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Abstract

Purpose Medulloblastoma is one of the most common malignant brain tumors in the pediatric population. Recent studies
identified four distinct medulloblastoma subgroups with different molecular alterations and pathways, and natural courses
and outcomes. To evaluate the results of surgical and medical treatments of patients with medulloblastoma and compare
them among the medulloblastoma subgroups.

Methods The clinical and radiological features, medical and surgical management and treatment outcomes and their cor-
relation with molecular subgroups of 58 patients treated for medulloblastoma in the last 20 years were evaluated.

Results Fifty-eight patients, of whom 35 were male and 23 were female, were evaluated. The median age was 6 years (range,
1-19 years). The most common symptoms were nausea and vomiting (60%). Forty-three percent of the patients had headache
and 40% had ataxia. Previous pathology reports revealed that 43 (74%), eight (14%), five (8%), and two (3%) had classic,
desmoplastic, desmoplastic/nodular, and anaplastic morphologies, respectively. After the subgroup analyses, five patients
(12%) were attributed to the wingless subgroup (WNT) group; 14 (32.5%), to the sonic hedgehog subgroup (SHH) group;
and 24 (56%), to the non-WNT non-SHH group. On the basis of immunohistochemical analysis results, 15 patients could not
be attributed to any subgroups. The clinical risk groups (average vs high-risk) and age at diagnosis (>3 years vs < 3 years of
age) were significant for 5-year event free survival (86% vs 43%, p:0.011 and 59% vs 36%, p:0.039). There was no significant
difference in survival or event free survival according to molecular subtypes in this cohort.

Conclusion In corporation of molecular features to the clinicopathologic classification leads to risk-adapted treatment.
Although the molecular subgroups did not affect outcome significantly in this study, more studies with larger numbers of
patients are needed to understand the tumor pathophysiology of medulloblastoma and design the future medical practice.
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Introduction

Medulloblastoma is one of the most common childhood
malignant brain tumors, with an incidence of 0.74 per
100,000 population [27]. Most cases are found in the pos-
5 Duygu Délen terior fossa; 30% can occur with spinal and leptomeningeal

dolenduygu@gmail.com disseminations [8]. Ten to 25% of the patients are adults
[40]. The standard treatment modalities are surgery, chem-
otherapy, and radiotherapy. Until recently, treatment was
assigned according to risk stratification which included the
residual tumor postoperatively (> 1.5 cm?), cerebrospinal
fluid cytology and spinal axis metastasis.
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nodular. In 2016, this classification system was upgraded,
and the molecular properties of tumors were added in the
diagnostic criteria. Studies have shown four medulloblas-
toma subgroups, namely the wingless (WNT) subgroup,
sonic hedgehog (SHH) subgroup, group 3, and group 4, with
different histological and molecular properties, and natural
courses and outcomes [43].

In 2014, the International Medulloblastoma Work Group
added genetic studies in the diagnostic algorithm of medullo-
blastomas. However, as laboratory studies are time-consuming
and expensive and the results of genetic studies using formalin-
fixed paraffin-embedded tissues are not reliable, these studies
are not integrated into routine practice. Recently, immunohis-
tochemistry and fluorescence in situ hybridization (FISH) stud-
ies have been used to identify these subgroups [16]. Further
investigations suggest that these subgroups can be divided
into more detailed subtypes according to genomic analyses
[5, 38]. However, due to financial constraints, limited time and
manpower, these studies are not routinely done in many cent-
ers, especially in low and middle income countries (LMIC),
including our center.

Here, we present a series of 58 pediatric patients with
medulloblastomas, their demographic characteristics, patho-
logical features, clinical and molecular risk groups and out-
come. We aimed to correlate the clinical group and molecu-
lar groups.

