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ABSTRACT

AIM: To investigate the efficacy of immunohistochemical methods to determine molecular subgroups and prognostic predictions
of medulloblastomas (MBs).

MATERIAL and METHODS: 3-catenin, GAB1, YAP1, filamin A and p53 were immunohistochemically stained, and MYC and MYCN
fluorescent in situ hybridization (FISH) procedures were applied to 218 cases in our series.

RESULTS: Based on the histomorphological characteristics of the cases, 67.9% were deemed classic MB; 15.6% as desmoplastic/
nodular medulloblastoma (DNMB); 12.8% as large cell/anaplastic (LC/A) MB; 3.7% as medulloblastoma with extensive nodularity
(MBEN). Molecular characteristics revealed that 50.5% had non-WNT/non-SHH; 33.9% had SHH-activated and TP53-wildtype;
8.7% had WNT-activated; 6.9% had SHH-activated and TP53-mutant. According to the survival curves, LC/A MBs or non-WNT/
non-SHH tumors showed the worst prognosis, whereas DNMBs and WNT-activated tumors showed the best prognosis. Classic
MBs or SHH-activated tumors showed a moderate course. MYCN amplification was found to act as an independent poor prognostic
factor in the study.

CONCLUSION: The distribution of histological subtypes and molecular subgroups, amplification rates, and prognostic data
obtained through immunohistochemical methods in our study were consistent with those reported in the literature. It was therefore
hypothesized that the determination of molecular subgroups by immunohistochemical methods can be useful in daily diagnostic
practice, especially in centers with limited access to molecular techniques.

KEYWORDS: Histopathology, Immunohistochemistry, Medulloblastoma, Molecular Subgrouping, Prognosis

ABBREVIATIONS: MB: Medulloblastoma, DNMB: Desmoplastic/nodular medulloblastoma, MBEN: Medulloblastoma with extensive
nodularity, LC/A MB: Large cell/anaplastic medulloblastoma, FISH: Fluorescent in situ hybridization, NGS: Next-generation
sequence, SHH: Sonic-Hedgehog, WHO: World Health Organization
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B INTRODUCTION

edulloblastomas (MBs), usually observed in child-
M hood, are the most common primary malignancy of

the central system in the pediatric age group and
also the most common brain tumor after pilocytic astrocy-
toma (2,9,12,19). Similar to other embryonal central nervous
system tumors, it can classified as grade 4 according to the
World Health Organization (WHO) guidelines (1,3,10,15,16).
In line with the recent developments in molecular pathol-
ogy, the 2016 and 2021 WHO classifications proposed the
use of molecular subgroups based on gene expression and
methylation profiles. Accordingly, the four genetic subgroups
were identified as WNT-activated, SHH-activated and TP53-
wild type, SHH-activated and TP53-mutant and non-WNT/
non-SHH. Non-WNT/non-SHH medulloblastomas comprise
group 3 and group 4 tumors (3,16,17). In a meta-analysis
based on methylation profiles, SHH and non-WNT/non-SHH
medulloblastomas could be further classified into four and
eight molecular subgroups respectively (3,27).

However, these new molecular subgroups based on transcrip-
tional methylation profiles and gene expression are not easily
applicable or affordable in practice and can further deepen
disparities between high and low/middle income countries
(29). Therefore, pathologists have sought alternatives that can
be readily applied, particularly in the field of immunohisto-
chemistry (5,21).

This study aimed to elucidate the efficacy of immunohisto-
chemical methods to detect molecular subgroups as well as
to correlate the determined genetic subgroups with histologi-
cal subtypes and prognosis. We have reported here our expe-
rience at our center.

B MATERIAL and METHODS
Study Tumor Cohort

The study tumor cohort comprised 218 cases diagnosed
with medulloblastoma in our department from 1981 to 2015
(This study was conducted with appropriate ethics committee
approval: Hacettepe University Non-interventional Research
Ethics Committee; 16/160). The evaluation was performed
by two pathologists, one of whom is an experienced neuro-
pathologist (FS). Age, sex, biopsy and file number, date of
surgery, recurrence status, date of death, and histopatho-
logical tumor types listed in the report were recorded. In
addition, data on whether the surgery was total or subtotal
was obtained from the clinical files, and data on metastatic
disease at the time of presentation and risk classification were
also collected. The cases were classified histopathologically
according to the WHO guidelines as classic MB, desmoplas-
tic/nodular medulloblastoma (DNMB), medulloblastoma with
extensive nodularity (MBEN), and large cell/anaplastic (LC/A)
MB (Figure 1). Based on the pediatric oncological risk classifi-
cation, patients younger than 3 years, patients with metastatic
disease at presentation, and patients who underwent subto-
tal surgery were placed in the high-risk category, while the
remaining were classified as the average risk category.
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Figure 1:
Histopathological
characteristics of

