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ABSTRACT

Introduction: Medulloblastoma is the most common tumor of the central nervous
system in children. Advances in medicine have allowed for the identification of
molecular subtypes of this tumor, which determine patient prognosis and further
therapeutic approaches. Aim of the study: This review aims to provide an
overview of medulloblastoma, which, due to its frequency, is a significant
concern in the pediatric population. Non-specific symptoms can hinder diagnosis
and even pose a threat to a child’s life, making awareness among parents and
clinicians crucial. Summary of knowledge: Medulloblastoma is a central nervous
system tumor characteristic of childhood, occurring more frequently in boys.
Despite being classified as WHO grade IV malignancy, chances of survival are
high if detected before metastasis occurs. Symptoms are non-specific and usually
result from increased intracranial pressure or mass effect. There is a division of
medulloblastoma based on molecular and histological types. The cornerstone of
treatment is radical resection, with adjuvant therapies including radiotherapy
and chemotherapy. New targeted therapy methods remain under investigation.
Conclusion: The molecular diagnosis of medulloblastoma subtypes is important
for predicting outcomes and choosing the right therapy. Therapeutic approaches
based on surgical methods are satisfactory, with high survival rates. New
methods of targeted molecular therapy are undergoing continuous research and

offer hope for developing treatment methods for this tumor.
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1. INTRODUCTION

Medulloblastoma (MB) is the most common tumor of the central nervous system in children. It is classified as highly malignant (grade
IV according to WHO). However, the survival rate in cases detected before the appearance of metastases is high - even up to 80%. It
belongs to the group of embryonal tumors. Due to its location in the posterior cranial fossa, symptoms are often nonspecific, which
delays diagnosis (Quinlan and Rizzlo, 2017). The classification of medulloblastomas is based on histological and genetic types and
includes types associated with activation of the WNT pathway, SHH, TP53 gene, or none of the above (Cotter and Hawkins, 2022). The
current treatment regimen combines surgery, radiotherapy, and chemotherapy. The selection of therapy considers the patient’s age,
extent of resection, and presence of metastases (Bouffet, 2021).

2. METHODOLOGY

Articles related to the topic were analyzed from January 2006 to March 2024. The PubMed database, Google Scholar, and ScienceDirect
were searched. Inclusion criteria are based on the publication date, topic compliance, and keywords. Articles older than ten years old
are mainly excluded. To find relevant articles, the phrases: “medulloblastoma”, “medulloblastoma molecular therapy”,

vou

“medulloblastoma treatment”, “medulloblastoma epidemiology”, and “childhood brain tumors” were used.

3. RESULTS AND DISCUSSION

Epidemiology

Tumors of the central nervous system are the most common solid tumors in children and are associated with the highest mortality rate
among all childhood cancers. Supratentorial tumors predominate in the population aged 0 to 3 years and again above the age of 10.
Among them, the majority are of embryonal origin. Medulloblastoma, included in this group, is the most common malignant tumor of
the central nervous system in children (Udaka and Packer, 2018). It accounts for 30-55% of posterior fossa tumors. The highest
incidence occurs in children between 5 and 7 years of age. 75% of cases are diagnosed before the age of 15. Boys are affected twice as

often as girls (Greenberg, 2019).

Etiology

Based on the genetic profile, scientists distinguish four types of medulloblastoma: WNT-activated, SHH-activated TP-53 mutant, SHH-
activated TP53-wildtype, non-WNT/non-SHH group 3, and non-WNT/non-SHH group 4. The subtypes vary by the types of mutations
present, their histological cell structures, and the ages at which they typically develop (Greenberg, 2019). A molecular subtype of the
tumor has a more significant impact on the prognosis than its histological type (Millard and De-Braganca, 2016). Among the

histological types, we distinguish classic, large cell/anaplastic, desmoplastic/nodular, and extensive nodular (Greenberg, 2019).

