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A B S T R A C T

Central nervous system (CNS) tumors represent the most common solid tumors occurring in children, with gli
omas, medulloblastomas and ependymomas being the most frequently diagnosed. The most recent 2021 World 
Health Organization (WHO) Classification of Tumors of the CNS (CNS5) has integrated molecular genetics with 
traditional histopathology leading to more accurate diagnosis and risk stratification/prognostication with sub
sequent development of personalized treatment paradigms. Pediatric gliomas are traditionally subdivided into 
low-grade (pLGG) or high-grade gliomas (pHGG). pLGG tend to have excellent overall survival, however, the 
disease course maybe characterized by multiple recurrences resulting in significant morbidity. Surgical resection 
is standard with medical therapy (chemotherapy or oral molecular targeted therapy) reserved in the event of 
radiographic/symptomatic progression. pHGG have poor overall survival despite intensive multimodality ther
apy. Ependymomas occur in the infratentorial and supratentorial brain as well as in the spine, with the standard 
treatment including maximal safe resection with involved field radiation therapy that is curative in two-thirds of 
patients overall. Medulloblastomas are the most common malignant embryonal CNS tumor arising in the cere
bellum and are biologically heterogeneous. Given the risk of CSF dissemination, medulloblastomas require 
surgery, craniospinal radiation as well as multi agent chemotherapy, an approach that is curative in the majority 
of patients with non-metastatic disease. The field of pediatric neuro-oncology has made robust strides in the past 
few decades and the role of molecular diagnostics has continued to improve our understanding of pediatric tumor 
biology and offer more personalized treatment paradigms.

Introduction

Central nervous system (CNS) tumors represent the most common 
solid tumors occurring in children with an age-standardized incidence 
rate of 5.61 and 7.26 per 100,000 persons during childhood and 
adolescence, respectively. CNS tumors are one of the leading causes of 
cancer related mortality in children as well as adolescents and young 
adults (AYAs).1 Pediatric CNS tumor survivors develop unique 
long-term sequelae including neurological deficits that impact their 
quality of life. 2-5

Fortunately, in the last two decades we have witnessed several 
important advances in pediatric neuro-oncology leading to improved 
understanding of tumor biology as well as identification of biomarkers 
leading to more accurate diagnosis, prognosis, and risk stratification. 
This is reflected in the 2021World Health Organization’s (WHO) Clas
sification of Tumors of the CNS (CNS5) that integrate histologic and 
molecular features into a combined diagnosis. Coupled with the devel
opment of novel therapeutics, this has enabled personalization of 

treatment regimens to maximize survival while minimizing long term 
morbidities. 6

In this review, we will focus on an overview of the most frequently 
encountered primary pediatric CNS tumors (gliomas, ependymomas and 
medulloblastomas) along with the general approach to diagnosis and 
management.

Glioma

Gliomas are the most common type of CNS tumors representing 
51.2% and 30.6% of all pediatric CNS tumors occurring in children aged 
0-14 years and adolescents aged 15-19 years, respectively. 7,8, 9 Gliomas 
encompass a wide range of glial neoplasms which differ in anatomical 
location, histomorphology, degree of infiltration, molecular features 
and clinical course. Gliomas are traditionally subdivided into low-grade 
gliomas (WHO grade I-II) and high-grade gliomas (WHO grades III-IV) 
that are predictive of patient survival. Overall, pediatric low-grade gli
omas (pLGGs) and pediatric high-grade gliomas (pHGGs) comprise 
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~30% and 10% of all pediatric CNS tumors, respectively.9, 10

Pediatric low-grade glioma

pLGGs are the most common type of CNS tumors occurring in chil
dren with an excellent 20-year overall survival (OS) of approximately 
87%. However, the clinical course may be characterized by multiple 
recurrences depending on age at diagnosis, extent of resection and 
molecular phenotype necessitating several lines of treatment. Those 
factors result in neurologic, endocrinologic, ophthalmologic and 
cognitive morbidities that impact the patient’s quality of life11-13. pLGGs 
can arise anywhere in the brain or spinal cord, and the presenting 
symptoms vary according to tumor location.