Materials and methods

A retrospective analysis of patients with medulloblastoma
treated in the Department of Neurosurgery, Istanbul Medical
Faculty, Istanbul University and Oncology Institute, Divi-
sions of Pediatric Hematology- Oncology and Division of
Radiation Oncology, Istanbul University between 1997 and
2017 was performed. The patient’s clinical features, radio-
logical imaging studies, and postoperative medical treat-
ments were evaluated. Follow-up data were collected from
inpatient and outpatient clinic files, and the patients and their
relatives were contacted if available. All the patients were
indicated to undergo maximal tumor resection and postop-
erative magnetic resonance imaging (MRI) within 24 h from
surgery for investigating the extent of resection. Gross total
resection (GTR) was defined as no residual tumor postop-
eratively. Patients with residual tumor of > 1.5 cm? in size on
postoperative imagings were considered high risk. Routine
histopathological analysis included examination for local
leptomeningeal invasion (LLMI) [3].

Postoperative cranial MRI scan with and without con-
trast was performed preferably within 24 h post-surgery. All
patients had a spinal axis MRI with contrast and cerebrospi-
nal fluid (CSF) cytology for risk stratification. Spinal MRI
with and without contrast was done either preoperatively or
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within 28 days of surgery if done postoperatively. Lumbar
CSF cytology was obtained > 14 days postoperatively to rule
out surgically induced false positives.

All patients were scheduled to receive postoperative
craniospinal radiotherapy (CSRT) followed by chemo-
therapy. Patients with CNS metastasis (intracranial, spinal
metastasis or CSF positivity) or residual tumor of > 1.5 cm?
in size on postoperative imaging were considered high risk
and received CSRT to doses of 36 Gy with a boost to the
posterior fossa for a cumulative dose of 54-55.8 Gy. Patients
with local leptomeningeal invasion in our institution were
also treated as metastatic (M1 +) tumors [3].

Other patients were considered average risk and received
23.4 Gy CSRT with a boost to the posterior fossa or tumor
bed for cumulative boost of 54 Gy. Vincristine 1.5 mg/m?
was given once per week concomitantly during CSRT.

Following radiation and a 6-week rest period, patients
received adjuvant (maintenance) chemotherapy. Adjuvant
chemotherapy regimens used over the years were: eight in
one chemotherapy during 1990-1996; vincristine (VCR),
cyclophosphamide, CCNU during 1997-2008; from 2008
to date cisplatin (CDDP), vincristine and cyclophospha-
mide (modified from COG 99,701, Regimen B) for high
risk patients in 28-day cycles for a total of 6 cycles; CCNU,
CDDP, VCR (modified from CCG A9961) for low risk
patients in 42- day cycles for 8 cycles. [2].

Radiotherapy was postponed to after 3 years of age. In
patients younger than 3 years of age; the patients received
conventional chemotherapy modified according to age and
weight. None of the patients younger than 3 years of age
in this study received high dose chemotherapy followed by
autologous stem cell transplantation (HDC + ASCT). How-
ever, HDC 4+ ASCT is being used recently as the facility
became available more widely.

The patients’ paraffin blocks were deparaffinized and
rehydrated using xylene. On the next day, citrate buffer
was used for pretreatment. Tissue sections were blocked
for 10 min with a hydrogen peroxidase solution and then
incubated with primary antibody solutions by following
the manufacturer-recommended steps for each stain. Light
microscopy was used to evaluate the staining patterns of the
sections. The patients were subgrouped on the basis of previ-
ous consensus reports detailing the staining features of each
group. The staining patterns are summarized in Table 1.

Table 1 Immunohistochemical staining patterns in the subgroups

Immunohistochemical stain

Subgroup YAP-1 GAB-1 p-Catenin

WNT + - + (nuclear and cytoplasmic)
SHH + + + (cytoplasmic)

Non-WNT non-SHH - - + (cytoplasmic)
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p353 protein overexpression was assessed immunohisto-
chemically by using p53 monoclonal antibody (DO-7, Dako,
Denmark). The percentage of p53 positive tumor cells was
estimated in the SHH subgroup by counting the number of
immunoreactive cells. Cases with more than 5% immuno-
positive tumor cells were scored as positive.

