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Abstract

Ependymal neoplasms occur at all ages and encompass multiple tumor 

types and subtypes that develop in the supratentorial compartment, the 

posterior fossa, or the spinal cord. Clinically, ependymomas represent a 

very heterogeneous group of tumors from rather benign subependymomas 

to very aggressive and often deadly childhood ependymomas of the posterior 

fossa. Newly identified biological markers and classification schemes, e.  g. 

based on global DNA methylation profiling, have led to the definition of 

10  types of ependymal tumors and an improved prediction of patients’ 

outcome by applying the new classification system. While the exact genetic 

basis for several ependymoma types still remains unclear, the knowledge 

about ependymoma driving events has significantly increased within the last 

decade and contributed to a classification based on molecular characteristics 

and localization rather than histological features alone. Convincing evidence 

is now pointing towards gene fusions involving ZFTA or YAP1 causing the 

development of supratentorial ependymomas. Also, H3, EZHIP, or TERT 

mutations have been detected in a fraction of infratentorial ependymal 

tumors. Finally, MYCN amplifications have recently been identified in spinal 

ependymomas, in addition to the previously known mutations in NF2. This 

review summarizes how recent findings regarding biology, molecular tumor 

typing, and clinical outcome have impacted the classification of ependymomas 

as suggested by the updated 2021 WHO CNS tumor classification system. We 

focus on changes compared to the previous classification of 2016 and discuss 

how a formal grading could evolve in the future and guide clinicians to treat 

ependymoma patients.
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1 |  INTRODUCTION

The current classification of ependymoma has sig-
nificantly changed since the release of the past WHO 
classification of CNS tumors in 2016. [1, 2] First and 
foremost, these changes include the definition of 
ependymal tumors. Some tumors that, based on their 
histological features, may have previously been catego-
rized into other brain tumor entities (e. g. glioblastoma, 
astroblastoma, or embryonal tumors) are now counted 
among the family of ependymomas due to the presence 
of molecular features that have been assured to be typ-
ical for ependymoma. On the other hand, tumors with 
molecular characteristics suggesting the affiliation to 
a distinct (mostly novel) WHO tumor entity will not be 
defined as ependymal tumors anymore, even though 
they show the morphological appearance of ependy-
moma. A second, major improvement presented by 
the 2021  WHO Classification is the taxonomy within 
the tumor family of ependymoma. Whereas the previ-
ous edition primarily defined ependymoma subtypes 
based on clinico- pathological characteristics (with the 
exception of RELA- fusion positive ependymoma), the 
current update mainly comprises molecular subtypes 
instead. More precisely, the types of subependymo-
mas (SE), myxopapillary ependymomas (MPE), and 
RELA- fusion positive (now: ZFTA- fusion positive) 
ependymomas have been maintained in the 2021 clas-
sification, although some changes have been applied. 
The previously used terms of ependymoma and ana-
plastic ependymoma are not used to define an entity 
anymore. Instead, PFA and PFB ependymoma in the 
posterior fossa, YAP1- fusion positive ependymoma in 
the cerebrum, and spinal ependymoma as well as spi-
nal ependymoma, MYCN- amplified, in the spinal cord 
have been newly defined. This not only provides an 
objective molecular basis for the diagnosis and classi-
fication of ependymomas, but is also intended to better 
predict the clinical outcome of the patients. Notably, 
first studies on tumor relapse samples indicate that 
this molecular classification might be more stable in 
the course of the disease than histology alone [3, 4]. 
Histopathological variants that had been separately 
described in the 2016 version are no longer listed as 
subtypes of ependymoma, after it had been recognized 
that papillary, tanycytic, or clear cell morphology has 
no clinical value by itself. Rather, tumors with the de-
scribed pattern had been shown to frequently belong to 
other tumor families after thorough molecular work- up 
[5]. A final, but important change in the 2021 update 
of ependymoma classification is the grading system, 
which was still crucial in the 2016 version, but is less 
prominent or not defined for many ependymoma types 
in the 2021 edition. In this review, we intend to sum-
marize and discuss the changes in the classification of 
ependymoma, highlight clinical implications, and out-
line future directions.

2 |  N EW DEFIN ITION OF 
EPEN DY MOM A TY PES

The new WHO classification defines eight specific types 
of ependymoma and two additional types that com-
prise tumors with specific locations, but that cannot 
be assigned to another, molecularly more specific type. 
Together, ten different ICD- O diagnoses now exist to 
classify ependymal tumors (Figure 1).

Prerequisite for the diagnosis of all ependymoma 
is the presence of typical morphological and immu-
nohistopathological features of ependymal tumors. 
Localization in one of the three neuroanatomical com-
partments, specific molecular and, in some cases, im-
munohistochemical criteria define the different tumor 
types. Exceptions regarding localization are subependy-
moma and myxopapillary ependymoma, where no spe-
cific anatomical localization is required as an obligatory 
criterion. Subependymomas can occur in all three ana-
tomical compartments. The vast majority of myxopap-
illary ependymomas occurs in lower parts of the spinal 
cord, but very rare cases have been described to occur 
cranially or even outside of the CNS, although most 
of them have not been confirmed on a molecular level 
(Figure 2) [6, 7]. Also, DNA methylation profiling has 
become an integral part of classifying the tumor type. 
Confirmation of the tumor type by a match to the re-
spective reference group is a desirable criterion in almost 
all tumor types and a mandatory criterion in PF- B. In 
this section, we briefly summarize each ependymoma 
type as proposed by the WHO classification 2021. Key 
features and diagnostic criteria are depicted in Figure 1.