The CNS5 now classifies pLGG into 3 different families: (1) Pediatric 
type diffuse low-grade gliomas, (2) circumscribed astrocytic gliomas 
and (3) glioneuronal and neuronal tumors. Several tumor subtypes are 
recognized in each category that differ in histological appearance and 
underlying molecular drivers. The prognosis is determined by anatom
ical location, extent of resection, and histopathological as well as mo
lecular markers.8 A subset of pLGGs arise in the setting of genetic 
predisposition syndromes such as Neurofibromatosis Type I (NF1), Tu
berous Sclerosis Complex (TSC) or RASopathies like Noonan Syndrome. 
NF1 patients develop optic pathway gliomas (OPG) or brainstem 
low-grade gliomas, which are predominantly pilocytic astrocytomas by 
histopathology while patients with TSC develop subependymal giant 
cell astrocytomas (SEGA). 14-16

The vast majority of sporadic pLGGs have genetic alterations asso
ciated with the RAS/mitogen activated protein kinase (RAS/MAPK) 
pathway, including BRAF fusion, BRAF V600E mutation, and less 
commonly, alterations in fibroblast growth factor receptor 1-3 (FGFR1- 
3), neutrophic tropomyosin receptor kinase (NTRK), MYB, or MYBL1 
genes. 10, 17, 18,19, 20 Mutations in MAPK pathway component genes can 
trigger cellular senescence which likely accounts for the relative growth 
slowing/arrest post puberty and lack of transformation to higher-grade 
gliomas (with specific exceptions such as BRAFV600E) in the absence of 
additional cooperating alterations. 13, 21

Table 1 represents commonly encountered pLGGs and mixed glio
neuronal tumors with their associated common molecular alternations. 
10, 13,22,7

Treatment for pediatric low-grade glioma

Treatment strategies for pLGG have significantly improved with our 
understanding of the heterogeneity of their histologic, clinical and 
molecular characteristics leading to more individualized treatment ap
proaches. Given their excellent OS, the goal of treatment is focused on 
optimizing overall functional outcomes and minimizing long-term 
sequalae and comorbidities to maintain a good quality of life. 23

Developing an appropriate treatment plan requires multidisciplinary 
input from neurosurgery, radiation oncology, neuroradiology and pe
diatric neuro-oncology. These specialists should carefully weigh the 
risks and benefits of tumor directed interventions against tumor related 
morbidity. The mainstay of pLGG treatment includes surgical resection 
and maximal safe excision with an intent to cure. However, feasibility 
may be limited by location, infiltrative nature, or molecular phenotype 
of the lesion and surgical indications in these situations include tissue 
sampling for diagnosis and molecular classification and debulking in the 
setting of mass effect and hydrocephalus. Large cohort studies have 
demonstrated that up to 50% patients have residual tumor burden with 
30% requiring medical treatment.16, 24. Medical therapy is indicated 
only in the event of incompletely resected tumors with clinical pro
gression or unequivocal evidence of radiographic progression with 
likelihood of significant morbidity. Radiation therapy, while an 
extremely effective approach, is often reserved in pLGGs due to the 
associated long-term sequalae including risk of secondary malignancies, 
vasculopathies, stroke, endocrinopathies as well as long-term cognitive 
deficits.23

Frequently used chemotherapy regimens in newly-diagnosed pLGG 
achieve 3-year progression free survival (PFS) between 50–80% which 
include: i) carboplatin alone or in combination with vincristine (CV); ii) 
thioguanine, procarbazine, CCNU and vincristine (TPCV) (less preferred 
given risks of secondary malignancy and infertility): and iii) vinblastine 
alone. Bevacizumab, a vascular endothelial growth factor inhibitor 
(VEGF) may be used to rescue rapidly progressive vision loss in patients 
with progressive optic pathway gliomas. 16, 25-27.

