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Medulloblastoma is the most common pediatric brain tumor, comprising one-third of all pediatric brain tumors, and

originating in the posterior fossa of the brain. The disease is categorized into four subtypes: WNT, Sonic hedgehog

(SHH), Group 3, and Group 4. Each subtype has unique pathogenesis, biomarkers, prognosis, response to

therapy, and potential for further pharmacologic investigation. 
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1. Introduction

Medulloblastoma is a central nervous system (CNS) tumor of cerebellar origin that comprises approximately 1% of

all brain tumors . However, medulloblastoma is the most common malignant brain cancer in children,

accounting for 25–30% of childhood brain tumors and over 40% of posterior fossa childhood tumors . Thus,

medulloblastoma is primarily a childhood cancer, with an annual incidence of 300–350 new cases in the United

States . Most patients present before 16 years of age, with over 70% before 10, a third of which are younger than

3 years old; very few cases present under 1 year old . The median age of diagnosis in children is about 5–7

years . This age distribution highlights the current understanding of these tumors as remnants of aberrant

embryonic cerebellar cells .

2. Characteristic and Presentation

Medulloblastoma typically arises within the posterior fossa in the cerebellum or its junction with the brainstem .

Recent studies have provided great insight into how the developmental biology of these tumors predicts their

clinical behavior. For example, a recent lineage tracing study of the SHH subtype of medulloblastoma

demonstrated that these tumors arise during the post-natal period from aberrantly persistent undifferentiated neural

crest cells within the transient external germinal layer, which forms by embryonic migration of another transient

structure, the rhombic lip. These cells ultimately become mature granule neurons within the internal granular cell

layer of the cerebellum after the first year of life. These cells may not complete migration—establishing themselves

anywhere along a path from the rhombic lip, which forms a critical interface between the cerebellum and brainstem

in the embryo—into their proper position within the cerebellum. The tumor location critically affects the clinical

course of these tumors in early childhood. A relationship between molecular pathogenesis, tumor location, and

clinical behavior is seen not only in the SHH medulloblastoma subtype but also in the other medulloblastoma

subtypes .
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Typically, medulloblastoma arises within the medulla and expands the cerebellum to obstruct the fourth ventricle,

creating signs of increased intracranial pressure such as major morning headaches, nausea, vomiting, and altered

mental status. Compression of the adjacent brainstem structures and exiting cranial nerves may produce focal

neurological deficits. For example, tumors within the cerebellar vermis and hemispheres cause gait ataxia and

focal limb incoordination, respectively . If left unchecked, tumor cells may disseminate through the cerebrospinal

fluid (CSF) to the spinal canal. In rare instances, medulloblastoma may metastasize systemically to bone and bone

marrow . Tumors confined to the cerebellum have different symptoms than those metastasizing through the

CSF and bloodstream.

3. Diagnosis

Medulloblastoma should be suspected clinically in children presenting with signs and symptoms of a posterior

fossa mass, such as those listed above. Diagnosis requires brain imaging. The most accurate imaging modality is

magnetic resonance imaging (MRI). Medulloblastoma typically appears hypointense and hyperintense relative to

grey matter on T1- and T2-weighted MRI, respectively. Intravenous contrast injection produces contrast

enhancement throughout the tumor on MRI or CT . The location of the tumor on imaging reflects the

developmental pathogenesis described above. The mass usually originates in the inferior vermis, and enlarges to

compress the fourth ventricle. Depending on the molecular subgroup, the tumor may involve the cerebellar

hemispheres, the cerebellopontine angle, or it may mimic meningioma by originating in the tentorium .

Medulloblastoma may spread to the spinal canal, forming leptomeningeal “drop metastasis” on the nerve roots of

the cauda equina. Medulloblastoma may also originate in extra-axial locations . The various molecular

and histopathological subtypes of medulloblastoma have distinguishing MRI features (Figure 1) . Diffusion-

weighted imaging is characteristic of medulloblastoma compared to other posterior fossa tumors . While

radiographic imaging can hone in on the correct diagnosis, confirmation of medulloblastoma is made on

hematoxylin and eosin staining of histopathologic specimens obtained during surgical resection, which is part of the

standard treatment regimen as outlined below. Molecular techniques further subtype the medulloblastoma .

Surgical resection improves prognosis, although near-total resection (NTR) does not increase recurrent risk

compared to gross total resection (GTR). It is not recommended to achieve GTR over NTR at the cost of

neurologic deficits .
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Figure 1. 5 year old boy with non-SHH/WNT medulloblastoma. Axial (a) and sagittal (b) T1-weighted MRI scans

after intravenous contrast demonstrate a mass with cystic and solid components that enhances and extends into

the fourth ventricle. The axial diffusion-weighted image (DWI) (c) shows restricted diffusion (higher signal intensity)

within the tumor. The temporal horns of the lateral ventricles are distended, signifying obstructive hydrocephalus.

