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Abstract

Medulloblastoma is the most prevalent malignant brain tumor in children, accounting for roughly 15% to 20% of all malignancies of the Central Nervous System (CNS), 
for 40% of childhood, tumors are in the posterior fossa. Medulloblastoma is a heterogeneous combination of several subgroups with discrete characteristics, rather than 
a homogeneous illness. Genomic profi ling of medulloblastomas revealed that the medulloblastoma may be further divided into four separate molecular subgroups. In this 
review, we aim to focus on the current state of understanding of the molecularity of the disease with a focus on genomic events that defi ne the aforementioned subgroups 
and an overview of the molecular subtype of medulloblastoma upon discussing the following points (i) introduction to medulloblastoma and basic classifi cation of the 
molecular subtype of medulloblastoma followed by their prevalence, age and gender discrimination, and specifi c molecular characterization. (ii) specifi c MRI features of 
the locality of a molecular subtype of medulloblastoma (iii) fi nally MRI distinguishable features for the identifi cation of the specifi c molecular type. This review will enhance 
your knowledge regarding the subtype of medulloblastoma and the role of MRI in the identifi cation of these subtypes. 
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Introduction

Among pediatric brain tumors, Medulloblastoma is the 
most common malignant brain tumor accounting for about 
15% to 20% of all Central Nervous System (CNS) malignancies 
[1]. Although with an overall increase of survival in the last 
two decades about 30%, many patients still die from this 
disease [2]. Medulloblastoma should not be viewed as a single 
disease but as a heterogeneous mixture of various subgroups 
of distinct features. Based on their genomic profi le the four 
distinct subgroups have been identifi ed; Wingless (WNT), 
Hedgehog (SHH), Group 3 and group 4 [3,4]. In the subgroup 
WNT and SHH, the groups are named after their specifi c 
signal pathway involves that play an important role in the 
pathogenesis of that group [5]. Each of these subgroups has 
distinct and specifi c survival and genetic variation [6]. Due 
to a better correlation between the clinical outcome and the 
histological features, the World Health Organization (WHO) 
classifi ed medulloblastoma into four distinct variants that are 

classic, desmoplastic/nodular (D/N), Extensive nodular (MBEN) 
type, anaplastic and large cell and the latter often coexisting 
in the large cell/anaplastic (LC/A) variant [7]. Furthermore, 
the latest research from the medulloblastoma subjects has 
unveiled the presence of intertumoral heterogeneity with 
the existing four medulloblastoma subgroups, delineating 
the presence of 12 subtypes based on DNA methylation and 
gene expression, However, the extent of heterogeneity and 
overlap remains uncertain. This newly discovered variability 
among medulloblastoma subgroups may explain previously 
unexplained variation [8]. 

In the diagnosis, surgical guiding, and follow-up of patients 
with medulloblastoma, magnetic resonance imaging (MRI) 
plays a critical role. All patients with a brain tumor undergo 
an MRI [9]. Although a nonenzymatic multiplexed test for 
subgroup prediction is already in use [10], it could be useful 
and less expensive to improve the potential information that 
can be gleaned from a regular check-in of these patients. Prior 
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research has revealed that medulloblastomas can have a wide 
range of imaging characteristics, and that specifi c phenotypic 
radiologic traits can indicate tumor histology and biology 
[11-14]. These fi ndings suggest that MRI could be a useful 
method for detecting medulloblastoma subtypes early [15]. 
Early subgroup identifi cation may be useful in the planning 
of surgical resection, radiation, and chemotherapy-targeted 
treatments in the future. Thompson and colleagues looked 
at the predictive usefulness of resection extent in different 
subgroups [16]. After considering the molecular subgroup, the 
effect of increasing resection extent is considerably decreased, 
according to their fi ndings.

In this review, we aim to focus on the current state of 
understanding of the molecularity of the disease with a focus 
on genomic events that defi ne the aforementioned subgroups 
and an overview of the molecular subtype of medulloblastoma 
upon discussing the following points (i) highlight the subtypes 
of medulloblastoma and their distinct features, (ii) highlight 
the occurrence and prevalence of various subgroups, (iii) 
analyze the MRI features that help to predict the molecular 
subgroups of medulloblastoma. 