Given that pLGGs represent single molecularly driven entities that 
almost universally result in the activation of the RAS/MAPK pathway, 
targeted therapies blocking MAPK signaling are being used as novel 
therapeutics. Up to 40% of pLGG harbor focal gains at 7q34 due to a 
tandem duplication leading to the formation of a novel oncogenic 
fusion, KIAA1549-BRAF, which represents the most frequently 
encountered molecular alteration. KIAA1549-BRAF is enriched in spe
cific histologies like pilocytic astrocytomas that frequently arise in the 
posterior fossa/cerebellum and have a highly circumscribed growth 
pattern that renders them amenable to gross total resection resulting in 
excellent PFS and OS. 15-20% of pLGGs harbor BRAFV600 mutations 
which are enriched in specific histologies including ganglioglioma and 
pleomorphic xanthoastrocytoma (PXA).

Current targeted therapies for pLGG include MEK inhibitors (e.g., 
selumetinib, trametinib), BRAF inhibitors (e.g., dabrafenib) and pan- 
RAF inhibitors (e.g., tovorarafenib). 20, 22 These therapies have 
demonstrated impressive responses and are increasingly preferred for 
treatment of relapsed pLGGs. Dabrafenib (BRAF inhibitor) and trame
tinib (MEK 1-2 inhibitor) combination is now FDA approved for the 
treatment of newly diagnosed patients with BRAFV600E mutant LGGs in 
lieu of chemotherapy given higher objective response rates, longer PFS 
and favorable safety profile demonstrated in a pivotal randomized trial. 
28 Larotrectinib and entrectinib are FDA approved for the treatment of 
NTRK altered and NTRK/ROS/ALK altered pLGGs respectively. Ever
olimus, an mTOR inhibitor, is FDA approved for the treatment of pa
tients with TSC associated SEGA and is also associated with improved 
seizure control. Fortunately, these targeted therapies tend to have more 

Table 1 
Common Pediatric Low-grade Gliomas (pLGG) & glioneuronal tumors with 
associated molecular alterations based on 2021 WHO CNS5. 10, 13

2021 WHO CNS5 classification Common molecular alterations

Pediatric Low-grade Gliomas (pLGG) ​
Pilocytic Astrocytoma KIAA1549-BRAF (70-80%) 

FGFR1-TACC1 (3-5%) 
FGFR1 SNV (3-5%) 
BRAF p.V600E (3-5%) 
Other BRAF Fusions (2-5%) 
CRAF Fusions (2-5%) 
PTPN11 SNV (2-5%) 
KRAS/HRAS SNV (2-5%)

Subependymal Giant Cell Astrocytoma (SEGA) TSC1/2 SNV (85-95%)
Diffuse Astrocytoma BRAF p.V600E (20-40%) 

MYBL1 alteration (5-10%) 
KIAA1549-BRAF (5-10%) 
FGFR1 SNV (2-5%) 
H3.3 p.K27M (2-5%) 
IDH1 p.R132H (2-5%) 
Other RTK SNV/Fusions (2-3%)

Pleomorphic Xanthoastrocytoma BRAF p.V600E (80-90%)
Mixed Glioneuronal Tumors ​
Ganglioglioma BRAF p.V600E (40-50%) 

KIAA1549-BRAF (10-15%)
Dysembryoplastic Neuroepithelial Tumor 

(DNET)
FGFR1-TKD duplication (20- 
30%) 
FGFR1 SNV (20-30%) 
FGFR1-TACC1 (10-15%) 
Other RTK SNV/Fusions (5-10%) 
BRAF p.V600E (5-10)

Chordoid Glioma of Third Ventricle PRKCA SNV (80-90%)
Angiocentric Glioma MYB (80-90%)
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manageable and limited systemic toxicities without specific neurotox
icities described to date, although the long-term sequelae remain 
unclear.

