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Brain and other central nervous system (CNS) tu-
mors remain the second most common tumor type 

for individuals aged 15–39 years, defined as adoles-
cents and young adults (AYAs) per the Central Brain 
Tumor Registry of the United States (1), with an in-
cidence rate of 12.21 per 100 000 (1). While overall 
rates of cancer survival have improved in this popu-
lation in recent years, mortality rates for AYAs with 
CNS tumors have increased by 0.6% per year for males 
and 1% per year for females from 2007 to 2016 (2).  
The AYA age group represents a unique patient popu-
lation at the intersection of pediatric and adult care, 
yet they are considered an understudied population. 
Indeed, the low participation rate of AYAs in clinical 
trials has been associated with poorer survival outcomes 
(2). Symptoms preceding the diagnosis of a brain tu-
mor in AYAs are typically nonspecific; in a case-control 
study of 899 children and younger adults (age range, 
10–24 years), headache was the most frequent symp-
tom across all tumor types (60%) (3). Lack of systematic 
health care and disregard for nonspecific symptoms in 
this age group contribute to a prolonged time to diag-
nosis (4). In the MOBI-Kids study, there was a delay of 
more than 1 year between onset of first symptoms and 
diagnosis in nearly 12% (80 of 695) of patients (3). As 
AYAs are at the intersection of adult and pediatric radi-
ology, brain tumors in this population can occur across 
different subtypes of adult- and pediatric-type gliomas, 

medulloblastomas, and ependymomas (5). The most 
common brain tumors in AYA patients are diffuse astro-
cytic and oligodendroglial tumors, glioneuronal tumors, 
ependymal tumors, other gliomas, and medulloblasto-
mas. Germ cell tumors, tumors of the choroid plexus, 
and tumors of the pineal region are less frequently 
encountered (1). The unique biology of brain tumors 
in AYAs is reflected in the fifth edition of the World 
Health Organization (WHO) classification of tumors of 
the central nervous system (hereafter, CNS WHO) (6).

Radiologists are integral in the diagnosis and man-
agement of patients with brain tumors. As such, famil-
iarity with the fifth edition of the CNS WHO tumor 
classification (6), as well as knowledge of principles of 
molecular characterization and tumor-specific imaging 
morphologic characteristics, are important. Research 
in brain tumor biology is rapidly advancing our un-
derstanding of these entities, and radiologists are chal-
lenged to adopt new nomenclatures and classification 
systems and to understand underlying tumor biology 
and behavior.

This review discusses updates to the 2021 CNS 
WHO tumor classification, with a focus on molecu-
lar and imaging characteristics of relevant tumor types 
common in AYAs. Tables 1 and 2 summarize abbrevia-
tions commonly used in the classification and molecular 
description of tumors and provide information about 
their imaging features and clinical significance.

Published in 2021, the fifth edition of the World Health Organization (WHO) classification of tumors of the central nervous system 
(CNS) introduced new molecular criteria for tumor types that commonly occur in either pediatric or adult age groups. Adolescents 
and young adults (AYAs) are at the intersection of adult and pediatric care, and both pediatric-type and adult-type CNS tumors 
occur at that age. Mortality rates for AYAs with CNS tumors have increased by 0.6% per year for males and 1% per year for females 
from 2007 to 2016. To best serve patients, it is crucial that both pediatric and adult radiologists who interpret neuroimages are 
familiar with the various pediatric- and adult-type brain tumors and their typical imaging morphologic characteristics. Gliomas 
account for approximately 80% of all malignant CNS tumors in the AYA age group, with the most common types observed being 
diffuse astrocytic and glioneuronal tumors. Ependymomas and medulloblastomas also occur in the AYA population but are seen less 
frequently. Importantly, biologic behavior and progression of distinct molecular subgroups of brain tumors differ across ages. This 
review discusses newly added or revised gliomas in the fifth edition of the CNS WHO classification, as well as other CNS tumor types 
common in the AYA population.
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Glioma
In the AYA age group, gliomas account for approximately 
80% of all malignant CNS tumors (1). Adult- and pedi-
atric-type gliomas, circumscribed astrocytic gliomas, and 
glioneuronal and neuronal tumors can all occur in the AYA 
population. Of note, despite the terms “adult-type” and “pe-
diatric-type,” these tumors can be encountered throughout 
the AYA age span, and it is important that both pediatric and 
adult neuroradiologists are familiar with both categories (5). 
Two radiologic flowcharts (Figs 1, 2) can aid in the diagnosis 
of pediatric-type gliomas.

Adult-type Diffuse Glioma

Astrocytoma, Isocitrate Dehydrogenase–Mutant
In the fifth edition of the CNS WHO classification, isoci-
trate dehydrogenase (IDH)–mutant astrocytoma is defined as 
a diffusely infiltrating glioma with IDH1 or IDH2 mutation 
and absence of 1p/19q codeletion. Furthermore, these tumors 
typically exhibit loss of nuclear ATRX expression and harbor 
TP53 mutations. Astrocytomas with IDH mutations are now 
graded 2–4, and the term glioblastoma is no longer applied to 
these gliomas (6).

Specific MRI features can be used to help identify IDH-mu-
tant astrocytoma. One such imaging finding is the T2-weighted 
fluid-attenuated inversion-recovery (FLAIR) (hereafter, T2/
FLAIR) mismatch sign, defined as having hyperintense sig-
nal with T2-weighted sequences and hypointense signal with 
FLAIR sequences, with a hyperintense peripheral rim (7). Ap-
pearance of this mismatch sign on MRI scans has been found 
to be highly specific (100%) and moderately sensitive (40%) 
for IDH-mutant astrocytoma (8,9). Other characteristic imag-
ing features include peritumoral signal abnormality and contrast 

Abbreviations
AYA = adolescent and young adult, CNS = central nervous  
system, FLAIR = fluid-attenuated inversion recovery, IDH =  
isocitrate dehydrogenase, MAPK = mitogen‐activated protein  
kinase, SHH = sonic hedgehog, WHO = World Health Organization, 
WNT = wingless type

Summary
Familiarity with specific imaging morphologic characteristics of 
pediatric- and adult-type tumors of the central nervous system is 
essential to provide the best imaging care to adolescents and young 
adults as both tumor types can occur in this age group.

Essentials
	■ As adolescents and young adults (AYAs) are at a transitional 
phase between adult and pediatric care, it is important for 
radiologists to recognize that central nervous system (CNS) 
tumors in this age group can include various subtypes of 
either adult- or pediatric-type gliomas, medulloblastomas, and 
ependymomas.

	■ Gliomas account for approximately 80% of all malignant CNS 
tumors in AYA patients.

	■ For ependymomas and medulloblastomas, biologic behavior and 
prognosis differ according to patient age.

enhancement, which are more commonly encountered in CNS 
WHO grade 3 and 4 tumors. As IDH-mutant astrocytomas are 
designated CNS WHO grade 4 based on CDKN2A/B homozy-
gous deletion, no reliable imaging features exist to differentiate 
this tumor entity from a lower-grade IDH-mutant astrocytoma 
(Fig 3) (10,11). The main differential diagnoses of IDH-mutant 
astrocytoma in the AYA age group are glioblastoma and oligo-
dendroglioma. Presence of contrast enhancement can be help-
ful in differentiating glioblastomas from low-grade astrocytomas 
and low-grade oligodendrogliomas. A key feature of oligoden-
drogliomas are coarse calcifications, which are less common in 
IDH-mutant astrocytoma and glioblastoma.