2.1 | Supratentorial ependymoma

Supratentorial ependymomas (ST- EPN) now comprise 
two molecularly defined tumor types: ST- ZFTA and ST- 
YAP1. If no pathogenic gene fusion of ZFTA (formerly 
known as C11orf95) or YAP1 can be detected, the diag-
nosis supratentorial ependymoma NEC (not elsewhere 
classified) should be used. If molecular diagnosis was 
not feasible or successful, the tumor classifies as su-
pratentorial ependymoma NOS (not otherwise speci-
fied). Subependymoma (SE) also occur supratentorially, 
but the current classification does not provide separate 
diagnoses for subependymoma of specific locations. 
Instead, subependymoma of all three anatomical de-
partments are subsumed as the tumor type of subepend-
ymoma. This will be discussed separately below.

Up to now, the majority of ST- EPN was classified as 
ST- RELA ependymoma with gene fusions being pres-
ent between ZFTA and RELA. In the classification of 
2021, the newly defined ependymoma type ZFTA fusion- 
positive (ST- ZFTA) replaces the former ST- RELA tumor 
type. This pays tribute to the fact that fusions of the 
ZFTA gene were shown to not only involve RELA, but 
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also other fusion partners, such as MAML2/3, NCOA1/2, 
MN1, or CTNNA2 [8– 10]. For these non- ZFTA- RELA- 
fused ST- EPN, DNA methylation profiling confirmed 
epigenetic proximity to the methylation class ST- EPN- 
RELA. However, looking at diagnostically ambiguous 
ST- EPN without YAP1 or ZFTA- RELA fusions and/or 
a mismatch between methylation class and histological 
diagnosis, Zheng et al. recently described that these tu-
mors formed 4 discrete satellite clusters adjacent to the 
established methylation class of ST- RELA [10]. Tumors 
in these 4 satellite clusters exhibit a broad spectrum of 
histological characteristics, some of them appearing as 
poorly differentiated tumors with features of sarcoma, 
diffuse high- grade glioma, CNS embryonal tumors, or 
other primitive tumors [9, 10]. Notably, first retrospective 

studies imply that progression- free survival (PFS) in 
non- ZFTA- RELA- fused EPN might be worse than in 
ZFTA- RELA fused ependymoma [9].

Mandatory criteria for the diagnosis of ST- ZFTA 
are now supratentorial localization and evidence of a 
ZFTA fusion. Of note, rare cases of ZFTA- fusion pos-
itive ependymoma with infratentorial or spinal local-
ization have also been described (Figure 2) [3, 11]. To 
support the diagnosis further, alignment with the meth-
ylation class ST- ZFTA and immunoreactivity for nu-
clear p65, the protein encoded by RELA, or LICAM, a 
characteristic histopathological marker for ST- RELA, 
are desirable criteria [12]. ST- ZFTA tumors frequently 
display dramatic copy number changes, reminiscent 
of chromothripsis, mostly involving chromosome 11.  

F I G U R E  1  Overview of key characteristics and diagnostic criteria of the distinct ependymoma tumor types as proposed by the 2021 WHO 
Classification of CNS tumors. Range of age (in years) at onset of disease is indicated in black, the median age of onset is highlighted with 
a red triangle. PFS and OS are rated on a scale of green (very low progression rate and good OS), orange (intermediate PFS and OS) to red 
(high progression rate and dismal survival prognosis). For SE, we highlighted that tumors with supratentorial or spinal location have a low 
progression rate. In contrast, SE of the PF have a higher tendency to progress. Typical molecular features described to date are indicated 
for each tumor type. Obligatory criteria for the diagnosis of all ependymoma types are morphological and immunohistological features of 
ependymoma. Additional obligatory criteria are listed for each tumor type. Also, the 2021 WHO Classification provides desirable criteria 
for the diagnosis of each tumor type that can support the diagnosis. CNP, copy number profile; MPE, myxopapillary ependymoma; NEC, 
not elsewhere classified; NOS, not otherwise specified; OS, overall survival; PF, posterior fossa ependymoma; PF- A, group A posterior fossa 
ependymoma; PF- B, group B posterior fossa ependymoma; PFS, progression free survival; SE, subependymoma; SP- EPN, spinal ependymoma; 
SP- MYCN, MYCN- amplified spinal ependymoma; ST, supratentorial ependymoma; ST- YAP1, YAP1- fusion positive ependymoma; ST- ZFTA, 
ZFTA- fusion positive ependymoma

PFS Age Criteria *Molecular Features Desirables

* all tumors must show morphological and immunohistological features of ependymoma

ST-ZFTA • supratentorial localization
• ZFTA fusion

ZFTA fusions
Chromothripsis

CDKN2A and/or CDKN2B loss

• methylation class ST-ZFTA
• immunoreactivity for p65 (RELA) or LICAM

0 70

PF-A
• posterior fossa localization
• global reduction of K27me3 in 
   tumor cell nuclei
OR methylation class PFA