Pediatric low-grade glioma in neurofibromatosis type I

NF1 is the most common cancer predisposition syndrome of the 
nervous system and occurs 1 in 3000 live births. Of all pLGGs, 20% of are 
associated with NF110.

The most common pLGG seen in patients with NF1 are optic pathway 
gliomas (OPG), which are pilocytic astrocytomas histopathologically, 
representing 65-75% of all CNS tumors in these children. 29 OPG can 
affect any section of the optic pathway. Depending on their location, 
OPG can present with visual acuity deterioration, visual field defects, 
pendular movement nystagmus (often in patients < 2 years), proptosis 
or endocrine disturbances (precocious puberty or increased growth ve
locity). 30 Diencephalic syndrome — characterized by severe failure to 
thrive, emaciation, hyperalertness, and visual or endocrine disturbances 
— may be present if there is hypothalamic involvement or obstructive 
hydrocephalus. 31

OPG tend to be more commonly diagnosed in patients less than 8- 
years-old. 32 In general, two-thirds of pediatric patients with NF1 with 
an OPG tend not to require intervention, often only requiring surveil
lance with ophthalmologic exam. Some OPGs spontaneously regress 
over time. 32, 33

Treatment is indicated in the event of radiographic progression or 
visual deterioration, with treatment for NF1 associated pLGG including 
either chemotherapy or molecularly targeted therapy. Ongoing clinical 
trials aim to randomize newly diagnosed patients to receive either 
traditional chemotherapy or targeted therapy with a MEK inhibitor 
(selumetinib) and will evaluate response rates, functional outcomes as 
well as toxicity profiles.23

Routine surveillance neuroimaging for NF1 is not recommended 
unless there are concerns about new neurological or systemic symptoms, 
new pain, or focal deficits that could prompt re-evaluation of both 
pLGGs and pHGGs.31 Of note, neuroimaging for patients with NF1 can 
frequently have Focal Areas of Signal Intensity (FASI), usually charac
terized by non-enhancing, small areas without mass effect or edema; 
they are usually found in 70% of NF1 pediatric cases and must be 
differentiated from gliomas. 29

Pediatric high-grade glioma

pHGG are diffusely infiltrative, aggressive tumors that carry a poor 
prognosis and account for approximately 40% of childhood brain tumor 
related deaths. 1, 9 pHGG tend to present with a short prodrome of signs 
and symptoms such as increased intracranial pressure including head
aches with nausea/vomiting, papilledema or diplopia, developmental 
regression, seizures, and focal neurologic deficits like hemiplegia, dys
metria, pyramidal tract signs and cranial neuropathies. 34

As is commonly used in the adult population, the term “glioblas
toma” has been abandoned in the pediatric oncological population. The 
new CNS5 defines four subtypes of pHGG: Grade 4 Diffuse midline gli
oma (DMG) H3K27-altered, Grade 4 Diffuse hemispheric gliomas 
H3G34-mutant, Grade 4 pediatric-type high-grade gliomas H3-wildtype 
and IDH-wildtype, and infant-type hemispheric gliomas 35, 36 Diffuse 
midline glioma (DMG) includes malignant (WHO grade 4) tumors of the 
thalamus, brainstem, and spinal cord. DMGs are called diffuse intrinsic 
pontine glioma (DIPG) when they arise from the pons, with the average 
age of diagnosis at 8 and represent nearly 75% of all pediatric brainstem 
tumors.

Diffuse hemispheric glioma, H3 G34-mutant are aggressive infil
trating gliomas involving the cerebral hemispheres typically occurring 
in adolescents and young adults (AYAs). Infant-type hemispheric gli
omas are often diagnosed in the first year of life, and the majority are 
characterized by receptor tyrosine kinase (RTK) fusions including 

NTRK1/2/3, ROS1, ALK or MET. There are several cancer predisposition 
syndromes linked to an increased risk of HGGs including but not limited 
to Neurofibromatosis Type I (NF1), Li-Fraumeni syndrome (LFS) and 
Constitutional Mismatch Repair Deficiency (CMMRD).

