAs in
group 2 (7.00 + 4.67) was higher than that in group 1 (4.78 + 2.82)
and group 3 (1.64 + 2.78) (P < .05).

samples, the most frequently observed SCAs were 17q gain
(26/54; 48.1%) and 11q loss (16/54; 29.6%), followed by 1p
loss (15/54; 27.8%) (Table 2). The 1p loss and 17q gain
occurred frequently in NBs samples with group 1, whereas
the 11q loss, 2p gain, and 3p loss occurred more frequently in
NBs samples with group 2.

Fig. 1 showed the number of SCAs in three groups. The
number of SCAs in group 2 (7.00 + 4.67) was significantly

higher than that in group 1 (4.78 + 2.82) and group 3 (1.64 +
2.78) (P < .05).

2.2. Correlation between the number of SCAs
and the age at diagnosis

There was a significant difference between the age at
diagnosis (<12 months, n = 7, and >12 months, n = 13;
4.14 = 3.63 vs 8.54 + 4.54, P = .04) in group 2. Fig. 2
shows that there was a significant ( = 0.70, P = .0006)
correlation between the number of SCAs and the age at
diagnosis in group 2. All 7 patients that died due to the
tumor showed 8 or more SGAs. In group 2, the number of
SCAs in the patients that died (n = 7) was significantly
higher than that in the survivors (n = 13) (9.86 + 2.48 vs
5.46 £ 491, P = .04).

On the other hand, in samples with group 1, the
number of SCAs did not correlate with the age at
diagnosis (r = 0.13, P = .726) (Fig. 3), and there was not
significantly difference between the number of SCAs in

‘The number of segmental chromosome aberrations (SGAs)

8 1Q=n!ivc

6} @=dcad

M =g =0.70

2t P= 0006

Q & <D

0 20 40 60 80 100 120
Age at diagnosis {(month)
Fig. 2 The cormelation between the number of segmental

aberrations and the age at diagnosis in samples without MYCN
amplification (r = 0.70, P = .0006).
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aberrations (SGAs)
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£

Fig. 3 The correlation between the number of segmental

aberrations and the age at diagnosis in samples with MYCN
amplification (r = 0.13, P = .726).

the patients that died (n = 6; 5.16 + 3.06) and that in the
survivors (n = 3; 4.00 + 2.65).

3. Discussion

In the present study, the number of SCAs such as 1lq
loss, 179 gain, and 1p loss, significantly ‘increased in
proportion to the age at diagnosis in patients with diploid/
tetraploid NBs without MYCN amplification. Spitz et al
[13] previously reported that 11q and 3p loss were also
associated with advanced stage disease and that the
children with 11q deletion and 3p deletion were older
than those with normal 11q and normal 3q loss. 17q gain
was reported to be associated with factors related to a poor
prognosis, such as advanced stage disease, MYCN
amplification, age at diagnosis, and ploidy [14]. These
SCAs therefore affect the patient prognosis. However, in
NBs samples, segmental chromosomal gain and loss are
found in not only 1p, 3p, 11q, and 17q but also in other
chromosomes [15]. This is the first report on the
association between the number of SCAs with the age at
diagnosis and the prognosis in diploid/tetraploid NBs
without MYCN amplification.

The number of SCAs in aneuploid samples is low in the
current study. In aneuploid tumors, whole chromosomal
gain and loss were more common. Therefore, there is no
significant correlation between the number of SCAs and
the age at diagnosis and the prognosis (data are not
shown). However, only 1 patient with aneuploidy died due
to the tumor in the current study. This case had 3 SCAs
(9p gain, 1lq loss, and 17q gain). The 11q loss and 17q
gain are poor prognostic factors in diploid tumors, and
therefore, these SCAs may have been responsible for the
poor prognosis of this patient. ,

Our study also showed that the number of SCAs increases
as the age at diagnosis increases for subjects with diploid

NBs. Diploid NBs may be unstable; therefore, segmental
gains and losses may accumulate over time in the presence of
diploidy. When NBs develop poor prognostic abnormalities
such as 11q, 3p loss, and 17q gain, there may be an increase
in the speed of tumor growth, which leads to the onset of
symptoms. On the other hand, in samples with MYCN
amplification, the number of SCAs did not correlate with the
age at diagnosis in our study. In our study, MYCN amplified
patients are 9. Therefore, a larger number of cases must
therefore be studied to elucidate this point.