Risk factors

Environmental factors influencing the occurrence of medulloblastoma are not known. Only the role of genetic factors has been proven,
including those related to mutations in developmental signaling pathways. These mutations often occur in congenital diseases such as
Gorlin syndrome, Li-Fraumeni syndrome, or Fanconi anemia. The exact risk associated with inherited mutations in medulloblastoma
remains unclear. However, individuals carrying mutations in SUFU and TP53 or biallelic mutations in BRCA2 and PALB2, are believed
to face a heightened risk of MB. Researchers think the risk level is based on various factors including the specific type of mutation and
the presence of genetic, epigenetic, and environmental factors (Northcott et al., 2019). In a study of 1,022 patients, 5.9% of
medulloblastomas showed pathogenic germline variants in APC, BRCA2, PALB2, PTCH1, SUFU, and TP53 (Waszak et al., 2018).
Mutations in the TP53 gene occur in 24% of children aged 5-14 years diagnosed with SHH-MB, while mutations in the SUFU gene in
the same type of MB occur in 21% of children aged 0-3 years (Northcott et al., 2019).

Classification

Experts classify medulloblastoma into molecular and histological subtypes based on specific mutations and cellular architecture.
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Molecular classification

WNT subgroup

WNT-medulloblastoma represents approximately 10% of all MB cases. It typically emerges after the age of 4, with a relatively even
distribution between males and females. At diagnosis, WNT-MB tumors are rarely metastatic, and the prognosis for patients under 16
years old is highly favorable, with over 95% surviving beyond five years. However, adults diagnosed with WNT-MB may have a less
positive outcome (Udaka and Packer, 2018; Northcott et al., 2019). This type of MB is typically found near the brainstem and the fourth
ventricle. Histologically, it originates from progenitor cells from the lower rhombic lip. Receptors from the WNT family are responsible
for controlling the cell cycle and embryogenesis. They first appeared in the etiology of Turcot syndrome, which is associated with an
increased risk of MB.

The syndrome is attributed to mutations in the APC gene, which plays a role in inhibiting the WNT pathway. However, the most
common mutation in this pathway is in the CTNNB1 gene, encoding {3-catenin (Udaka and Packer, 2018). This mutation leads to the
blocking of p-catenin degradation and its accumulation in the cell nucleus, resulting in a change in phenotype. Mutations in 3-catenin
associated with positive immunophenotyping of the cell nucleus contribute to increased patient survival (Geron et al., 2018). WNT-
activated MB is characterized by a tendency to bleed, partially due to the poorly formed blood-brain barrier (Orr, 2020). Mutated (3-
catenin generates paracrine signals, causing vascular fenestration and, consequently, accumulation of drugs within the tumor.

Because of this process, the WNT subtype responds better to treatment than other types (Phoenix et al., 2016). Other genes mutated
in this type of MB include TP53, SMARCA4, KMT2D, and DDX3X. TP53 mutations in WNT-MB are not associated with a worse
prognosis, unlike their occurrence in the SHH-activated type (Orr, 2020). Most recent studies demonstrate the role of LEF-1
immunostaining in diagnosing this type of MB. Nuclear staining of LEF1 is easier to interpret than (3-catenin and allows for positive
results even in cases where {3-catenin is negative. Therefore, this staining is recommended as routine in the diagnostic process
(Aboubakr et al., 2024).

SHH subgroup

Sonic Hedgehog (SHH) MB constitutes roughly 30% of all cases and is most common in infants and adults (Table 1). SHH-MB is the
most prevalent molecular subgroup among adult patients, constituting around 60% of all diagnosed cases. This subtype mainly
originates in the cerebellar hemisphere, although it can also occur in the cerebellar vermis (Orr, 2020). Recent molecular studies classify
SHH medulloblastomas into at least three variations in infants, children, and adults. This classification highlights the considerable
heterogeneity within SHH tumors, characterized by a diverse array of genetic aberrations that distinguish them from one another
(Udaka and Packer, 2018). SUFU mutations are observed in 21% of children under three years old (Northcott et al., 2019).

Germinal mutations in the TP53 gene typically occur in older children between the ages of 8 and 17 (Udaka and Packer, 2018). This
mutation is associated with a worse prognosis, most commonly with the histological type of large cell/anaplastic (LCA) (Orr, 2020). In
adults, the most somatic mutations are found in the TERT promoter. Other genes found to be responsible for the development of SHH-
MB are SMO, GLI2, and MYCN. SHH medulloblastoma possibly originates from various cell types, including granule neuron precursor
cells in the external granule layer, neural stem cells in the subventricular zone, or progenitor cells in the brainstem. However, recent
findings indicate that infant SHH medulloblastomas might have a distinct cellular origin compared to those occurring in childhood or
adulthood (Udaka and Packer, 2018).