Oligodendroglioma, IDH-Mutant and 1p/19q-Codeleted
Oligodendroglioma is defined as diffusely infiltrating tumor with 
an IDH mutation and 1p/19q-codeletion. Grading (CNS WHO 
2 or 3) is based on the histologic assessment of mitotic activity, 
necrosis, and microvascular proliferation. Homozygous deletion 
of CDKN2A/B upgrades the tumor to CNS WHO grade 3, in-
dependent of histologic findings (6). Approximately 50%–65% 
of oligodendrogliomas occur in the frontal lobe; they are less fre-
quently encountered in the occipital and parietal lobes (12,13).

Oligodendrogliomas are typically located in the cortex  
and/or subcortical white matter. Compared with IDH-mutant 
astrocytomas, oligodendrogliomas are less well circumscribed 
and demonstrate a higher degree of internal heterogeneity and 
edema (Fig 4). Compared with 1p/19q-intact gliomas, intratu-
moral calcifications are moderately sensitive (51%) and highly 
specific (91%) for IDH-mutant and 1p/19q-codeleted oligo-
dendrogliomas (14). Contrast enhancement occurs in 46% of 
oligodendrogliomas and is more frequently encountered in CNS 
WHO grade 3 than grade 2 oligodendrogliomas (15). As de-
fined by the 2016 CNS WHO classification of tumors (16), oli-
godendrogliomas have higher relative cerebral blood volume and 
higher cellular density than astrocytomas (17).

Glioblastoma, IDH–Wild Type
In the fifth edition of the CNS WHO classification, the term 
glioblastoma is now restricted to high-grade diffuse gliomas, 
which are IDH–wild type and histone protein H3–wild type. 
Diagnosis of this tumor type is based on morphologic findings 
of a diffuse glioma with increased mitotic activity and micro-
vascular proliferation and/or pseudopalisading necrosis, as well 
as molecular findings that include TERT promoter mutation, 
EGFR amplification, or combined gain of whole chromosome 7 
and loss of chromosome 10 (+7/−10) (6).

At the time of diagnosis, glioblastomas are often large tumors 
demonstrating thick and irregular contrast enhancement at the 
tumor margin on MRI scans. Necrosis with or without a hemor-
rhagic component can be seen in the tumor core. FLAIR images 
typically demonstrate perilesional hyperintense signal, which 
usually represents neoplastic infiltration (10,11). Besides IDH-
mutant high-grade astrocytoma, cerebral metastases and primary 
CNS lymphoma with central necrosis in the context of AIDS 
may appear very similar to glioblastoma at imaging. Cerebral 
abscesses and tumefactive demyelination are important nonneo-
plastic differential diagnoses.
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Pediatric-type Diffuse Glioma

Low-grade Glioma, IDH–Wild Type
This new tumor type has been added to the 2021 CNS WHO 
classification. The four entities of (a) mitogen-activated protein 
kinase (MAPK) pathway–altered diffuse glioma, (b) MYB- or 
MYBL1-altered diffuse glioma, (c) angiocentric glioma, and  
(d) polymorphous low-grade neuroepithelial tumor of the 
young, or PLNTY, all feature diffuse tumor growth but are 
expected to behave less aggressively than pediatric-type diffuse 
high-grade gliomas (6).

Genetic alterations in diffuse glioma, MAPK pathway–al-
tered tumors, include duplication of the FGFR1 tyrosine ki-
nase domain, other FGFR1 mutations, and BRAF mutations 
that lead to the amino acid substitution V600E in the BRAF 
protein (p. V600E), among others (18). Further criteria are the 

absence of IDH and histone H3 mutations and homozygous 
deletion of CDKN2A (11).

Imaging features are not well described at present (19) but 
likely vary depending on the underlying molecular alteration. 
The MRI features of a diffuse glioma with MAP2K1 gene muta-
tion are shown in Figure 5.

MYB- or MYBL1-altered diffuse astrocytomas are rare CNS 
WHO grade 1 tumors. The MYB and MYBL1 genes serve as 
transcriptional regulators important for cell proliferation and dif-
ferentiation. These tumors are typically found in a cortical and 
subcortical location and are more commonly encountered in the 
cerebral hemispheres than in the diencephalon or brainstem (20).

Features on MRI scans include T1-weighted isointensity to 
hypointensity, T2/FLAIR mixed signal intensity or hyperinten-
sity compared with cortex, and absence of diffusion restriction. 
In a case series of 23 patients, only one patient showed faint 

Table 1: Abbreviations, Typical Locations, and Key Imaging Features for Tumors of the Central Nervous System 
Commonly Encountered in Adolescents and Young Adults

Abbreviation Tumor Entity Typical Location Key Imaging Feature
DMG Diffuse midline glioma Midline; pontine variant 

is classic; if midbrain or 
medulla, also consider 
WHO grade 1 or 2

Pontine: most often no enhancement or diffusion 
restriction, engulfing basilar artery; WHO grade 1  
or 2: focal and/or dorsally exophytic

DNET Dysembryoplastic neuroepithelial 
tumor

Cortical Multicystic with “bubbly appearance,” faint 
enhancement and calcification is possible

HGAP High-grade astrocytoma with piloid 
features

Cerebellum Limited studies; sharp or diffuse margin, rim or patchy 
enhancement, no diffusion restriction

HGG High-grade glioma Hemispheric or midline Hemispheric: well delineated or diffusely infiltrative and 
multifocal or monocentric, with absent or intense 
enhancement, ependymal/leptomeningeal contact; 
midline: see above

JPA Juvenile pilocytic astrocytoma Cerebellum is classic; 
optic pathway in 
neurofibromatosis 
type 1

Large cystic tumor with small enhancing mural nodule

LGG Low-grade glioma Hemispheric, cerebellar Diverse imaging features
MVNT Multinodular and vacuolating 

neuronal tumor
Sub- and juxtacortical Multiple small T2/fluid-attenuated inversion-recovery 

hyperintense nodules without mass effect
PFA Posterior fossa group A 

ependymoma
Likely to arise from roof 

or lateral portions of 
fourth ventricle

Classic is extension through the foramina of Luschka 
and Magendie; calcification more common than in 
posterior fossa group B

PFB Posterior fossa group B 
ependymoma

Frequently arises from 
fourth ventricular floor

Classic is extension through the foramina of Luschka and 
Magendie, cyst formation; larger enhancing tumor 
component than posterior fossa group A

pLGG Pediatric low-grade glioma Hemispheric, cerebellar Facilitated diffusion, diverse imaging features
PLNTY Polymorphous low-grade 

neuroepithelial tumor of the young
Temporal lobe, right to left, 

cortical and subcortical
Solid with peripheral cystic components, no or mild 

enhancement, central coarse calcification
PXA Pleomorphic xanthoastrocytoma Cortical Solid enhancing nodule, peripheral cystic component, 

scalloping, possibly dural tail sign
SHH-MB Sonic hedgehog–activated 

medulloblastoma
Cerebellar hemispheres Solid enhancement more common than other groups, 

hemorrhage
STE Supratentorial ependymoma Frontal and parietal lobes Cystic, solid component with diffusion restriction 

and enhancement, peritumoral edema and internal 
hemorrhage

Note.—WHO = World Health Organization.
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diffuse contrast enhancement (21). Tumors are usually well cir-
cumscribed and may have cystic portions. Microcystic tumor 
components may give rise to a T2/FLAIR mismatch sign, which 
has been occasionally observed on MRI scans of diffuse astrocy-
toma with MYB/MYBL1 alteration (Fig 6) (9,22,23).