In conclusion, the number of SCAs significantly
increases in proportion to the age at diagnosis in subjects
with diploid/tetraploid NBs without MYCN amplification.
The increase of the number of these SCAs may play an
important role in the prognosis of the patients without
MYCN amplification.
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Abstract

Purpose The implications of surgical intervention for
neuroblastomas were assessed in one institution.

Methods We analyzed the clinical characteristics and
extension of resection in 123 pediatric patients with neu-
roblastoma diagnosed between 1985 and 2004.

Results The 5-year survival rate of the 82 patients under
12 months of age, 59 of whom were treated with complete
resection of the primary tumor, was 97%. The 5-year survival
rate of the 41 patients over 12 months of age did not differ
significantly according to whether complete (n = 19) or
incomplete resection (n = 22) was performed (46 vs. 38%,
respectively). No local recurrence was observed in ten
patients over 12 months of age with stage 4 disease who
underwent complete resection of the primary tumor; how-
ever, four of these ten patients died of metastatic recurrence.
Conclusion Considering that the majority of infantile
neuroblastomas in this study had favorable biology, com-
plete resection might be unnecessary for patients under
12 years of age. For advanced neuroblastomas in patients
over 12 months of age, the main treatment for metastasis is
systemic chemotherapy, although extirpation of the primary
tumor without extensive surgery might prevent local
recurrence when combined with radiation therapy.

T. Tajiri (&) - R. Souzaki - Y. Kinoshita - T. Taguchi
Department of Pediatric Surgery, Graduate School of Medical
Sciences, Kyushu University, 3-1-1 Maidashi,

Higashi-ku, Fukuoka 812-8582, Japan

e-mail: taji@pedsurg.med kyushu-u.ac.jp

Y. Koga - A. Suminoe - T. Hara

Department of Pediatrics, Graduate School of Medical Sciences,
Kyushu University, 3-1-1 Maidashi, Higashi-ku,

Fukuoka 812-8582, Japan

Published online: 19 January 2012

Keywords Neuroblastoma - Surgical intervention -
Biology
Introduction

Neuroblastoma is the most common solid tumor in children,
and its development is still uncharacterized [1]. The prog-
nosis varies greatly, based on the clinical prognostic and
biological prognostic factors [2]; thus, it is important to
select the optimal therapy according to the properties of these
tumors [3]. There are three types of surgical intervention for
neuroblastoma: initial tumor extirpation, biopsy of the tumor
at initial diagnosis; and radical surgery as a second-look
operation after biopsy and induction chemotherapy. The role
of surgical resection in the treatment of neuroblastomas is
still controversial [4]. We conducted the present study to
evaluate the implications of surgical intervention for neu-
roblastomas in patients under 12 months of age versus those
over 12 months of age, based on an analysis of patients
treated at one institution.

Patients and methods

A total of 123 patients had neuroblastoma diagnosed and
treated at the Department of Pediatric Surgery, Kyushu
University, between 1985 and 2004. This study was per-
formed according to the Ethical Guidelines for Clinical
Research published by the Ministry of Health, Labor, and
Welfare of Japan on July 30, 2003. Consent for tumor
preservation and biological analysis was obtained from the
parents of each pediatric patient before surgery. Of the 123
patients, 82 were less than 12 months of age and 41 were
12 months of age or older. Of the 82 neuroblastomas in
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patients under 12 months of age, 73 were detected through
mass screening at 6 months of age. In all cases, the status
of MYCN amplification was determined by Southern
blotting, quantitative polymerase chain reaction (PCR), and
fluorescent in situ hybridization (FISH) [5]. According to
the International Neuroblastoma Staging System (INSS)
[6], there were 79 (64%) patients with stages 1, 2, and 4S;
16 (13%) with stage 3; and 28 (23%) with stage 4. Sev-
enteen (14%) patients had MYCN amplification. The
S-year survival rate was 76%.

Survival curves for each category were constructed
using the Kaplan-Meier method and then statistically
evaluated by the log-rank test.

Results

Treatment and outcomes of the patients less
than 12 months of age

In principle, since 1994, the protocol of the Japanese
Infantile Neuroblastoma Study Group has been applied to
patients under 12 months of age [7, 8]. This protocol
consists of the following: An initial tumor extirpation is
performed for localized resectable neuroblastomas; then, if
no MYCN amplification is detected, postoperative che-
motherapy is not administered. A biopsy is taken of an
unresectable neuroblastoma, followed by mild chemother-
apy if no MYCN amplification is detected in the tumor.
Usually, no second-look operation is performed for resid-
ual tumors that decrease in size with chemotherapy after a
biopsy, if the biology, including the MYCN gene status, is
favorable. If MYCN amplification is detected in the tumor,
intensive chemotherapy with a decrease in dose according
to age is given, with or without tumor extirpation.

