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INTRODUCTION

e posterior fossa is the area of the brain that extends from the tentorium to the foramen magnum 
and contains the most complex brain structures that regulate vital functions.[31] Tumors of this 
region account for approximately half of all central nervous system (CNS) tumors in children.[27]

In recent years, there have been great technological advances in molecular biology and 
neuroimaging, which have extended our knowledge of these entities, thereby improving 
associated morbidity and mortality rates.[22] e latest editions of the World Health Organization 
(WHO) classification of tumors of the CNS have introduced major changes in the taxonomy of 

ABSTRACT
Background: Posterior fossa tumors account for approximately half of the central nervous system tumors in 
children. Major technological advances, mainly in the fields of molecular biology and neuroimaging, have 
modified their classification, leading to a more detailed description of these entities. Into the classic taxonomy, 
used for many years, new concepts have been incorporated at times eliminating or modifying former ones.

Methods: A  literature search was conducted in PubMed using the medical subject headings involving the five 
most common pediatric posterior fossa tumors: diffuse midline glioma, medulloblastoma, ependymoma, atypical 
teratoid/rhabdoid tumor, and pilocytic astrocytoma. Only English published articles in the past 11  years that 
provided technological, neuroimaging, and molecular biology insight into posterior fossa tumors in children were 
considered.

Results: Substantial changes have been introduced in the nomenclature of pediatric posterior fossa tumors. Diffuse 
midline gliomas are named based on alterations in histone H3. Molecular rearrangements of medulloblastomas 
are more important in defining the prognosis than histological variants; therefore, these tumors are currently 
named based on their molecular subgroups. Posterior fossa ependymomas and atypical teratoid rhabdoid tumor 
classification have incorporated new groups based on different genetic profiles. Pilocytic astrocytoma has been 
placed in a new category that distinguishes circumscribed from diffuse entities.

Conclusion: Advances in molecular biology and neuroimaging have substantially changed the way pediatric 
neoplasms are studied. e classical taxonomy has been modified leading to more accurate classifications that are 
based on the genetic alterations.
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these neoplasms.[16] ese modifications are complex and, in 
some cases, the classic nomenclature, used for many years, 
has been eliminated or greatly modified.[32]

In this review, we provide an update and describe new concepts 
of the five most common posterior fossa tumors in pediatrics: 
diffuse midline glioma, medulloblastoma, ependymoma, 
atypical rhabdoid teratoid tumor, and pilocytic astrocytoma.

MATERIALS AND METHODS

A literature search was conducted in PubMed using 
the medical subject headings (MESH): adolescent, 
brain neoplasms/diagnostic imaging, brain neoplasms/
epidemiology, brain neoplasms/pathology, cerebellar 
neoplasms/epidemiology, cerebellar neoplasms/pathology, 
ependymoma/pathology, glioma/epidemiology, glioma/
pathology, infant, magnetic resonance imaging (MRI)/
methods, medulloblastoma/pathology, newborn, rhabdoid 
tumor/epidemiology, and rhabdoid tumor (RT)/pathology. 
Articles published in the past 11  years that provided 
technological, neuroimaging, and molecular biology insight 
into posterior fossa tumors in children were considered. Only 
English published articles describing diffuse midline glioma, 
medulloblastoma, ependimoma, atypical teratoid rhabdoid 
tumor (AT/RT), and pilocytic astrocytoma were reviewed. 
Other posterior fossa tumors (hemangioblastoma, familial 
cancer syndromes, arachnoid cysts, epidermoid/dermoid 
cysts, etc.) were excluded from the study.

RESULTS

General concepts

e clinical presentation of posterior fossa neoplasms is 
variable. Onset may be acute, subacute, or chronic with 
cognitive or behavioral disturbances as well as neurological or 
gastrointestinal manifestations.[1,23] Intracranial hypertension 
syndrome may be caused directly by the growth of an 
expansive lesion in the posterior fossa or indirectly secondary 
to obstructive hydrocephalus often caused by these lesions.[9]

Whole brain and spine MRI are currently a mandatory study 
for the presurgical planning and staging of these patients 
and multiple techniques of broad clinical utility may be 
used [Figure  1].[30] ere have been several advances in 
this diagnostic method of which the following are the most 
clinically relevant to characterize these tumors:

•	 T1-weighted MRI sequences are the classic technique 
to evaluate the anatomy of the CNS and contrast 
administration provides information on the blood-brain 
barrier permeability. Disruption or integrity of the latter 
provides insight into the possible tumor type.

