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Table 5
Late sequelae
Type of sequelae Cases Neurological impairment  Treatment
Moderate Severe Laminotomy Chemotherapy

# % # # # % # %
Bladder dysfunction 12 52 5 7 10 67 2 25
Scoliosis 9 39 6 3 8 53 1 12
Orthesis 9 39 1 8 7 47 2 25
Reduced functional 8 40 2 6 7 47 1 12
independence

Summary of the Italian experience.
5. Late effects (by Pacla Angelini, Genova)

We have reviewed the Italian patients observed
between 1979 and 2002. Patients were re-examined
by MRI, orthopaedic, neurological, urologic and
oncologic evaluations. The WeeFIM™ instrument
was used to score the patients’ functional indepen-
dence. Both patients and parents were requested to
separately answer a modified PedsQL™ question-
naire, adapted for children (6-12 years) and adoles-
cents (13-18 years). Twenty-three patients, 13 male,
10 female, median age at diagnosis 8 months (range,
1-83), were evaluated. Twenty had a localized
tumour, two had stage 4 and one had stage 4s disease.
Motor impairment at diagnosis was mild in one case,
moderate in 15, and severe in 7. Neurosurgery was the
first therapeutic approach in 15 cases, chemotherapy
in 8. Median follow-up was 7 years (range, 2-22).
Table 5 summarises the results of our combined
evaluation, with particular regard to bladder function,
scoliosis, need for orthesis to walk, and age-adjusted
functional independence. Six patients needed surgical
correction of limb deformities, related to Achilles’
tendon in two cases, hip in two, knee and feet in one
case each. Eight patients had feet deformities. All
patients answered the quality of life questionnaire.
Parents tended to underweight some issues, mostly
social and emotional. Anger and tiredness were the
most commonly reported feelings. All patients
described future, sometimes ambitious projects.

Overall, in 85% of patients relevant sequelae
were documented, as a consequence of either
epidural compression, or of its treatment. However,
having more compromised patients been easier to
contact and evaluate, an overestimation of the

incidence and severity of sequelae might have
occurred. The ascertainment of a correlation
between presence and/or severity of sequelae and
type of treatment, or severity of neurological
impairment at diagnosis was difficult, as more
severely affected patients received more aggressive
treatment, often including laminectomy. The pro-
spective collection of standardized and comprehen-
sive data on larger series is warranted.

6. Conclusions (by Bruno De Bernardi, Genova,
and Howard Katzenstein, Atlanta)

Symptomatic epidural compression in a child with
a tumour is a medical emergency since severe
sequelae may follow if the condition is not timely
re-cognised and treated. Neuroblastoma is by far the
tumour that most frequently present with such clinical
pattern. A proportion of these cases despite a positive
MRI have no symptoms arising the question if they
require specific treatment. No doubt instead, that
children with positive MRI and neurological symp-
toms do require prompt multidisciplinary attention.
The contribution brought to this Workshop clearly
shows that a number of disagreements still exist for a
variety of aspects. In the conclusive part of this
review, the controversies concerning these aspects
will be summarised.

6.1. Definition

For sake of accuracy, the term spinal cord
compression should be limited to the cases for
whom the compression occurs just over the spinal

— 336 —



298 B.D. Bernardi et al. / Cancer Letters 228 (2005) 283-299

cord. However, in a proportion of the cases
the compression involves the nerves and/or the
cauda equina, without affecting the medulla. As a
matter of fact, the clinical aspects, the neurological
compromise and the eventual late effects may
considerably differ in the two situations, being
commonly less severe in the latter. The term epidural
compression should therefore be preferable. In this
review, the authors are have been free to use the term
of their preference. In the future, an unified terminol-
ogy will be desirable.

6.2. Incidence

Although it varies considerably in the different
published series as well in the presentations of this
Workshop, the incidence of cord compresssion seems
progressively decreasing, possibly as an effect of early
diagnosis. However, it has to be noted that some of
these children receive chemotherapy on an emergency
basis before a histologic diagnosis, making them
ineligible for more recent trials. On the opposite, the
inclusion of asymptomatic cases may definitely
increase the incidence. Achieving an agreement on
this issue appears of particular importance to compare
different series of patients.

