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ON THE ANAPLASTIC VARIANT
OF EPENDYMOMA

Davide Schiffer’, Laura Annovazzi and Marta Mellai
Research Center/Policlinico di Monza Foundation, Vercelli, Italy

1. ABSTRACT

Anaplastic ependymoma represents a nosographic and epidemiological problem as it
has been, and still it is, difficult to distinguish from grade Il tumors, and thus its
incidence cannot be exactly calculated. The main features required for the tumor
recognition are high cell density, high number of mitoses or high Ki-67/MIB-1 labeling
index. However, the crucial point is represented by the threshold of the number of
mitoses, which in the authors’ experience, must exceed 20%.

A true genetic marker for the anaplastic variant is still lacking; however, a small
spectrum of genetic aberrations is usually found.

The differential diagnosis of the anaplastic variant versus neuroepithelial tumors is
not problematic. The only diagnostic critical point is represented by the appearance of
anaplasia in foci that can escape detection or of an advanced status of anaplasia that
hampers the recognition of the tumor as ependymomatous.

In this chapter, prognosis, prognostic factors and survival will be discussed, taking
into account that the tumor may have four different locations and may need different
surgical treatments. The standard strategy relies on radiation therapy while chemotherapy
plays a secondary role. Temozolomide and other drugs are currently employed in clinical
trials.

2. INTRODUCTION
In the book of the World Health Organization (WHO) classification of tumors of the

central nervous system (CNS) [1], as a compendium of literature review and qualified
personal experiences, the existence of a malignant ependymoma with an unfavorable course
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and an adequate histology has been described [2]. Adequate histology corresponds to what
happens in gliomas during malignization, i.e., increased cellularity, brisk mitotic activity,
microvascular proliferations (MVPs), necroses, etc. However, a strict relationship between
histology and outcome is not always found. This is a debated problem among pathologists
from the application of a three grade [3-5] or four grade [6, 7] classification system.
Currently, the three grade system is widely accepted in the histologic diagnosis of
ependymomas, even though the criteria used remains controversial, especially in pediatric
tumors [8-14].

In the attempt to identify the anaplastic variant using the same criteria as for gliomas, the
frequency of the anaplastic variant in the different series varied from 40 to 94% [15].

As for survival, it has been observed that the anaplastic variant might not show a worse
outcome in comparison with other variants [16]. It was already known that the classic
subdivision into cellular, epithelial and papillary variants [17] was devoid of any prognostic
significance [18, 19], unlike structures as pseudorosettes, canals, rosettes. In a collection of
298 supratentorial cases, no correlation emerged between the diagnosis of the anaplastic
variant according to common criteria and survival [20]. Finally, in a subgroup of 173 cases
from the same series, the only histopathologic variables significantly correlated with
prognosis, among necroses, endothelial proliferation, formation of glomeruli, calcifications,
microcysts, pseudopapillae, lymphocytic infiltration, clear and giant cells, etc., were the high
cell density and the number of mitoses >20 x 10 high-power field (HPF). An additional
histologic feature constantly encountered in these cases was represented by poorly or
incompletely developed pseudorosettes [20].

The above quoted remarks apply to malignant supratentorial tumors in adults. In children,
malignant cases prevail among infratentorial tumors [21] where anaplasia most frequently
occurs (American Brain Tumor Association, 2015).

2.1. Epidemiology

The incidence of the anaplastic variant is not easy to calculate due to its uncertain
definition. Since anaplasia is defined as the reversion of differentiation, cell proliferation
becomes its emblem. In ependymoma, the labeling index (LI) of the proliferation marker Ki-
67/MIB-1 is highly variable and, until it does not exceed 10-20%, it does not correlate with
overall survival (OS), i.e., it does not indicate anaplasia. In the different tumor series, thus,
the incidence of the anaplastic variant is variable and it may or may not correlate with OS.

Supratentorial malignant tumors grow near the ventricles or deeply in the white matter,
they may involve the foramen of Monroe causing hydrocephalus, reaching the subarachnoid
space and disseminating. Ectopic cortical anaplastic ependymomas are rare [22].

The prevalence of the anaplastic ependymoma in supratentorial location in adults and in
posterior fossa in children must be taken into account, with the higher frequency of
ependymomas in the latter than in the former.