EZHIP mutations
H3 p.K28M (K27M) mutations

Chr 1q gain or 6q loss
• stable genome on CNP

0 70

PF-B • posterior fossa localization
• methylation class PFBchromosomal instability • chromosomal instability and 

   aneuploidy on CNP0 70

SP-EPN
• spinal localization
• absence of morphological features 
of MPE or SE

NF2 mutations
Chr 22q loss

• methylation class SP-EPN
• loss of chromosome 22q
• 0 70

SP-MYCN
0 70

MPE
• papillary structures and perivascular 
myxoid change or at least focal myxoid
• immunoreactivity for GFAP
• methylation class MP (unresolved)

chromosomal instability
• papillary arrangements of tumor cells 

•0 70

ST-YAP1 • supratentorial localization
• YAP1 fusion66 YAP1 fusions

• methylation class ST-YAP1
• NO immunoreactivity for p65 (RELA) or LICAM
• PAS-positive eosinophilic granular bodies0 70

OS 

SE TERT mutations
loss of chromosome 6

• circumscribed glioma, clustering of tumor cell nuclei 

• no conspicuous nuclear atypia
• absent or minimal mitotic activity
• DNA methylation class SE (unresolved)

0 70

• posterior fossa localizationPF NEC/NOS

ST NEC/NOS • supratentorial localization

• spinal localization
• 

• methylation class SP-MYC-N
• high grade histological features
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Additional recurrent alterations other than focal 
CDKN2A/B deletions have not yet been identified [3]. 
In summary, the new nomenclature emphasizes that 
fusions involving the ZFTA gene with or without the 
RELA gene occur in tumors with the same histomolec-
ular characteristics. However, special attention should 
be paid to the fusion variant present in each individ-
ual case with respect to the divergent histomorphol-
ogy and potentially altered clinical outcome. In mouse 
models, potential therapeutic targets shared by ZFTA 
fusion- positive tumors, such as GLI2, were recently 
identified and might help to advance the translation of 
the expanding molecular knowledge into novel treat-
ment approaches [10].

The second new supratentorial tumor type is YAP1 
fusion- positive ependymoma (ST- YAP1). Such tumors 
typically harbor YAP1- MAMLD1 fusions, but YAP1- 
FAM118B fusions have also been described [13, 14]. 
Most ST- YAP1  share similar histopathological fea-
tures including areas of high cellularity, perivascular 
pseudo- rosettes, and abundant cells with dot- like cyto-
plasmic expression of epithelial membrane antigen [14]. 
Obligatory criteria for the diagnosis of ST- YAP1 are su-
pratentorial location and presence of a YAP1 fusion. In 
addition, confirmed matching to the methylation class of 
ST- YAP1, lack of immunoreactivity for p65 and LICAM, 
and presence of PAS- positive eosinophilic granular bod-
ies can support the diagnosis.

Fusions involving ZFTA or YAP1 can be detected by 
molecular testing including several sequencing strategies 
or interphase FISH. Also, RT- PCR can detect the most 
frequent fusions. Finally, methylation- based classifica-
tion complements these diagnostic assays.

Clinical characteristics of ZFTA-  and YAP1-  altered 
EPN differ regarding age at onset and prognosis: Both 
tumor types predominantly affect infants and small 
children, but also occur in adult patients. However, 
the median age at onset of disease is 8 years for ZFTA- 
RELA- fused and thereby considerably older than for 
YAP1- fused EPN with a median age of 1.4 years [3, 9].

Available data suggest that the clinical prognosis for ST- 
ZFTA is poor. A 5- year PFS of 29% and a 5- year overall sur-
vival (OS) of 75% were previously reported for ST- RELA, 
and the addition of non- ZFTA- RELA- fused tumors might 
contribute to an even worse outcome [3, 9]. In contrast, ST- 
YAP1 tumors show satisfying OS despite occurrence of 
progression in a fraction of tumors (5- year PFS 66%) [3].

2.2 | Posterior fossa ependymoma

Ependymoma occurring in the posterior fossa now com-
prise the two molecularly defined tumor types PF- A and 

F I G U R E  2  Typical and atypical localizations of the distinct 
ependymoma types. In the 2021 WHO Classification, anatomical 
localization is an essential or desirable criterion for all ependymoma 
types, with the exception of SE which can occur in all three 
compartments –  supratentorial, infratentorial and spinal. ZFTA- 
fusion positive ependymomas and YAP1- fusion positive ependymomas 
are normally located supratentorially, whereas Group A and Group 
B posterior fossa ependymoma are found infratentorially. The 
cervical and thoracic spinal cord is the main localization of spinal 
ependymoma, spinal subependymoma, and MYCN- amplified spinal 
ependymoma, whereas myxopapillary ependymomas predominantly 
arise in the most caudal part of the spinal cord. Rare cases of 
infratentorial and spinal ZFTA- fusion positive ependymoma have been 
reported. In addition, the localization of myxopapillary ependymoma 
is not limited to the spinal cord since primary intracranial cases of 
ependymoma type have been described. EPN, (spinal) ependymoma; 
PF- A, group A posterior fossa ependymoma; PF- B, group B posterior 
fossa ependymoma; MYCN, MYCN- amplified spinal ependymoma; 
YAP1, YAP1- fusion positive ependymomas; ZFTA, ZFTA- fusion 
positive ependymomas