6.3. Clinical presentation

In analogy to previous series, children included in
this review had more frequently localised disease,
younger age and thoracic location. Since all these
features are known to be associated with better
outcome, not surprisingly children with epidural
compression have a higher chance of survive than
the general neuroblastoma population.

6.4. Definition of neurological deficit

Surprisingly, the description of neurological defi-
cits in the various series lacks of common terms
making it difficult to compare them for both clinical
presentation, response to therapy and late results.

6.5. Imaging of epidural compression

MRI is definitely the instrument of choice to
document the involvement of intravertebral foramina

and spinal canal. However, it has still to be made clear
if the presence of either involvement documented by
MRI should not be sufficient to authorise the initiation
of specific therapy in absence of neurological
symptoms. The tendency emerged in the Workshop
has been negative to this regard.

6.6. Time elapsed between symptoms and treaiment

It is commonly believed that a long interval
between first evidence of epidural compression and
initiation of specific therapy is associated with worse
clinical response and greater risk of relevant late
sequelae. The data presented in this Workshop are
uneven and controversial at this respect.

6.7. Therapeuiic approach

Dexamethazone is often immediately administered
but its benefit is controversial. Significant disagree-
ment persist regarding the optimal specific therapeutic
approach. While some consider that any case of
documented epidural compression (even asympto-
matic) should undergo a neurosurgical operation,
others state the opposite. The presentations of this
Workshop clearly document this noticeably different
behaviour. Well organised prospective studies are
needed to seriously face and solve this important issue.

6.8. Late effects

A large proportion of children with neuroblastoma
presenting with epidural compression will develop
significant sequelae, which may be especially severe in
case of primary or secondary grade 3 neurological
deficit (paraplegia) | 1 5]. Once again, one is surprised of
the scarcity of publications at this respect and lack of
guidelines to follow to optimally treat these children in
order to minimise the eventual sequelae.

6.9. Perspectives

The main aim of this Workshop was to collect on a
large scale data on clinical and therapeutic aspects of
epidural compression in neuroblastoma, this has
allowed to document that a variety of aspects are not
well defined and therefore require clarification.
The participants have agreed on the necessity of
planning an additional Workshop to fix common
guidelines.
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6.10. Rationale for an international neuroblastoma
cord compression registry

Over the past two decades, uniform criteria for
staging neuroblastoma have been developed (INSS),
and discussions are ongoing to develop to uniform
international neuroblastoma risk-group (INRG) cri-
teria. The international neuroblastoma community has
long recognized that a universal language is needed to
compare results of clinical trials that are conducted in
the various cooperative groups and countries through-
out the world to insure that treatment strategies are
optimised. As evidenced by this mini-review, the
management of spinal cord compression in neuro-
blastoma remains controversial. Reviews of published
series from largely describe retrospectively collected
data, and to date, there are no uniform criteria for
defining the type or severity of the neurological
deficits that are associated with cord compression. In
addition, criteria for evaluating neurological response
to therapy are lacking. A better understanding of
neuroblastoma and cord compression could be
obtained through an international registry. Such a
registry would allow for the prospective collection
of data and would provide a uniform language to
describe the neurological symptoms of these patients.
As evidenced by the important contributions of the
other international neuroblastoma collaborations, the
creation of an International Neuroblastoma Cord
Compression (INCC) Registry would facilitate the
collection of a complete and uniform set of data which
would hopefully lead to the development of an
evidence-based approach to this problem.
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Abstract