The anaplastic variant may develop as a de novo tumor entity or can arise from
progression of a lower grade ependymoma.
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2.2. Clinical Features

Compared to low-grade ependymomas, the anaplastic variant exhibits a more rapid
growth and a more aggressive behavior. It often requires additional treatment after surgery
and is associated with an increased risk of recurrence. Grade Ill ependymoma has an
unfavorable outcome [2].

2.3. Neuroradiological Features

At magnetic resonance imaging (MRI), ependymomas generally are T1 hypointense, T2
hyperintense and heterogeneous. Cysts and calcifications may be present. The anaplastic
variant typically shows Gadolinium contrast enhancement (Figure 1).

Perfusion MRI generally demonstrates markedly elevated relative cerebral blood volume
(rCBV) values and, unlike many other glial neoplasms, poor return to baseline that may be
related to fenestrated blood vessels and to an incomplete blood-brain barrier (BBB) [23].

Figure 1. Magnetic resonance imaging (MRI). Anaplastic ependymoma of the right hemisphere in a 23-
month-old boy. A — Cystic tumor with a hyperintense border, T1-weighted sequence; B — Diffuse
hyperintensity, T2-weighted sequence. C — Contrast enhancement of the borders, T1-weighted
sequence after Gadolinium contrast enhancement.

3. HISTOPATHOLOGY

At the microscope observation, the anaplastic variant is characterized by highly cellular
and poorly differentiated areas with brisk mitotic activity, frequent MVPs and necroses
without palisadings. Pseudorosettes are rare and true ependymal rosettes are commonly
missing (Figure 2A, B).

The high cell density and high mitotic activity remain the most important diagnostic
criteria for anaplasia. Perivascular pseudorosettes may be recognized beside incomplete and
poorly developed ones (Figure 2B). Ki-67/MIB-1 LI can be very high, up to or >20% (Figure
2C). Endothelial hyperplasia, MVPs and necroses occur (Figure 2B, D, E) [19, 20].
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Figure 2. Histopathologic features of anaplastic ependymoma. A — High cell density, several mitoses,
nuclear atypias, rosettes and pseudorosettes, H&E,x200; B — Just sketched pseudoresettes and a
necrosis in a high proliferative area, H&E, x200; C — Very high Ki-67/MIB- labeling index, DAB,
x200; D — Endothelial hyperplasia, H&E, x200; E — Increased density of proliferative vessels, CD34,
DAB x200; F — Rare GFAP-positive cells, especially in pseudorosettes, DAB, x200; G — Cell clusters
positive for Nestin, DAB, x200; H — Cytoplasmic halo in a clear cell ependymoma, H&E, x200.
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3.1. Immunohistochemistry

Immunohistochemically, the anaplastic variant cannot be distinguished from a grade | or
Il ependymoma. The expression pattern of glial fibrillary acidic protein (GFAP) and epithelial
membrane antigen (EMA) corresponds to that observed in lowgrade tumors, although it is
often less pronounced (Figure 2F). In contrast, the LI of the proliferation marker Ki-67/MIB-
1 increases up to or >20%. Nestin may be expressed in scattered cells or in small cell clusters
(Figure 2G).

The apoptotic index (Al) increases, since it follows the mitotic index (MI) [24]. Increased
expression of Tenascin C (TNC), vascular endothelial growth factor (VEGF), epidermal
growth factor receptor (EGFR) and p53 has been found, in contrast to a lower expression of
cyclin-dependent kinase inhibitor p27/Kip1 and p14”~ [25, 26].

Expression of telomerase reverse transcriptase (TERT) has been found to be increased, as
well as its nuclear chaperone Nucleolin [27], and has also been found to be a prognostic
factor by multivariate analysis [27, 28]. Members of the receptor tyrosine kinase 1 (RTK1)
family have been found to be intensely expressed in highly proliferative adult ependymomas
[29] but not in pediatric tumors [26]. Possibly, RTK1 family members behave differently in
pediatric and adult tumors.

The threshold of the Ki-67/MIB-1 LI is a very important item. As previously said, it
indicates the anaplastic variant when >20% [20]; it has also been found to exceed 25%, also
in tumors from the posterior fossa [29, 30]. Using lower thresholds, a correlation with
survival could not be found [31, 32]. Thus, only a high Ki-67/MIB-1 LI can be considered as
a typical feature of anaplasia [27, 33-35].