SE 

SE 

PF-B

YAP1

MPE

PF-A

ZFTA

ZFTAAA

SE 

EPN

MYCN

AZFTA

MPEMP
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PF- B as well as the diagnosis of PF NEC/NOS, similar 
to the ST NEC/NOS described above. Subependymomas 
also occur in the posterior fossa, but will be discussed 
separately below. This classification reflects the ad-
vances in transcriptional and epigenetic subgrouping 
that emerged and gained importance in the last decade: 
In 2011, Witt et al. compared the transcriptome of grade 
2 and 3 ependymoma and identified two robust, molecu-
larly and clinically distinct subgroups of posterior fossa 
ependymoma, which were then called PF- A and PF- B 
EPN [15]. Following investigations in larger cohorts con-
firmed that PF- A and PF- B EPN form distinct molecular 
subgroups supported by hierarchical clustering of DNA 
methylation data [3, 16].

Obligatory criteria for the diagnosis PF- A are lo-
calization in the posterior fossa and evidence of global 
reduction of K27me3 in tumor cell nuclei. If a global 
H3K27me3 reduction cannot be detected, a DNA meth-
ylation profile aligned with PF- A can still secure this 
diagnosis according to the current WHO classification. 
Hypermethylation of CpG islands and global DNA 
hypomethylation are characteristic of PF- A. Global 
H3K27me3 reduction has proven to be a reliable bio-
marker for PF- A and can be conveniently assessed by 
immunohistochemistry. A cutoff value of 80% positively 
stained tumor cell nuclei has been recommended in the 
new WHO classification, above which PF- B ependy-
moma is the more likely diagnosis [17, 18], although our 
personal experience is that PF- A usually display a com-
plete loss. H3K27me3 reduction is strongly associated 
with EZHIP (CXorf67) overexpression. EZHIP overex-
pression occurs at high levels in PF- A, but not in other 
molecular groups of ependymoma [19, 20]. Previous 
investigations suggest that EZHIP binds to Polycomb 
Repressive Complex 2 (PRC2) and leads to the reduction 
of H3K27me3 levels [19, 21]. EZHIP (CXorf67) mutations 
have been described to be present in 9.4% and H3K27 M 
mutations in 4.2% of PF- A with the two mutations oc-
curring mutually exclusive [19].

For PF- A, the most frequently observed copy number 
aberration is gain of 1q (60 of 240; 25%), which was also 
seen in PF- B (9 of 51; 18%), and ST- RELA tumors (21 of 
88; 24%) [3]. Gain of 1q has been shown to be an indepen-
dent marker of a poor outcome within PF- A [22].

Recently, an ultra- high- risk subset of PF- A was iden-
tified, harboring chromosome 6q loss. Approximately 
9% of PFA tumors harbored chromosome 6q loss, which 
was associated with a very poor prognosis independent 
of 1q status and which was highly predictive of a low pro-
gression free-  and overall survival [22]. Pajtler et al. fur-
ther identified two molecular PF- A subgroups and nine 
molecular subtypes of PF- A. However, the clinical im-
plications of these subgroups and subtypes are yet to be 
confirmed and are not incorporated in the current WHO 
classification [19].

PF- A typically occur in young children with a median 
age of 3 years and are slightly more prevalent in males [3]. 

PF- A have a dismal outcome with a 10- year OS of 56% 
and a PFS of 24% [3].

On the contrary, PF- B occur most commonly in adults 
and adolescents, have a median age of onset of 30 years, 
and are slightly more prevalent in females. PF- B show a 
comparably good outcome with 10- year PFS of 56% and 
OS 88% [3]. Obligatory criteria for the diagnosis of PF- B 
are localization in the posterior fossa and a methylation 
profile aligned with the methylation class PF- B. With only 
few exceptions, PF- B show retained H3K27me3, which 
can be easily assessed by immunohistochemistry [23, 24]. 
PF- B exhibit a variety of chromosomal aberrations with 
the most frequent being monosomy 6 (61.3%), 22q loss 
(48.1%), and trisomy 18 (51.9%), but also monosomy 10 
(38.7%), monosomy 17 (33.5%), trisomy 5 (31.1%), trisomy 8 
(23.5%), and enrichment of 1q gain (12%) [25]. Cavalli et al. 
distinguished five molecular subtypes of PF- B by spectral 
clustering and t- SNE analysis of genome- wide methylation 
data. The subtypes PF- B 1– 5 showed distinct demograph-
ics, copy- number alterations, and gene expression profile, 
suggesting significant biological heterogeneity within the 
group of PF- B [25]. Again, these subtypes have not yet 
been incorporated in the 2021 WHO update.

2.3 | Spinal cord ependymoma

Ependymal tumors of the spinal cord comprise four dis-
tinct tumor types: spinal ependymoma (SP- EPN), spinal 
ependymoma with MYCN amplification (SP- MYCN), 
myxopapillary ependymoma (MPE), and subepend-
ymoma (SE). An overarching group of spinal ependymo-
mas similar to ST and PF NEC/NOS (for example ‘spinal 
ependymoma NEC/NOS’) is not designated in the cur-
rent WHO classification. The tumor types SP- EPN and 
SP- MYCN require spinal localization as a mandatory 
diagnostic criterion, whereas MPE and SE may occur in 
other anatomical compartments, too. While SP- MYCN, 
which was only recently identified as a distinct molecular 
type, shows a rather aggressive behavior, the remaining 
tumors with spinal location show more benign charac-
teristics. All spinal ependymoma types predominantly 
occur in adult patients.