Regarding the histologic types, the desmoplastic/nodular (DN) variant is the most frequently observed, accounting for slightly over
50% of cases (Orr, 2020). The SHH signaling pathway is essential in cell proliferation and differentiation (Udaka and Packer, 2018). In
SHH-MB, transcriptional programs of the SHH pathway are activated and mutations often occur in its genes. Medulloblastomas
characterized by SHH activation and wild-type TP53 status are typically linked with intermediate-risk disease, boasting a 5-year overall
survival rate of approximately 76%. Conversely, TP53 mutations signify particularly high-risk clinical disease, marked by a dismal
prognosis with only 41% survival at five years (Orr, 2020; Cambruzzi, 2018).

In Sonic Hedgehog-driven medulloblastoma, research has demonstrated that the activation of WNT signaling can suppress tumor
growth through two distinct mechanisms: Beta-catenin-dependent or -independent inhibition of SHH signaling (Zinke et al., 2015). This
type of MB has an intact blood-brain barrier, which hinders the penetration of chemotherapy drugs into the tumor mass and makes it
resistant to treatment. Vincristine, commonly used in MB therapy due to its high molecular weight and high affinity with serum,
penetrates very poorly through the intact blood-brain barrier. In vivo studies have demonstrated the resistance of SHH-MB to
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vincristine, and reducing its cumulative dose had no impact on survival length. This explains the ineffectiveness of vincristine therapy
in this type of MB (Phoenix et al., 2016).

Group 3

Medulloblastomas from this group account for 20% of all cases and 45% of cases in infants. They are typical in children, occurring
extremely rarely in adults. Both group 3 and group 4 show a tendency to early metastasis formation and have a much worse prognosis
than WNT- and SHH-activated MBs. The survival rate for patients with MB-G3 is lower than 60%. The most commonly presented
histological type is classic, although cases of LCA occur. Molecularly, in G3 and G4, activation of the GFI1 and GFI1B loci occurs, while
amplification of the MYC gene is characteristic of G3. The role of transforming growth factor  (TGFp) found in 20% of patients is also
considered in the pathogenesis of MB G3 (Udaka and Packer, 2018; Orr, 2020; Juraschka and Taylor, 2019).

Group 4

G4 accounts for 40% of all MBs. It typically affects older children and adults. MBs from this group show a more significant
disproportion in occurrence between genders than other types: They affect boys three times more often than girls. Although the G4
group is the most common, it is the least molecularly understood. The classic histological type predominates. Characteristic is the
amplification of the MYCN gene (Udaka and Packer, 2018; Orr, 2020). Chromosomal instability may also occur, including the formation
of the high-risk isochromosome 17q subtype, where the ten-year survival rate reaches 36%. Loss of part of chromosome 11 is a low-risk

subtype, with a ten-year survival rate of 72% (Juraschka and Taylor, 2019).

Table 1 Latest discoveries based on the type of MB

Type of medulloblastoma | Mutations Latest discoveries
CTNNBI, TP53,
WNT-MB SMARCA4, LEF-1 staining role in diagnosis
KMT2D, DDX3X
TP53, SUFU, Small-molecule inhibitors in
TERT promoter, targeted treatment; intact blood-
SHH-MB
SMO, GLI2, brain barrier makes it resistant to
MYCN chemotherapy
TGEFf role in pathogenesis;
Group 3 GFI1, GFI1B, MYC | observed relapses after radiation-
sparing treatment approach
MYCN,
isochromosome Observed relapses after radiation-
Group 4 .
17q, loss of part of | sparing treatment approach
chromosome 11

Histological classification

Three main histological types of MB are distinguished: classic, large cell/anaplastic (LCA), and desmoplastic/nodular (DN). All types
are considered grade IV by WHO (Greenberg, 2019).

Classic variant

It is the most commonly encountered variant, accounting for 72% of MB cases. It contains round-shaped cells of normal size and lacks
excessive mitotic activity. Homer-Wright rosettes are observed (Millard and De-Braganca, 2016; Orr, 2020). This histological variant is
found in each molecular type (Greenberg, 2019).
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Desmoplastic/nodular variant (DN)

The DN variant contains neurocytoid differentiation nodules with intermediate embryonal elements in its structure. This type of MB
tends to deposit collagen fibers around the cells but not near the differentiation nodules. They are detected by reticulin deposition.
Some tumors in histological images show only nodules or desmoplasia (Orr, 2020). The DN variant occurs in the molecular type of
SHH-activated MB, so it is essential to recognize it and implement appropriate therapy for this type (Greenberg, 2019; Orr, 2020). A
separate variant of DN-MB is medulloblastoma with extensive nodularity (MBEN), occurring in newborns. The nodules have irregular

shapes and often merge, creating a typical “stream” pattern (Orr, 2020).