Despite advances in the understanding of molecular features of 
pHGGs over the past decade, there continue to be limited therapeutic 
approaches that have proven to be effective and survival remains poor.

Treatment for pediatric high-grade glioma

Most treatment modalities for pHGGs have incorporated the use 
surgery, radiation therapy and chemotherapy, but unfortunately the 5- 
year OS for these patients is less than 20%. 15

The goals of surgery include obtaining tissue for pathologic diagnosis 
and achieving a maximal safe resection. Depending on tumor location, 
the extent of the surgery must be balanced with preservation of neuro
logic function. Biopsy alone is preferrable where the lesion is not 
amenable to resection, e.g. deeper midline location pHGG like a 
thalamic diffuse midline glioma (DMG) or tumors that infiltrate into 
eloquent cortex. Localized field irradiation post-surgery is standard 
therapy given the infiltrative nature of these tumors. pHGG patients 
typically receive a total radiation dose of 54-60 Gy equivalent in daily 
fractions of 1.8 or 2 Gy over 6 weeks.

There is no “standard” adjuvant chemotherapy regimen. Although 
alkylator chemotherapy including temozolomide (TMZ) and/or lomus
tine (CCNU) appears to benefit at least a subset of pHGG patients, a 
standard of care has not been established and children are enrolled in 
clinical trials whenever possible. There are some tumor-specific con
siderations worth noting. For diffuse intrinsic pontine glioma (DIPG), 
the diagnosis is based on neuroimaging with surgical biopsy reserved in 
the event of atypical presentation, imaging or for determining clinical 
trial eligibility. No chemotherapy or biological therapy has demon
strated benefit for the treatment of DIPG, and these along with non- 
pontine diffuse midlines gliomas, H3K27 altered are treated with radi
ation therapy only. Interestingly, pHGGs occurring in patients <3 years 
of age are associated with improved outcomes and are typically treated 
with chemotherapy regimens, such as carboplatin/etoposide; radiation 
therapy is generally avoided due to significant age associated 
morbidities.

Targeted therapy based on tumor molecular genetics has been 
employed for recurrent or progressive pHGG, however, benefit has been 
noted only in small subsets. For pHGGs harboring BRAFV600E muta
tions, BRAF and MEK inhibitor combination such as dabrafenib and 
trametinib can be administered post radiation therapy or at the time of 
first progression with good responses to treatment noted. Oncogenic 
gene fusions that are almost exclusively found in infant pHGG include: 
NTRK1/2/3 (neurotrophic tropomyosin-related kinase), ROS (protein 
tyrosine kinase encoded by the ROS1 gene), or ALK (anaplastic lym
phoma kinase). 37, 38 Larotrectinib and Entrectinib are FDA approved 
therapies targeting NTRK altered and NTRK/ROS/ALK altered pHGGs 
respectively. 39

Immunotherapy for pediatric CNS tumors is currently being studied 
and implemented to decrease mortality and limit morbidity. However, 
the unique microenvironment of the CNS limits its delivery. Examples of 
immunotherapy that have been employed include checkpoint inhibitors, 
vaccine therapy, adoptive immunotherapy like chimeric antigen re
ceptor T cell therapy (CAR-T cell therapy), and viral therapy.40 Immune 
checkpoint inhibitors have demonstrated benefit in a subset of patients 
with replication repair deficient (RRD) pHGGs that are characterized by 
hypermutation, often resulting from germline defects in mismatch repair 
genes as seen in patients with CMMRD. It is important to note that 
tumor-targeting immunotherapy can cause local inflammation and 
edema that can worsen and/or cause focal neurological deficits and 
seizures. As such, it is difficult to differentiate between immune-related 
pseudoprogression versus true tumor progression based on clinical 
presentation alone. A trial of steroids can be administered, and 

K. Parikh and S.F. Sait                                                                                                                                                                                                                        Seminars in Pediatric Neurology 53 (2025) 101186 