Of our 82 patients under 12 months of age, 70 (85%)
had stage 1, 2, or 4S and 2 (2%) had MYCN amplification;
the 5-year survival rate was 97% (Table 1). There were no
significant differences in the survival rates between the 59
patients who underwent complete resection and the 23 who
underwent incomplete resection (Fig. 1). Moreover, of the
59 patients who underwent complete resection, there were

Table 1 Characteristics of 82 patients less than 12 months old with
neuroblastoma

No. of patients

Stages 1, 2, 4S 70 (85%)
Stages 3, 4 12

No MYCN amplification 80 (98%)
With MYCN amplification 2

S-year survival rate 97%

@ Springer

no significant differences in the survival rates of the 38
who received chemotherapy and the 21 who did not. All 23
patients who underwent incomplete resection of the tumor
received postoperative chemotherapy, and all these patients
survived (Table 2).

Of the nine patients with neuroblastoma detected clini-
cally, and not through mass screening, four had stage 4S,
three had stage 1, and two had stage 4 disease. One patient
with stage 4S disease had MYCN amplification. Seven of
these nine patients underwent complete resection of the
primary tumor. Six patients with stage 4 or 4S received mild
chemotherapy after operation. Three patients with stage 1
received no postoperative chemotherapy after complete
resection of primary tumor. The patient who had stage 4S
disease with MYCN amplification died of the disease.

Surgical complications developed in five patients: post-
operative bleeding in one, renal atrophy in three, and adhe-
sive intestinal obstruction in one. One patient with partial
resection of a stage 2 tumor suffered postoperative bleeding;
two patients with complete resection of a stage 1 tumor and
one patient with partial resection of a stage 3 tumor suffered
renal atrophy; and one patient with complete resection of a
stage 1 tumor suffered adhesive intestinal obstruction. All
five patients with a surgical complication were alive without
disease at the time of writing.

Overall sarvival rate (9%)

1002 ¥ e s VTR At 1
890 ¢
80 - .
10 = = « - Incomplete resection N=23
50 Complete resection  N=5¢
50 -
40 -
20
20
10
0 12 24 36 48 60 72

Survival time {(months}

Fig. 1 Correlation between tumor resection and prognosis in 82
neuroblastoma patients less than 1 year of age. NS not significant

Table 2 Outcome of the 82 patients less than 12 months old with
neuroblastoma based on chemotherapy and type of resection

Chemotherapy Tumor resection Survival

Received (n = 61) CR (n = 38) 35 (92%)
ICR (n = 23) 23 (100%)

Not received (n = 21) CR (n = 21) 21 (100%)
ICR (n = 0)

CR complete resection, /CR incomplete resection
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Treatment and outcomes of the patients aged 12 months
or older with advanced neuroblastoma

In principle, since 1985, the protocol of the Japan Study
Group for Advanced Neuroblastoma (JANB) has been
applied to patients aged 12 months or older with advanced
neuroblastomas [9, 10]. This protocol consists of the fol-
lowing: First, a biopsy is taken of the tumor, followed by
intensive induction chemotherapy based on the MYCN
gene status. A second-look operation is performed for
residual tumors that decreased in size following the
induction chemotherapy after biopsy. The second-look
operation usually involves complete resection of the pri-
mary tumor, avoiding injury to the surrounding organs and
major vessels. Enlarged lymph nodes are usually resected
with sampling the surrounding lymph nodes, but systematic
lymphadenectomy is not performed. If the second-look
operation involves the complete resection of the tumor,
then postoperative localized external-beam radiation
(2-30 Gy) is given, followed by high-dose chemotherapy
with stem cell transplantation. If the second-look operation
involves incomplete resection of the tumor, postoperative
localized external-beam radiation (20-30 Gy) is given,
followed by consolidation chemotherapy.

Regarding the degree of resection of the primary tumor,
macroscopic complete resection is defined as complete
resection without systematic lymphadenectomy at the ini-
tial diagnosis or at the second-look operation after induc-
tion chemotherapy, and surgical intervention for the
primary tumor, such as a biopsy only, partial resection, and
subtotal resection, is defined as incomplete resection.