| medulloblastomas (MBs);
classic MB with multiple
Homer-Wright rosettes
and rhythmic, palisade-
like appearance (A),
desmoplastic/nodular MB
(DNMB) characterized by
well-differentiated nodules
| and surrounded by more
cellular areas (B), large

| cell/anaplastic MB (LC/A
" MB), characterized by
marked pleomorphism,
“molding” and “cell
wrapping” (C), MB with
extensive nodularity
(MBEN), characterized

by large nodules and
poorly differentiated tumor
cells in the surrounding
desmoplastic matrix (D).
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Immunohistochemical Examination and Evaluation

Tissue microarray blocks (TMA) with a core size of 4 mm were
stained with hematoxylin and eosin, and immunohistochem-
ical staining was performed on the automated Leica BOND-
MAX IHC/ ISH immunostainer using the following commercial
antibodies: B-catenin (1:400, Biocare), GAB1 (1:400, Gene Tex

- GTX111253), YAP1 (1:400, Gene Tex - GTX129151), filamin A
(1:400, Gene Tex - GTX61826), and p53 (1:200, Biocare).

In this study, as stated in the literature, MBs with more than
%5 of cells showing nuclear positivity for -catenin along with
YAP1 immunopositivity were considered WNT-activated. If
<5% of the neoplastic cells had nuclear or cytoplasmic posi-
tivity or no staining for 3-catenin, the tumors were accepted as
falling outside the WNT category (8,11). MBs with combined
immunoreactivities for GAB1, YAP1 and filamin A, were
accepted as SHH-activated (5). MBs displaying immunoneg-
ativity for GAB1 and YAP1 as well as cytoplasmic immuno-
reactivity for B-catenin were categorized as the non-WNT/
non-SHH molecular subgroup. Nuclear expression in more
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than 50% of the cells for p53 or the complete loss of expres-
sion were considered TP53 mutant, and staining between
1% and 50% was considered in the wild type (14) (Figure 2).
GAB1, YAP1 and filamin A were considered significant when
they stained positively in more than half of the neoplastic cells.

Fluorescent in Situ Hybridization (FISH)

ZytoLight SPEC MYCN/2qg11 Dual Color Probe and ZytoLi-
ght SPEC MYC Dual Color Break Apart Probe were employed
in the FISH studies on N-myc and C-myc. Two red and two
green signals per cell were considered normal; if the cells with
>10 signals or numerous tight signal clusters accounted for
>10% of the tumor cells, they were considered to indicate
amplifications (Figure 3).

Statistical Analysis
The data of 218 cases were transferred to the IBM-SSPS
23 medical statistics program. Descriptive statistics were

presented as the mean = SD for parametric continuous vari-
ables, median for nonparametric continuous variables and

FILAMIN A

Figure 2: Determination of molecular
subgroups by immunohistochemical
methods.
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Figure 3: Normal (A) and
amplified (B) samples for
N-myc and C-myc; two red and
two green signals per cell are
considered normal; cells with
>10 signals or numerous tight
signal clusters were considered
amplification if they accounted
for >10% of the tumor cells.

Table I: Distribution of Molecular Subgroups Based on Immunohistochemistry by Histological Subtypes

SHH-activated and SHH-activated and

WNT-activated TP53-mutant TP53-wildtype Non-WNT/ Non-SHH n (%)
Classic MB 13 6 27 102 148 (67.8)
DNMB 0 4 30 0 34 (15.6)
MBEN 0 1 7 0 8 (3.7)
LC/A MB 6 4 10 8 28 (12.8)
n (%) 19 (8.7) 15 (69) 74 (33.9) 110 (50.5) 218

MB: Medulloblastoma, DNMB: Desmoplastic/nodular medulloblastoma, MBEN: Medulloblastoma with extensive nodularity, LC/A MB: Large

cell/lanaplastic medulloblastoma, SHH: Sonic-Hedgehog.

percentage for categoric variables. Fisher’s exact test and
(Fisher-Freeman-Halton) test were employed to examine the
association between qualitative variables. The survival curves
were generated using Kaplan-Meier analysis to calculate the
survival times. Correlations between the survival times and
several other variables were examined univariately with the
log-rank test. For multivariate survival analysis, the backward
variable elimination technique and Cox proportional hazard
regression analysis were applied. For all statistical tests, a
fallibility (a) of 0.05 was assumed, and p<0.05 was considered
to indicate statistical significance.