3.2. Electron Microscopy

Morphological studies by electron microscopy have been applied to the identification of
ependymoma variants [36-40].

Some studies focused on the analysis of ciliary structures. In a recent one, it was shown
that differentiated ependymomas contain large basal bodies and up to three cilia lacking
centrioles. In contrast, the more aggressive anaplastic variant contains neither ependymal nor
primary cilia, lacks basal bodies but shows a centrosome formed by two perpendicularly
oriented centrioles [41]. Notably, primary cilia have a critical role in neurogenesis since they
condition the development of adult neural stem cells [42]. As a matter of fact, cilia and
centrosome defects have been associated with a variety of human diseases and neoplasms,
including malignant brain tumors [43, 44].

The presence of centrioles in the anaplastic ependymoma represents a peculiar
ultrastructure feature useful in the diagnostic practice.

4. DIFFERENTIAL DIAGNOSIS

When the typical tumor phenotype is present, the differential diagnosis is not
problematic. Mistakes only occur when anaplasia is distributed in small foci thus becoming



36 Davide Schiffer, Laura Annovazzi and Marta Mellai

scarcely recognizable. Alternately, anaplasia can be so widespread and advanced that the
ependymomatous nature is not more recognizable. In these cases, it could be useful to pay
attention to the presence of incomplete and barely detectable perivascular pseudorosettes [20].
This is one of the reasons why, according to some authors, the histologic grading is a
subjective factor in patient stratification [45, 46]. Nevertheless, the failure in the diagnosis of
the ependymomatous type does not necessarily mean to fail the identification of the histologic
grade. The presence of a high cell density and a high MI grants the grade III.

5. CLEAR CELL EPENDYMOMA

This is a rare variety of ependymoma characterized by sheets of uniform cells with
rounded nuclei and encircling perinuclear, clear halos [47, 48] (Figure 2H). It must be
distinguished from oligodendrogliomas, central neurocytomas, hemangioblastomas and
metastatic renal cell carcinomas and it is characterized by a tendency to recur despite therapy.
In a series of 166 ependymomas, ten cases showed features of clear cell ependymoma,
corresponding to an incidence of 6%. In seven out of ten tumors, increased cellularity, several
mitoses, microvascular hyperplasia and necrosis without pseudopalisading were the histologic
signs of malignancy. Immunohisto-chemically, GFAP, EMA and S100 were typically
expressed, and in five cases, deletion of DAL-1 and CEP18 were detected by fluorescent in
situ hybridization (FISH). Median 5-year survival rates for progression-free survival (PFS)
and OS were 34% * 20% and 75% * 19%, respectively, with a median follow-up of 37
months [49]. This finding means that this tumor variant has a more aggressive behavior
compared with other histologic types. However, the most aggressive character of the tumor is
probably linked to the occurrence of anaplastic foci with a high Ki-67/MIB-1 LI, regardless of
the clear cell aspect by itself. As in general in ependymoma, they can become undetectable.

6. ETIOLOGY

No clear etiology has been associated with ependymoma to date. An increased incidence
of spinal ependymomas has been reported in patients with neurofibromatosis type 2 (NF2)
[50]. The NF2 gene is located on chromosome 22q12, which is frequently lost in patients with
adult spinal ependymoma [50-53]. However, most of these tumors, in particular those that
develop intracranially, do not harbor NF2 mutations. Although the NF2 gene may be involved
in the origin of a subgroup of spinal ependymomas, it is probably not the crucial tumor
suppressor gene (TSG) on chromosome 22 involved in the tumorigenesis of sporadic
intracranial tumors.

Malignant pediatric ependymomas in other types of familial tumor syndromes of the
nervous system (i.e., Turcot’s syndrome [54] and Li-Fraumeni syndrome [55]) are reported in
literature.