N-myc was assessed with the FISH technique. In each
case, hematoxylin—eosin slides were reevaluated, the tumor
areas were selected and 4 um thick sections were obtained
from the paraffin embedded tumor blocks. Two-color inter-
phase FISH was performed using a target probe for MYCN
(Vysis LSI N-MYC (2p24) Spectrum Green/CEP 2 Spec-
trum Orange Probe). Signals were scored in at least 100
non-overlapping, intact nuclei.

The immunohistochemistry for p-catenin, YAP-1 and
GAB-1and FISH for N-myc were provided by a grant (Sci-
entific Research Projects Coordination Unit of Istanbul Uni-
versity. Project number: 34871).

The survival analyses were performed by the Statisti-
cal Package for Social Sciences (SPSS) version 13.0. The
Kaplan—Meier analysis was used for evaluation of survival
rates, the log-rank test was used for comparing survival
among the groups. Overall survival (OS) was estimated as
the time interval from the date of diagnosis to the date of
death from any cause or time of latest follow-up. Event-free
survival (EFS) was defined as the relapsed time between the
date of diagnosis and the date of first relapse, progression or
death from any cause.

Results

Of the 58 patients, 35 (60%) were male and 23 (40%) were
female. The median age was 6 years (range, 8—19 years), and
11 patients (19%) were aged <3 years. The most common
symptom during admission was nausea and vomiting (35/58,
60%). Most of the patients had headache (25/58, 43%) and
ataxia (22/58, 40%). The patients’ characteristics are sum-
marized in Table 2.

The neurological examination results of 15 patients were
normal. The examination results of nine patients improved
postoperatively. Among the patients, two had papilledema,
one had upward gaze palsy, three had various degrees of
cognitive decline and three had cerebellar signs, all of which
resolved postoperatively. Eight patients were neurologically
worse after surgery. Two patients had a previously nonex-
istent dysmetria, two had CN VII palsy, and one had CN
VI palsy. Two patients developed cerebellar mutism, which
resolved months after surgery. One patient had a cognitive
decline. One patient with recurrent and metastatic lesions
only 1 week after surgery died thereafter. The remaining
patients were neurologically stable postoperatively (40/58,
69%).

Thirty-one patients had hydrocephalus at the initial
admission (31/58, 53%). Eighteen patients were shunt-
dependent after tumor resection (18/31, 58%). Among the
hydrocephalic patients, four were attributed to the WNT
group, nine to the SHH group, and ten to the non-WNT
non-SHH group. Eight of the 31 patients could not be clas-
sified. The hydrocephalus rates showed no statistically
significant differences between the subgroups (p=0.332).
Among these 18 patients 14 had metastatic disease of any
kind, which may be the reason why temporary solutions
such as external ventricular drainages didn’t work and fur-
ther shunting operations had to be done in these patients.
The presence of hydrocephalus did not have an effect on
mortality (p=0.144).

Forty-two patients (72%) had metastatic disease accord-
ing to spinal MRI, histopathology and cytology. Among
these patients 21 (50%) showed atypical cells in cytologi-
cal studies, 22 (52%) had metastatic lesions in spinal MRI
and 28 patients (67%) were found to have LLMI in histo-
pathological examination. Of the 28 with LMMI, 17 had
also metastatic disease either in the CSF cytology or spinal
axis MRI. Detailed data can be found in Table 3.

GTR was achieved in 44 patients (76%). Thirteen
patients (22%) underwent a subtotal resection (STR). Only
one patient underwent surgery only for tissue sampling;
the patient who had a diffuse lesion all over the cerebel-
lum and was admitted to the emergency department in a
pre-exitus state due to tonsillar herniation. After an urgent
external ventricular drain insertion, an emergent posterior
fossa decompression was performed, and a biopsy sample
was taken from the cerebellar tissue, which was later found
to be a medulloblastoma. Out of 13 patients who under-
went STR, two patients were reoperated aiming GTR in
early postoperative period. However, due to patients’ mor-
bidities or surgically challenging localization of residual
tumor, 11 patients didn’t receive further resection.