Background/Purpose: To select the oplimal treatment according to the degree of malignancy of
neuroblastoma, it is essential to accurately and rapidly identify any genetic abnormalities associated with
the prognosis. This study aims to assess the correlation between the combination of prognostic factors
and the biologic findings of neuroblastoma using a highly sensitive analysis of prognostic factors.
Methods: In 44 neuroblastoma primary samples, we determined the gene dosages of MYCN and
Survivin (as the target of 17q gain) and the expression levels of MYCN, Survivin, and BINI using highly
sensitive analysis (the quantitative polymerase chain reaction method); furthermore, we assessed the
correlation between the combination of their prognostic factors and the biology of neuroblastoma.
Results: The gene dosage of MYCN or Survivin was significantly associated with all known prognostic
factors. The expression Jevel of MYCN or Survivin was not significantly associated with any prognostic
factors, whereas the expression level of BIN7 was significantly associated with 5 of 6 prognostic factors.
Regarding the combination of MYCN amplification and 17q gain (the gene dosage of Survivin), and the
low expression of BINI, the rates of advanced stages (stage Il or IV) were 100% for the cases with
3 factors, 63% for the cases with 2 factors, 42% for the cases with 1 factor, and 0% for the cases with null
factor. Purthermore, the swvival rates were 20% for the cases with 3 factors, 50% for the cases with
2 factors, 100% for the cases with 1 factor, and 100% for the cases with null factor.

Conclusion: The combination of gene dosages of MYCA and Survivin and the expression level of BI]W
using the quantitative polymerase chain reaction method was significantly correlated with the clinical
stage and the patients’ outcome. This combination of biologic factors may enhance the accuracy to the
conventional criteria, but this would have to be shown in a much larger study that is adequately powered
to detect such an advantage.

© 2006 Elsevier Inc. All rights reserved.

Neuroblastoma is the most common solid tumor in
children, and its development is still unclear [1]. The

¥ Corresponding author. Tel.: +81 92 642 5573; fax: + 81 92 642 5580. prognosis in neuroblastoma tends to vary greatly. and
E-mail address: tajii@pedsurg. med kyusyu-v.acjp (T. Tajiri). many studies have demonstrated both clinical and biologic
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factors to be correlated with the outcome [2]. To sclect
the optimal treatment according © the degree of malig-
nancy of neuroblastoma, it is essential to accurately and
rapidly identify any genetic abnormality associated with
the prognosis.

The amplification of the MYCN gene is the most
unfavorable prognostic factor in neuroblastoma [3]. Ap-
proximately 20% to 30% of all patients presenting at
advanced stages show an amplification of the MYCN gene,
using the Southern blot method [4]. Regarding the MYCN

ene, it is easy to consider that the amplification of MYCN
gene results in an enhanced expression of MYCN, which
activates the transcription of genes associated with the cell
proliferation [5]. However, the clinical significance of
MYCN expression in children with neuroblastoma remnains
controversial [6,7]. On the other hand, a gain of the
chromosome 17q region has recently been jmplicated in
close correlation with the aggressiveness of neuroblastoma,
using either a comparative genomic hybridization study or
the fluorescence in situ hybridization (FISH) method [&]. In
particular, the gain of the q arm only has also been reported
to play arole in an unfavorable outcome [9]. The region has
been narrowed down to the 17q21-terminal, which is also
considered to include the Swrvivin gene [10]. Survivin is a
family member of an inhibitor of apoptosis proteins, and its
expression 18 also cell cycle-regulated [11]. Recently, a
high-level expression of Swrvivin in advanced stages of
neuroblastoma has been shown, and it is thus considered to
be one of the candidate genes for 17q gain [12]. We
preliminary reported the quantitative polymerase chain
reaction (PCR) method (TagMan method) to be useful as
a quick and accorate modality for evaluating for the status of
MYCN amplification and the gene dosage of Survivin as the
target of 17q gain in 25 neuroblastoma samples [13].

BINI (2q14) encodes multiple tissue-specific isoforms of
an Myc-interacting adaptor protein that has features of a
tumor suppressor, including the ability to inhibit Myec-
mediated cell transformation and promote apoptosis [14].
We previously hypothesized that BINJ may function as a
suppressor gene in neuroblastoma because BINI is highly
expressed m neural tissues and binds Myc within a region
with 100% identity to MYCN, and reported data correlating
reduced expression of MYCN-interacting BIN! isoforms
with unfavorable features in primary neuroblastoma [15].