Notably, clustering of pediatric and adult ependymomas, including the anaplastic variant,
in non NF2-families suggests inheritance of a genetic susceptibility to this tumor type
[56-59].
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6.1. Molecular Genetics

Cytogenetic studies by karyotyping and comparative genomic hybridization (CGH)
techniques described several chromosomal abnormalities in ependymoma. A meta-analysis of
all CGH studies on more than 300 primary ependymomas revealed that pediatric and adult
tumors are biologically different entities [26, 60]. This finding suggests that ependymomas
are heterogeneous and can be classified as distinct tumor subtypes based on patient age,
tumor location, and genetic profiles [61-63].

Interestingly, 50% of tumors are characterized by a balanced genomic profile. A balanced
profile with, at least, focal partial chromosomal imbalances (median 3.8 per tumor) prevails
in pediatric tumors, while adult tumors typically show several broad chromosomal imbalances
(median 7.5 per tumor). With regard to the anaplastic variant, a recent study revealed a low
frequency of chromosomal imbalances (median 2 per tumor) [64]. Remarkably, the rate of
cytogenetic imbalances in ependymoma is inversely correlated with the histologic malignancy
grade [64, 65].

6.2. Cytogenetic Aberrations

The most commonly identified chromosomal aberrations in ependymoma include copy
number gain on 1g21-32, loss of chromosomes 22q, 6g and 9p; gain on chromosome 7q is
exclusively associated with spinal tumors [66-69]. Location-specific cytogenetic aberrations
in intracranial versus spinal tumors may refer to the different tumor locations observed in
children and adults.

Cytogenetic data on the anaplastic variant are scarce and no exclusive genetic aberrations
have been reported. However, gain on chromosome 1g21-32 and loss of chromosomes 1p, 64,
9p and 14q are preferentially associated with this histologic variant [66, 69—71].

Based on the CGH meta-analysis, the most common genomic aberration in both primary
and recurrent pediatric intracranial tumors is a copy number gain of chromosome 1¢g21-32
with an incidence of approximately 25% [26, 70, 71]. Gain on 1q is detected in grade Il and
Il tumors, preferentially in infratentorial/posterior fossa tumors in children [64] and is
strongly associated with anaplastic histologic features, tumor aggressiveness, and poor
outcome [26, 65, 66, 68, 70—75].

Then, based on these findings, the chromosome 1 should contain candidate genes
involved in ependymoma tumorigenesis and progression, as well as in resistance to
therapeutic treatment. Efforts have been made to identify the critical region and the crucial
genes. Two minimal gained regions have been identified at the chromosomal loci 1g21.3-23.1
and 1g21.1-32.1, the latter significantly correlated with tumor recurrence [26, 68, 69, 72, 76].
Notably, gain on 1925 has been identified as independent prognostic marker for significantly
lower PFS and OS [68].

The dual-specificities phosphatase 12 (DUSP12) gene at 1923.3 has been proposed as a
driver oncogene for the anaplastic ependymoma since its over-expression has been associated
with more aggressive tumors [68]. DUSP12 is involved in the cell cycle control and
potentially in the malignant transformation [68, 77]. It also plays a role for the cell survival in
response to heat shock-induced cell death [78]. Potential driver oncogenes located within the
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hot spot region 1921-32 include laminin, PRELP, HSPA6 (1932), GACL1, CHI3L1 (1g32.1),
TPR, JTB, SHC1, S100A10 (1g21) and other S100 family members [26, 79-82].

Importantly, the gain on 1q is typically associated with an unfavorable outcome in
neuroblastoma, Wilms’ tumor, and Ewing’s sarcoma, suggesting a common role in pediatric
tumor initiation, progression, and recurrence [83-85].

Loss of chromosome 6q is commonly detected in infratentorial tumors, including
recurrences, whereas deletions on chromosome 9 occur more frequently in supratentorial
tumors [65, 66, 73, 76, 86]. Hot spots of deletion have been identified by loss of
heterozygosity (LOH) analysis at 6g15-16, 6g21-22.1 and 6g24.3-25.3, subsequently limited
to 6024.3 and 6g25.2-25.3 [67, 87]. Remarkably, loss of 6g25.3 is a favorable prognostic
marker for OS in patients with intracranial anaplastic ependymomas. Inactivation of sortin
nexin 9 (SNX9) and synaptojanin 2 (SYNJ2) genes, both located at 6g25.3 and involved in
the regulation of cell migration and invasion, may inhibit tumor progression [87]. Additional
putative TSGs in these regions, such as the polyamine biosynthesis gene (AMD1) and the
cyclin-dependent kinase (CDK11) both at 6g21, and SASH1 at 6g24.3 have been reported to
be down-regulated [80].