SP- EPN are defined by their spinal localization and 
the absence of morphological features of MPE or SE. 
SP- EPN occur predominantly in the cervical spine fol-
lowed by localization in the thoracic spine and lum-
bar spine [26] (Figure 2). Median age of diagnosis is 
41  years with a range between 11– 59  years [3]. Most 
SP- EPN harbor chromosomal losses on chromosome 
22q, where the NF2  gene is located. Germline muta-
tions of NF2 cause the tumor predisposition syndrome 
Neurofibromatosis type 2 (NF2). While little infor-
mation is available about the frequency of SP- EPN 
patients harboring NF2 (germline) mutations, 33%– 
53% of NF2 patients show evidence of spinal ependy-
momas in imaging [27, 28]. So far, it remains unclear, 
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if and how NF2- associated SP- EPN differ from NF2 
wild type cases apart from the NF2  mutation per se. 
Another open question is, which other driver muta-
tions might play a role in the development of sporadic 
non- NF2- mutated SP- EPN. Even though recurrences 
and progression of SP- EPN can occur, overall survival 
is excellent [3]. Still, patients with NF2 syndrome often 
suffer from an overall high tumor burden, making safe 
and minimal invasive therapy especially desirable.

The nomenclature SP- EPN runs a minor risk to sug-
gest that this might represent an overarching tumor type 
similar to ST NEC/NOS or PF NEC/NOS. Also, the 
mandatory diagnostic criteria for SP- EPN by now only 
require spinal localization and absence of morphological 
features of MPE or SE. It will therefore be exciting to 
see, which additional tumor characteristics will be iden-
tified in the future and whether a general tumor type of 
SP NEC/NOS could help to clarify the nomenclature in 
addition to more specific types (e. g. ‘SP- NF2’).

SP- MYCN were recently described as a novel, clini-
cally aggressive type of ependymoma, typically showing 
early metastases, rapid progression after relapse, lep-
tomeningeal dissemination, and poor response to mul-
timodal treatment strategies [29]. SP- MYCN are defined 
by their spinal localization and presence of MYCN am-
plification. To date, only few cases have been reported 
[29– 32]. Histologically, SP- MYCN show pseudorosettes 
and have a papillary or pseudopapillary architecture. 
They typically display high- grade features including 
microvascular proliferation, necrosis, and high mitotic 
cell count. MYCN amplification can, for instance, be de-
tected by immunohistochemistry or FISH. Tumors occur 
predominantly in the cervical or thoracic spinal cord 
and grow as intramedullary or, more often, extramed-
ullary large tumors with a high rate of leptomeningeal 
dissemination upon diagnosis (Figure 2). Of the 27 cases 
reported to date, gender distribution was balanced, and 
the age at onset ranged between 12 and 56 years with a 
median age of 32 [29]. SP- MYCN show a high recurrence 
rate of 75– 100% [31, 32] and a median PFS of 17 months 
was reported from a case series of 13 tumors. Median 
overall survival in this cohort was 87 months [29]. All tu-
mors have high- level MYCN amplifications in common, 
which remain stable at relapse [29]. In some tumors, ad-
ditional chromosomal copy number alterations, such as 
loss of chromosome 10 and focal losses on chromosome 
11q were reported [29]. Identification of this especially 
aggressive tumor type among the generally more benign 
spinal ependymoma underlines the importance of re-
evaluating existing tumor classifications by careful mo-
lecular and clinical examinations.

2.4 | Myxopapillary ependymoma

Myxopapillary ependymoma are morphologically de-
fined tumors that predominantly arise in the most 

caudal part of the spinal cord. As for other spinal epend-
ymomas, the majority of patients with MPE are adults, 
with a median age of 39 years [33, 34]. By far, the most 
common localizations of MPE are the conus medulla-
ris and the filum terminale, but rare cases with occur-
rence in the brain and in the upper spinal cord or even 
outside the CNS have been described [6, 7] (Figure 2). 
The clinical outcome of patients with MPE is favorable, 
with long- term overall survival rates exceeding 90 % 
after total or partial surgical resection [33]. However, in 
around 20 % of MPE, relapses occur, either locally or at 
a distant site. Recurrence is associated with several clini-
cal parameters, such as subtotal resection, tumor size, 
and multifocal lesions [34]. MPE might also present as 
disseminated disease with distant spinal or intracranial 
metastases, both in pediatric and adult patients [34, 35]. 
Acknowledging this partially aggressive clinical behav-
ior with recurrences and dissemination, the grading of 
MPE was changed from WHO grade I to CNS WHO 
grade 2 in the current version of the WHO classification. 
Histologically, MPE are characterized by immunoreac-
tivity for GFAP and by the presence of papillary struc-
tures (radial arrangement of spindled or epitheloid tumor 
cells around hyalinized fibrovascular cores) and myxoid 
changes around blood vessels or in microcysts. Of note, 
myxoid changes are already sufficient for the diagnosis 
of MPE, even if they occur only focally (Figure 3A,B). 
Studies have demonstrated a distinct DNA methylation 
profile for MPEs, and numerous chromosomal gains 
and losses, predominantly affecting large regions, in-
cluding whole chromosomes or chromosomal arms [36]. 
For unresolved lesions, the alignment of global DNA 