The quantitative TagMan PCR System determines the
initial copy number of the target gene by a kinetic analysis
of the cycle-to-cycle change in the fluorescence signal as a
result of the amplification of the template during PCR.
Using this system, the detection of a loss of the 18q21
region in colon carcinoma tissue [16] and sex determination
by defining the copy number of X chromosome have been
reported. The advantage of quantitative PCR over Southern
blotting, FISH, and comparative genomic hybridization is
its speed (it takes about 4 hours from DNA extraction to the
end of data analysis), Furtherimore, this method is consid-
ered to have a high sensitivity [17].

In this study, we determined altogether the gene dosages
of MYCN and Survivin (as the target of 17q gain) and the
expression levels of MYCN, Survivin, and BINT using
highly sensitive analysis (the quantitative PCR method) in
44 neuroblastoma primary samples; furthermore, we
assessed the correlation between the combination of their
prognostic factors and the biology of neuroblastoma,

1. Materials and methods

1.1, Clinical data of patients and biologic data of
neurcblastoma samples

Patients with neuroblastoma evaluated at the Department
of Pediatric Surgery, Kyushu University, were diagnosed and
staged according to the International Neuroblastoma Staging
System [18]. Forty-four frozen tumor samples were obtained
from untreated paticats with neuroblastoma. The character-
istics of the patients were shown to be as follows. The sex of
the patients was 26 males and 18 females, and the age at
diagnosis ranged from 19 days after birth to 11 years of age.
Of the 44 cases, 15 patients were diagnosed at older than
1 year, whereas the rematning 29 were diagnosed at younger
than 1 year. Twenty-four patients were identified by a
neuroblastoma mass screening systein, Of the 44 samples, 29
were wmors from patients who were stage I, II, or IVS,
whereas 3 were stage III and 12 were stage V. Thirty-six
patients are still alive, of whom 3 cases are still under
treatment, whereas 8 patients have died of the discase. The
follow-up period after treatment ranged from 1 month to
12 years. In all 44 samples, the status of MYCN amplification
was also previously determined by the Southern blotting
method, In 36 of 44 cases with a single copy of MYCN
identified by Southem blotting. IDNA ploidy was previously
examined wsing flow cytometry in 32 cases. Twenty-three
cases were triploid, whereas 9 cases were diploid or
tetraploid. Regarding the histologic findings, all 44 cases
were classified based on the Shimada classification [19].
Thirty-two cases showed a favorable histology, whereas the
remaining 12 cases showed an unfavorable histology.
Regarding International Neuroblastoma Risk Group (INRG),
all 44 cases were classified by age, stage (International
Neuroblastoma Staging System), the status of MYCN
amplification (Southem blot), DNA ploidy, and Shimada
classification. Thirty cases showed a not high-risk group,
whereas the remaining 14 cases showed a high-risk group.

1.2. DNA or RNA extraction and complementary
DNA synthesis

DINA was extracted from the frozen tumor samples using
proteinase K and phenol. Tsogen LS (Nippon Gene, Osaka,
Japan) was used to extract total RNA, and reverse
transcription was performed with a First-strand complemen-
tary DNA synthesis kit (Amersham Pharmacia, Uppsala,
Sweden) using random hexanucleotide primers.
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1.3. Quantitative PCR (TagMan)