•	 T2 and fluid-attenuated inversion recovery techniques 
can show tumor vascularization, edema, and white 

matter lesions.[26]

•	 Diffusion-weighted imaging (DWI) uses movement of 
water molecules to assess tumor cellularity and tissue 
swelling, showing restrictive diffusion in the above-
described conditions. When combined with the previous 
mentioned techniques, DWI is useful to differentiate 
higher grade tumors including medulloblastoma and 
ependymoma from lower grade tumors such as pilocytic 
astrocytoma.[10]

•	 MRI spectroscopy is useful to investigate the metabolic 
profile of the tumor, that is, it provides information 
on the concentration of certain metabolites (choline, 
taurine, lactate, etc.) in the tumor, providing information 
on tumor grade and possibly type as well as the presence 
of necrosis.[30]

•	 Susceptibility-weighted imaging is used to evaluate 
the presence of blood and calcium. e technique 
assesses vascularity as well as presence of hemoglobin 
molecules and intratumoral calcifications, and has, in 
certain contexts, replaced the computed tomography 
(CT) scan for the identification of calcium in the tumor. 
Noteworthy, there are some surgical scenarios where the 
presence of calcium during the presurgical planning is 
better assessed using CT scan.

•	 Perfusion techniques compare tumor blood volume and 
blood flow to that of normal brain parenchyma and are 
used to evaluate the possible tumor grade, recurrence, or 
tumor type. ey may be used with or without contrast-
enhancement.[7]

•	 Finally, tractography is used to evaluate the location of 
the tumor regarding the white matter tracts providing 
the surgeon with important information to avoid white 
matter-related postoperative impairments.

•	 Functional MRI is used to localize eloquent areas of the 
brain mainly in the setting of supratentorial tumors; 
however, these are beyond the focus of this study.

e techniques described above, when interpreted by an 
expert neuroradiologist, allow for the preoperative prediction 
of the histology and the altered molecular pathway of the 
tumor. ese new MRI techniques may reveal particular 
radiological patterns that suggest specific biological 
behavior of the tumor and can be useful to determine 
certain genetic alterations, a concept that is currently called 
“radiogenomics.”[2]

e main treatment of posterior fossa tumors consists 
of surgery, chemotherapy, and radiotherapy. At present, 
molecularly targeted approaches have been described.[22,28] 
A detailed description of the treatment of posterior fossa 
tumors is beyond the scope of this article.

Below we provide an update of the five most common 
posterior fossa tumors in pediatrics according to the fifth 
edition of the WHO classification of tumors of the CNS.
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Diffuse midline glioma

Before the 2016 WHO classification of tumors of the CNS, 
the most common pediatric brainstem tumor was termed 
diffuse intrinsic pontine glioma or DIPG as it is usually called 
on the hospital ward. DIPG arises in the pons of the brainstem 
infiltrating it locally and is not amenable to surgical resection 
[Figure  1a]. It mainly affects patients between 5 and 10  years 
of age, with a median age at diagnosis of 7 years and a median 
overall survival of less than one  year.[4] In recent years, the 
molecular biology of this type of lesion has been described in 
depth mainly based on alterations in histone H3, which are 
found in approximately 85% of DIPGs.[6] erefore, in the 
2016 WHO classification, it was decided to name these tumors 
diffuse midline glioma, H3 K27M-mutant, referring to the 
presence of an amino acid mutation mainly in histone 3.3 and 
to a lesser extent in histone 3.1.[18] Nevertheless, in the 2021 
WHO classification, the term has been modified to H3 K27-
altered since it has been found that, in addition to the H3 K27M 
mutation, the molecular changes may be diverse including, for 
example, overexpression of the EZH inhibitory protein (EZHIP) 

Figure 1: Magnetic resonance imaging showing some of the hallmark characteristics of posterior fossa 
tumors. (a) Axial fluid-attenuated inversion recovery sequence image showing the distorted anatomy 
of a diffuse midline glioma H3 K27-altered enlarging the pons, collapsing the fourth ventricle, and 
displacing the basilar artery, (b) Axial diffusion-weighted image of a medulloblastoma showing high 
signal intensity that is characteristic of this World Health Organization grade 4 hypercellular tumors, 
(c) Sagittal T1-weighted image showing a midline lesion involving the floor of the fourth ventricle 
due to a group B posterior fossa ependymoma, (d) Axial T2-weighted image of an atypical teratoid 
rhabdoid tumor showing hemorrhagic areas with low signal intensity and cystic regions of variable 
signal intensity, (e) Axial diffusion-weighted image of a pilocytic astrocytoma. Note the lower signal 
intensity in this tumor compared to image b; (f) Perfusion-weighted image of a highly vascularized 
medulloblastoma showing an area of increased cerebral blood volume.

a b c

d e f

[Table 1].[5,16] It is worth mentioning that this latter tumor is also 
included in a new category of gliomas called “pediatric-type 
diffuse high-grade gliomas.”