Large cell/anaplastic variant (LCA)

This group combines two formerly distinct variants - large cell and anaplastic. The large cell type consists of large, round cells with
prominent nuclei. Anaplastic features often occur, such as increased mitotic activity and apoptosis, but with no obvious pleomorphism.
Anaplasia is described as increased cell size, cytological pleomorphism, nuclear shape change, mitotic activity, and the presence of
apoptotic bodies (Orr, 2020). The occurrence of this variant among WNT-activated and G4 MBs is sporadic, but its presence in the
SHH-TP53 mutant type and G3 makes an MB high-risk (Greenberg, 2019).

Symptoms

The symptoms are nonspecific, and children often cannot accurately describe them due to their age, which complicates the diagnostic
process. The most common symptoms include increased intracranial pressure and tumor compression, such as headaches, clumsiness,
fatigue, nausea, and morning vomiting. In younger children, developmental regression may occur. In older children, concentration
weakness and school problems may appear. Due to the location of MB, most commonly in the cerebellum, more specific cerebellar
symptoms may also be present: Ataxia, handwriting problems, strabismus, and nystagmus. Sometimes, there is a total loss of vision
and neck stiffness.

Symptoms may quickly escalate from initially intermittent to moderate or severe. In infants, symptoms of increased intracranial
pressure may not be obvious because compensation occurs by increasing head circumference - macrocephaly may be visible. In cases of
metastasis to the spinal cord, the patient may complain of back pain, gait disturbances, and rarely - neurogenic bladder. Consciousness
impairment was associated with metastatic processes (Northcott et al., 2019; Vinchon and Leblond, 2021). The manifestation in adults is

similar: increased intracranial pressure and ataxia occur (Ciccarino et al., 2012; Eibl et al., 2021).

Diagnosis

The diagnosis of medulloblastoma relies on clinical symptoms, imaging studies, cerebrospinal fluid (CSF) cytology, and a combined
assessment of histopathology and molecular analysis (Northcott et al., 2019). MB is a posterior fossa tumor typically localized in the
cerebellum or the walls of the fourth ventricle in the midline. Extracranial location is infrequent but possible (Singh et al., 2021). Recent
reports indicate the possibility of ectopic MB foci in the pineal region, showing affiliation with the WNT-activated molecular group
(Tauziede-Espariat et al., 2023). Different tumor locations are indicated depending on the molecular type. WNT-MBs localize along the
cerebellar peduncle/cerebellopontine angle, SHH-MBs in the cerebellar hemispheres, and G3 with G4 predominated within the midline
fourth ventricle (Perreault et al., 2014).

Typically, after the onset of clinical symptoms, the patient undergoes imaging studies. If the patient’s condition is severe, non-
contrast CT is advised, while MRI is the method of choice. In the T1 sequence, the tumor is hypointense and enhances after contrast
administration. An exception is group 4 tumors, which do not enhance, and group 3 tumors, whose outlines are blurred (Szalontay and
Khakoo, 2020). In the T2 sequence, images are more diverse, and the tumor mass may be hypointense, isointense, or hyperintense. Due
to their high cellularity, MBs give a hyperintense image in 80% of cases in the DWI sequence (Dangouloff-Ros et al., 2021). Infrared
spectroscopy can also be used as an additional diagnostic tool, although it does not allow differentiation of MB molecular types (Lach
et al., 2023). During the differential diagnosis, atypical teratoid/rhabdoid tumor (AT/RT), embryonal tumor with multilayered rosettes,

and non-embryonal tumors of the posterior fossa such as ependymoma or ganglioglioma are considered (Cassia et al., 2018).
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Treatment

A new risk stratification system is introduced for medulloblastoma patients aged 3 to 17. It incorporates subgroup status and specific
genetic and cytogenetic abnormalities to better forecast outcomes. This system categorizes patients into four risk groups: Low risk (with
over 90% survival rate), standard risk (with a survival rate between 75% and 90%), high risk (with a survival rate between 50% and
75%), and very high risk (with a survival rate below 50%) (Juraschka and Taylor, 2019). Identifying subtype-specific molecular drivers
and pathways presents new therapeutic targets, potentially leading to subtype-specific treatment approaches (Suk et al., 2022).