3 



significant improvement is often suggestive of pseudoprogression. 40, 41

Ependymoma

Ependymomas are glial tumors that arise from radial glia (the pro
genitors that give rise to ependymal cells) within or adjacent to the 
ependymal lining of the ventricular system or the central canal of the 
spinal cord. Overall, ependymomas account for 10-12% of childhood 
CNS tumors. Ninety percent of pediatric ependymomas are intracranial, 
2/3rds of which arise in the posterior fossa (PF) and 1/3rd are supra
tentorial (ST). Ten percent of ependymomas are spinal. However, an 
increased incidence of spinal ependymomas is observed in patients with 
neurofibromatosis type 2 (NF2) associated schwannomatosis, another 
cancer predisposition syndrome. Ependymomas are typically locally 
invasive tumors, with disseminated disease occurring in approximately 
10% of patients.

Clinical symptoms of ependymomas include hydrocephalus second
ary to fourth ventricle obstruction, headache, irritability, nausea, vom
iting, ataxia, papilledema, and increased head circumference in infants. 
Tumors extending through the foramina of Luschka and foramen of 
Magendie infiltrate lower cranial nerves causing hoarseness, dysphagia. 
and torticollis. Spinal cord ependymomas cause localized pain at the 
level of the lesion, radicular dysesthesias, progressive spastic quad
riparesis, and scoliosis. Myxopapillary ependymomas of the conus 
medullaris and filum terminale may present with low back pain, radic
ular pain, saddle anesthesia, and sphincter dysfunction.

Histological characteristics of classic ependymomas are perivascular 
pseudorosettes and the pathognomonic true ependymal rosettes. The 
WHO grading system (grade II/classic versus grade III/anaplastic) is of 
limited value because of interobserver variability, even between expe
rienced neuropathologists. Despite the histological overlap, ST, PF and 
spinal cord ependymoma represent biologically distinct entities. 42-45

Therefore, molecular characterization is critical for appropriate diag
nosis, treatment planning and prognostication.

There are two subtypes of posterior fossa (PF) ependymomas, pos
terior fossa A (PFA) and posterior fossa B (PFB). PFA ependymomas 
occur in infants and young children and are characterized by global loss 
of H3K27me3 by immunohistochemistry which is a robust and cost- 
effective molecular surrogate for PF-EPN-A. PFB ependymomas occur 
in older children and adults and have intact H3K27me3.45-48

Supratentorial (ST) ependymomas are characterized by recurrent 
fusions on chromosome 11 involving either the nuclear factor kappa B 
(NF-κB) co-activator RELA fused to ZFTA (ST-EPN-RELA), or recurrent 
fusions of YAP1 and MAML2 (ST-EPN-YAP). 45, 49, 50 ST ependymomas 
that do not harbor a fusion of either ZFTA or YAP1 may represent 
high-grade gliomas or embryonal tumors.

Myxopapillary ependymoma is a variant of spinal ependymomas 
arising in the region of the conus medullaris and filum terminale with a 
typically benign course. However, late metastatic recurrences have been 
reported. A highly aggressive subvariant of spinal ependymoma 
harboring MYCN and MYC amplicons has been described but is rare in 
children.8

PF-EPN-A with balanced 1q and 6q status and ST ependymomas with 
a complete surgical resection have excellent 5-year progression-free 
survival approaching 80%. In PF-EPN-A tumors, 1q gain and 6q loss 
are markers of poor prognosis.51, 52

Treatment for ependymoma

The standard treatment for ependymomas is surgery, with a goal of 
gross total resection. This is followed by immediate postoperative 
conformal radiation (tumor plus 1 cm margin), even for patients as 
young as 12 months old, given the relative preservation of neuro
cognitive function. Incomplete resection confers poor prognosis and 
second-look surgery should be considered in these cases. 51 Radiation 
therapy sparing strategy, i.e., observation alone, may be considered in 

selected instances of gross totally resected ST ependymoma (non-ana
plastic) including YAP1 fused ST ependymoma as well as in spinal 
myxopapillary ependymomas. This is due to retrospective reports of 
favorable outcomes in these ependymoma subtypes.