Molecular classifi cation of medulloblastoma

Up To Date classifi cation of medulloblastoma is based 
primarily on morphology and includes variants such as 
desmoplastic/ nodular, MBEN, classic medulloblastoma, 
large cell, and anaplastic medulloblastoma. In the setting of 
a single experiment with the development of the ability to 
monitor transcription across the genome, various sub-groups 
are identifi ed based on differences in the transcriptome [17]. 
The fact is that the number of subgroups of medulloblastoma 
among a cohort of medulloblastoma is largely dependent upon 
the number of individual tumors within a given cohort. With 
a larger cohort, an additional level of hierarchical complexity 
is identifi ed [18]. Based on now-published literature and 
some unpublished data presented at a consensus conference 
in Boston. Massachusetts, members from various laboratories 
agreed on this that there are four principal transcriptional 
subgroups of medulloblastoma each of which has many 
subsequent structures that will be designated the sub-type of 
subgroup [3]. The true number of subgroups is still unknown. 

The four principal subgroups of medulloblastoma are named 
as follows, (i) Wingless (WNT), (ii) SHH (Sonic Hedgehog), 
both of which were named for the signaling pathways that play 
a key role in the pathogenesis of that subgroup. (iii) Group 3 
and (iv) Group 4. 

Incidence and molecular characterization of medullo-
blastoma subgroup 

Among the four subtypes of medulloblastoma the least 
common subtype is Wingless (WNT) accounts for about 10% 
to 11% of all medulloblastomas [19]. Overall medulloblastoma 
is more common in males however the sex ratio for the WNT 
medulloblastoma is about 1:1 (male: female) and may occur in 
all ages [3]. The peak incidence is usually shown at the age of 10 
- 12 years and is very rare in infants [3]. From the Paul Gibson, 
et al. mouse model of Wnt medulloblastoma, it is suggested that 

The origin of Wnt medulloblastoma is from the lower rhombic 
lip (LRL) of the cerebellum and embryonic dorsal brainstem 
than in the upper rhombic lip (URL) [20]. The overall survival 
(OS) in a patient with the WNT subtype had better overall 
survival (p = 0.028) than others in China as reported by Zhen-
Yu Zhang, et al. [21]. The most common histology is classic 
histology, with uncommon occurrences of LC/A variation and 
metastatic spread [22]. The somatic activating mutations 
in exon 3 of -catenin (CTNNB1), seen in 85 percent of WNT 
medulloblastoma and prognostic of a positive prognosis, are 
the signature alteration in WNT malignancies [23]. However, 
the biological effects of Wnt/-catenin signaling activation, as 
well as the link to a better prognosis, are still unknown [24]. 

The Sonic hedgehog subgroup (SHH) is named after the 
Sonic hedgehog signaling pathway. Subgroup SHH represents 
28% - 30% of all medulloblastomas more common in infants 
(0 - 3 years) and adults (> 16 years) with much less frequent 
in children (3 - 16 years) [3], with a slight predominance 
in males among infants [25]. These individuals have an 
intermediate prognosis, with 5 - year survival rates ranging 
from 60% to 80%, however, mutations in the MYCN or TP53 
oncogenes make the prognosis worse [18]. Postoperative 
primary radiation therapy was found as a strong prognostic 
factor infl uencing the survival in all subtypes including SHH (p 
= 0.049) in China [21]. Patients with Gorlin syndrome who have 
a PTCH1 germline mutation are more likely to develop basal 
cell carcinoma and medulloblastoma, particularly MBEN [26]. 
Patients with Fanconi anemia have been observed to have an 
unusual presentation of SHH subgroup medulloblastomas [27]. 

The Subgroup Group 3 tumors are mostly classic 
medulloblastoma, accounting for 25% to 28% of all 
medulloblastomas but the patients in Group 3 subgroup have 
the worst survival and highest rate of metastatic dissemination 
[28]. Medulloblastomas with a large cell/anaplastic morphology 
and overexpression of the cellular c-MYC gene are extremely 
aggressive and have a bad prognosis. This so-called MYC-
subgroup differs from other types of medulloblastoma in terms 
of histology, gene expression profi le, and clinical behavior 
[29]. Despite these Group 3 medulloblastoma are very rare 
in adults with a male-to-female ratio of 2 ratios 1 [22]. The 
tumor genome is signifi cantly unbalanced, with a high number 
of wide changes such as the gain of chromosome 7 and iso-
chromosome 17q and the primary histology is classic or LC/A. 
There have also been reports of links to neurocutaneous 
syndromes such as tuberous sclerosis complex [30].