4. World Health Organization Classification and Grade

As discussed above, a panel of experts agreed at a conference held in Boston in 2010 to use molecular profiling to

subdivide medulloblastoma into four different subtypes (WNT, SHH, Group 3, and Group 4) . The molecular

subtyping was separate from the 2016 WHO classification of medulloblastoma into four histologic subtypes:

classic, desmoplastic/nodule, large cell/anaplastic, and medulloblastoma with extensive nodularity (MBEN). Most

large cell/anaplastic medulloblastoma tumors belong to the SHH, Group 3, and Group 4 molecular subtypes, while

the classic morphology was more typical of WNT tumors. Some SHH subtype tumors have desmoplastic/nodular

morphology . The updated 2021 World Health Organization (WHO) central nervous system tumor

classification combined the four histologic subtypes into a single type, “Medulloblastoma, histologically defined.”

The 2021 WHO classification further elaborated the medulloblastoma molecular subtypes: the SHH subgroup was

divided into four groups, and the Group 3 and 4 subtypes (non-SHH, non-WNT) into eight groups . These

separations enabled more precise therapeutic targeting of the different medulloblastoma subtypes by conventional

therapies and experimental therapies like gene therapy. As described below, each subtype group was defined by

tumor genotyping, immunohistochemistry, and an individual prognosis.

5. Molecular Subtyping

Molecular subtypes of medulloblastoma are characterized by unique molecular features and anatomic features, as

described in Figure 2. Subgroup-specific treatments are summarized in Table 1.
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Figure 2.  Molecular features (somatic mutations and amplifications), prognosis, and location of the

medulloblastoma subtypes (axial images adapted from Juraschka, et al., 2019 ).

Table 1. Clinical trials and therapies in development for the four pediatric medulloblastoma subtypes.

[10]

WNT Subtype

Clinical trial: Reducing doses
of craniospinal radiation and

chemotherapy

NCT01878617: A Clinical and Molecular Risk-Directed Therapy for Newly
Diagnosed Medulloblastoma

NCT02066220: International Society of Paediatric Oncology (SIOP) PNET 5
Medulloblastoma

NCT02724579: Reduced Craniospinal Radiation Therapy and Chemotherapy
in Treating Younger Patients with Newly Diagnosed WNT-Driven

Medulloblastoma

Proposed therapy: WNT
antagonists

Phoenix, et al. (2016)  reported that WNT antagonists block the formation
of a blood-brain barrier, and thereby promote chemotherapy penetration and
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5.1. WNT

The WNT-pathway-derived subtype comprises 10% of medulloblastoma cases, and generally affects children over

four years of age . These tumors arise in the cerebellar midline and may spread to the dorsal brainstem . They

have the best prognosis of the four subtypes, with nearly 100% 5-year survival and rare metastasis .

Most WNT-derived tumors have a somatic CTNNB1 mutation, encoding B-catenin, and chromosomal variations

like monosomy 6 . Due to its favorable prognosis and low-risk biological profile, several clinical trials are

investigating de-escalating treatment methods. Clinical trials NCT01878617, NCT02066220, and NCT02724579,

examining reduced doses of craniospinal radiation and chemotherapy, are expected to report their results within

the next few years . Recent studies have found that WNT medulloblastoma secretes WNT antagonists that

prevent blood-brain barrier formation. This aberrant tumor vessel phenotype permits chemotherapy to reach and

achieve high concentration within the WNT-subtype tumor, contributing to its excellent prognosis . Unlike the

SHH subtype, recurrence of WNT subtype medulloblastoma is not associated with the extent of resection and

metastatic disease . Anatomically, most relapses occur in the lateral ventricles; the remainder occur in the

leptomeninges and surgical tumor bed or, in rare cases, in the suprasellar region .

5.2. SHH

The SHH subtype is the most common medulloblastoma subtype, with an estimated 25–30% prevalence. The SHH

subtype usually occurs in children less than 5 years old . The tumors arise in the cerebellar hemispheres, and

are characterized by mutated or inactivating mutations of PTCH1 (43%) and SUFU (10%) . This subtype has an

80% overall survival in large cohort trials . A multicenter phase 2 trial from St. Jude’s (SJYC07;

NCT00602667) divided the SHH subtype into two molecular subgroups: iSHH-I and iSHH-II, based on their distinct

methylation patterns. In patients under 5 years of age not receiving radiation, intraventricular chemotherapy, or

high-dose chemotherapy, the iSHH-II group had improved progression-free survival compared to iSHH-I . The

high intratumoral drug concentrations.

SHH Subtype

Proposed therapy:
nanoparticles

Valcourt, et al. (2020)  and Caimano, et al. (2021)  reported their
development of nanoparticles that encapsulate SMO or GLI inhibitors to

improve drug delivery to this tumor subtype.

Group 3 Subtype

Proposed therapy: Ribavirin
Huq, et al. (2021)  reported therapeutic potential for ribavirin to reduce

medulloblastoma cell growth and prolong survival.

Proposed therapy: Anti-
vascularization therapy

Thompson, et al. (2017)  reported increased vascularity in Group 3 tumors
and proposed using anti-VEGFA anti-vascularization therapy to inhibit tumor

growth.