Surgery

The primary treatment is tumor mass resection according to the golden rule of maximal safe resection. Studies have shown increased
survival among patients undergoing gross total resection compared to subtotal resection. However, potential postoperative
neurological complications have to be considered, and therefore, if necessary, leaving residual tumor mass is permissible. An important
aspect is obtaining an adequate amount of tissue for histopathological and molecular examination, allowing for the assessment of
tumor type and potential changes in the treatment pathway. One of the postoperative complications may be posterior fossa syndrome
(Greenberg, 2019).

Posterior fossa syndrome, or cerebellar mutism, can occur in up to 25% of patients following the resection of midline cerebellar
tumors. The development of posterior fossa syndrome (PES) is likely influenced by multiple factors, with direct surgical injury being a
significant contributor. Thermal damage, alongside mechanical injury to the proximal segment of the dentatothalamocortical (DTC)
pathway, plays an essential role in the pathogenesis of PFS. Brainstem invasion is the only known preoperative risk factor associated

with cerebellar mutism syndrome (Robertson et al., 2006; Avula et al., 2015).

Radiation therapy

The child’s age is a limitation of radiotherapy. After surgery, children over three years old undergo craniospinal radiation with a boost
to the tumor site, followed by chemotherapy. Younger children receive intensive chemotherapy alone (Jackson and Packer, 2023). A
radiation-sparing approach has demonstrated good outcomes in the SHH-MB but hasn't shown the same effectiveness in groups 3 and

4. In these latter groups, relapses have been observed frequently (Ronsley et al., 2023).

Chemotherapy and modern methods of systemic therapy

In children aged over 3-5 years old who are deemed suitable for radiotherapy and have undergone near-total or gross total resection
with no metastases, the standard of care involves a chemotherapy protocol. This regimen typically begins with weekly vincristine
alongside radiotherapy, followed by eight cycles of another drug. Depending on the country, it can be cisplatin, vincristine,
cyclophosphamide, and lomustine, Juraschka and Taylor, (2019) or etoposide, carboplatin, ifosfamide, and high-dose methotrexate
(Mushtaq et al., 2023). However, the identification of four distinct subgroups of MB in the last decades has been a significant
breakthrough, paving the way for developing novel clinical trials tailored to the molecular characteristics of each subgroup (Mushtaq et
al., 2023). For example, current therapies for SHH medulloblastoma have aimed to target various aspects of the SHH signaling
pathway. The inhibition of upstream targets using small-molecule inhibitors (erismodegi, sonidegib, and vismodegib) is one of the new
methods.

Unfortunately, outcomes have been more favorable in adults compared to children. Downstream target inhibition has also
demonstrated activity in preclinical models. However, the diverse heterogeneity of SHH tumors, characterized by multiple mutations
and resistance mechanisms, presents a challenge in selecting appropriate therapy (Udaka and Packer, 2018; Samkari et al., 2015).
Considerable efforts are dedicated to developing therapeutic agents that target the WNT pathway, with many undergoing
investigations in preclinical and clinical trials for their potential as antitumor therapies. Despite these efforts, it remains uncertain
whether modulating the WNT signaling cascade can yield substantial clinical benefits, as no WNT modulators have yet received
approval as antitumor agents (Wen and Hadden, 2021). Another modern therapy strategy involves targeting the epigenetic processes
associated with the development of MB. This treatment selectively affects cancer cells without damaging healthy tissues, which is a

significant advantage (Strejczek et al., 2021).
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4. CONCLUSION

Medulloblastoma is the most common malignant brain tumor in children, typically occurring in the cerebellum. Symptoms are often
nonspecific, including headaches, nausea, vomiting, and problems with coordination. Diagnosis involves a combination of imaging
studies, cerebrospinal fluid analysis, and histopathological examination. Treatment typically involves surgical resection followed by
radiation therapy and chemotherapy. Recent advancements in molecular profiling have led to the identification of distinct subtypes,
allowing for more targeted and personalized treatment approaches. Medulloblastoma remains a challenging disease despite

advancements in therapy, highlighting the need for ongoing research and innovation in treatment strategies.