After immunohistochemical staining, 43 patients could
be assigned to various subgroups as follows: five in the
WNT group (5/43, 12%), 14 in the SHH group (32.5%),
and 24 in the non-WNT non-SHH group (56%). We could
not determine the subgroup in 15 patients owing to techni-
cal issues. The demographic characteristics of each group
are summarized in Table 4. The immunostaining results
for all the patients are shown in Fig. 1.

Radiogenomics of the patients was also assessed in
order to find a relationship between tumor localization
and subgroup. Four patients (%80) out of five WNT sub-
group patients had tumors that are were localized in 4"
ventricle with either uni- or bilateral lateral recess exten-
sion. SHH subgroup patients had ten midline tumors and
only four patients had hemispheric tumor. Mean age of
these patients are 6 (4—14). Non- WNT non-SHH subgroup
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Table 2 Patient characteristics (M: male, F: female, N/V: nausea and vomiting, H/A: headache, GTR: gross total resection, STR: subtotal resec-

tion)
Characteristic Property # of patients % of patients
Age, years <3 11 19%
>3 47 81%
Sex M 35 60%
F 23 40%
Symptoms N/V 35 60%
H/A 25 43%
Ataxia 22 40%
Cerebellar signs 14 24%
Cognitive decline 13.7%
Motor deficits 8.6%
Dysarthria 1.7%
Hydrocephalus + 31 53%
- 27 47%
Location Hemispheric 9 15.5%
Midline / Vermian 41 71%
Extension to lateral recess 8 14%
Leptomeningeal spread + Cytology 21 36%
Spinal axis (MRI) 22 38%
LLMI 28 48%
- 16 28%
Extent of resection GTR 44 76%
STR 13 22%
Biopsy 1 2%
Histomorphology Classic 43 74%
Desmoplastic 8 14%
Desmoplastic/nodular 5 9%
Anaplastic 2 3%
Immunohistochemical staining YAP-1 16 -
GAB-1 4 -
f-catenin 28 -
Subgroup WNT 5 9%
SHH 14 24%
Non-WNT non-SHH 24 41%
Undetermined 15 -

mostly had midline tumors (21, 87.5%). Radiogenomic
characteristics of the patients are summarized in Table 5.

The median follow-up period of all patients was 6.7 years
(1 month to 13 years).

Table 3 Metastatic disease among various subgroups

Total WNT SHH Non-WNT Not determined

number non-SHH
Cytology 21 2 2 9 8
Spinal axis 22 2 8
LMMI 28 3 4 13 8

@ Springer

Survival analyses were performed to investigate the
impact of clinical and molecular characteristics on progno-
sis. The 5-year overall survival (OS) and event-free survival
(EFS) of the 58 patients were 72% and 54.8 %respectively. Of
the 58 patients 25 recurred at a median time of 26 months
(1-158 months).

Survival data of 58 patients were evaluated according to
clinical risk classification. Sixteen patients (28%) received
average risk regimens, whereas 42 patients (72%) were
treated as high-risk patients. The 5-year OS and EFS of aver-
age risk patients were both 86.5%. The 5-year OS and EFS
of high-risk patients were 66.1% and 43.3% respectively. The
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Table 4 Demographic

e WNT SHH Non-WNT non-SHH
characteristics of the subgroups
Total number 5 14 24
Mean age 6 (1-17) 6 (1-14) 6 (1-16)
# % # % # %

Sex Male 1 20% 11 78% 16 67%
Female 4 80% 3 22% 8 33%

Histomorphology Classic 3 60% 6 43% 21 87.5%
Desmoplastic 1 20% 4 28.5% 1 4%
Desmoplastic/nodular 1 20% 4 285% 0 0%
Anaplastic 0 0% 0 0% 2 8%

Location Midline /vermis 0 0% 10 1% 21 87.5%
Hemispheric 1 20% 4 29% 0 0%
Lateral recess extension 4 80% O 0% 3 12.5%

Metastatic disease Cytology 2 40% 2 14% 9 37.5%
Spinal axis 2 40% 8 57% 8 33%
LMMI 3 60% 4 28.5% 13 54%
None 2 40% 5 36% 6 25%

Risk group Standard risk 2 40% 4 28.5% 17 29%
High risk 3 60% 10 71.5% 17 71%

OS (p-value:0.092) and EFS (p-value:0.011) were lower in
the high-risk group in comparison to the average risk group.