B RESULTS
General Results

According to the pediatric oncological risk classification, 144
(66.1%) cases belonged to the standard risk and 74 (33.9%)
to the high-risk categories. Of these cases, 133 (61%) were
male and 85 (39%) were female. The mean age of the patients
at the time of initial diagnosis was 11.6 + 9.2 years (age range:
6 months and 51 years). Patients were followed up for a mini-
mum of 43 months and a maximum of 206 months, excluding
those who died. The median follow-up time of patients was
69 months.

1002 | Turk Neurosurg 34(6):999-1008, 2024

Histomorphological and Molecular Findings

The histological subtypes in our series were predominantly
classic (67.9%) MB, followed by a decreasing order of DNMB
(15.6%), LC/A MB (12.8%), and MBEN (3.7%). Molecular
subgroups were determined as non-WNT/non-SHH (50.5%),
SHH-activated and TP53-wildtype (33.9%), WNT-activated
(8.7%) and SHH-activated, and TP53-mutant (6.9%).

When the molecular subgroup distribution of histological
subtypes was examined, it was noted that all DNMB and
MBEN cases were evaluated as SHH-activated tumors. LC/A
MBs were observed most frequently (35.7%) in the SHH-acti-
vated and TP53-mutant tumors. In addition, most of the clas-
sic MBs (68.9%) were deemed non-WNT/non-SHH tumors
(Table I).

According to the histological distribution of molecular
subgroups, WNT-activated tumors included classic or LC/A
MBs; SHH-activated tumors included all four histological
spectra of MBs whereas non-WNT/non-SHH tumors were
either classic or LC/A MBs. In addition, 68.4% of the WNT-ac-
tivated tumors displayed a classic morphology and 31.6%
displayed a LC/A morphology. All DNMB and MBEN were
SHH-activated tumors and were frequently TP53-wildtype
(88% and 87.5%, respectively). Among non-WNT/non-SHH
tumors, classic morphology was observed in 92.7% and LC/A
morphology in 7.3% of the cases.



Twenty (9.2%) out of 218 patients were TP53-mutant and 198
(90.8%) patients were TP53-wild type. TP53-mutant tumors
were observed in 4 (14.3%) of LC/A MB, 1 (12.5%) of MBEN,
4 (11.8%) of DNMB, and 11 (7.4%) of classic MB cases.
Although TP53 mutation was relatively common among LC/A
MB, there was no statistically significant difference in the
distribution of histological subtypes (p=0.636). The examina-
tion of the molecular subgroups distribution of 20 patients
with TP53-mutant revealed that 15 (75%) patients were
SHH-activated, 3 (15%) patients were WNT-activated and 2
(10%) patients were non-WNT/non-SHH.

MYCN amplification was detected in 11 (5%) patients and
MYC amplification in 19 (8.7%) patients. MYCN and MYC
amplifications were mutually exclusive. MYC amplified tumors
were observed in 11 (57.9%) of classic MB, 7 (36.8%) of LC/A
MB, and 1 (5.3%) of DNMB but not in MBEN (p=0.008). Like
MYC amplification, MYCN amplification was observed in 5
(45.5%) of classic MB, 4 (36.4%) of LC/A MB, and 2 (18.2%)
of DNMB cases, but not in MBEN (p=0.81). MYCN amplifica-
tion was observed in 6 (54.5%) of SHH-activated and TP53-
wild type, 4 (36.4%) of non-WNT/non-SHH and 1 (9.1%) of
SHH-activated and TP53-mutant tumors, while MYCN ampli-
fication was not detected in WNT-activated tumors (p=0.441).
MYC amplification was significantly detected in the non-WNT/
non-SHH group (n=10 patients, 52.6%), but was observed to
varying degrees in all molecular subgroups. (p=0.006). Five of
19 (26.3%) patients with MYC amplification were identified to
have WNT-activated tumors.