As previously described, the p33 gene was used as an
internal control gene to obtain the gene dosage (MYCN/p33,
Survivin/p53). The p53 gene is a fumor suppressor gene in
which mutations or deletions are found in a variety of
malignant tumors. However, no aberration of the p53 gene
in neuroblastoma has ever been found, and the gene status in
newroblastoma is known to be stable [20}. The corrected
gene dosage of the MYCN gene and Survivin gene was
obtained based on the assumption that the mean gene
dosage of 20 normal individual lymphocytes was 1.00. The
mean + 28D of MYCN gene dosage of 20 normal individual
lymphocytes was 1.00 + 0.58. In this study, we evaluated
that the MYCN amplified cells apparently present in the
samples with a corrected gene dosage (MYCN/p33) of more
than 2.0. The mean £ 25D of Survivin gene dosage of 20
normal individual lymphocytes was L1.O0 + 0.40. In this
study, we cvaluated that the Survivin amplified cells
apparently present in the samples with a corrected gene
dosage (Survivin/p53) of more than 1.50. The primers and
TagMan probes for the MYCN gene, Survivin gene, and the
253 gene were designed using the application-based primer
design software Primer Express (Applied Biosystems,
Foster City, Calif). The sequences of the PCR primers and
TaqMan probes were shown in Table 1. Quantitative PCR
was performed in a final volume 25 uL, and each sample
was analyzed in duplicate. Each reaction mixture contained
0.1 pmol/ul TagMan probe, 0.2 pmol/ul. each primer, 1x
TaqMan PCR master mix, and 10 to 50 ng DNA. Theanal
cycling was started with a 2 minutes incubation at 50°C,
followed by a first denaturation step of 10 minutes at 95°C,
and then 40 cycles of 2-step PCR consisting of 35°C for
5 seconds and 60°C for 1 minute. The quantification of the
MYCN gene was achieved by means of the ABI Prism 7700

Sequence Detection System (Applied Biosystems). Ge-
nomic DNA from 1 neuroblastoma with 90 copies of
MYCN by Southern blotting method was serially diluted to
establish the calibration curve.

1.4. Quantitative reverse transcriptase
PCR (TagMan)

The primers and TagMan probes were designed to be
located on exans 2 to 3 for MYCN messenger RNA
(mRNA), exons 2 to 3 for Survivin mRNA, and on exons
9 to 11 for BINJ mRNA, hereby avoiding the amplification
contaminating genomic DNA. GAFPDH was used as an
internal control gene to analyze the MYCN gene expression
(MYCN/GAPDH). The sequences of the PCR primers and
TagMan probe were shown in Table 2. Polymerase chamn
reaction primer and TaqMan probe for GAPDH were
purchased from ABI as a kit of TagMan GAPDH Control
Regent and Predeveloped TagMan Assay Regents Control
Kit. The quantitative reverse transcriptase polymerase chain
reaction (RI-PCR) system was performed m the same
manner as that for the guantitative PCR.

1.5. Statistical analysis

Fisher’s Exact test was used to test the association
between MYCN amplification (MYCN/p53, =2.0) or 17q
gain (Survivin/p53, 21.50) and other prognostic factors.
The expression levels of MYCN (MYCN/p33), Survivin
(Survivin/GAPDID, and BINI (BINI/GAPDH) in the
subgroups were represented by percentile (50%). A com-
parison of the gene dosage and expression in relation to
clinical and genetic parameters was made using Mann-
Whitney U test. Kruskal-Wallis exact test was used to test
the association between the clinical stage or the patients’
outcome and the combination of 3 prognostic factors.
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2. Results

2.1. The gene dosages of MYCN and Survivin by the
guantitative PCR methed

Of the 36 samples with a single copy of MYCN based on
the Southern blotting method, 33 samples showed the
corrected gene dosage (MYCN/p33) to be less than 2.0,
whereas the remaining 3 samples with more than 2.0 had
tumors from patients with an advanced stage of disease
(stages [T and IV). Of the 3 samples with a dosage of more
than 2.0, 2 cases died of the disease. In 8 cases with more
than 2 copies of MYCN based on the Southern blotting
method, the corrected MYCN gene dosages by the quanti-
tative PCR were all more than 10.0. In most of these cases,
the analytic value based on the quantitative PCR was shown
to be a higher than based on a Southern blotting analysis.
The relationship between the MYCN gene dosage and the
known prognostic factors (age, clinical stage, Shimada
classification, INRG) is shown in Table 3. The group of
cases with a gene dosage of more than 2.0 were swongly
assoclated with an age of older than 1 year at diagnosis (P <
.001), advanced stage (P <.001), a Shimada unfavorable
histology (P < .001), and a high-risk group (P < .001),
which are all unfavorable factors.