Angiocentric gliomas are rare CNS WHO grade 1 tumors 
characterized by MYB gene alterations, with approximately 80%–
90% of these tumors exhibiting MYB-QKI gene fusion (20).  
Angiocentric gliomas are typically focal tumors with infiltrative 
margins in the supratentorial brain.

Table 2: Molecular Markers with Clinical Significance in Tumors of the Central Nervous System Commonly Encountered in 
Adolescents and Young Adults

Gene Symbol Gene Name Clinical Significance
IDH1/2 Isocitrate dehydrogenase (NADP+) 1/2 If mutated, better prognosis and longer survival compared with tumors 

without these mutations
TP53 Tumor protein P53 If mutated, more aggressive tumor behavior and worse prognosis
CDKN2A/B Cyclin-dependent kinase inhibitor 2A/2B Associated with poor prognosis when homozygous deletion is present in 

astrocytoma, isocitrate dehydrogenase–mutant
EGFR Epidermal growth factor receptor Associated with increased tumor growth and poor prognosis if amplified
MAPK Mitogen-activated protein kinase Involved in regulating cell growth and survival; aberrant activation is 

identified in various brain tumors, contributing to tumor progression 
and resistance to therapy

MYB MYB proto-oncogene, transcription factor Mandatory for the newly recognized MYB- or MYBL1-altered diffuse 
astrocytoma; MYB-QKI fusion in 80%–90% of angiocentric gliomas

TERT Telomerase reverse transcriptase Mutations and rearrangements associated with worse prognosis and more 
aggressive behavior

FGFR1/2/3 Fibroblast growth factor receptor 1/2/3 Diagnostic and prognostic markers
PRKCA Protein kinase C alpha Overexpression may contribute to tumor growth and progression; present 

in 80%–90% of chordoid gliomas
ZFTA Zinc finger translocation-associated Most frequent recurrent genetic alteration in supratentorial ependymomas
YAP1 Yes1-associated transcriptional regulator Overexpression or activation can promote cell proliferation and inhibit 

apoptosis

Note.—NADP+ = nicotinamide adenine dinucleotide phosphate.

Figure 1:  Radiologic flowchart of pediatric low-grade gliomas and hemispheric high-grade gliomas (HGG) based on apparent diffusion coefficient (ADC) map val-
ues, anatomic location, and MRI signal characteristics. Mitogen-activated protein kinase pathway–altered diffuse gliomas are not included due to the scarcity of reported 
imaging findings. Also not included are high-grade astrocytomas with piloid features, which demonstrate rim enhancement with a lack of central enhancement and with 
increased central apparent diffusion coefficient values (48), as well as astroblastomas with MN1 alterations, which demonstrate heterogeneous contrast enhancement, 
abundant susceptibility artifacts due to hemorrhage and/or calcification, and diffusion restriction of the solid tumor component (30). CE = contrast enhancement, DNET = 
dysembryoplastic neuroepithelial tumor, FLAIR = fluid-attenuated inversion recovery, IDH = isocitrate dehydrogenase, MVNT = multinodular and vacuolating neuronal tumor,  
PLNTY = polymorphous low-grade neuroepithelial tumor of the young, PXA = pleomorphic xanthoastrocytoma, RTK = receptor tyrosine kinase, T2 = T2-weighted, 
wt = wild type.
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At MRI, angiocentric gliomas are usually T2/FLAIR  
hyperintense (Fig 7A, 7B) with or without an intrinsically  
T1-hyperintense margin (Fig 7C). Facilitated diffusivity and 
absence of contrast enhancement are also common. A “stalk- 
like” tumor extension toward the ventricles has been de-
scribed in the majority of patients (Fig 7C) (24,25). The 
T2/FLAIR imaging appearance resembles that of other pe-
diatric low-grade gliomas and nonneoplastic lesions such 
as encephalomalacia, cortical laminar necrosis, and gliosis. 
The tumor-related mass effect, patient history, and stalk-like 

tumor extension toward the lateral ventricles usually point 
toward an angiocentric glioma compared with encephaloma-
lacia. Also, signal abnormalities, such as intrinsic T1 hyperin-
tensity, are usually not as gyriform in angiocentric gliomas as 
they would be in cortical laminar necrosis.

Polymorphous low-grade neuroepithelial tumor of the young 
comprises a group of neoplasms designated CNS WHO grade 
1, with histologic characteristics of infiltrative growth, oligoden-
droglioma-like components, calcifications, and aberrant CD34 
expression (26,27). Most are found in a cortical or subcortical 

Figure 2:  Radiologic flowchart of pediatric midline low-grade glioma (LGG) and high-grade glioma (HGG) based on anatomic location and MRI signal characteristics.  
CE = contrast enhancement, NF1 = neurofibromatosis type 1, T2w = T2-weighted, WHO = World Health Organization.

Figure 3:  Brain MRI scans in a 30-year-old female patient with isocitrate dehydrogenase–mutant astrocytoma centered in the basal ganglia and right temporal lobe.  
(A) Axial fluid-attenuated inversion-recovery (FLAIR) image shows a heterogeneously hyperintense mass lesion with perilesional edema (arrows). (B, C) Axial diffusion-
weighted image (B) and apparent diffusion coefficient map (C) show peripheral diffusion restriction (arrows). (D) Axial contrast-enhanced T1-weighted image shows that the 
tumor does not enhance after contrast administration. The T2/FLAIR mismatch sign (T2-weighted hyperintense appearance of the tumor with corresponding FLAIR hypointensity 
except for a rim of FLAIR hyperintensity at the tumor margin), which can be observed at MRI for this tumor type, was not present in this patient.
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Figure 4:  Brain MRI scans in a 36-year-old male patient with isocitrate dehydrogenase–mutant, 1p/19q-codeleted left frontoinsular oligodendroglioma. (A) Axial  
T2-weighted image shows a hyperintense tumor (arrow) with mild midline distortion. (B) Axial fluid-attenuated inversion-recovery image shows mild mass effect and indistinct 
tumor borders (arrow). (C) Axial apparent diffusion coefficient map shows facilitated diffusivity (arrow). (D) Axial T1-weighted contrast-enhanced image shows absent 
enhancement following contrast administration.

Figure 5:  Brain MRI scans in a 16-year-old male patient with a small right cerebellar diffuse astrocytoma with MAP2K1 gene mutation. (A) Axial 
fluid-attenuated inversion-recovery image shows a hyperintense well-delineated lesion in the right cerebellar periventricular white matter (arrow).  
(B) Axial T2-weighted image shows mild mass effect on the lateral recess of the fourth ventricle (arrow). (C) Contrast-enhanced T1-weighted image 
shows absence of contrast enhancement.

Figure 6:  Brain MRI scans in a 2-year-old male patient with a left parieto-occipital diffuse astrocytoma and MYBL1 alteration. (A) Axial T2-weighted fluid-attenuated 
inversion-recovery (FLAIR) image shows a well-delineated large tumor with central hypointense signal (arrow). (B) Coronal T2-weighted image shows hyperintense signal 
of the tumor in keeping with a “false-positive” T2/FLAIR mismatch sign (arrow). (C) Axial diffusion-weighted image does not show restricted diffusion (arrow). (D) Coronal 
contrast-enhanced T1-weighted image shows absence of contrast enhancement of the tumor.
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location in the cerebral hemispheres, with a predilection for the 
temporal lobe (right to left) (28). The mean age at presentation 
is 18 years (range, 4–32 years) (29).