Author’s Contribution

Conceptualization: Magdalena Iwan

Methodology: Btazej Szymczuk, Magdalena Kajzar, Jakub Milczarek

Software: Ksawery Adamiec, Malgorzata Rodak, Joanna Smoronska-Rypel

Check: Natalia Pigtkowska, Joanna Smoronska-Rypel, Ksawery Adamiec

Formal analysis: Magdalena Iwan, Matgorzata Rodak, Magdalena Kajzar

Investigation: Magdalena Iwan, Blazej Szymczuk, Kamila Nitka

Resources: Kamila Nitka, Ksawery Adamiec, Jakub Milczarek

Data curation: Magdalena Iwan, Natalia Piatkowska, Dominik Trojanowski,

Writing — rough preparation: Magdalena Iwan, Btazej Szymczuk, Dominik Trojanowski
Writing — review, and editing: Magdalena Kajzar, Kamila Nitka, Joanna Smoronska-Rypel
Visualization: Dominik Trojanowski, Btazej Szymczuk, Natalia Pigtkowska
Supervision: Jakub Milczarek, Joanna Smoronska-Rypel, Matgorzata Rodak

Projekt administration: Joanna Smoronska-Rypel, Ksawery Adamiec

Receiving funding: No funding was received

All authors have read and agreed with the published version of the manuscript.

Acknowledgments

none.

Funding

This study has not received any external funding.

Ethical approval
Not applicable.

Informed consent

Not applicable.

Conflict of interest
The authors declare that there is no conflict of interests.

Data and materials availability

All data sets collected during this study are available upon reasonable request from the corresponding author.

REFERENCES
1. Aboubakr O, Métais A, Doz F, Saffroy R, Masliah-Planchon J, Espariat A. LEF-1 immunohistochemistry, a better diagnostic
Hasty L, Beccaria K, Ayrault O, Dufour C, Varlet P, Tauziede- biomarker than p-catenin for medulloblastoma, WNT-

Medical Science 28, e69ms3378 (2024) 7 0f9



REVIEW | OPEN ACCESS

10.

11.

12.

activated subtyping. ] Neuropathol Exp Neurol 2024; 83(2):13
6-138. doi: 10.1093/jnen/nlad104

Avula S, Mallucci C, Kumar R, Pizer B. Posterior fossa
syndrome following brain tumour resection: review of
pathophysiology and a new hypothesis on its pathogenesis.
Childs Nerv Syst 2015; 31(10):1859-67. doi: 10.1007/s00381-015-
2797-0

Bouffet E. Management of high-risk medulloblastoma.
Neurochirurgie 2021; 67(1):61-68. doi: 10.1016/j.neuchi.2019.05
.007
Cambruzzi E. WNT-activated/SHH-

of molecular

Medulloblastoma,
impact analysis
histogenetic evaluation. Childs Nerv Syst 2018; 34(5):809-815.
doi: 10.1007/s00381-018-3765-2
Cassia GSE, Alves CAPF, Taranath A, Lépez NS, Oztekin O,
Gongalves FG, Patay Z. Childhood medulloblastoma
revisited. Top Magn Reson Imaging 2018; 27(6):479-502. doi: 1
0.1097/RMR.0000000000000184
Ciccarino P, Rotilio A, Rossetto M, Manara R, Orvieto E, Berti
F, Lombardi G, d'Avella D, Scienza R, Della Puppa A.
Multifocal presentation of medulloblastoma in adulthood. ]
Neurooncol 2012; 107(2):233-7. doi: 10.1007/s11060-011-0746-7
Cotter JA, Hawkins C. Medulloblastoma: WHO 2021 and
Beyond. Pediatr Dev Pathol 2022; 25(1):23-33. doi: 10.1177/109
35266211018931
Dangouloff-Ros V, Varlet P, Levy R, Beccaria K, Puget S,
Dufour C, Boddaert N. Imaging features of medulloblastoma:
diffusion-weighted

perfusion-weighted imaging, and spectroscopy: From general

activated: clinical and

Conventional imaging, imaging,
features to subtypes and characteristics. Neurochirurgie 2021;
67(1):6-13. doi: 10.1016/j.neuchi.2017.10.003

Eibl T, Hammer A, Yakubov E, Blechschmidt C, Kalisch A,
Steiner HH. Medulloblastoma in adults - reviewing the
literature from a surgeon's point of view. Aging (Albany NY)
2021; 13(2):3146-3160. doi: 10.18632/aging.202568

Geron L, Salomao KB, Borges KS, Andrade AF, Corréa CAP,
Scrideli CA, Tone LG. Molecular characterization of Wnt
pathway and function of [-catenin overexpression in
medulloblastoma cell lines. Cytotechnology 2018; 70(6):1713-1
722. doi: 10.1007/s10616-018-0260-2

Greenberg MS. The Handbook of Neurosurgery. 9th ed.
Thieme Medical Publishers, New York, 2019.