The most common subgroup among all the medulloblastoma 
subgroups is Group 4 which accounts for about 34% to 35% 
[19]. This group has a rare incidence in infants and peaks in 
10 years-old children with a high prevalence in males with 
a 3 ratio 1. They can have LC/A or classic histology [22]. The 
prognosis for Group 4 medulloblastomas is moderate, with a 
high probability of metastasis and relapse: In contrast to the 
SHH subgroup, MYCN amplifi cation is not linked to the poorest 
outcome [31].

MRI features for the histologic subtype of medullo-
blastoma 

The fi rst important and key step in the qualitative 
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evaluation of tumor and extension for medulloblastoma 
differential diagnosis with other tumors is conventional 
MRI with morphological sequence. Advanced MRI features 
such as diffusion-weighted imaging (DWI) with an apparent 
diffusion coeffi cient (ADC) map are used for this purpose. A 
recent study by Yeom, et al. demonstrated the use of ADC and 
other MRI-specifi c features having distinguishability among 
medulloblastoma subtype and their correct diagnosis and 
prognosis [9]. Many studies demonstrate that medulloblastoma 
presents heterogeneous imaging features including comprising 
site and enhancement characteristics [9].

WNT medulloblastoma 

A recent single study of 143 Children by Patay Z, et al. 
affected by medulloblastoma focused on 16 WNT tumors aims 
to highlight specifi c Wnt-subtype MRI features, correlated with 
its embryologic origin [32]. WNT tumors appear to form an 
oblique-curved triangle centered on the foramen of Luschka, 
with one peak reaching ventrolaterally to the CP-angle cistern, 
another poster-inferno-medially to the cisterna magna, 
and a third poster-supero-medially to the fourth ventricle. 
WNT tumors are found in the midline and always invade 
the dorsal brain stem, according to previous research. The 
tumor’s epicenter was important in the evaluation, but pre-
and postoperative imaging also revealed tumor signal, cyst, 
necrosis, and hemorrhage. WNT tumors seemed to be extra-
parenchymal and adhered to the surface of the brain stem and/
or cerebellum in the majority of cases. Some of the structures 
invaded were the dentate nucleus, superior and middle 
cerebellar peduncles, lateral brain stem, an inferno-medial 
section of the cerebellar hemisphere, and the fl oor of the fourth 
ventricle as suggested by the other studies [20,32]. Another 
study by Perrault, et al. about the analysis of distinctive MRI 
features to predict subtypes of medulloblastoma. According 
to their model tumor location was a key feature predictive 
of molecular subtype [15] but should not be generalized to 
the medulloblastoma subtype as demonstrated by Wan-Yee 
Teo, et al. study [33]. The distinct MRI feature that supports 
the presence of a WNT tumor is an oblique-curved triangle 
centered on the foramen of Luscha, tumor location, mostly one 
peak reaching ventrolaterally to the CP-angle cistern, another 
poster-inferno-medially to the cisterna magna, and a third 
poster-supero-medially to the fourth ventricle. The important 
locations for WNT were the cuneate nucleus 

Sonic Hedgehog (SHH)

According to Perreault, et al. study, SHH most commonly 
involved the cerebellar hemispheres (54 percent) [15] and 
the preferential localization of SHH medulloblastomas in 
the cerebellar hemispheres, following the higher frequency 
of D/N medulloblastomas involvement in this site, appears 
to be justifi ed by SHH tumor origins [32] whereas cochlear 
nucleus onset of SHH medulloblastomas in younger patients 
is not supported by a different SHH tumor location between 
infants and older patients [20,34]. A recent research looked at 
a sample of 71 medulloblastoma patients to see if there was a 
link between genetic groupings and location [35]. In the Wefers 
K, et al. study an important observation was that among all the 

subgroups including some tumors that were extracerebellar 
(37.5% WNT, 9.5% SHH, 13.3% Group 3, 22.2% Group 4), 
only SHH medulloblastoma presented tumors that were only 
intracerebellar (52.4%) [35]. 