Polymorphous low-grade neuroepithelial tumors of the 
young are typically solid with peripheral cystic components. The 
dominant imaging feature is central coarse calcification (Fig 8A) 
(27,28). They appear hyperintense with T2-weighted sequences 
(Fig 8B) and have mild or no contrast enhancement (Fig 8C). This 
imaging appearance should be differentiated from the more com-
monly encountered gyriform calcification in oligodendroglioma 
(29) and from MN1-altered astroblastomas, where susceptibility-
weighted imaging is reported to show more abundant susceptibil-
ity artifacts due to hemorrhage and/or calcification (30).

Diffuse High-grade Glioma, Hemispheric
Diffuse hemispheric H3 G34–mutant glioma is a new tumor 
type described in the fifth edition of the CNS WHO classifica-
tion. This tumor entity is designated as CNS WHO grade 4 and 
characterized by a missense mutation at position 34 of the his-
tone H3.3 protein and absence of IDH mutation (6). This is an 

aggressively infiltrating tumor generally encountered in the cere-
bral hemispheres with possible extension to midline structures. 
While H3 G34–mutant diffuse hemispheric gliomas account for 
less than 1% of all gliomas, they account for 13% of high-grade 
gliomas in the AYA population (31,32).

Imaging characteristics are variable. Tumors are reported to 
be well delineated or diffusely infiltrative (Fig 9A) and multi-
focal or monocentric with possible necrosis (Fig 9B), micro-
calcification, or hemorrhage (Fig 9D). Contrast enhancement 
ranges from absent to intense. These tumors commonly exhibit 
restricted diffusion (Fig 9C) and increased perfusion. Contact to 
the leptomeninges or ependymal margins (Fig 9A, 9B) has been 
reported in most diffuse high-grade gliomas (33–36). There are 
no specific imaging features allowing a differentiation of this tu-
mor from H3–wild-type and IDH–wild-type diffuse pediatric- 
type high-grade glioma.

Diffuse High-grade Glioma, Midline
Diffuse midline gliomas are now designated as H3 K27–altered 
rather than H3 K27M–mutant to encompass newly discovered 

Figure 7:  Brain MRI scans in a 16-year-old female patient with left mesial occipital angiocentric glioma with MYB alteration. (A) Axial T2-weighted  
image shows a hyperintense tumor (arrow). (B) Axial fluid-attenuated inversion-recovery image shows hyperintensity and an irregular shape of the 
tumor (arrow). (C) Coronal T1-weighted image shows a “stalk-like” tumor extension toward the left occipital horn (arrow).

Figure 8:  Brain MRI scans in a 7-year-old male patient with left temporal polymorphous low-grade neuroepithelial tumor of the young and FGFR2 
fusion. (A) Sagittal T1-weighted image shows intrinsic hyperintense signal suggesting calcification (arrow). (B) Axial T2-weighted image shows 
small peripheral hyperintense cystic components (arrow). (C) Axial contrast-enhanced T1-weighted image shows faint enhancement (arrow).
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sequence variants driving the loss of histone H3 K27 trimethyl-
ation (37). Regardless of the underlying mechanism, loss of H3 
K27 trimethylation is the hallmark feature of these CNS WHO 
grade 4 tumors. In children, these tumors are most frequently 
encountered in the pons, but in the AYA age range, thalamic 
and spinal locations become more frequent (32). Rarely, tumors 
are found off the midline. Bilateral thalamic tumors most com-
monly represent the EGFR-altered subtype (37,38).

Features observed with MRI are variable without a unifying 
pattern. The classic appearance of the pontine variant (diffuse 
intrinsic pontine glioma) is an expansile T2-hyperintense mass 
lesion centered in the pons (Fig 10A) with or without mild 
diffusion restriction, engulfing the basilar artery, with pontine 
fiber splitting (Fig 10B), and without contrast enhancement 
(Fig 10C). However, diffuse midline gliomas may also appear 
as enhancing (Fig 11B) and necrotic tumors with heterogeneous 
T2-weighted signal (Fig 11A) and involve off-midline structures. 
The differential diagnosis includes focal and dorsally exophytic 
tumors of the brainstem, which are more commonly found in 
the midbrain and medulla oblongata, and which are usually low-
grade gliomas (39).

Diffuse Pediatric-type High-grade Glioma, H3–Wild Type 
and IDH–Wild Type
These newly recognized CNS WHO grade 4 tumors are a het-
erogeneous group with mostly high-grade histologic features 
(high mitotic activity, vascular proliferation, and/or necrosis). 
They are defined by the absence of mutations in either IDH 
or histone 3. There are three molecular subgroups that include 
MYCN-amplified gliomas, RTK1 gliomas (exhibiting PDGFRA 
amplification), and RTK2 gliomas (exhibiting EGFR amplifica-
tion) (6,40,41). Hypermutant diffuse high-grade gliomas have 
also been observed in children and are characterized by microsat-
ellite instability, which is related to inactivating variants of DNA 
mismatch repair genes (41).

At imaging, MYCN-amplified diffuse high-grade gliomas are 
more commonly found in the supratentorial brain as a solid le-
sion with mild to moderate perilesional T2/FLAIR hyperintense 
signal, relatively homogeneous contrast enhancement (Fig 12A–
12D), restricted diffusion in the solid part of the tumor due to 
hypercellularity (Fig 12E, 12F), and higher perfusion (42). There 
are no specific imaging features currently known for differentiat-
ing this tumor from H3 G34–mutant diffuse hemispheric glioma.

Figure 9:  Brain MRI scans in a 17-year-old female patient with diffuse left hemispheric high-grade glioma with a G34R amino acid substitution in the histone H3.3 protein.  
(A) Axial fluid-attenuated inversion-recovery image shows a hyperintense tumor with partially well-delineated (thick white arrow) and partially diffusely infiltrating borders 
(thin white arrow), with contact to the leptomeninges (thin black arrow) and ependymal margins (thick black arrow). (B) Coronal T2-weighted image shows multiple small 
cysts (arrow). (C, D) Axial diffusion-weighted image (C) and apparent diffusion coefficient map (D) show restricted diffusion along the medial tumor edge (arrow). (E) Axial 
multiplanar gradient-recalled image shows coarse and stippled susceptibility artifacts suggesting microcalcification or hemorrhage (arrow).

Figure 10:  Brain MRI scans in an 11-year-old male patient with diffuse midline high-grade glioma with a K27M amino acid substitution in the 
histone H3.3 protein. (A) Axial fluid-attenuated inversion-recovery image shows a large heterogeneously hyperintense mass lesion (arrows). (B) Axial  
T2-weighted image shows that the lesion is well delineated and hyperintense (arrows). (C) Sagittal contrast-enhanced T1-weighted image shows the 
absence of contrast enhancement.
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Circumscribed Astrocytic 
Glioma
These heterogeneous tumors are di-
vided into six tumor families in the 
2021 edition of the CNS WHO 
classification, including pilocytic as-
trocytoma, high-grade astrocytoma 
with piloid features, pleomorphic 
xanthoastrocytoma, subependy-
mal giant cell astrocytoma, chor-
doid glioma, and MN1-altered  
astroblastoma (6).