Of our 41 patients more than 1 year old with neuroblas-
tomas, 32 (78%) had stage 3 and 4 disease and 15 (36%)
showed MYCN amplification. The S-year survival rate of
these 41 patients was 42% (Table 3). The 86% 5-year sur-
vival rate of the 9 patients with stage 1 and 2 disease was
significantly better than the 30% 5-year survival rate of the
32 patients with stage 3 and 4 disease (P < 0.05). Moreover,
the 25% 5-year survival rate of the 15 patients with MYCN
amplification was significantly worse than the 53% 5-year

Table 3 Clinical characteristics of the 41 patients aged 12 months or
older with neuroblastoma

Clinical characteristics No. of patients

Stage

Stage 1, 2, and 45 9

Stage 3 and 4 32 (78%)
MYCN amplification

No amplification 26

Amplification 15 (36%)
5-year survival rate 42%

survival rate of the 26 patients without MYCN amplification
(P < 0.05) (Fig. 2). Of 9 patients with early (stage 1 or 2)
disease and no MYCN amplification, 5 with stage 1 under-
went initial complete resection of the tumor, and 4 with stage
2 underwent initial incomplete resection of the tumor. All
except 1 of the 8 patients with stage 1 disease underwent
postoperative mild chemotherapy. One of these patients died
of another disease.

There was no significant difference in 5-year survival rate
between the 19 (46%) patients who underwent complete
resection and the 22 (38%) who underwent incomplete
resection (Fig. 3). Furthermore, the survival rate of the 32
patients with stage 3 and 4 disease did not differ significantly
between the 11 patients who underwent complete resection
and the 21 who underwent incomplete resection.

No local recurrence was observed in the ten patients over
1 year old with stage 4 disease who underwent complete
resection of the primary tumor without systematic lym-
phadenectomy and local irradiation after 1994, although four
of these patients died of metastatic recurrence (Table 4).
Seven of these ten patients underwent stem cell transplan-
tation (SCT); however, SCT was not associated with their
outcome. No major surgical complications occurred.

Overall survival rate (%}
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Fig. 2 Correlation between MYCN amplification (amp.) and prog-
nosis in 41 neuroblastoma patients aged 12 months or older
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Fig. 3 Correlation between tumor resection and prognosis in 41
neuroblastoma patients aged 12 months or older
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Table 4 Clinical course of the ten patients with stage 4 neuroblastoma who underwent complete resection of the primary tumor (1994-2004)

Patient Initial metastatic MYCN Local Local Metastatic Outcome

no site amplification radiation recurrence recurrence

1 N, B, E, bm no amp. 30 Gy (—) B Died

2 N, B, E, bm amp. 30 Gy (—) (=) Alive 13 years after
surgery

3 N, bm amp. 30 Gy (=) (-) Alive 10 years after
surgery

4 N, bm amp. 30 Gy (—=) B, bm Died

5 B no amp. 30 Gy (-) B Died

6 B, bm amp. 30 Gy (=) N, B, bm Died

7 B, bm, H no amp. 30 Gy (—) (=) Alive 6 years after surgery

8 B, bm, H no amp. 18 Gy (=) (-) Alive 6 years after surgery

9 N, bm amp. 24 Gy (=) (-) Alive S years after surgery

10 B, bm amp. 18 Gy (—) (=) Alive 5 years after surgery

N lymph node, B bone, E orbit, bim bone marrow, amp. amplification, no amp. no amplification

Discussion

The prognosis of patients with neuroblastoma tends to vary
greatly, based on clinical prognostic factors, such as age
and stage, and biological prognostic factors, such as
MYCN amplification, DNA ploidy, and chromosome 1p
deletion [11]. Thus, it is important to select the optimal
therapy, including surgical intervention, according to the
characteristics of these tumors [12]. This study is the
experience of one institution between 1985 and 2004,
during which time the treatment regimen for patients under
12 months of age with neuroblastomas and that for patients
aged 12 months or over with advanced neuroblastomas did
not change. Other investigators recently reported that

18 months of age is more preferable for risk assessment. In

this study, the protocol of the Japanese Infantile Neuro-
blastoma Study Group was applied for patients less than
12 months of age with neuroblastomas, and the protocol of
the Japan Study Group for Advanced Neuroblastoma
(JANB) was applied for patients aged 12 months or older
with advanced neuroblastomas. Therefore, investigating
the borderline of age for risk group classification was not
suitable for the analysis in the present study.