F I G U R E  3  Morphology of myxopapillary ependymoma 
with focal or absent myxoid changes. Examples given in panels A 
and B represent tumors with focal myxoid changes (arrows) that 
qualify for the diagnosis of myxopapillary ependymoma according 
to the updated WHO classification. Tumors or tumor regions as 
exemplarily shown in C and D may show a significant match to the 
methylation group of myxopapillary ependymoma without overt 
myxoid or papillary morphology. Scale bar in a corresponds to 
50 µm in A– D
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methylation with the molecular subgroup of SP- MPE is 
a required criterion. In this regard, it needs to be men-
tioned that the molecular subgroup of SP- MPE does not 
show complete concordance with the morphological 
group of MPE, since it additionally includes cases of his-
tologically classical ependymoma [3, 36] (Figure 3C,D). 
Future studies need to clarify, whether histopathological 
or molecular classification is more suitable to describe a 
group of myxopapillary ependymoma that is both bio-
logically and clinically as homogeneous as possible.

2.5 | Subependymoma

Subependymoma (SE) arise in all compartments of the 
central nervous system (Figure 2). Most frequently, they 
originate from the fourth ventricle and lateral ventricles. 
Histologically, the tumors appear as circumscribed gli-
oma with absent or minimal mitotic activity and lack of 
conspicuous nuclear atypia. Unresolved lesions require 
a DNA methylation profile aligned with ST- SE, PF- SE, 
or SP- SE. Clinically, SE often remain asymptomatic and 
mainly occur in adults with a median age of approxi-
mately 50 years [3, 37]. Overall, the prognosis is excellent, 
and recurrence is extremely rare, even after subtotal re-
section. However, SE located in the posterior fossa seem 
to behave slightly more aggressive with a 5- year PFS of 
only 83% compared to 100% in supratentorial and spinal 
SE [3]. In this context, a subgroup of subependymoma 
in the posterior fossa harboring TERT promoter mu-
tations and/or loss of chromosome 6 were identified as 
biologically more aggressive with a significantly shorter 
progression- free survival [38]. Therefore, even though 
not intended in the current WHO classification, locali-
zation and molecular characteristics may be important 
to consider.

3 |  CH A LLENGES IN TH E 
GRADING OF EPEN DY MOM A

Historically, histological grades have been assigned to 
brain tumors in order to characterize their biological be-
haviour and to estimate their intrinsic aggressiveness. In 
several CNS tumor entities, the histological grade is a 
required criterion for the diagnosis, or at least a valuable 
addition to the diagnosis and is used for risk- adapted 
therapy stratification. The current grading system for 
ependymoma corresponds to the general WHO grading 
system, which is applied across most of the CNS tumor 
entities and which is based on various histological fea-
tures, such as cellularity, mitotic activity, pleomorphism, 
necrosis, and vascular proliferation.

The family of ependymoma generally comprises 
tumors ranging from CNS WHO grade 1 to grade 3. 
However, histological grading of ependymomas has long 
been the subject of critical discussion. Statements on 

the correlation between histological grade and clinical 
outcome have been contradictory between studies over 
the past decades [39– 42]. Specific pathological features, 
such as the mitotic index were identified as a valid prog-
nostic factors in some studies, whereas other studies 
did not confirm this correlation [43, 44]. Another major 
issue of the grading system is the unreliable distinction 
of grade 2 and grade 3 ependymomas, which shows high 
interobserver variability, even when assessed by expe-
rienced neuropathologists [45]. Given these controver-
sies regarding the limited clinical impact of histological 
grading and the highly variable distinction of grade 2 
and grade 3 tumors, therapeutic stratification should not 
be made based on the current histopathological grading 
system. Yet, current recommendations on treatment 
stratification for adult patients with intracranial ependy-
moma still rely on the differentiation between histologi-
cal grade 2 or 3 [46].