Pilocytic Astrocytoma
Fusion of KIAA1549::BRAF is the 
most frequent molecular alteration 
in pediatric low-grade gliomas, with 
one study reporting the occurrence 
of this fusion event in 30%–40% 
of these tumors (18). Pilocytic as-
trocytomas are CNS WHO grade 1 
tumors, which lack IDH and TP53 

Figure 11:  Brain MRI scans in a 6-year-old female patient with diffuse midline high-grade glioma with a K27M 
amino acid substitution in the histone H3.3 protein. (A) Axial T2-weighted image shows a large expansile hyper-
intense tumor (white arrow) with eccentric necrosis (black arrow). (B) Axial contrast-enhanced T1-weighted image 
shows eccentric necrosis with surrounding enhancement (arrow).

Figure 12:  Brain MRI scans in a 13-year-old male patient with right hemispheric diffuse high-grade glioma, isocitrate dehydrogenase–wild type 
and histone protein H3–wild type, with MYCN amplification. (A) Coronal T2-weighted image shows a large heterogeneously hyperintense tumor  
(arrows). (B) Axial fluid-attenuated inversion-recovery image shows sharp borders (arrows). (C) Axial multiplanar gradient-recalled image shows 
internal hemorrhage (arrow). (D) Coronal contrast-enhanced T1-weighted image shows vivid contrast enhancement (arrows). (E, F) Axial  
diffusion-weighted image (E) and apparent diffusion coefficient map (F) show partial diffusion restriction of the solid tumor component (arrow).
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mutations. While 70%–80% of these tumors harbor the MAPK 
pathway genetic alteration KIAA1549::BRAF fusion (20), AYA 
patients are more likely to have non-KIAA1549::BRAF fusion 
pilocytic astrocytomas (43). These tumors frequently arise from 
midline structures, including the cerebellum and optic pathway, 
and are less frequently encountered in the brainstem, cerebral 
hemispheres, and spinal cord.

Pilocytic astrocytomas typically have a large cystic and 
smaller contrast-enhancing solid component (mural nodule) 
on MRI scans (Fig 13A–13C). The cyst wall enhances in ap-
proximately half of pilocytic astrocytomas. Calcification is less 
common and tumor hemorrhage is rare (44,45). The differ-
ential diagnoses in the AYA age group mainly include medul-
loblastoma and ependymoma. Apparent diffusion coefficient 
values are typically higher than that of gray matter in pilocytic 
astrocytomas (Fig 13D), while they are lower in medulloblas-
tomas and ependymomas (46).

High-grade Astrocytoma with Piloid Features
In high-grade astrocytomas with piloid features, alterations of 
the MAPK pathway are often combined with CDKN2A/B ho-
mozygous deletion and/or ATRX mutations and likely represent 
transformation of long-standing low-grade gliomas or pilocytic 
astrocytomas. In contrast to pilocytic astrocytomas, the most 
frequent MAPK pathway alteration detected is NF1 alteration 
(31%). High-grade astrocytomas with piloid features most com-
monly arise in the cerebellum (74%) and are less commonly seen 
in the supratentorial brain (17%) and spinal cord (7%). Rein-
hardt et al (47) reported a median patient age of 41.5 years in a 
study of 83 patients with this high-grade astrocytoma type.

Findings in a series of MRI studies in six patients found 
that these tumors had a sharp or diffusely infiltrating margin, 
T1-weighted hypointensity to isointensity, and T2-weighted 
hyperintense signal. Of the five patients who received a gado-
linium-based contrast agent, rim enhancement was seen with a 
lack of central enhancement in three tumors, while two tumors 
showed patchy tumor enhancement. No restricted diffusion was 
noted (48). Based on the limited information available, both 
high-grade and low-grade glioma need to be considered in the 
differential diagnosis. In the presence of diffusely infiltrating 

tumor margins, the lack of diffusion restriction can help differ-
entiate this tumor type from high-grade gliomas.

Pleomorphic Xanthoastrocytoma
Pleomorphic xanthoastrocytomas are designated CNS WHO 
grade 2 or 3, depending on histology. Approximately 80%–90% 
of these tumors harbor a BRAF p.V600E mutation and most will 
also have co-occurring homozygous CDKN2A/B deletion (21). 
Typically, pleomorphic xanthoastrocytomas are located periph-
erally in the supratentorial brain, with up to 50% observed in 
the temporal lobe (49). In a study of 50 patients, the mean age 
at presentation was reported to be 26 years (50).

At MRI, pleomorphic xanthoastrocytoma appears as a solid 
contrast-enhancing nodule (Fig 14C, 14D). In higher-grade 
pleomorphic xanthoastrocytomas, contrast enhancement was 
reported to be more heterogeneous and peritumoral edema 
was larger. Most pleomorphic xanthoastrocytomas have a pe-
ripheral cystic component (Fig 14A, 14B) and apparent dif-
fusion coefficient values are reported to be lower than that 
found in supratentorial pilocytic astrocytomas (51). A “dural 
tail sign” is commonly seen, likely due to dural involvement 
(52). While some pleomorphic xanthoastrocytomas may re-
semble meningiomas, their cystic component, solid nodule, and  
T2-weighted signal can typically be used to differentiate them 
from meningiomas (Fig 14A, 14B) (53). Another characteris-
tic imaging feature of these slow-growing tumors is superficial 
remodeling (scalloping) of the adjacent skull (Fig 14B) (49).  
Notably, in a study of 50 adult patients (age range, 18–67 years), 
almost 50% of pleomorphic xanthoastrocytomas recurred 
or demonstrated progression to CNS WHO grade 3 (50).  
The differential diagnoses in AYA patients also include ganglio-
gliomas and dysembryoplastic neuroepithelial tumors. The for-
mer can appear very similar but do not demonstrate a dural tail 
sign. The latter typically have a “bubbly appearance” and less 
vivid contrast enhancement.

Chordoid Glioma
These rare and slow-growing CNS WHO grade 2 tumors usu-
ally arise in the anterior part of the third ventricle with possible 
extension to the suprasellar region and lateral ventricles (54). 

Figure 13:  Brain MRI scans in a 9-year-old male patient with cerebellar pilocytic astrocytoma with a KIAA1549-BRAF fusion gene. (A) Axial fluid-attenuated inversion-
recovery image shows a well-circumscribed tumor with mild peripheral edema (arrows). (B) Coronal T2-weighted image shows a peripheral cystic component (arrow).  
(C) Coronal contrast-enhanced T1-weighted image shows contrast enhancement of the solid component (arrow). (D) Axial apparent diffusion coefficient map shows higher 
values than gray matter (arrow).
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Mutations in the PRKCA gene have been reported in 80%–90% 
of chordoid gliomas, leading to enhanced proliferation of astro-
cytes and tanycytes (20,55). Chordoid gliomas mostly occur in 
adults (mean age, 46 years) with a female predominance, but 
they can occur in the AYA age range (55).

At MRI, chordoid gliomas usually appear as well-circumscribed  
ovoid lesions located in the anterior aspect of the third ventricle. 
They are isointense on T1-weighted images and hyperintense 
on T2-weighted images. These tumors demonstrate avid con-
trast enhancement and peripheral edema, and cysts or calcifica-
tions may be present (54,56). The list of differential diagnoses 
includes intraventricular meningioma, pilocytic astrocytoma, 
craniopharyngioma, and subependymal giant cell astrocytoma. 
Pilocytic astrocytomas arise from the optic pathway and may ex-
tend toward the hypothalamus and anterior third ventricle, while 
chordoid gliomas are centered in the anterior third ventricle. 
Craniopharyngiomas can be differentiated by their intrasellar 
tumor component and typical signal characteristics. Subependy-
mal giant cell astrocytoma should be considered in the presence 
of other imaging findings of tuberous sclerosis complex.