With regard to the chromosome 9, which is frequently deleted in ependymoma, a
homozygous deletion of the CDKN2Alocus at 9p21.3 has been reported and typically
associated with anaplastic tumors [61, 68, 75, 88]. Consistent with this finding, a decreased
expression of the p14“~F protein was significantly associated with tumor aggressiveness [25].
Two regions at 9p21.2-22.3 and at 9931.3-33.2 resulted as the most commonly deleted
regions in both adult and pediatric ependymomas. Candidate TSGs located within 9931.3-
33.2 include DBC1, markedly down-regulated in bladder cancer and gliomas [89, 90]. Loss of
chromosome 9 has also been implicated in the development of clear cell ependymomas [91].

In contrast, gains on 9933-34, covering NOTCH1 and TNC, are common in recurrent
tumors, suggesting the involvement of both oncogenes in the progression of pediatric
ependymomas with posterior fossa location [76]. In this regard, inhibition of NOTCH
pathway by a y-secretase inhibitor may hamper the growth of ependymoma stem cell cultures
[76]. Moreover, gene amplification on 9qter increases after subsequent recurrences, more
frequently in older children [76].

Loss of chromosomes 1p and 14q prevails in recurrences and tumor metastasis with a
significantly increasing extent in relation to the distance from the site of local recurrence to
metastasis [91].

Monosomy of the chromosome 10 was reported in few cases (4/17, 23.6%) of
infratentorial anaplastic ependymomas [52, 65] in association with LOH of 17pl13 [65].
Mutations of the TP53 were only occasionally detected [51].

6.3. Timing

The stepwise accumulation of the distinct molecular events during the progression from a
low-grade tumor has been clarified in a patient, 18-years of age, affected by supratentorial
anaplastic and progressively metastasizing ependymoma [91]. Genome-wide copy number
analysis on the primary tumor, first and second local recurrence and subcutaneous metastasis,
revealed monosomy of chromosome 9 and homozygous deletion of the CDKN2A locus in the
primary tumor and sequential deletions on chromosomes 1 (1p36.32-1p36.22) and 14
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(14932.32-14g12) in both recurrences and metastasis. Gradual loss at 1p36 was associated
with loss of protein expression of the putative TSG AJAP1/SHREW1 on 1p36.32 [91]. This
gene is located within the chromosomal region (1p36.32-1p36.22) lost in the transition from
localized to metastatic disease and is involved in cell adhesion, cell motility and tumor
invasion in oligodendroglioma [91-95]. The absence of gain on 1q is in line with the finding
that it is less common in intracranial compared to spinal ependymomas [64, 66].

The finding of a homozygous deletion of the CDKN2A locus (p16™"**) emphasizes its
role in the ependymoma tumorigenesis and further supports CDKN2A as a key player in
tumor initiation [68]. The sequential deletions on chromosomes 1p and 14q detected in local
recurrences and metastasis additionally indicate candidate genes involved in tumor
progression and/or metastasis.

6.4. Epigenetics

Aberrant promoter hypermethylation of CpG islands is a peculiar feature of several
cancers. A genome-wide epigenomic profiling in ependymomas [96] identified a
hypermethylator phenotype similar to the “CpG island hypermethylator phenotype” (CIMP)
that was previously identified in gliomas, acute myeloid leukemia (AML) and colon cancers
[97-100]. The CIMP prevails in supratentorial and spinal pediatric ependymomas if
compared with posterior fossa tumors and is characterized by aberrant methylation of
candidate TSGs involved in the control of cell growth and apoptosis, as well as in the immune
system (including members of the JNK pathway, PPARG and RASSF1A) [96]. RASSF1A,
an effector of Ras, has been found to be the most frequently hypermethylated TSG, described
in up to 86% of ependymomas of all histologic subtypes [96, 101]. Down-regulation of
RASSF1A results in loss of cell cycle control, enhanced genetic instability and resistance to
k-Ras and tumor necrosis o (TNF a)-induced apoptosis [102]. Other commonly
hypermethylated genes in ependymoma include HIC1 in 83% of intracranial tumors [103],
CDKN2A (p16™ ") in 21% of supratentorial tumors [63, 75], CDKN2B (p15™**®) and
CDKN2A (p14”7F) in 32 and 33% of tumors, respectively [104]. Aberrant methylation of the
0°-methylguanine-DNA methyltransferase (MGMT) gene was generally found at a lower rate
and not in recurrent anaplastic tumors [105].