In the WNT group, one patient recurred, similarly there
was one mortality (the 5-year OS 80%; EFS: 80%). The
5-year OS and EFS in the SHH subgroup were 68.2% and
57.1% respectively. The survival data of the SHH group were
grouped according to their pS3 mutation status. Among three
of nine patients with p53 mutation, three had a recurrence

Fig. 1 Positive staining of
p-catenin, both nuclear and
cytoplasmic a; positive YAP-1
staining b; and negative GAB-1
staining c are typical in the
WNT subgroup. In the SHH WNT
subgroup, f-catenin staining is
positive only in the cytoplasm
d, whereas both YAP-1 and
GAB-1 staining are positive e
and f. The non-WNT non-SHH
subgroup is characterized by
cytoplasmic p-catenin staining

g with neither YAP-1 nor SHH
GAB-1 staining i
Non-WNT
Non-SHH

(33%) and three died (33%) (5-year OS: 64.8%; EFS:
66.7%). Among the patients who were p53 wild type, three
had a recurrence (60%) whereas one died (20%) (5-year OS:
75%, EFS: 40%) (Table 6). In non-WNT non-SHH subgroup,
seven patients died, whereas eleven patients had a recurrence
(OS: 81.6%; EFS: 51.8%). There was no statistically signifi-
cant difference among OS and EFS of subgroups (p-values:
0.810, 0.429).
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Table 5 Radiogenomic characteristics of the patients

WNT SHH Non- WNT Not determined

non-SHH
Midline/vermis 0 10 21 10
Hemispheric 1 4 0 4
Lateral recess extension 4 0 3

We investigated whether differences existed among the
different age groups. Seven of 11 patients aged < 3 years and
18 of 47 patients aged > 3 years had a recurrence (36.4% vs
59.2%, p-value =0.039). The 5-year OS for patients < 3 years
of age was lower compared to patients >3 years of age
(54.4% vs 76.2%, p-value:0.177). All patients under 3-years
of age were attributed to the high-risk group. Among 47
patients > 3 years of age, 31 patients were attributed to high-
risk, whereas 16 patients were managed as average risk
patients. 5- year OS of these high vs average risk patients
were 63.9% and 86.5% respectively (p-value:0.08). Simi-
larly, 5-year EFS of these patients were 45.7% and 86.7%
(p-value:0.22).

We also investigated the incidence of metastatic disease.
Patients with LMMI in our center were treated as CSF cytol-
ogy positive tumors. 5-year EFS of LMMI positive patients
was 55%, whereas EFS was 58% in negative group (p:0.809).
Similarly, no statistically significant difference in mortality
rates were found (LMMI (+) OS 66%; LMMI (-) OS 62.5%;
p-value: 0.980).

Discussion

Medulloblastoma is a malignant brain tumor that is predomi-
nantly common in the pediatric population [8]. Recent stud-
ies demonstrated different subgroups of medulloblastoma
with distinct clinical or molecular features. We aimed to
classify surgically treated pediatric medulloblastoma cases
in our institution into clinical and molecular subgroups and
investigate whether their clinical courses correlate with
those of the cases reported in the literature.

CNS tumors constitute 20% of all pediatric malignan-
cies treated in the Istanbul University, Oncology Institute

Table 6 Recurrence and mortality among SHH subgroup patients
according to their p53 mutation status

# Recurrence  Mortality  OS EFS
p53 mutated 9 3 3 64.8%  66.7%
p53 wildtype 5 3 1 75% 40%
p-value 0.706  0.434
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(IUOI) [17]. This study included all children with medul-
loblastoma that were operated in the Istanbul University,
Department of Neurosurgery and further treated in the IUOL.
The median age at disease onset was reported to be 8 years,
and the incidence was slightly dominant among males [11].
Similar to that reported in the literature, the median age in
our series was 6 years. The male-to-female ratio was 1.5:1
as in previous series (35 males and 23 females) [40]. In a
previous series, the most common symptoms were cognitive
decline, nausea and vomiting, headache, and ataxia. In our
series, the most common symptom was nausea and vomiting
(60%), followed by headache (43%) and ataxia (40%). How-
ever, in our series, cognitive decline was not as common as
previously reported (13%) [28]. As in the literature, classic
morphology was the most common (43, 74%) and anaplastic
morphology was the least common in our patients (2, 3%).