Medulloblastoma

Medulloblastoma is the most common malignant 
brain tumor in children, affecting mostly males with a 
bimodal peak of incidence at 3  years and at 9  years of age 
[Figure  1b  and f].[17] Before the 2016 WHO classification, 
this tumor was divided according to its histological variants 
into classic, giant cell, anaplastic, desmoplastic/nodular, 
and extensive nodular with their respective epidemiology 
and survival rates. In the new molecular era, several altered 
intracellular mechanisms have been discovered, including 
deregulation of the Sonic Hedgehog (SHH) and the wingless 
(Wnt) signaling pathways. ese changes were incorporated 
into the 2016 WHO classification where molecular groups 
were added to the classic histological variants described 
above. e new taxonomy is based on the genetic definitions 
of medulloblastomas and includes the following: WNT-
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activated, SHH-activated and TP53 mutant, SHH-activated 
and TP53 wildtype, and non-WNT/non-SHH (subdivided 
into Group  3 and Group  4 when possible) [Table  1].[15] 
erefore, in the 2016 classification, medulloblastoma is both 
histologically and genetically defined. Table 2 lists the main 
characteristics of both categories. Each molecular subgroup 
shows a different methylation and gene transcription profile, 
epidemiology, clinical presentation, recurrence pattern, 
and prognosis.[5,25] A detailed description of the molecular 
alteration corresponding to each group is beyond the scope 
of this article. e 2021 WHO classification has included all 
histological subtypes in a single section termed histologically 
defined medulloblastoma (without the division into 
histological type it made in 2016) and has also added four 
subgroups for SHH and eight for non-WNT/non-SHH.[16]

is new approach prioritizes genetic changes and 
emphasizes the importance of the molecular biology of 
medulloblastoma in defining the prognosis. In other words, 
it is considered that not the histological variant, but the 
molecular alteration of medulloblastoma mainly defines the 

behavior of the tumor.[22] is can be observed in Table  2, 
showing that a medulloblastoma with a classic histological 
variant may be classified into any of the four genetic groups, 
and the prognosis of this histological variant will depend on 
the molecular subgroup it belongs to.[24]

Ependymoma

Ependymoma is the third most common tumor of 
the posterior fossa and mainly arises from the floor 
of the fourth ventricle.[29] Previously, it was classified 
according to its different histologic variants. e 2021 
WHO classification has incorporated posterior fossa 
ependymoma group  A (PFA) and group  B (PFB) into 
posterior fossa ependymomas. is classification is based 
on several criteria, including the methylation profile of 
H3K27.[14] Median age at onset of PFA is 3  years, with a 
male preponderance, and a median overall survival rate 
of 65%, while PFB is of later presentation, at a median age 
of 25  years with a similar sex distribution and a median 
overall survival rate of between 80% and 90%.[19] PFA is 
more commonly found in a paramedian/lateral location 
extending through the foramen of Luschka whereas PFB is 
typically localized in the midline [Figure 1c and Table 1].

AT/RT

AT/RT is a highly vascularized and aggressive neoplasm 
that mostly affects children under 2 years of age [Figure 1d]. 
Tumor location may be in the supra-  and infratentorial 
areas with a greater predilection for the latter and median 
survival is less than 12  months although some reports 
have shown better outcomes.[5,13] In the new 2021 WHO 
classification, embryonal tumors have been divided into 
two types: Medulloblastomas (described above) and a new 
section called “other embryonal tumors of the central nervous 
system.” AT/RT is placed in this latter category. At present, 
the tumor is divided into three subgroups according to gene 
overexpression: AT/RT-MYC, AT/RT-SHH, and AT/RT-TYR 
[Table  1].[20]AT/RT-SHH and AT/RT-TYR most frequently 
occur in the posterior fossa; while ATRT-TYR is mainly 
found in infants less than 2 years of age, ATRT-SHH is more 
common in older children.

Table 1: Changes in the tumor nomenclature.