Adjuvant chemotherapy does not provide a survival benefit in these 
patients. Two instances where chemotherapy has a defined role is with 
incompletely resected tumors, where it can serve as a bridge to shrink 
tumors and facilitate second look surgery with the goal of gross total 
resection. Secondly, in infants, chemotherapy may be used to delay start 
of RT until 12 months of age given the higher risks of second malignant 
neoplasms and brainstem necrosis in infants <12 months.53, 54

Medulloblastoma

Medulloblastoma is the most common malignant embryonal CNS 
tumor arising in the cerebellum with an incidence of 6 cases per 
1,000,000/year. 55, 56 Genomic studies have demonstrated that medul
loblastomas, although morphologically similar, have extensive biolog
ical heterogeneity. The CNS5 recognizes five distinct molecular 
subgroups of medulloblastoma that differ in their cells of origin, driver 
alterations, and clinical behavior, necessitating distinct treatment ap
proaches (Table 2) 8: 1) Wingless-activated (WNT), 2) SHH-activated 
TP53 wild-type (SHH-TP53WT), 3) SHH-activated TP53 mutant 
(SHH-TP53 mutant), 4) Group 3 (non-WNT/non-SHH) and 5) Group 4 
(non-WNT/non-SHH). 57-62

The most common initial presenting symptoms of medulloblastoma 
can include increased intracranial pressure (ICP) due to obstructive 
hydrocephalus, headache, vomiting, and ataxia, usually preceding the 
diagnosis by 2–8 weeks. Other associated symptoms with presentation 
can include changes in personality, academic regression, irritability, 
lethargy, diplopia, head tilt, and/or truncal ataxia.

On T1-weighted images of an MRI of the brain, medulloblastomas 
are often isointense or hypointense to surrounding normal brain. 
Diffusion restriction is observed in almost all tumors as a result of uni
form hypercellularity. Medulloblastoma subgroups have distinct imag
ing characteristics. SHH tumors tend to be located in the cerebellar 
hemispheres. Group 3 (avidly enhancing) and group 4 (non-enhancing) 
tumors tend to occupy the midline fourth ventricle. WNT tumors invade 
the lateral recess in 40%–50% of cases. Neuroaxis staging with spine 
imaging and lumbar CSF cytology (performed ≥2 weeks after surgical 
resection to avoid false positivity) is essential given that leptomeningeal 
metastases at diagnosis is detected in 20%–30% of patients, many who 
are often asymptomatic.

Risk stratification (i.e., risk of relapse) (Table 3) is currently based on 
clinical staging, and neuropathological and molecular features. The 
major determinants of clinical risk stratification include age (pts <3 
years given inability to use craniospinal irradiation without severe 
neurocognitive consequences), metastasis (M stage), residual post
operative disease assessed by post-op MRI performed within 48 hours of 
surgery and histology (large-cell, anaplastic, medulloblastoma with 
extensive nodularity, desmoplastic/nodular).

Table 2 
Molecular subgroups of medulloblastoma.

Molecular 
subgroup

WNT 
(10%)

SHH (30%) Group 3 
(25%)

Group 4 
(35%)

Age Child/AYA Infancy/AYA Early 
childhood

Childhood

Metastasis at 
dx

5% 15% 40% 35%

5-year OS 95% 75% (lower if 
TP53 mutant)

50% 75%

Genetic 
driver

CTNNB1 
DDX3X

PTCH1, SUFU 
TP53

MYC/ 
MYCN PVT

KDM6A 
SNCAIP

Syndrome FAP Gorlin, GPR16 
ELP1, Li 
Fraumeni

BRCA1/2 
PALB2

BRCA1/2 
PALB2
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Molecular features that have prognostic implications include WNT 
subgroup patients that are considered low-risk while MYC amplified 
group 3 and TP53 mutant SHH medulloblastoma comprise very-high 
risk patients. 59