In developed countries, the survival for patients with
average-risk medulloblastoma treated with adjuvant radia-
tion and chemotherapy is over 80% at 5 years [15]. Results
of average risk patients in our study are in parallel with the
literature as the OS and EFS of the average risk patients
were 86.5%. In the high-risk patients using CSRT with
chemotherapy, 45-50% of patients are disease-free at
5 years. When chemotherapy dose intensity is increased with
more aggressive regimens, higher survival rates have been
reported. Amar et al., have reported 5- year EFS of 58.7%
in high risk patients older than 3 years old age [4, 15]. The
OS and EFS of the high-risk patients >3 years of age (%71
and %59) in our study are comparable with these results. In
the recent COG-high risk study, the 5-year EFS was 62.9%
and OS was 73.4% (CI 66.7%-80.1%) [20].

In our study, the EFS of high-risk patients is significantly
lower in comparison to average risk patients and the EFS in
patients < 3 years of age is lower than those >3 years old.
Although, the OS in both respective groups is numerically
lower than the compared group, it is not statistically signifi-
cant. This may be due to the extended survival time by the
use of salvage treatments (reoperations, second and further
line chemotherapies, reirradiation).

The identification of molecular features in the tumor
specimen and the incorporation of these features to the clin-
icopathologic classification has been studied aiming to be
used in risk adapted treatment. In the International phase III
trial (SJMBO03), a comprehensive clinicomolecular risk fac-
tor analysis identified three low-risk groups (WNT, low-risk
SHH, and low-risk combined groups 3 and 4) with excellent
(5-year EFS >90%) and two very high-risk groups (high-
risk SHH and high-risk combined groups 3 and 4) with
poor survival (5-year EFS <60%) [15]. In the recent, COF
high risk trial, 5-year OS differed by molecular subgroups
(p-value:0.006): WNT pathway activated; SHH pathway
activated, 53.6%; group 3, 73.7%; and group 4, 76.9%; the
addition of carboplatinum concomitant with radiotherapy
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increased the EFS significantly only in the group 3 subgroup
[20].

In our center, routine molecular studies were not per-
formed in medulloblastoma patients in the pathology depart-
ment until very recently. Thus, in this retrospective study, we
aimed to investigate the molecular features and the correla-
tion with demographic, clinical characteristics and outcome
in our cohort of medulloblastoma patients.

Though the rarest (10%), the WNT subgroup has the
best prognosis and is characterized by somatic mutations
of the CTNNBI gene [7, 19, 49]. Mortality is usually due
to therapy complications or secondary tumors [14]. In our
series, there were only five WNT patients, thus making
comparison with results in the literature is difficult. In our
WNT subgroup one had a recurrence and one died in the
5-year postoperative period. In addition, three patients had
CNS metastatic disease (cytologic, spinal axis or LMMI)
at the time of diagnosis, which is contrary to the previously
reported rates of 5-10% [43]. However, in contrast to previ-
ous studies with equal sex distribution, our study consisted
mostly of female patients (4/5). The mean age was 6 years.
With classic morphology being predominant, histomorpho-
logical studies were in accordance with the literature [21,
25]. One patient had hemispheric tumor, while four (80%)
had tumors with lateral recess extension, which were com-
parable with previous reports, since WNT subgroup tumors
are reported to locate in the midline with lateral exten-
sion in accordance with their origin [22, 29, 30]. None of
our patients had intratumoral hemorrhage preoperatively,
which is uncommon in WNT subgroup tumors. Similarly,
Keil et al. reported absence of hemorrhage in their WNT
subgroup patients however, their series are comprised of
adult patients [18]. Three of the five patients (60%) had p53
mutations. Similar to the report of Ramaswamy et al., p53
mutation in the WNT subgroup did not have any effect on
mortality and recurrence [31].