The difference in the global level of methylation varies according to the tumor location in
the CNS and supports epigenetic silencing of TSGs as an important mechanism in the
pathogenesis of supratentorial and spinal, but not posterior fossa, ependymomas [96].

Unlike gliomas, the CIMP was not associated with survival in ependymoma or in
pediatric posterior fossa tumors [93, 96]. However, CIMP-positive posterior fossa tumors of
childhood are responsive to clinical drugs targeting DNA or H3K27 methylation both in vitro
and in vivo [93].

A diagnostic classifier tool based on DNA methylation profiles, named MethPed, was
recently developed to identify pediatric brain tumor subtypes, including ependymoma [106].
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6.5. Gene Expression Profiling

The comparison of gene expression profiling data between low versus high grade tumors
and between primary versus recurrent tumors revealed heterogeneous results that are very
scarce for the anaplastic variant [62, 107, 108].

Compared to low-grade tumors, grade Il ependymomas show up-regulation of genes
involved in the Wnt/B-catenin signaling activation, cell cycle/proliferation regulation (Cyclin
B2/D1/G2, cyclin-dependent kinases CDK2/4/5, cell division cycle proteinsCDC25A/
25B,25C/2, and minimal chromosome maintenance proteins MCM2/3/4/5/6/7), apoptosis
(tumor necrosis factor super family members TNFRSF11A/21 and caspases CASP1/4),
angiogenesis (VEGF, VEGFR2, VEGFB, TNIP2 and DOC2), and remodeling of adherent
junctions through E-cadherin destruction (MET, MN23H1, caveolin, RAB5/7 GTPases). The
Whnt signaling activation in grade 111 ependymomas has been proved by the up-regulation of
Whnt ligand (Wntl1), frizzled receptors (FZD2/5/8), disheveled (DVL2/3) and [-catenin
encoding (CTNNBL) genes [62, 107, 108].

According to distinct gene expression profiling, three independent studies proved the
existence of at least two genetically and biologically distinct variants of infratentorial/
posterior fossa ependymomas [63, 109, 110]. They were defined as Group A (Group 1
according to Wani et al. [110]) and Group B (Group 2according to Wani et al. [110]) [109].
Tumors belonging to Group A are associated with a poor outcome, and recur at a significantly
higher rate and develop metastasis in >80% of the cases. They do not display large
cytogenetic aberrations and are characterized by a classic cancer-related signature (EGFR,
platelet-derived growth factor [PDGF], VEGF and mitogen-activated protein kinase
[MAPK]). In contrast, tumors belonging to Group B show large chromosomal aberrations,
affecting total deletion of either the p- or g- chromosomal arm or the entire chromosome.
They display a specific over-expression of genes implicated in ciliogenesis, microtubule
assembly and mitochondrial metabolism [109]. A 10-gene signature has also been validated
by Wani and co-authors to reliably classify posterior fossa tumors in the two mentioned
groups in the clinical practice and to stratify patients for therapeutic purposes [110].

A third study by Johnson and colleagues on 83 ependymomas with supra- and
infratentorial locations identified nine molecular subgroups mainly based on tumor location.
They include four supratentorial subgroups (A-D), two subgroups of posterior fossa tumors,
including spinal ependymomas (E, F), and three subgroups of exclusively posterior fossa
tumors [63].

7. SURVIVAL AND PROGNOSIS

More than half of ependymomas occur in children; ninety percent are intracranial and
two thirds of these are located in the posterior fossa. They may share characteristics with
germ cell tumors and can occur in the sacrococcygeal region, mediastinum and ovary (see
ependymomas in familial syndromes) [111-113]. For different locations and patient age,
pediatric tumors must be considered separately from the adult ones.
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Pediatric tumors show a median 5-year survival rate from 39% to 64% with a median 5-
year PFS rate from 23% to 45% [114]. Late recurrences up to 15 years may occur [115]. The
worst prognosis is observed in children <3 years of age and with posterior fossa tumors
[116], but it is unclear whether this is due to their malignancy or to their location and age.