In the current update of the WHO classification, the 
histological grading of ependymoma is basically re-
tained, yet some minor changes were applied. SE are still 
classified as histological grade 1, whereas the grading 
of MPE was changed from grade 1 to grade 2 due to its 
clinical behaviour, including possible dissemination and 
recurrence, following the recommendation of the cIM-
PACT- 7 group [13]. Other ependymomas, which are now 
defined by anatomical location and molecular profiles, 
show histological features equivalent to WHO grade 2 or 
3. According to the current update of the WHO classi-
fication, for cases of supratentorial, posterior fossa, and 
spinal ependymoma without any molecular specification, 
histological grading (grade 2 or 3) should still be part of 
the diagnosis. However, the molecularly defined subtypes 
of ZFTA- fusion positive, YAP1- fusion positive, PF- A, 
and PF- B ependymomas, as well as MYCN- amplified 
spinal ependymomas were not assigned to a grade in the 
current update of the WHO classification. According to 
the WHO classification, more meaningful data on the 
outcome of molecularly defined ependymoma types are 
necessary in order to define a new grading system for 
these tumors. Still, the clinical prognosis of patients with 
PF- A, PF- B, and ZFTA- fusion positive supratentorial 
ependymoma has been consistently described in large co-
horts, and for the rare molecular subtypes YAP1- fusion 
positive supratentorial ependymoma and spinal ependy-
moma with MYCN- amplifications, clinical data from 
smaller cohorts have been reported [3, 14, 19, 25, 29]. The 
editors of the WHO classification argue that data from 
prospective clinical trials are required for the implemen-
tation of a new grading system for ependymoma sub-
groups. While this appears reasonable and desirable, it 
might still be useful to provide a (provisional) grading in 
order to guide clinicians into a rather benign or a rather 
malignant direction. Of note, this has already been prac-
ticed in the past, even for rare entities without prospective 
clinical data (e. g. angiocentric glioma or ETMR). Also, 
myxopapillary ependymomas have now been assigned to 
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the CNS WHO grade 2 for good reasons, even if large 
prospective trials are missing.

The WHO classification still recommends to include 
information on the histological features, especially on 
the extent of anaplasia into an integrated diagnosis, 
even though the clinical utility of the histological grad-
ing is controversial. In fact, risk stratification based 
on distinct molecular ependymoma subtypes has been 
shown to be superior to histopathological grading [3]. In 
ZFTA- fusion positive supratentorial ependymoma, the 
histological grade is not associated with the outcome, 
which further puts the clinical utility of the histological 
grading into question [19]. The assignment of histologi-
cal grades to tumors of a molecularly defined subgroup 
can even be misleading, as tumors of the prognostically 
unfavorable subgroups PF- A, ZFTA- fusion positive su-
pratentorial ependymoma, and MYCN- altered spinal 
ependymoma are sometimes classified as histological 
grade 2, erroneously indicating a rather benign clinical 
behavior [3, 19, 29].

For the future, it is therefore highly desirable to estab-
lish a coherent grading system that is valid for all (often 
novel and molecularly defined) ependymoma types. Even 
if new data and future prospective clinical trials will 
slightly change this picture at some point and require an 
adaption of such a grading system, this should not pre-
vent us from constantly translating current knowledge 
into a clinically helpful grading system.

4 |  POTENTI A L LIM ITATIONS OF 
TH E CU RRENT W HO DEFIN ITION 
OF EPEN DY MOM A

Whether a CNS tumor shall be defined as ependymoma 
is no longer solely dependent on the tumor morphol-
ogy. For the diagnosis of many ependymoma types, the 
presence of a certain molecular feature or profile is now 
essential. Examples for required molecular criteria are 
ZFTA fusions for supratentorial ependymomas with 
ZFTA fusion, a global reduction of H3K27me3 in tu-
mour cell nuclei for the diagnosis of PF- A, or a global 
DNA methylation profile matching with the respective 
reference cohort for PF- B. The definition of molecularly 
homogenous tumor types clearly is a valuable adden-
dum, providing many advantages for translational stud-
ies and clinical trials.

However, the novel molecular criteria necessarily 
raise the question how to classify tumors carrying the 
mentioned molecular features without presenting an 
ependymoma- like morphology. This applies particu-
larly to tumors that may appear with a rather small- , 
blue- , and round- cell character and that had previously 
been named primitive neuroectodermal tumor (PNET) 
[47]. Many of these tumors might not show typical fea-
tures of ependymomas, such as perivascular pseudoro-
settes, ependymal linings, or true ependymal rosettes. 

On the other hand, these tumors may carry ZFTA fu-
sions or global DNA methylation profiles perfectly 
matching to a given references group of ependymomas 
(Figure 4). Additional reports describe ZFTA fusion- 
positive tumors exhibiting a broad spectrum of mainly 
high- grade and undifferentiated histological features 
including characteristics of sarcomas or embryonal tu-
mors, astroblastoma- like features, or signs of myogenic 
differentiation [9, 10, 48]. Similarly, PF- A tumors have 
been reported to display histomorphological features 
compatible with medulloblastoma [49]. Hence, in some 
cases, morphological features do not necessarily match 
the molecular criteria of the new WHO classification. 
However, the new WHO classification still requires 
“morphological and immunohistochemical features of 
ependymoma” as an essential criterion for the diagnosis 
of ependymoma. It remains unclear, whether this holds 
true for totally undifferentiated tumors, but it seems 
clear from this that –  for now –  tumors with morpho-
logical and immunohistochemical features that are in-
compatible with the diagnosis of an ependymoma should 
not be diagnosed as such. For instance, this may be the 
case for neoplasms that display a purely mesenchymal 
morphology. A discrepancy between histology and the 
molecular background of a tumor may also appear for 
tumors that show perivascular pseudorosettes or other 
morphological hallmarks of ependymoma, but present 
a distinct molecular profile not matching to one of the 
ependymoma types. Such a profile may either fit to a 
different CNS tumor entity described by the WHO clas-
sification, or to a molecularly homogeneous group of tu-
mors that has not yet been defined as a separate tumor 
type by the WHO. For example, CNS high grade tumors 
with BCOR alterations have been described to carry 
typical ependymoma- like features and have also been 
diagnosed as such in the past [47]. Also, only recently 
described supratentorial neuroepithelial tumors with 
recurrent fusion in PLAG1 or PATZ1 frequently show 
ependymoma- like morphology [50, 51]. For these cases, 
it is the neuropathologist's responsibility to evaluate, 
whether the overall characteristics of a tumor, including 
histomorphology and molecular biology, fit the diagno-
sis of ependymoma or the diagnosis of a different tumor 
entity.