The SHH subgroup has mutations in the SHH signal-
ing pathway and mainly has a desmoplastic/nodular and
large cell morphology. This subgroup is the most common
[42] and shows immunostaining for GAB-1 [13]. The SHH
subgroup, which accounts for 30% of medulloblastomas,
consisted of 14 patients in our series. Though ranking as
second in our patient group, because we combined groups
3 and 4 into the non-WNT non-SHH group, the incidence
of this subgroup correlated with that reported in the litera-
ture. Contrary to previous reports, our study did not have
an equal sex distribution (11 males and three females). The
SHH subgroup is known to have a desmoplastic morphology
predominantly. As majority of the patients in the SHH sub-
group had a desmoplastic histology. Vast majority of patients
had midline/vermian tumor (10/14) while four had hemi-
spheric tumors. Our results are incompatible with literature
since SHH subgroup tumors are known to be prone to locate

in cerebellar hemispheres as they originate from external
granular layer of cerebellum [9]. Rate of lateral localization
in SHH subgroup tumors increases with age as was the case
within our series [10]. All four patients who had laterally
located tumors in this subgroup were older than 3 years of
age (median:6, 4—14).

p53 mutation in the SHH subgroup leads to more aggres-
sive tumor, worse prognosis [48], and drug resistance. Sev-
eral studies have been conducted to block the SHH signal-
ing pathway [23, 37]. p53 mutation not only leads to higher
mortality but also is suggested to cause less radiosensitive
tumors [47]. Rausch et al. reported that pS3-mutated SHH
subgroup tumors are more likely to have n-myc amplification
[36]. Among our patients, nine had the p53 mutant (64%),
although in the literature, the pS3-mutated SHH subgroup
constituted 20% of all cases [46]. Only three patients were
metastasis free, which is compatible with the aggressive
nature of p53 mutated SHH subgroup. One patient in the
group showed n-myc amplification, consistent with the
literature. Three patients recurred in each subgroup, p53
positivity was not found to be significant for OS and EFS.
Overall OS and EFS in SHH subgroup are 68.2% and 57%
respectively.

The pathophysiology of group 3 is through n-myc ampli-
fication, with the worst prognosis [24]. Patients in group 3
mostly have the classic morphology, and most cases with
large cell morphology, which usually metastasizes, belong to
this subgroup [35]. Though n-myc amplification can be seen
in Group 3, the major concern as a poor prognostic marker
is MYC/MYC-C amplification. However, we were not able
to search for MYC-C amplification in our cohort. This
group has high rates of leptomeningeal spread (45-50%)
[33]. Group 4 is a prototype of medulloblastomas and has
the classic morphology with moderate prognosis [1, 6, 34].
Groups 3 and 4 are generally regarded as non-WNT non-
SHH medulloblastomas, as distinguishing these subgroups
are not generally possible by immunohistochemistry [26].
Our non-WNT non-SHH subgroup consisted of 24 patients.
The mean age was found to be 6 years (1-16), and male
dominance was observed as expected (16 males and eight
females) [26]. Lesions of this subgroup usually locate in the
midline, similarly in our patient group (22/25, 88%) [45].
Dasgupta et al. reported that these tumors can be seen as
ill-defined infiltrative lesions [10]. One of our patients, who
undergone emergent posterior fossa decompression and cer-
ebellar tissue sampling without significant tumor appear-
ance, was also attributed to non-WNT non-SHH subgroup.
The most common histomorphological pattern was classic
medulloblastoma, consistent with the literature. Overall,
morphological studies revealed the anaplastic variant in two
patients, both belonging to the non-WNT non-SHH group,
as in the literature. Eberthart et al. concluded that n-myc
amplification is a poor prognostic marker mostly found in
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Table 7 Patient risk groups

Features

. Risk Group 5-Year OS
according to Ramaswamy et al.
[32, 34] Very high <50%
High 50-75%
Standard >75-90%
Low >90%