Jackson K, Packer RJ. Recent
Medulloblastoma. Curr Neurol Neurosci Rep 2023; 23:841-848.
doi: 10.1007/s11910-023-01316-9

Advances in Pediatric

Medical Science 28, e69ms3378 (2024)

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Juraschka K, Taylor MD. Medulloblastoma in the age of
molecular subgroups: a review. ] Neurosurg Pediatr 2019; 24:3
53-63. doi: 10.3171/2019.5.PEDS1838

Lach K, Kowal A, Perek-Polnik M, Jakubczyk P, Arthur C, Bal
W, Drogosiewicz M, Dembowska-Bagiriska B, Grajkowska W,
Cebulski ], Chaber R. Infrared Spectroscopy as a Potential
Diagnostic Tool for Medulloblastoma. Molecules 2023; 28(5):2
390. doi: 10.3390/molecules28052390

Millard NE, De-Braganca KC. Medulloblastoma. ] Child
Neurol 2016; 31(12):1341-53. doi: 10.1177/0883073815600866
Mushtaq N, Ul-Ain R, Hamid SA, Bouffet E. Evolution of
Systemic Therapy in Medulloblastoma Including Irradiation-
Sparing Approaches. Diagnostics (Basel) 2023; 13(24):3680.
doi: 10.3390/diagnostics13243680

Northcott PA, Robinson GW, Kratz CP, Mabbott D], Pomeroy
SL, Clifford SC, Rutkowski S, Ellison DW, Malkin D, Taylor
MD, Gajjar A, Pfister SM. Medulloblastoma. Nat Rev Dis
Primers 2019; 5(1):11. doi: 10.1038/s41572-019-0063-6

Orr BA. Pathology, diagnostics,
medulloblastoma. Brain Pathol 2020; 30(3):664-78. doi: 10.111
1/bpa.12837

Perreault S, Ramaswamy V, Achrol AS, Chao K, Liu TT, Shih
D, Remke M, Schubert S, Bouffet E, Fisher PG, Partap S, Vogel
H, Taylor MD, Cho Y], Yeom KW. MRI surrogates for
molecular subgroups of medulloblastoma. AJNR Am ]
Neuroradiol 2014; 35(7):1263-9. doi: 10.3174/ajnr.A3990
Phoenix TN, Patmore DM, Boop S, Boulos N, Jacus MO, Patel
YT, Roussel MF, Finkelstein D, Goumnerova L, Perreault S,
Wadhwa E, Cho Y], CF, Gilbertson R]J.
Medulloblastoma Genotype Dictates Blood Brain Barrier
Phenotype. Cancer Cell 2016; 29:508-22. doi: 10.1016/j.ccell.20
16.03.002

Quinlan A, Rizzolo D. Understanding medulloblastoma.
JAAPA 2017; 30(10):30-36. doi: 10.1097/01.JAA.0000524717.71
084.50

Robertson PL, Muraszko KM, Holmes EJ, Sposto R, Packer R],
Gajjar A, Dias MS, Allen JC. Incidence and severity of

postoperative cerebellar mutism syndrome in children with

and classification of

Stewart

medulloblastoma: a prospective study by the Children's
Oncology Group. ] Neurosurg 2006; 105(6 Suppl):444-51. doi:
10.3171/ped.2006.105.6.444

Ronsley R, Triscott J, Stanek J, Rassekh SR, Lum A, Cheng S,
Goddard K, McConnell D, Strahlendorf C, Singhal A, Finlay
JL, Yip S, Dunham C, Hukin J. Outcomes of a radiation
sparing approach in medulloblastoma by subgroup in young
children: an institutional review. Childs Nerv Syst 2023; 39(8):
2095-2104. doi: 10.1007/s00381-023-05918-z

8 of9



REVIEW | OPEN ACCESS

24.

25.

26.

27.

28.

29.

30.

31.

32.