Treatment of medulloblastoma

The mainstay of treatment for medulloblastoma is surgery, radiation 
therapy, and chemotherapy. The goals of surgery are to control 
increased intracranial pressure, achieve a maximal safe surgical resec
tion and establish a molecular diagnosis prior to protocoled therapy. 
Potential complications of posterior fossa surgery include posterior fossa 
syndrome(PFS)/cerebellar mutism that is reported in up to 40% of 
children. 63 PFS symptoms include mutism or severe dysarthria, per
sonality changes or emotional lability, hypotonia, ataxia, oral motor 
apraxia, and/or reduced oral intake. Symptoms frequently start 1–2 days 
after surgery and may last for several months, with varying degrees of 
recovery with intensive rehabilitation and therapy. A higher incidence 
has been described among patients with midline Group 4 medulloblas
toma. A lower incidence has been reported among patients with laterally 
located SHH tumors, presumable due to relative sparing of cerebellar 
outflow tracts through the superior cerebellar peduncle.

Risk adjusted craniospinal irradiation (CSI) is administered along 
with a boost to the primary tumor bed. the currently recommended 
radiation therapy for standard-risk patients includes CSI of 23.4 Gy, with 
a tumor bed boost of 55.8 Gy.

Adjuvant chemotherapy allows for reduction of CSI dose in patients 
with average risk medulloblastoma. Following radiation therapy, 4–8 
cycles of cisplatin-based chemotherapy are administered, with either 
cisplatin, lomustine, and vincristine or cisplatin, cyclophosphamide, and 
vincristine—both with similar survival. WNT medulloblastoma patients 
have an excellent prognosis and those with average risk disease based on 
clinical risk stratification maybe treated with 15-18 Gy of CSI with lower 
alkylator cumulative chemotherapy doses. Medulloblastoma patients 
with metastatic dissemination or residual disease over 1.5 cm2 are 
treated with 36–39 Gy of craniospinal irradiation with a boost to the 
tumor bed of 55.8 Gy. This is followed by 6 cycles of cisplatin, cyclo
phosphamide, and vincristine-based chemotherapy, although the addi
tional benefit of chemotherapy is unclear. Infants are treated with 
radiation-sparing approaches given the devastating neurocognitive 
sequelae with CSI. Treatment strategies include administration of 
intraventricular methotrexate with standard dose cytotoxic chemo
therapy or administration of high dose chemotherapy with autologous 
stem cell transplant. 64, 65 SHH medulloblastoma have excellent 
radiation-free survival of nearly 90% while group 3 infants have a poor 
prognosis with radiation sparing strategies. 65-67

Standard-risk medulloblastoma patients have a 5-year survival of 
approximately 80%; 5-year survival in high-risk medulloblastoma pa
tients is approximately 50%–60%. 56, 68-71 For the majority of survivors, 
long-term functional and cognitive outcomes are relatively poor. Pa
tients who received CSI at a young age are generally unable to live 
independently. 72, 73 In addition to neurocognitive sequelae and hearing 
loss, medulloblastoma survivors are burdened with a high incidence of 
stroke and multiple medical co-morbidities.72

Conclusion

Despite advances in pediatric cancer with respect to survival out
comes and therapeutics, pediatric CNS tumors continue to be a signifi
cant cause of morbidity and mortality. Fortunately, due to the advent of 
molecular diagnostics, the overall classification, prognostication as well 
as treatment and management of pediatric CNS tumors has significantly 
improved. Additionally, there has been development of novel thera
peutics, including targeted therapy that have decreased treatment 
related toxicity and sequalae. There are multiple ongoing clinical trials 
that are focused on more effective treatment paradigms by concen
trating on tumor biology, de-escalation of therapy and reduction of 
associated treatment related morbidity to better ensure improved 
quality of life and survival in this patient population.
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