The corrected Survivin gene dosages ranged from 0.55 to
4.00. Ten cases showed that the Swvivin gene dosages were
more than 1.50-fold, and 6 of 10 cases were dead of disease.
On the other hand, 32 of 34 cases with the Swnvivin gene
dosages of less than 1.50-fold were free of disease. The
relationship between the Swrvivin gene dosage and the
known prognostic factors (age. clinical stage, Shimada
classification, INRG) is shown in Table 3. The group of
cases with a gene dosage of more than 2.0 was swongly
associated with an age of older than 1 year at diagnosis (P <
.001), advanced stage (£ < .001), a Shimada unfavorable
histology (P < .001), and a high-risk group (P < .001),
which are all unfavorable factors.

Furthermore, we analyzed 20 samples that are clinically
detected but not detected through mass screening. The
relationship between the gene dosages MYCN or Swrvivin
and the known prognostic factors was with the same
trends compared with the results for all 44 samples. The
gene dosage of MYCN was significantly associated with
all 4 factors (P < .01), and the gene dosage of Survivin
was significantly associated with 2 factors (age and
Shimada, P < .05).

2.2, The expression level of MYCN, Survivin, and
BIN1 by the guantitative RT-PCR method

The relationship between the MYCN gene, Survivin geue,
or BINI gene expression level and prognostic factors is
shown in Table 4.

The level of MYCN expression in cases with MYCN
amplification (MYCN/p53, 22.0) had a trend toward higher
than that of cases with no MYCN amplification (MYCN/p53,
<2.0); however, this finding was not statistically significant
(P = .15). Furthermore, the expression level of MYCN was
not significantly associated with any other prognostic factor
(age, clinical stage, Shimada classification, the gene dosage
of MYCN and Swrvivin, and INRG).

The level of Swrvivin expression was not significantly
agsociated with the gene dosage of Survivin. In addition, the
expression level of Survivin was not significantly associated
with any other prognostic factor (age, clinical stage.
Shimada classification, the gene dosage of MYCN and
Survivin, and INRG).

The expression level of BINI was significantly associ-
ated with 5 of 6 prognostic factors. Regarding 5 prognostic
factors except the factor of age, the level of BINJ
expression in neuroblastoma with the unfavorable factor
was significantly lower than that in neuroblastoma with the
favorable factor.

In addition, we analyzed 20 samples that are clinically
detected but not detected through mass screening. The
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relationship between the expression level of MYCHN, prognostic factors. The relationship between these 3 unfa-
Survivin, and BINI, and the known prognostic factors was vorable prognostic factors (MYCN amplification—MYCN/
with the same trends compared with the results for all p33. 22.0; 17q gaio—Survivin/p53, 21.50; the low
44 samples. The expression level of BIN! was significantly expression of BINI—BINI/GAPDH, <1.0) and clinical
associated with 4 factors (clinical stage, Shimada classifi- behavior {clinical stage and outcome) is shown in Fig. 1.
cation, the gene dosage of MYCHN, and INRG; P <.05), Regarding the combination of MYCN amplification and

17q gain, and the low expression of BINI, the rates of
advanced stages (stages 111 and IV) were 100% for the
cases with 3 factors, 63% for the cases with 2 factors, 42%

2.3. Evaluation of biology for neuroblastomas
using the combination of 3 prognostic factors

In the highly sensitive analysis of prognostic factors in for the cases with 1 factors, and 0% for the cases with null
this study, the gene dosage of MYCN, the gene dosage of factor (P < .001, trend test using Kruskal-Wallis exact
Survivin, and the level of BINT expression were significant test). Furthermore, the survival rates were 20% for the

3 factors 2 factors 1 factor 0 factor
Stage
5 5 5
I, IV

(n=15) |oooo]o |00'°l @ gooo

Stage 3 00000 7 ooooo 19
@ 00000
LILIVS 00 00 ‘ 00000
(n=29) 0000
Survival rate 20% 50% 100% 100%
} O:no MYCN amp. @ :MYCN amp. [J:deaa