Survival Results

Classification of patients by the age of 3 years, defined as
the threshold age in the pediatric oncology risk classification,
indicated that the median survival time was 12 months in
patients younger than 3 years and 99 months in patients older
than 105 years of age (p<0.001).

Because more than half of the female patients were still alive,
the median survival time could not be calculated. Among the
male patients, this duration was 52 months. The impact of
female gender on the overall survival rate was found to be
statistically significant (p=0.014).

The median survival time of patients with metastatic disease
at the time of presentation was 63 months. Because more
than half of the patients without metastases were still alive,
the median survival time could not be calculated. The median
life expectancy of these patients was 138 months. Metastatic
disease at presentation was considered a significant poor
prognostic factor in the analysis of overall survival (p=0.011).
Although the number of patients with clinical follow-up was
limited, a lower rate of metastatic disease at the time of
presentation was observed in DNMB relative to that in classic
and LC/A MBs (p=0.045). Furthermore, none of the WNT-ac-
tivated tumors had metastatic disease at the time of presen-
tation, while non-WNT/non-SHH tumors had the highest
number of metastatic disease (p=0.042).

In our series, the median survival time among histological
subtypes was 105 months for MBEN, 33 months for LC/A MB,
and 56 months for classic MB. Because more than half of the
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DNMB patients were still alive, the median survival time could
not be calculated (p=0.450) (Figure 4).

When assessing the impact of molecular subgroups on prog-
nosis, the median survival time was 115 months for SHH-ac-
tivated and TP53-wildtype tumors, 52 months for non-WNT/
non-SHH tumors, and 33 months for SHH-activated and
TP53-mutant tumors. Since more than half of the patients with
the WNT-activated tumors were still alive, the median survival
rate could not be calculated (p=0.155) (Figure 4).

Although TP53 mutation was not determined to be a signifi-
cant prognostic factor in our series (p=0.553), it is noteworthy
that the SHH-activated and TP53-mutant tumors showed a
higher rate of mortality and recurrence than the SHH-acti-
vated and TP53-wildtype tumors.

The overall survival time was 19 months for the cases with
MYCN amplification, while it was 63 months for the non-ampli-
fied cases. MYCN amplification was a poor prognostic factor
in univariate analysis of overall survival (p=0.026). The median
survival time was 24 months in cases with MYC amplification
and 73 months in the non-amplified cases. MYC amplification
was not a poor prognostic factor in univariate overall survival
analysis (p=0.059).

Tumors in the average risk category were significantly asso-
ciated with lower recurrence and mortality rates compared
to tumors in the high-risk category. Thirty-four (23.6%) of the
144 patients in the average risk category and 39 (52.7%) of
the 74 patients in the high-risk category died (p<0.05). In 29
(20.1%) of the 144 patients in the average risk category and
29 (39.2%) of the 74 patients in the high-risk category, recur-
rence was observed during the follow-up (p<0.05).

The progression-free survival rates of all cases for 2, 5 and 10
years, respectively were 63%, 52%, and 38% (Table ll).

Univariate analysis revealed that age, gender, MYCN ampli-
fication, and metastatic disease at the time of presentation
were statistically significant factors for the overall survival
time. Accordingly, age <3 years, male gender, MYCN ampli-
fication, and metastatic disease at presentation were poor
prognostic factors (Table Ill).

Multivariate Cox proportional hazard regression analysis
performed by the backward variable elimination method indi-
cated that the factors that most strongly affected the overall
survival were age, sex and histological subtype. Age <3 years
(p=0.088; hazard ratio=2.911) and male gender (p=0.077;
hazard ratio=1.812) were poor prognostic factors, whereas
MBEN histological subtype was a good prognostic factor
(p=0.089; hazard ratio=0.261).

B DISCUSSION

Developments in the field of molecular studies, the discov-
ery of new mutations, and the determination of gene expres-
sion and methylation profiles have ensured the elucidation of
genetic causes in neuropathology, particularly MB to develop
current treatment modalities and to gain access to reliable
prognostic data. For this purpose, numerous studies have
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Figure 4: Kaplan-
Meier curves for overall
survival according to
age, sex, metastasis

at diagnosis, risk
stratification groups,
histopathological
subtypes, molecular
subgroups and MYCN
ve MYC amplification.
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Table lI: Progression Free-Survival Rates in Medulloblastoma for Histological Subtypes and Molecular Subgroups

2 years (%) 5 years (%) 10 years (%)
Classic MB 63 49 38
DNMB 70 70 46
MBEN 67 67 25
LC/A MB 50 44 33
WNT-activated 82 73 73
SHH-activated and TP53-mutant 50 50 24
SHH-activated and TP53-wild type 63 63 44
Non-WNT/Non-SHH 61 42 30
All cases 63 52 38

MB: Medulloblastoma, DNMB: Desmoplastic/nodular medulloblastoma, MBEN: Medulloblastoma with extensive nodularity, LC/A MB: Large
cell/anaplastic medulloblastoma, SHH: Sonic-Hedgehog.