Ependymomas in adults are rather rare, accounting for only 3% of all primary CNS
tumors. Spinal ependymomas prevail in adults and posterior fossa tumors in children,
whereas supratentorial ependymomas are more evenly distributed between adults and
children.

The identification of prognostic markers and the relationship between patient outcome
and tumor grade are controversial [45, 115-118]. Generally, pediatric ependymomas have a
worse prognosis compared to adults [2].

As said before, several studies described an association between anaplasia and poor
outcome or between the former and outcome after radiotherapy [116, 118], whereas others
did not accept such association.

Two independent studies, including a meta-analysis on 2,408 ependymomas,
demonstrated that the tumor grade is an independent prognostic marker for PFS [119, 120],
but not for OS in posterior fossa tumors [45]. A novel histopathologic grading scheme was
elaborated after the evaluation of 229 intracranial tumors by five neuropathologists from
European clinical trials of infants (SFOP/CNS9204) and older children (AEIOP/CNS9904).
Cell density, mitotic activity, and angiogenesis indicated important features for classification
of grade Il and Il tumors. However, a significant association between the tumor grade and
PFS was only found in one trial (AEIOP) related to older children [121]. This is in agreement
with the evidence that only high values of cell density and mitotic activity can indicate the
anaplastic variant [20, 29, 30].

In our experience, a number of mitoses >20 x 10 HPF (Figure 3A) and the presence of
necroses (Figure 3B) are significant prognostic factors (p < 0.05 for both) in supratentorial
ependymomas by univariate survival analysis [19]. Mitoses (p < 0.0005), cell density
(p < 0.005) and age at diagnosis >16 (p < 0.05) remain significant prognostic factors in
supratentorial ependymomas after multivariate survival analysis [19]. Moreover, the
anaplastic histology correlates with OS not when diagnosed with common criteria (Figure 3C)
but only according to the number of mitoses (Figure 3D) [19, 20].

Recently, tumor grade and brain location have been associated to worse PFS and OS by
univariate analysis [122]. The Ki-67/MIB-1 LI was dichotomized and patients were
subdivided in two groups according to a Ki-67/MIB-1 LI > or < 10%. The risk of death and
recurrence were respectively 3.5 and 4.7 times greater in the former than in the latter. In
particular, patients with a brain tumor, rather than a spinal lesion, and a high Ki-67/MIB-1 LI
have a higher death risk. In conclusion, the Ki-67/MIB-1 LI conditions a shorter PFS for the
overall group and even more for the anaplastic variant [122].

Currently, extent of tumor resection, metastatic status, and WHO grading are widely
accepted as the main factors for patient stratification [120], although authors have questioned
the objectivity of the histologic diagnosis [45, 123]. Prognostic immunohistochemical
markers would include TNC [109], Nestin [91], TERT [27, 28], neurofilament light
polypeptide 70 (NEFL) [124] LAMA2 and NELL2 [109, 110]. In grade Il tumors,
immunoreactivity for p53, TNC, VEGF, and EGFR have been associated with decreased PFS
[69, 91].
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Figure 3. Univariate survival analysis by the Kaplan-Meier method in supratentorial ependymomas. A — Significant correlation between overall survival (OS) and the
number of mitoses; B — Significant correlation between OS and the presence of necroses; C — Lack of correlation between OS and the anaplastic histology when