Fig. 1  The correlation of 3 unfavorable factors (MYCN amplification-—MYCN/pS3, 22.0; V7q gain—Survivin/p53, =1.50; the low
expression of BIN]—RIN1/GAPDH, <1.0) and the clinical behavior in newroblastomas. The rates of advanced stages (stages 11T and TV} were
100% for the cases with 3 factors, 63% (5/8) for the cases with 2 factors, 42% {5/12) for the cases with 1 factors, and 0% (0/19) for the cases
with raill factor (P <.001, trend test using Kruskal-Wallis exact test). The survival rates were 20% for the cases with 3 factors, 50% for the
cases with 2 factors, 100% for the cases with 1 factor, and 100% for the cases with null factor (P <.001, trend test using Kruskal-Wallis
exact test).
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cases with 3 factors, 50% for the cases with 2 factors,
100% for the cases with | factor, and 100% for the cases
with null factor (£ <.001, trend test using Kruskal-Wallis
exact test),

3. Discussion

Neuroblastomas have a variety of genetic variables that
might predict the clinical behavior [2]. To select the
optimal treatment according to the degree of malignancy of
newoblastoma, it is essential to accurately and rapidly
identify any genetic heterogeneity associated with the
prognosis. Generally, the gene dosage was analyzed by
Southern blot wethod or FISH, whereas the expression
level of gene was assessed by Northern blot method or
semiquantitative PCR method. We previously reported that
the quantitative PCR method may be considered to be the
most effective methods for quickly and accurately evalu-
ating any aberration in the gene dosages associated with
the patients’ outcomes [13,21]. In this study, we deter-
mined altogether the gene dosages of MYCN and Survivin
(as the target of 17q gain) and the expression levels of
MYCN. Survivin, and BINI using highly sensitive analysis
(the quantitative PCR method) in 44 neuroblastoma
primary samples.

Regarding the MYCN gene, the amplification of the
MYCN gene is strongly associated with rapid tumor
progression [3,4]; however, the clinical significance of
MYCN expression in children with neuroblastoina remains
controversial [6,7]. In the present study. the gene dosage of
MYCN was significantly associated with all prognostic
factors, whereas the expression level was not significantly
associated with any prognostic factor. Furthermore, the
significant association between the gene dosage and the
expression level was not observed. These findings are
suggesting that the only gene dosage of MYCN does not
always contribute to the level of MYCN expression in
neuroblastoma, and the expression level of MYCN does not
seem to be an independently significant prognostic factor in
this highly sensitive analysis,

Regarding the Survivin genc, we assumed the Survivin
gene could be one of the candidate genes for the 17¢ gain
in neuroblastoma. In the present study, the gene dosage of
Survivin was significantly associated with all prognostic
factors, whereas the expression level was not significantly
associated with any prognostic factor. In addition, there
was no correlation between the Survivin gene dosage and
the expression level. These results are demonstrating that
analysis of the gene dosage of Swmivin is useful for
evaluating the 17q gain; bowever, the Survivin was not the
candidate gene for 17q gain in neuroblastorna.

It is unclear why genc dosage is more correlative with risk
than expression level, The chromosomal gain or loss may be
correlated with the genomic instability, which is associated
with poor prognosis in adult cancers [22]. The genomic

instability may gencrate MYCN amplification or 17q gain as
one of chromosomal alteration in neuroblastoma.

Taken together, the gene dosage of MYCN (MYCN
amplification), the gene dosage of Survivin (17q gain), and
the level of BIN/ expression were significant prognostic
factors in the highly sensitive analysis using the quantitative
PCR method. Furthermore, the cornbination of gene dosages
of MYCN and Survivin and the expression level of BIN]
using the quantitative PCR method was substantially
correlated with the clinical stage and the patients” outcome.
The current protocol for neuroblastoma in the world is
mainly based on the age, clinical stage, and MYCN
amplification. In the Study Group of Japan for Advanced
Neuroblastoma, 2 chemotherapeutic regimens for advanced
neuroblastoma have been designed based on the MYCN
amplification status since 1991 [23]. However, the status of
MYCN amplification does not necessarily predict the
patients’ outcome. This combination of biologic factors
may enhance the accuracy to the conventional criteria
{MYCN, Shimada classification), but this would have to be
shown in a much larger study that is adequately powered to
detect such an advantage,
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