Astroblastoma, MN1-altered
Astroblastomas with MN1 alterations are well-circumscribed 
tumors predominantly encountered in the cerebral hemi-
spheres, most frequently in the frontal and parietal lobes, with 
few tumors reported to occur in the posterior fossa and spine 
(19,57). Diagnosis is dependent on the presence of an altera-
tion of protein-encoding proto-oncogene MN1 on chromosome 
22 in combination with the histologic hallmark of astroblastic 
pseudorosette (58,59). These tumors have a strong female pre-
dominance, and the median age at diagnosis was 13.5 years (age 
range, 2–40 years) in a study of 73 patients (57).

At MRI, these tumors have been reported to be well demar-
cated with solid and cystic components, heterogeneous contrast 
enhancement, and mild or no perilesional edema (30,57). On sus-
ceptibility-weighted images, abundant susceptibility artifacts have 
been observed due to hemorrhage and/or calcification (30). Fur-
thermore, restricted diffusion was noted in the solid portions of the 
tumor (30). Notably, these astroblastomas with MN1 alterations 

frequently recur, with a recent meta-analysis observing up to 62% 
recurrence across 12 studies (57). In patients with these tumors, 
10-year overall survival was reported to be 55% (57). Main differ-
ential diagnoses are hemispheric high-grade gliomas, atypical tera-
toid rhabdoid tumors, and supratentorial ependymomas. While 
the presence of restricted diffusion is suggestive of a hemispheric 
high-grade glioma, there is relatively little perilesional edema in 
astroblastomas with MN1 alterations. Supratentorial atypical tera-
toid rhabdoid tumors may have similar MRI features but typically 
manifest in very young children. Supratentorial ependymoma can 
be difficult to exclude as a differential diagnosis.

Glioneuronal Tumor
Glioneuronal tumors are a heterogeneous group of rare tumors 
representing 0.4%–2% of all CNS tumors (60,61). In North 
America, the annual incidence rate of glioneuronal tumors 
in the AYA population ranges from 0.4 to 0.49 per 100 000 
(1,62). These tumors have a predilection for the temporal lobe 
and often occur with seizures, accounting for the vast major-
ity of long-term epilepsy-associated tumors (63). Herein, we 
focus on the more commonly encountered dysembryoplastic 
neuroepithelial tumors, gangliogliomas, and multinodular and 
vacuolating neuronal tumors.

Dysembryoplastic Neuroepithelial Tumor
Dysembryoplastic neuroepithelial tumors are slow-growing 
CNS WHO grade 1 tumors typically located in cortical gray 
matter, with the most common locations being in the temporal 
lobe followed by the frontal lobe (64). Duplication of the ty-
rosine kinase domain of FGFR1 and FGFR1 single-nucleotide 
variants occur in 20%–30% of patients. Less frequent molecular 
alterations include FGFR1-TACC1 fusions, which have been re-
ported in 10%–15% of patients (20).

On MRI scans, dysembryoplastic neuroepithelial tumors 
are often encountered as T1-weighted hypointense, T2/FLAIR 
hyperintense (Fig 15A, 15B), and multicystic lesions involving 
cortex with a “bubbly appearance.” On FLAIR images, the cystic 
component is partially suppressed, which results in a hypointense 
appearance, while the tumor rim appears hyperintense (65).  

Figure 14:  Brain MRI scans in a 5-year-old female patient with large right hemispheric pleomorphic xanthoastrocytoma with a BRAF p.V600E mutant protein and 
CDKN2A deletion. (A) Axial fluid-attenuated inversion-recovery image shows a large tumor with heterogeneous signal characteristics due to solid and cystic components 
(arrows). (B) Coronal T2-weighted image shows peripheral cystic component (black arrow), extensive perilesional edema (white arrows), and scalloping of the adjacent 
calvarium (arrows between A and B). (C) Coronal contrast-enhanced T1-weighted image shows contrast enhancement of the cyst wall (thin arrow) and the solid nodule 
(thick arrow). (D) Axial apparent diffusion coefficient map shows low apparent diffusion coefficient values, suggestive of a high cell density (arrows).
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There is no restricted diffusion (Fig 15C). Faint nodular or 
patchy contrast enhancement is reported in 20%–40% of 
patients. Intratumoral calcifications are seen in one-third of 
patients (66,67). Several tumor entities may appear similar 
to dysembryoplastic neuroepithelial tumors, including mul-
tinodular and vacuolating neuronal tumors, gangliogliomas, 
and IDH-mutated low-grade astrocytomas. Multinodular and 
vacuolating neuronal tumors do not involve the cortex and 
remain hyperintense, without signal suppression, on FLAIR 
images. Gangliogliomas commonly demonstrate contrast en-
hancement and do not have a “bubbly appearance.” Low-grade 
astrocytomas are usually confined to white matter, with mass 
effect on the overlying cortex.

Ganglioglioma
The majority of gangliogliomas are CNS WHO grade 1 and typ-
ically diagnosed from 10 to 30 years of age (61). Approximately 
40%–50% of gangliogliomas exhibit BRAF p.V600E mutation 
and another 10%–15% exhibit KIAA1549::BRAF fusion (20). 
Gangliogliomas are most frequently found in the temporal lobes 
but can occur anywhere in the CNS.

While these tumors have variable imaging characteristics, 
the classic appearance at MRI is that of a cystic tumor with an 
avidly enhancing mural nodule. Less commonly, they are seen 
as a T2-weighted hyperintense (Fig 16A–16C), solid, and well-
circumscribed mass lesion with a variable degree of contrast 
enhancement (Fig 16D). Calcification is frequent, perilesional 
edema is uncommon, and restricted diffusion is usually absent 
(Fig 16B). There may be remodeling of the adjacent calvarium 
with scalloping. MRI perfusion may demonstrate greater relative 
cerebral blood volume than other low-grade tumors (61). The 
differential diagnoses include dysembryoplastic neuroepithelial 
tumors and pleomorphic xanthoastrocytomas.

Multinodular and Vacuolating Neuronal Tumor
Multinodular and vacuolating neuronal tumors are now rec-
ognized as a distinct entity in the 2021 CNS WHO classifica-
tion of brain tumors (6). They are seizure-associated low-grade 
tumors predominantly seen in subcortical white matter, but 
cortical involvement is possible (68). The identification of ge-
netic abnormalities (MAP2K1 alteration in 50%–60% of pa-
tients, BRAF p.V600E in 5%–10% of patients) (20) suggests a 

Figure 15:  Brain MRI scans in an 11-year-old female patient with right occipital dysembryoplastic neuroepithelial tumor and duplication of 
the FGFR1 tyrosine kinase domain. (A) Axial T2-weighted image shows a cortical and subcortical hyperintense lesion (arrow). (B) Coronal fluid-
attenuated inversion-recovery image shows that the hyperintense lesion (arrow) is well delineated. (C) Axial apparent diffusion coefficient map shows 
facilitated diffusivity (arrow).