Table llI: Variables Found to be Significant for Survival in Univariate Analyses

Subgroups OS (median) (month) p-value

<3 12

Age at diagnosis <0.001
>3 105
Female NA

Sex 0.014
Male 52
Classic MB 56
DNMB NA

Histopathological subtypes 0.450
MBEN 105
LC/A MB 33
WNT-activated NA
SHH-activated and TP53-mutant 33

Molecular subgroups ) ) 0.155
SHH-activated and TP53-wildtype 115
Non-WNT/Non-SHH 52
) Wildtype 35

TP53 mutation 0.553
Mutant 25
Negative 63

MYCN amplification 0.026
Positive 19
Negative 73

MYC amplification 0.059
Positive 24
Metastatic disease at the time of M- NA

) 0.011
presentation M+ 63
Gross total 47

Surgery 0.123
Subtotal 143
Average-risk 105

Pediatric risk group ) - 0.196
High-risk 73

*log-rank chi-square test. NA: Median survival cannot be calculated because =50% of cases are still alive. MB: Medulloblastoma, DNMB:
Desmoplastic/nodular medulloblastoma, MBEN: Medulloblastoma with extensive nodularity, LC/A MB: Large cell/anaplastic medulloblastoma,
SHH: Sonic-Hedgehog.
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been conducted, particularly in the past 15 years, to discover
the molecular mechanism and to determine the molecular
subgroups (6,11,20).

The use of molecular subgroups has been recommended
instead of the approach based only on histomorphological
classification. As a result of all these studies, the WHO Clas-
sification of Central Nervous System Tumors was published
in 2016 and 2021 (3,16). It was emphasized that in addition
to the four histological subtypes such as classic MB, DNMB,
MBEN, and LC/A MB, four molecular subgroups of MBs such
as WNT-activated, SHH-activated and TP53-mutant, SHH
activated and TP53-wildtype and non-WNT/non-SHH should
be defined. Non-WNT/non-SHH medulloblastomas comprise
groups 3 and groups 4 tumors (3,16).

However, in developing countries like ours, molecular meth-
ods are not available in all laboratories. For this reason, the
determination of these subgroups by immunohistochemi-
cal methods, which is a more feasible method, is useful for
patient follow-up and potential treatment modalities.

The first of the studies that proposed this alternative molecular
approach was a study by Nortcott et al, wherein the authors
analyzed 294 MB cases for their gene expression profiles and
DNA copy numbers by using an immunohistochemical panel
consisting of DKK1, SFRP1, NPR3, and KCNA1 (21). Subse-
quently, 22 MB subgroup-specific genes were defined by
next-generation sequencing (NGS) (22). However, both these
studies emphasized that molecular methods face difficulty
in getting accepted due to the related financial constraints,
especially in developing countries.

Meanwhile, a study by Ellison et al. suggested that WNT-ac-
tivated, SHH-activated, and non-WNT/non-SHH subgroups
can be practically determined with the use of a panel of immu-
nohistochemical markers (such as YAP1, GAB1, filamin A, and
-catenin) (5).

In the most comprehensive series (Ellison) using immunohis-
tochemical methods in the literature, histological classification
of MBs was reported as 72% for classic MB, 17% for desmo-
plastic MB (including DNMB and MBEN), and 10% for LC/A
MB. In the molecular classification of MBs in this study, 55%
of cases were non-WNT/non-SHH, 31% were SHH-activated,
and 14% were WNT-activated (6).

In our study, we defined the molecular subgroups of 218
cases, diagnosed as MB according to their histomorpho-
logical characteristics, using immunohistochemical markers,
YAP1, GAB1, filamin A, B-catenin, and p53. We investigated
MYCN and MYC amplification in all cases by using the FISH
method. Finally we analyzed the impact of all findings on the
overall survival.