The use of global DNA methylation profiling has 
gained increasing importance in the classification und 
identification of subgroups of CNS tumors and marks a 
major change in the current definition of ependymoma. 
Without any doubt, the discovery of distinct methyla-
tion signatures in biologically and clinically homoge-
neous CNS tumor types was a major breakthrough in 
the field and represents an extremely useful diagnostic 
tool in neuropathology [52]. Thereby, ten molecular 
types of ependymoma and a constantly increasing num-
ber of subtypes have been identified over the last years 
[3, 19, 25, 29]. Acknowledging these findings, the up-
dated WHO classification has included the alignment 
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of the global DNA methylation profile with a reference 
cohort of the respective ependymoma type as a desir-
able diagnostic criterion for many ependymoma types. 
Performing DNA methylation analyses is now even man-
datory for histologically unresolved cases of MPE and 
SE, and for the diagnosis of all cases of PF- B. While this 
approach appears helpful and pragmatic, researchers 
may still need to find solutions for how epidemiolog-
ical, clinical, and bioinformatic data of such reference 
cohorts shall be stored, cured and made available in a 
centralized manner. Also, the alignment to a specific 
reference group certainly depends on the bioinformati-
cal algorithm (classifier version) that is used. This is not 
specifically mentioned by the WHO, although, for good 
reasons, algorithms are constantly updated by research-
ers responsible for the online platform (www.molec ularn 
europ athol ogy.org), e.g. if new methylation classes are 
discovered.

Overall, the new WHO classification has changed the 
definition of whether a tumor classifies as ependymoma 
and it has become more precise in many cases. For in-
stance, if a supratentorial tumor with close contact to 
the lateral ventricle has a primitive neuroectodermal ap-
pearance, the updated WHO classification clearly sug-
gests defining this tumor as an ependymoma, if OLIG2 
is negative, a ZFTA fusion is present, and DNA methyla-
tion profiling reveals a significant match to the reference 
group of ZFTA ependymomas. Nevertheless, some cases 
display a discrepancy between histomorphology and 
molecular biology or belong to potentially novel groups 
with a homogeneous genetic profile, but heterogeneous 
morphology and unknown clinical behavior. For others, 
molecular analyses may not be available. These cases 

still require the assessment by an experienced neuropa-
thologist and an interdisciplinary discussion to assign 
the most suitable diagnosis.

5 |  CONCLUSION

The 2021 revision of the WHO classification of CNS tu-
mors presents a major change from the previous histo-
morphological classification of ependymal tumors 
towards a classification of ten ependymoma types based 
on anatomical localization and molecular features. With 
the emergence of these new molecular types, the gen-
eral definition, whether or not a tumor belongs to the 
family of ependymomas has changed. Another impor-
tant change has been applied to the grading system of 
ependymoma: The previous grades have only been re-
tained for the types of subependymoma (grade 1) and 
spinal ependymoma (grade 2), whereas myxopapillary 
ependymomas are now designated grade 2. For all other 
ependymoma subtypes, a grade should only be assigned 
to morphologically- defined cases (“NEC/NOS”), but not 
to cases with a known molecularly- defined subgroup.

The 2021 WHO Classification for ependymoma un-
doubtedly presents a major improvement in the field 
of neurooncology and neuropathology and serves as 
a good example for the successful translation of cur-
rent molecular findings into a new classification sys-
tem and more precise diagnostic criteria. Nevertheless, 
some challenges in the diagnosis and classification of 
ependymoma still remain. For instance, it might still 
be difficult to classify cases that show discrepancy be-
tween histological and molecular features. Another 

F I G U R E  4  Undifferentiated 
brain tumors with ZFTA fusion. 
Histomorphology of four examples (cases 
1– 4) is shown in A– D, respectively, with 
insets demonstrating nuclear expression 
of p65 as a marker for the activation of 
NFκB signaling. Break- apart of RELA 
(arrow in E) as demonstrated by FISH 
analysis (exemplarily shown for case 1) as 
well as t- SNE analysis after methylation 
profiling (F) further suggest the diagnosis 
of a supratentorial ependymoma with 
ZFTA fusion. F shows reference data from 
2800 brain tumors previously published 
by Capper et al. as well as the four cases 
shown in A– D

(A) (B) (C)

(D)

(E)

(F)

http://www.molecularneuropathology.org
http://www.molecularneuropathology.org


10 of 11 |   KRESBACH Et Al.

limitation is the lack of a uniform grading system that 
could be applied to all subtypes and that could reliably 
predict a patients’ clinical outcome rather than de-
scribing histological markers for biological aggressive-
ness. Still, the new update of the WHO classification 
of ependymal tumors is a great advance in the era of 
precision medicine and for sure paves the way for fu-
ture progress, both regarding a new molecular grading 
system as well as clinical trials that are based on the 
updated classification system.
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