Samkari A, White ], Packer R. SHH inhibitors for the
treatment of medulloblastoma. Expert Rev Neurother 2015; 15
(7):763-70. doi: 10.1586/14737175.2015.105279

Singh S, Israrahmed A, Verma V, Singh V. Extra-axial
tentorial medulloblastoma: a rare presentation of a common
posterior fossa tumor. BMJ Case Rep 2021; 14(6):e242865. doi:
10.1136/bcr-2021-242865

Strejczek A, Woszcezyk D, Urbaniak H, Rézanska M, Robak M,
AM.
Therapy-A Prospective Chance for Medulloblastoma Patients'
Recovery. Int ] Mol Sci 2021; 22(9):4925. doi: 10.3390/ijms2209
4925

Suk Y, Gwynne WD, Burns I, Venugopal C, Singh
SK. Childhood Medulloblastoma: An Overview. Methods Mol
Biol 2022; 2423:1-12. doi: 10.1007/978-1-0716-1952-0_1
Szalontay L, Khakoo Y. Medulloblastoma: an Old Diagnosis
with New Promises. Curr Oncol Rep 2020; 22(9):90. doi: 10.100
7/s11912-020-00953-4

Tauziede-Espariat A, Simbozel M, Liu APY, Robinson GW,
Masliah-Planchon ], Sievers P, Vasiljevic A, Duchesne M,
Puget S, Dangouloff-Ros V, Boddaert N, Métais A, Hasty L,
Dufour C, Varlet P. A sellar presentation of a WNT-activated
embryonal further
medulloblastoma. Acta Neuropathol Commun 2023; 11(1):58.
doi: 10.1186/s40478-023-01556-3

Udaka YT, Packer RJ. Pediatric Brain Tumors. Neurol Clin
2018; 36(3):533-556. doi: 10.1016/j.ncl.2018.04.009

M, Leblond P. Medulloblastoma:
presentation. Neurochirurgie 2021; 67(1):23-7. doi: 10.1016/j.n
euchi.2019.04.006

Waszak SM, Northcott PA, Buchhalter I, Robinson GW, Sutter
C, Groebner S, Grund KB, Brugieres L, Jones DTW, Pajtler
KW, Morrissy AS, Kool M, Sturm D, Chavez L, Ernst A,
Brabetz S, Hain M, Zichner T, Segura-Wang M, Weischenfeldt
J, Rausch T, Mardin BR, Zhou X, Baciu C, Lawerenz C, Chan
JA, Varlet P, Guerrini-Rousseau L, Fults DW, Grajkowska W,
Hauser P, Jabado N, Ra YS, Zitterbart K, Shringarpure SS, De
La Vega FM, Bustamante CD, Ng HK, Perry A, MacDonald TJ,
Hernaiz-Driever P, Bendel AE, Bowers DC, McCowage G,
Chintagumpala MM, Cohn R, Hassall T, Fleischhack G, Eggen
T, Wesenberg F, Feychting M, Lannering B, Schiiz ], Johansen
C, Andersen TV, Ro6sli M, Kuehni CE, Grotzer M, Kjaerheim
K, Monoranu CM, Archer TC, Duke E, Pomeroy SL, Shelagh
R, Frank S, Sumerauer D, Scheurlen W, Ryzhova MV, Milde T,
Kratz CP, Samuel D, Zhang ], Solomon DA, Marra M, Eils R,
Bartram CR, Von-Hoff K, Rutkowski S, Ramaswamy V,
Gilbertson R], Korshunov A, Taylor MD, Lichter P, Malkin D,

Matuszewska Z, Barciszewska Epigenetic-Based

tumor: evidence of an ectopic

Vinchon Clinical

Medical Science 28, e69ms3378 (2024)

33.

34.

Gajjar A, Korbel JO, Pfister SM. Spectrum and prevalence of
genetic predisposition in medulloblastoma: a retrospective
genetic study and prospective validation in a clinical trial
cohort. Lancet Oncol 2018; 19(6):785-98. doi: 10.1016/51470-20
4 5(18)30242-0

Wen ], Hadden MK. Medulloblastoma drugs in development:
Current leads, trials and drawbacks. Eur ] Med Chem 2021; 2
15:113268. doi: 10.1016/j.ejmech.2021.113268

Zinke ], Schneider FT, Harter PN, Thom S, Ziegler N, Toftgard
R, Plate KH, Liebner S. $-Catenin-Glil interaction regulates
proliferation and tumor growth in medulloblastoma. Mol
Cancer 2015; 14(1):17. doi: 10.1186/s12943-015-0294-4

9of 9