Classical nomenclature New taxonomy

DIPG Diffuse midline glioma 
H3K27-altered*

Medulloblastoma 
variants

Desmoplastic/nodular
Anaplastic
Large-cell
MB with extensive 
nodularity

Molecularly defined 
medulloblastoma

WNT-activated
SHH-activated and TP53 mutant
SHH-activated and TP53 wild type
Non-WNT/non-SHH
Histologically defined 
medulloblastoma

Ependymoma and its 
variants.
Anaplastic 
ependymoma

Posterior fossa ependymoma  
PFA/PFB

AT/RT AT/RT-MYC, AT/RT-SHH,  
AT/RT-TYR

AT/RT: Atypical teratoid rhabdoid tumor, DIPG: Diffuse intrinsic 
pontine glioma, PFA/PFB: posterior fossa ependymoma group A or B 
SHH: Sonic hedgehog, WNT: wingless.*Note that this mutation is present 
in 85% of the formerly called DIPG

Table 2: Molecular subgroups of medulloblastoma.

Characteristics WNT SHH* Non-WNT/non-SHH

Histological subtype Classic, GC D/N, E/N, classic, GC Classic, GC
Gender/Frequency M=F/10% M=F/30% M>F/60%
Age in years 3–17 0–17/>17 0–17
Prognosis† Good Children: Good, Others: Intermediate Poor/intermediate
D/N: Desmoplastic/nodular, E/N: With extensive nodularity; F: Female, GC: Giant cell, M: Male, SHH: Sonic hedgehog. *Corresponds to both 
subtypes: SHH-activated and TP53 mutant and SHH-activated and TP53 wild type †is is a simplified table; prognosis will depend in each case on the 
corresponding molecular alteration
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Pilocytic astrocytoma

Pilocytic astrocytoma is the most common low-grade tumor 
in children [Figure 1e]. e mean age at diagnosis is between 
6 and 8 years with no clear sex predominance.[3] e 25-year 
survival rate for this tumor is higher than 90%. Historically, 
the WHO classified these tumors into the category of “other 
astrocytic tumors.” In the 2021 edition, pilocytic astrocytoma 
was placed in the category of “circumscribed astrocytic gliomas,” 
a newly created category to distinguish well-circumscribed 
from diffuse entities (which are now found in other categories 
under the term “diffuse”).[21] In recent years, it has been 
shown that the KIAA-BRAAF fusion oncogene is found in 
approximately 80% of infratentorial pilocytic astrocytomas.[8,13]

Other observations

Certain modifications in the general nomenclature introduced 
by the 2021 WHO classification of tumors of the CNS have 
an impact on how we approach the posterior fossa tumors 
described in this study. In addition, there are many others, 
such as the extensive modifications in the taxonomy of 
supratentorial tumors, that do not directly affect them. e 
following is a summary of the most relevant changes that are 
directly or indirectly associated with the lesions discussed here.

First, advances in the field of molecular biology and its 
role in the outcome of these diseases made it necessary to 
incorporate these data into the classification and pathology 
reports. e new approach to the description of tumors of 
the CNS is through the concept of an integrated diagnosis 
composed of different layers.[11] In the pathology report of 
a tumor, not only the histological information is described, 
but also the molecular alterations of the tumor in a four-
layered format, in which the first layer consists of the 
integrated diagnosis with all the information pertaining to 
the tissue, the second layer corresponds to the histological 
classification, the third to the WHO grade of the lesion (from 
1 to 4), and the fourth layer describes the molecular pattern 
[Table 3].

Two new suffixes have been added to describe different 
clinical scenarios. e suffix not otherwise specified (NOS) 
is used when histopathological or molecular data are not 
sufficient to make the diagnosis. If the corresponding 
molecular and histological analyses have been performed, but 
do not lead to a diagnosis based on the WHO classification, 
the suffix not elsewhere classified (NEC) is added.[32]

On the other hand, in the 2021 WHO classification, pediatric 
gliomas are separated from adult gliomas, resulting in four 
groups for gliomas: adult diffuse gliomas, pediatric-type 
diffuse low-grade gliomas, pediatric-type diffuse high-grade 
gliomas, and circumscribed gliomas (of which the latter 
includes pilocytic astrocytoma as described above).[12]

Finally, for a better understanding and to avoid confusion, the 
Roman numerals to denote tumor grade have been replaced 
by Arabic numerals and a lesion previously named “Grade IV 
tumor” is now termed “Grade 4 tumor” [Table 3].[21]

CONCLUSION

Advances in molecular biology and neuroimaging have 
substantially changed the way pediatric neoplasms are studied, 
improving the understanding of posterior fossa tumors 
and leading to more accurate classifications. e classical 
taxonomy has been modified and the new terms based on the 
genetic alterations of tumors allow for a better understanding 
and study of tumors. Undoubtedly, this new taxonomy will 
lead to better diagnosis and treatment and improvement in 
the quality of life of children with brain tumors.
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