The majority of infant neuroblastomas are localized
tumors with low-grade malignancy [13]. In particular, neu-
roblastomas detected by mass screening include spontane-
ously regressing tumors [14]. In the present series of 82
patients under 12 months of age, the outcome of infant
neuroblastomas was excellent, regardless of whether they
underwent complete or incomplete resection of the tumor.
Furthermore, the outcome of patients who underwent com-
plete resection of the tumor was excellent, regardless of
whether they received postoperative chemotherapy. We
could not compare patients who underwent initial extirpation
with those who did not, because biopsies were performed for
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all unresectable neuroblastomas, followed by mild chemo-
therapy. Although complete resection might be unnecessary
for infantile neuroblastoma, the majority of which have
favorable biology, performing initial tumor extirpation
might avoid the need chemotherapy or irradiation.

In the present study, of nine patients whose disease was
detected clinically and not through mass screening, only one
patient who had stage 4S disease with MYCN amplification
died of the disease. Irrespective of mass screening, most
patients under 12 months of age had a good prognosis. It is
clear that MYCN gene amplification was a powerful prog-
nostic factor, even for infantile neuroblastoma [8].

In the present study, all five major surgical complications
occurred in the patients with localized neuroblastoma (stages
1, 2, and 3). Recently, in an effort to establish a new risk-
adapted preoperative neuroblastoma staging system, the
International Neuroblastoma Risk Group (INRG) task force
proposed the use of surgical risk factors (SRFs) to classify
localized neuroblastomas [15]. SRFs were defined by objec-
tive and subjective radiologic imaging characteristics thought
to be associated with an increased risk of surgical complica-
tions. These radiologic criteria are known as “image-defined
risk factors” (IDRF) [16]. In a retrospective radiologic review
of the five patients with surgical complication, all those who
suffered postoperative renal atrophy had a positive IDRF. The
Japan Neuroblastoma Study Group (JNBSG) proposed
guidelines for surgical intervention for localized neuroblas-
toma based on the IDRF and began observational study of the
treatment for low-risk neuroblastomas in 2010.

The role of surgery in the treatment of advanced neu-
roblastoma in patients 12 months or older remains con-
troversial. La Quaglia et al. [17] reported that gross total
resection improved the survival of 39 patients with stage
IV neuroblastoma. Conversely, Adkins et al. [18] reported
that complete resection was of little benefit for high-risk
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neuroblastomas treated by CCG-3891. Kuroda et al. [19]
found that intensive surgery with intraoperative radiation
therapy dramatically increased local eradication and
improved the outcome of patients even if they had
advanced neuroblastomas with MYCN amplification. On
the other hand, Castel et al. [20] found that delayed surgery
after chemotherapy contributes to the good control of stage
IV disease, although the final outcome of these patients was
determined more by metastatic relapses than by the degree
of resection. Kaneko et al. and Kubota et al. reported that
systemic extensive surgery for advanced or metastatic
neuroblastoma is no longer required if therapy supple-
mented with intensive pre- and postoperative chemother-
apy is given [4, 21]. In the present study, the clinical stage
and tumor biology of advanced neuroblastoma in patients
aged 12 months or older was associated with the overall
survival rate. The degree of tumor resection did not cor-

relate significantly with the overall survival rate. In this

study, the second-look operation was conservative tumor
resection of the primary tumor, avoiding the injury to the
surrounding organs and major vessels, and systematic
lymphadenectomy was not performed. Therefore, we could
not examine the complications of surgery and the delay in
administering intensive chemotherapy resulting from major
surgery. No major complications occurred after the second-
look operation for the advanced neuroblastomas in patients
aged more than 1 year old in this study, and we avoided a
delay in intensive chemotherapy after the operation. Fur-
thermore, complete resection of the primary tumor without
systematic lymphadenectomy and localized external-beam
radiation prevented local recurrence; however, the outcome
of patients depended on metastatic recurrence. These
results indicate that the main treatment for advanced neu-
roblastoma in patients aged 12 months or older is systemic
chemotherapy, and that extirpation of the primary tumor
without major surgery might prevent local recurrence,
when combined with irradiation therapy.

In the JNBSG, two clinical phase II studies for high-risk
neuroblastoma were begun in 2008 and completed in 2010.
The guidelines for surgical intervention in these clinical
studies recommend complete resection of the primary tumor
without systematic lymphadenectomy, and localized irradi-
ation. The long-term outcomes, including late complica-
tions, revealed by these clinical studies will be interesting.
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