Metastatic group 3

p53-mutated SHH group

Metastatic n-myc amplified SHH group

Metastatic group 4

Localized SHH group without n-myc or p53 mutation
Group 3 without n-myc amplification

Group 4 without loss of chromosome 11

Localized WNT group

Localized group 4 with loss of chromosome 11

anaplastic variants [12]. Similarly, one of the two patients
with the anaplastic variant in our series had n-myc ampli-
fication. Although group 3 is known to have a large cell
morphology, this was not found in any of our patients. 18
patients (75%) showed various kinds of metastatic disease,
as this subgroup is known to be metastatic. Eleven patients
recurred in this subgroup while seven patients died (OS:
82%; EFS: 52%). In the recent COG-high risk trial, the OS
of the groups 3 (73.7%); and group 4 (76.9%) were higher
than the SHH pathway activated subgroup (53.6%) [20],
which was similar in our study (SHH subgroup, OS: 68.2%
EFS: 57.1%; non-WNT non-SHH subgroup, OS: 81.6%;
EFS: 51.8%).

The prognosis of patients with medulloblastoma is
determined on the basis of tumor histology, morphology,
tumor dissemination, and postoperative residual tumor vol-
ume. These criteria allow us to divide patients into stand-
ard and high-risk groups. The standard-risk group consists
of patients aged > 3 years with no metastatic disease and
residual tumor < 1.5 cm? [44]. Depending on the risk group,
different oncological treatment modalities are applied and
survival rates vary [19, 41]. However, in addition to the risk
group, molecular features of the tumor also effect the clinical
outcome. Ramaswamy et al. divided pediatric patients with
medulloblastoma into four risk groups based on their clinical
and molecular features [32, 34] (Table 7). This classification
enables physicians to prescribe more individualized multi-
modal therapies, but our knowledge is insufficient to design
case-specific treatments to reduce mortality rates. Recent
studies have shown that rapid determination of the tumor
subgroup may lead physicians to create novel personalized
treatments, but this is still not used routinely in everyday
practice [39].

However, in our patients we did not observe a difference
in OS or EFS according molecular subgroups. This may
be due to the fact that we had a high number of high-risk
patients in each molecular subgroup and they were treated
as high-risk.

In this study patients were treated per clinical stag-
ing. All radiological diagnostics, all treatment, routine
pathological evaluation is reimbursed by the government
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for all patients. The addition of the IHC for beta catenin,
YAP-1, GAB-1 and N-myc by FISH (provided by a grant
for this study) resulted in a financial load of 130 Euros
for each patient in addition to the extra work for the
limited number of technicians in the lab. These studies
could be done in private pathology labs, however, most
of the families could not afford it. The recent advances
in oncology by the addition of molecular/genetic studies
is remarkable. The relevant question is which of these
molecular studies are cost effective and indispensable
for LMICs and would lead to relevant changes in treat-
ment such as less toxic treatments in low risk groups and
aggressive treatments in high risk groups. According to
the results of this study, we cannot conclude whether,
the addition of molecular features would have changed
our treatment strategy in our patients. However, there
are limitations in this study, it is a retrospective evalu-
ation, it is a single center study, the number of patients
is limited.

Conclusion

Medulloblastoma is the most common malignant brain tumor
in childhood. Risk stratification of patients is useful for phy-
sicians to plan risk-adapted treatments. Recent studies have
classified the tumor into subgroups with distinct molecular
features and clinical outcomes. However, current practice
does not involve routine immunohistochemistry profiling of
all tumors in LMIC. This study reports the demographic,
clinical characteristics and outcome of a large cohort of con-
secutive pediatric medulloblastoma patients treated multidis-
ciplinarily in a university hospital in a middle income coun-
try which is a major referral center for neurooncology [17].
The study aims to evaluate the molecular subgrouping and
its correlation to clinical subgrouping. A clinicomolecular
risk stratification may provide less toxic treatments for low
risk and more aggressive treatments for high-risk patients.
Further studies with larger groups are needed to reveal the
cost effectiveness of the addition of molecular grouping to
clinical grouping especially for LMIC.
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