Figure 16:  Brain MRI scans in a 2-year-old male patient with left mesial temporal lobe ganglioglioma with a BRAF p.V600E mutant protein. (A) Axial fluid-attenuated 
inversion-recovery image shows a hyperintense expansile tumor (arrows). (B) Axial apparent diffusion coefficient map shows facilitated diffusivity (arrow). (C) Coronal T2-
weighted image shows involvement of cortical gray matter and subcortical white matter (arrows). (D) Axial contrast-enhanced T1-weighted image shows heterogeneous 
contrast enhancement (arrows).
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neoplastic rather than a malformative origin (60). While mul-
tinodular and vacuolating neuronal tumors most commonly 
occur in adults older than 30 years and may be seen as an in-
cidental radiologic finding, they are observed in the AYA age 
range (60,61,69).

These tumors have a characteristic appearance on MRI scans. 
Lesions are juxtacortical and subcortical and consist of mul-
tiple small well-defined nodules that appear hyperintense with  
T2-weighted and FLAIR sequences. Nodules appear with-
out mass effect, surrounding edema, calcification, or diffu-
sion restriction. Contrast enhancement is also usually absent 
(60,61,69). The main differential diagnosis is dysembryoplastic 
neuroepithelial tumors in which the cystic components suppress 
to hypointense signal on FLAIR images.

Ependymoma
According to the fifth edition of the CNS WHO classification, 
ependymomas are grouped based on anatomic location, includ-
ing the supratentorial, posterior fossa, and spinal compartments. 
Overall, there are 10 subgroups according to a combination of 
histopathologic, anatomic, and molecular features (Table 3). 

CNS WHO grades 2 and 3 continue to be defined according to 
histologic features in ependymomas (6).

Supratentorial Ependymoma
There are two molecular groups of supratentorial ependymomas 
harboring either ZFTA gene fusions or YAP1 gene fusions. In 
the 2021 classification of brain tumors, what was once termed 
the RELA fusion-positive ependymoma group is now referred 
to as ZFTA fusion-positive, as ZFTA gene fusion was found to 
be slightly more prevalent in this tumor type than RELA gene 
fusion (6). In the AYA population, the ZFTA fusion-positive 
subgroup accounts for the majority of supratentorial ependymo-
mas. Gene fusions with YAP1 are largely restricted to infants and 
young children (70).

Supratentorial ependymomas have a heterogeneous appear-
ance on MRI scans. In an analysis of 47 RELA-fused supratento-
rial ependymomas (mean age, 7.9 years ± 5.2 [SD]), most were 
located in the frontal or parietal lobes (Fig 17A), with only few tu-
mors arising solely in intraventricular or extra-axial regions (71). 
Tumors were mostly cystic, with possible central necrosis (Fig 
17A), diffusion restriction (Fig 17B), and contrast enhancement 

Table 3: Molecular Markers and MRI Features of Ependymoma Included in the WHO Classification of Tumors of the 
Central Nervous System, Fifth Edition

Compartment and 
Histology

WHO 
Grade Molecular Characteristic Age Group Imaging Feature

Supratentorial
  Subependymoma 1 Adults Most frequently, fourth ventricle, then lateral ventricles,  

T2-weighted hyperintense with more heterogeneous 
appearance in larger lesions, possible calcifications; usually, 
perilesional edema and nonenhancing

  Ependymoma 2/3 ZFTA fusion All age 
groups

Frontal and parietal lobe, cystic, solid component with diffusion 
restriction and enhancement, peritumoral edema and internal 
hemorrhage

  Ependymoma 2/3 YAP1 fusion Infants, 
children

Large at presentation with prominent cystic components and 
solid component with heterogeneous enhancement and 
variable perilesional edema

Posterior fossa
  Subependymoma 1 Adults Same as above
  Ependymoma 2/3 PFA (H3 K27 

trimethylation loss, 
EZHIP positive)

Infants, 
children

Likely to arise from roof or lateral portions of fourth ventricle, 
calcification more common than in PFB

  Ependymoma 2/3 PFB (H3 K27 
trimethylation retained, 
EZHIP not expressed)

Adolescents, 
adults

Frequently arises from fourth ventricular floor, cyst formation, 
greater enhancement than PFA

Spinal
  Myxopapillary 

ependymoma
2 Adolescents, 

adults
Well defined at conus medullaris and cauda equina,  

“sausage-shaped,” contrast enhancing, extending more than 
one vertebral level

  Ependymoma 2/3 MYCN-amplified Adults Large at presentation with infiltration of the cord over several 
vertebral segments, commonly leptomeningeal disease at 
presentation

  Ependymoma 2/3 No MYCN amplification Commonly 
adults

Heterogeneous appearance with enhancement of solid portions, 
cystic and necrotic changes, hemorrhage

Note.—EZHIP = EZH inhibitory protein, MYCN = N-Myc proto-oncogene protein, PFA = posterior fossa ependymoma type A, PFB = 
posterior fossa ependymoma type B, WHO = World Health Organization, YAP1 = yes1-associated transcriptional regulator, ZFTA = zinc 
finger translocation-associated.
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of their solid component (Fig 17C). Perilesional edema was a 
common finding (Fig 17A). Signs of intratumoral hemorrhage 
(Fig 17D) were found in 27 of 45 patients (60%) (71). Supra-
tentorial ependymomas that are YAP1 fusion-positive are typi-
cally large at presentation, with prominent cystic components 
and a solid component with heterogeneous enhancement and 
variable perilesional edema (72). Supratentorial ependymomas 
may be difficult to distinguish from their imaging differential di-
agnoses, including glioblastoma, oligodendroglioma, metastasis, 
and astroblastoma. If small, oligodendrogliomas may be differ-
entiated by their cortical location. Metastases more commonly 
occur at the gray-white matter interface and often demonstrate 
larger edema than expected for their size.

Posterior Fossa Ependymoma
Most posterior fossa type A ependymomas occur in infants and 
younger children. In adolescence, 50% of posterior fossa epen-
dymomas are type B, while in patients older than 18 years, more 

than 90% are type B (5,73). Type A tumors exhibit overexpres-
sion of EZHIP and associated loss of H3 K27 trimethylation, 
while type B tumors show no EZHIP expression and retain H3 
K27 trimethylation (74,75). It should be noted that lack of 
EZHIP expression is not specific to posterior fossa ependymoma 
type B and does not distinguish this type of ependymoma from 
subependymoma.

Type A ependymomas are more likely to arise from the roof 
or lateral portions of the fourth ventricle, whereas type B ep-
endymomas more frequently arise from the fourth ventricu-
lar floor (76,77). Posterior fossa ependymomas often extend 
through the fourth ventricular outlets (Fig 18). In an imaging 
study with 16 patients, calcification was more commonly seen 
in type A ependymomas, whereas cyst formation was only seen 
in type B. Furthermore, the contrast-enhancing tumor com-
ponent (Fig 18D) was reported as larger in posterior fossa ep-
endymoma type B (78). Long-term follow-up is important in 
AYA patients with type B as late relapses are not uncommon 

Figure 17:  Brain MRI scans in a 14-year-old female patient with a supratentorial ependymoma that is ZFTA-fusion positive. (A) Axial T2-weighted image shows a solid 
(white arrow) and cystic (thin black arrow) tumor centered in the right parietal lobe with mild perilesional edema (thick black arrow). (B) Axial diffusion-weighted image shows  
diffusion restriction of the solid component (arrows). (C) Axial contrast-enhanced T1-weighted image shows heterogeneous contrast enhancement of the solid component 
(white arrow) and the cyst wall (black arrow). (D) Axial T2*-weighted image demonstrates a small intratumoral hemorrhage (arrow).