However, the major shortcoming of our study is that we do not
have sufficient technical capabilities to confirm the molecular
subgroups with methylation profiles, cytogenetic studies, or
next-generation sequencing. Nevertheless, both the distri-
bution rates and prognostic data of molecular subgroups
obtained by the immunohistochemical panel were found to be
consistent with the literature reports.
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The histological subtypes of MB are the most crucial factor
contributing to prognosis (18). Desmoplastic MBs (DNMB and
MBEN) have the best prognosis, followed by classic MB and
LC/A MB, respectively (18). According to the impact of molec-
ular subgroups on prognosis, WNT-activated tumors have a
good prognosis, SHH-activated and group 4 tumors have a
moderate prognosis, and group 3 tumors have a poor prog-
nosis (4-7,11,28). Moreover, by histological subtype, DNMB
and MBEN showed a good, classic MB showed a moderate,
and LC/A MB showed the worst prognosis in our series. In the
prognostic analysis of molecular subgroups, WNT-activated
tumors had a good prognosis, SHH-activated and TP53-wild-
type tumors had a moderate prognosis, while SHH-activated
and TP53-mutant tumors and non-WNT/non-SHH tumors had
a poor prognosis.

WNT-activated tumors mostly exhibited classic morphol-
ogy, and to a lesser extent, LC/A morphology. Conversely,
non-WNT/non-SHH tumors displayed classic or LC/A
morphology. All DNMB and MBEN are SHH-activated tumors.
SHH-activated tumors displayed classic and LC/A morphol-
ogy, except for desmoplastic MBs. Because of their prog-
nostic aspect, SHH-activated tumors are screened for TP53
mutation, and remarkably, LC/A morphology is dominant
in the TP53-mutant group (6,16,20). Consistent with the
literature, in our series, we found that all DNMB and MBEN
were observed in the SHH-activated subgroup. Most of the
classic MBs (68.9%) belonged to the non-WNT/non-SHH
tumors category. LC/A MBs were observed to be the most
frequent (35.7%) among the SHH-activated and TP53-mutant
subgroups.

As per the literature, WNT-activated tumors, group 3 tumors,
and to a lesser extent SHH-activated tumors show MYC
amplification, while SHH-activated tumors show MYCN
amplification. MYCN and MYC amplifications were recorded
to be rare in group 4 tumors. Regardless of the histological
subtypes and molecular subgroups, MYCN and MYC ampli-
fications have been associated with poor prognosis (4-6,8,11,
20,24,26). In our study, MYCN amplification was observed in
non-WNT/non-SHH tumors and SHH-activated tumors, but
not in WNT-activated tumors. Alternatively, MYC amplification
was observed to varying degrees in all molecular subgroups,
and it was significantly common in non-WNT/non-SHH
tumors. As in our study, MYC amplification in SHH-activated
tumors has also been reported in the literature, although to a
lesser extent than in group 3 and WNT-activated tumors (6,
25). MYCN and MYC amplifications are also mutually exclu-
sive, as described in the literature (23).

Although a relatively compatible graph with the literature was
drawn, no statistically significant result could be obtained
when the overall survival analyses of the molecular subgroups
were considered in our study owing to the proportional lack
of patients with clinical follow-up. However, contrary to
expectations (4-7,11,28), patients with non-WNT/non-SHH
tumors showed longer median survival than SHH-activated
and TP53-mutant tumors. Detailed examination of the impact
of molecular subgroups on prognosis revealed that age is
also an important factor in this aspect. While SHH-activated



tumors showed a better prognosis in infants, the literature
reports that they can be worse in children and adults (13,26).
Therefore, the prognosis of non-WNT/non-SHH tumors varies
with the age of the patient.

B CONCLUSION

Among the general prognostic data of our study, age <3 years,
male gender, the presence of MYCN amplification, and meta-
static disease at the time of presentation stood out as poor
prognostic factors, while MBEN emerged as a good prognos-
tic factor.

It is difficult to establish molecular methods in develop-
ing countries, therefore it is critical to determine molecular
subgroups by immunohistochemical methods. Histopatho-
logical subtypes and molecular subgroups and prognostic
MYCN, MYC ampilification and TP53 mutation status should
be reported in pathology reports whenever possible. In addi-
tion to the integrated diagnosis, the indication of risk classifi-
cation based on age, metastatic disease at the time of presen-
tation, and the presence of residual postoperative tumor are
valuable in providing concrete prognostic information for
clinic application.
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