As previously stated, just about half of SHH tumors 
(48%) had contact with the brain stem or an intraventricular 
growth (19 percent). All other subgroups had this contact at 
all times: the important locations for WNT were the cuneate 
nucleus and the cuneate and cochlear nuclei for Group 3 and 
Group 4, respectively. Infi ltration of the fourth ventricle was 
seen in practically every case (87.5 percent WNT, 100 percent 
Group 3, and Group 4) [36]. The prominent proliferation in 
the rostral cerebellar hemisphere region of SHH tumors led 
to the notion that granule cells in this location may be more 
prone to oncogenic changes, which was supported by prior 
research. This research also looked at the changes in SHH type 
between different age groups, describing a normal two-peak 
age distribution. According to research, the majority of SHH 
medulloblastomas develop in newborns (38.1 percent) or young 
adults (16 years; 47.6%), whereas few SHH tumors arise in 
children (> 3 to 16 years; 14.3%) [37] Wefers, et al. also describe 
two unique SHH medulloblastoma age entities, in which 
differences in location between pediatric–adult and baby SHH 
medulloblastomas represent different gene expression patterns 
and, as a result, discrete cells of origin [25,36]. The distinctive 
feature of SHH is most of the time about 52% is intracerebellar, 
had contact with the brain stem, or an intraventricular growth. 

Group 3 and Group 4

Among other molecular subtypes of medulloblastoma, 
Group 3 tumors have worse survival independent of the 
metastatic stage [4,38]. With respect to the Group 3 and 
Group 4 medulloblastoma subtype correlation and location, 
it is mentioned that the origin of molecular medulloblastoma 
subgroup 3 and Group 4 had a 73% and 70% respectively, 
vermian localization [35] with the relationship between the 
molecular subtype of medulloblastoma and brain stem, there is 
always a correlation between them or with an intraventricular 
expansion contact and fourth ventricle infi ltration for Group 
3 and Group 4, the cuneate nucleus and the cochlear nucleus 
were contacted [36]. The important distinguishable observation 
between Group 3 and Group 4 medulloblastoma is that 
Group 4 is characteristically non-enhancing in the midline/
fourth ventricle site tumors [15]. The clinical signifi cance of 
determining the nature of the barrier between Groups 3 and 4 is 
that results differ, particularly in the case of upfront metastatic 
spread [16]. 

Finally, more sophisticated sequences might be employed 
to look for molecular medulloblastoma subgroup associations. 
In Group 3 medulloblastoma, recent research looked at the 
function of angiogenesis to fi nd clinically useful biomarkers 
of tumor vascularity and survival. The researchers used a 7 
T magnet to scan Group 3 xenografts implanted in nude rats 
using dynamic susceptibility-weighted perfusion (DSC) and 
susceptibility-weighted imaging (SWI) [39]. Vessel density 
and VEGFA rat protein expression were linked with imaging 
parameters. VEGFA mRNA expression was shown to be 
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considerably higher in Group 3 medulloblastoma, according to 
the researchers. VEGFA mRNA expression was shown to have a 
substantial impact on overall survival in this cohort, with low 
VEGFA values connected with a survival advantage and high 
VEGFA values correlated with a survival disadvantage. DSC 
MRI readings were shown to be strongly linked to vascularity 
and survival. A signifi cant biomarker for survival was SW MRI 
with ferumoxytol. The authors concluded that DSC MRI and 
SWI were clinically useful indicators for tumor vascularity and 
overall survival in patients with Group 3 medulloblastoma and 
might be used to guide the use of intervascular treatments. 
The important location for Group 3 and Group 4 is the cuneate 
and cochlear nuclei respectively from where the presence of 
Medulloblastoma subgroups 3 and 4 can be predicted. 

Conclusion

The main features of this review can be summarized as 
follow. (i) The number of medulloblastoma subgroups within a 
cohort is mostly determined by the number of individual tumors 
within that cohort. With a bigger cohort, there is a higher 
level of hierarchical complexity. (ii) the true classifi cation 
of medulloblastoma up to date is classifi ed into 4 molecular 
subgroups (WN, SHH Group 3 and Group 4). (iii) among the 
4 subtypes of medulloblastoma, Group 3 has worse survival 
irrespective of metastatic stage. (iv) specifi c MRI features such 
as the shape of the tumor, tumor location, and enhancement 
pattern are important and well-established tools to distinguish 
between the different molecular subtypes of medulloblastoma. 
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