Figure 18:  Brain MRI scans in a 29-year-old male patient with posterior fossa type B ependymoma with retained histone H3 K27 trimethylation and nonexpression 
of EZHIP. (A) Axial T2-weighted image shows hyperintense tumor in the fourth ventricular floor and right, more than left, foramina of Luschka (arrow). (B) Axial fluid-
attenuated inversion-recovery image shows the hyperintense tumor with extension through the left foramen of Luschka (arrow). (C) Axial apparent diffusion coefficient map 
shows lower apparent diffusion coefficient values for the solid tumor component (arrow). (D) Axial contrast-enhanced T1-weighted image shows partial enhancement of 
the solid portions (arrow).
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(79). Main differential diagnoses are medulloblastomas and pi-
locytic astrocytomas. In a study of 148 children with posterior 
fossa tumors, ependymomas were differentiated from pilocytic 
astrocytomas and medulloblastomas by a fourth ventricular lo-
cation, a high or intermediate apparent diffusion coefficient 
compared with gray matter, and the presence of cystic, hemor-
rhagic, or calcific areas (46).

Medulloblastoma
Medulloblastoma is the most common malignant embryonal tu-
mor in the AYA population. The prevalence of medulloblastoma 
subgroups and prognostic markers differ between children and 
adults, with different treatment strategies and outcome predic-
tors (Table 4) (5). The 2021 CNS WHO tumor classification re-
tains the four subgroups from the 2016 classification, including 
wingless-type (WNT)–activated, sonic hedgehog (SHH)–acti-
vated (which can be either TP53–wild type or TP53-mutant), 

and non-WNT/non-SHH group 3 and group 4. Group 3 and 
group 4 tumors comprise multiple molecular subgroups that are 
identified by DNA methylation profiling (6,16,80,81). Group 3 
tumors are very rare in AYAs and adults (<2%). For ages 10–18 
years, the predominant medulloblastoma types are WNT-acti-
vated and non-WNT/non-SHH group 4. In the AYA and adult 
populations, the majority of medulloblastomas are SHH-acti-
vated (60%), followed by non-WNT/non-SHH group 4 and 
WNT-activated tumors (82).

Medulloblastomas with WNT activation commonly in-
volve the foramina of Luschka and fourth ventricle, and less 
commonly involve the cisterna magna and cerebellopontine 
angle cistern (83). On MRI scans, mild to avid contrast en-
hancement is observed (Fig 19), and necrosis and hemorrhage 
are common (83–85). Medulloblastomas with SHH activation 
mainly arise in the cerebellar hemispheres (Fig 20) (86). Group 
3 and group 4 medulloblastomas more frequently arise from 

Table 4: Molecular Markers and MRI Features of Medulloblastoma

Subgroup
Overall  
Frequency Age Group Anatomic Location Imaging Feature

WNT-activated 10% Children, adolescents,  
adults

Foramen of Luschka, 
fourth ventricle; more 
commonly, cisterna magna, 
cerebellopontine angle cistern

Mild to avid enhancement, necrosis 
and hemorrhage are common

SHH-activated  
(TP53 wild type and 
TP53-mutated)

30% Infants and adults (TP53 
wild type), children 
(TP53-mutated)

Cerebellar hemispheres Solid enhancement more common 
than other groups, hemorrhage

Non-WNT, non-SHH 
group 3 and group 4

25% and 35%, 
respectively

Mostly children Midline and fourth ventricle Ill-defined margins with 
leptomeningeal enhancement 
in infants, minimal or no 
enhancement in group 4, 
hemorrhage in group 4, 
hypercellularity with diffusion 
restriction

Note.—Information provided in the table is based on references 80, 81, and 84. SHH = sonic hedgehog, WNT = wingless type.

Figure 19:  Brain MRI scans in an 11-year-old male patient with wingless-type–activated medulloblastoma in the fourth ventricle. (A) Axial fluid-attenuated inversion-
recovery image shows a large partially hypointense-to-isointense tumor (arrows). (B) Axial T2-weighted image shows that the tumor is well delineated (arrows) and 
without peripheral edema. (C) Axial diffusion-weighted image shows diffusion restriction (arrows). (D) Coronal contrast-enhanced T1-weighted image shows moderate 
enhancement (arrows).
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the vermis (Figs 21, 22). Group 4 medulloblastomas exhibit 
fainter enhancement than group 3 medulloblastomas (Figs 
21D, 22D) (83,87,88). In adult SHH-activated medulloblas-
toma, most recurrences are located in the local tumor bed and 

outside the neural axis, whereas group 4 medulloblastomas 
tend to recur with leptomeningeal metastasis and not in the 
local tumor bed (89). Main differential diagnoses are ependy-
momas and pilocytic astrocytomas. In a study of 148 children 

Figure 20:  Brain MRI scans in a 14-year-old female patient with sonic hedgehog–activated medulloblastoma in the right cerebellar hemisphere. (A) Axial T2-weighted 
image shows a solid and cystic tumor (arrow). (B) Axial fluid-attenuated inversion-recovery image shows perilesional edema (arrow). (C) Axial diffusion-weighted image 
shows restricted diffusion of the solid tumor component (arrow). (D) Coronal contrast-enhanced T1-weighted image shows heterogeneous enhancement (arrow).

Figure 21:  Brain MRI scans in a 3-year-old male patient with a non–wingless-type non–sonic hedgehog medulloblastoma group 3 tumor arising from the vermis.  
(A) Axial T2-weighted image shows an ill-defined tumor in the vermis (arrows). (B) Axial fluid-attenuated inversion-recovery image shows perilesional edema (thick white 
arrow) and a hyperintense left cerebellar metastasis (thin white arrow). (C) Axial apparent diffusion coefficient map shows low apparent diffusion coefficient values, which 
indicate high cell density (arrow). (D) Coronal contrast-enhanced T1-weighted image shows leptomeningeal metastatic spread (thin white arrows) and avid enhancement of 
the tumor (thick white arrow) with left lateral cerebellar metastasis (circle).

Figure 22:  Brain MRI scans in a 17-year-old male patient with a non–wingless-type non–sonic hedgehog medulloblastoma group 4 tumor arising from the vermis.  
(A) Axial fluid-attenuated inversion-recovery image shows a mildly hyperintense solid tumor (arrows). (B) Coronal T2-weighted image shows that the tumor is well delineated 
(arrows) and without perilesional edema. (C) Axial diffusion-weighted image shows diffusion restriction (arrows). (D) Coronal contrast-enhanced T1-weighted image shows 
absent enhancement.
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with posterior fossa tumors, SHH-activated medulloblastomas 
were differentiated from pilocytic astrocytoma and ependy-
moma by their location in the cerebellar hemispheres or fourth 
ventricle, a lower apparent diffusion coefficient compared with 
gray matter, and an extra-axial appearance or the presence of 
multiple enhancing nodules (46).

Conclusion
Adolescents and young adults (AYAs) are recognized as an over-
looked population that needs multidisciplinary and specialized 
care across the transition phase from pediatric to adult special-
ization. Radiologists interpreting neuroimaging studies for AYA 
patients must be familiar with tumor-specific imaging findings 
across pediatric and adult brain tumors to facilitate optimal pa-
tient care. Understanding of the biology of brain tumors is rap-
idly advancing, which is reflected in changes to the World Health 
Organization classification of these tumors. As radiologists, we 
need to become familiar with new tumor types, adopt updated 
nomenclatures, and drop outdated tumor designations when 
providing imaging care for AYA patients with brain tumors.
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