Group 4 Subtype

Proposed therapy: anti-
ERBB4-SRC receptor tyrosine

kinase

Forget, et al. (2018)  demonstrated that the combination of TP53
inactivation and aberrant signaling of the ERBB4-SRC receptor tyrosine may

induce Group 4-like tumor growth. They suggested molecular therapies to
inhibit these effects.
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prognosis of SHH subtype medulloblastoma further depends on TP53 gene status, the most critical risk factor for

SHH medulloblastoma. While SHH is generally distributed in young children, SHH/TP53 mutant tumors occur

almost exclusively in children older than 5 years, of whom 56% carry a TP53 germline mutation. The TP53

mutation confers a relatively poor prognosis, with a 41% five-year overall survival rate, compared to 81% in the

SHH subtype without the TP53 mutation. This mutation is responsible for 72% of deaths in children with the SHH

subtype . Relapse of the SHH subtype medulloblastoma generally occurs in the surgical tumor bed . The

SHH pathway’s two main molecular targets are Smoothened (SMO) receptor antagonists and GL1 transcription

factor inhibitors . Small and large molecules cannot cross the blood-brain barrier of this subtype, making it

resistant to chemotherapy, unlike WNT subtype tumors. The development of nanoparticles, which may encapsulate

SMO or GLI inhibitors, may improve drug delivery . Nanoparticle technology provides a promising new

research avenue for treating SHH subtype medulloblastoma, based on testing in in vitro and in vivo

medulloblastoma models.

5.3. Group 3

Group 3 comprises approximately one-quarter of medulloblastoma cases, affecting infants and young children.

Males predominate 2:1 to females in Group 3 . Group 3 is an aggressive medulloblastoma subtype, with over

40% of patients having metastases at diagnosis. The five-year survival rate ranges between 30% and 60% 

. Like WNT-type tumors, Group 3 tumors grow in the midline and often into the fourth ventricle. The Group 3

subtype tumor recurs almost exclusively in the leptomeninges . No therapeutic agents effectively target Group 3

medulloblastoma or reduce its high mortality. A better understanding of its underlying tumor molecular genetics and

molecular pathways will provide drug targets that can overcome its therapeutic resistance. Genotyping and

transcriptomics combined with methylation have successfully identified many biomarkers that may direct future

therapies. About 20% of Group 3 tumors have MYC oncogene amplification, which carries a poor prognosis .

Transcriptome and tissue studies have also identified follistatin-like 5 (FSTL5) immunopositivity as a poor

prognostic factor in Group 3 and Group 4 tumors . Other molecular identifiers in Group 3 include increased

expression of GFI,  IMPG2, GABRA5, EGFL11, NRL, MAB21 L2  , and MYC-driven long non-coding RNAs

(lncRNAs). These genes driving Group 3 medulloblastoma are being targeted in preclinical animal models .

Group 3 tumor growth depends on angiogenesis, as evidenced by the significant elevation of  VEGFA  mRNA

expression in this group compared to other medulloblastoma subtypes. Grade 3 tumor vascularity is also

associated with overexpression of the  RNH1, SCG2,  and  AGGF1  genes, and with lower survival rates. Anti-

vascularization therapies used in glioblastoma clinical trials may be repurposed for Group 3 medulloblastoma .

Ribavirin— antiviral medication for RSV and hepatitis C infections—may have therapeutic potential. Ribavirin

significantly prolonged survival and reduced medulloblastoma cell growth in a mouse model of Group 3

medulloblastoma .

ABC transporters are implicated in the resistance of medulloblastoma cells to radiation and chemotherapy

treatment. In Group 3 subtype mouse models, the ABCG2 transporter is overexpressed. Inhibiting this transporter

in in vivo studies enhanced the antiproliferative response to topotecan chemotherapy . ABCA8 and ABCB4
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family transporters are highly expressed in the SHH pathway-driven tumors, and confer resistance to radiation

therapy .

5.4. Group 4

The Group 4 subtype comprises approximately 35% of medulloblastoma, and occurs in children of all ages

(median age, 9 years). There is a 3:1 predominance of males to females in this group. Group 4 medulloblastoma is

the least understood medulloblastoma subtype. The Group 4 and 3 subtypes share many features. Like the Group

3 subtype, Group 4 medulloblastoma occurs in the midline vermis, and an underlying molecular pathway does not

yet explain its pathogenesis. However, the two non-WNT, non-SHH medulloblastoma subtypes

have  MYC  and  OTX2  amplifications . About 6–9% of Group 4 tumors are associated with molecular targets

(KDM6A,  ZMYM3,  KTM2C, and  KBTBD4) . In preclinical mouse models, aberrant signaling of ERBB4-SRC

receptor tyrosine kinase and  TP53  inactivation may induce a tumor resembling Group 4 medulloblastoma .

These findings support exploring tyrosine kinase inhibitors such as dasatinib as potential therapeutic agents. The

estimated five-year overall survival rate of Group 4 medulloblastoma is 75%. Survival is reduced by metastasis .

Low-risk and standard-risk disease is characterized by a loss of chromosome 11 and a lack of metastasis. High-

risk disease is defined by metastasis at the time of diagnosis. Interestingly, an ‘intermediate’ type of

medulloblastoma, with transitional features of Group 3 and Group 4, has a better prognosis than Group 3 or 4

alone .
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