diagnosed with common criteria; D — Statistically significant correlation between OS and the anaplastic histology when diagnosed according to a number of
mitoses >20 x 10 HPF [19, 20].
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According to the molecular asset, a staging system has been proposed by Korshunov and
co-authors for standard, intermediate and high genetic risk intracranial ependymomas
consisting of three prognostic subgroups. Group 1 (5-year OS of 100%) is characterized by
gain on chromosome 9, 15q or 18 and loss of chromosome 6, without gain on 1q or CDKN2A
deletion, Group 2 (5-year OS of 78%) by a balanced genomic profile for chromosomes 1q, 6,
9, 15q and 18, without homozygous deletion of CDKN2A, while Group 3 (5-year OS of 32%)
is characterized by gain on chromosome 1q or homozygous deletion of the CDKN2A [75], as
confirmed later [125, 126]. Cytogenetic aberrations of the Group 3, i.e., gain on 1925 and
homozygous deletion of the CDKN2A locus, are associated with the anaplastic variant and
are the most powerful independent factors of poor prognosis. In contrast, gains on
chromosomes 9934, 15922, 18921 and loss of chromosome 6023 are associated with a
significantly better OS [75]. Loss of 6g25.3 is also prognostic in anaplastic tumors [77].

Gain on 1925 was recently confirmed as an independent predictor of tumor progression
across three independent clinical trials (Children’s Cancer Leukemia Group/International
Society for Pediatric Oncology [CCLG/SIOP], CNS9204, BBSFOP adjuvant chemotherapy,
and primary postoperative radiotherapy [SIOP CNS9904]) [125]. In conclusion, copy number
gain on 1q is the most widely reported negative prognostic molecular marker for both supra-
and infratentorial tumors.

A cluster of microRNAs (miRNAs) (let-7d, miR-596 and miR-367) on chromosome 1942
has been significantly associated with OS. Moreover, miR-203 is an independent marker for
time to relapse [127].

On the existence of a prognostic gene expression signature in posterior fossa
ependymomas has been already discussed [109, 110].

8. TREATMENT

The current management of ependymomas includes surgery or radiosurgery, radiation
therapy and adjuvant therapy. According to the National Comprehensive Cancer Network
guidelines for adults (NCCN, 2015), after gross-total resection (GTR) of an intracranial grade
I tumor, limited field fractionated external beam radiation therapy (LFFEBRT) is considered
at variance with the “wait and see” approach. In case of subtotal resection (STR), diagnosis of
a grade Ill tumor or a second relapse, radiation therapy is recommended. For children <3
years, chemotherapy is fostered to avoid adverse neurocognitive effects caused by radiation
[128]. In older children and adults, radiotherapy is the standard treatment after resection for
most patients with grade Il ependymoma.

By retrospective data on 182 intracranial pediatric patients, the best PFS rate and OS
result after GTR. Patients with grade Il tumors have better OS after GTR+EBRT and better
PFS after GTR alone, whereas patients with grade Il tumors have a better OS after
STR+EBRT. The same effect on PFS is observed in patients affected by infratentorial tumors
[129].

For primary spinal anaplastic ependymomas, GTR and adjuvant radiotherapy
significantly prolong PFS and OS, but chemotherapy with temozolomide (TMZ), cisplatin
and teniposide does not [130]. However, TMZ has been successfully used in the treatment of
pediatric refractory anaplastic ependymomas with low MGMT expression [131].
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Interestingly, in a case of cerebellar cavernoma treated with stereotactic gamma knife surgery
(GKS), an anaplastic ependymoma developed with dissemination into the lateral ventricles
[132]. Since the tumor displayed aberrant promoter methylation of the MGMT gene, the
patient was adjuvantly treated with TMZ-based chemotherapy according to the
EORTC/NCIC-regimen published by Stupp et al. [133]. Sixteen days after the TMZ
initiation, no trace of the residual tumor was visible [132].

Postoperative chemotherapy with TMZ has been also used as salvage treatment for
recurrent intracranial adult ependymomas with responses from both grade 11 and 11l tumors
[134].

Methotrexate directly administered into the fourth ventricle in children with malignant
ependymoma was employed in a pilot clinical trial [135]. The last therapeutic tool in the
treatment of pediatric intracranial ependymomas, including malignant tumors, is proton
radiation (PRT) after re-irradiation that has been demonstrated to be efficacious [136].
Imetelstat, a phase 2 telomerase inhibitor, abolishes tumorigenicity of pediatric ependymoma
tumor initiating cells (TICs) [137]. Finally, epigenetic modifiers such as inhibitors of DNA
methylation (decitabine) and histone deacetylation (vorinostat) may also be considered as a
rationale and potential therapeutic tool [138, 139].

The therapy is, however, in continuous refining as new biomarkers or predictive factors
are described and as more of them will be discovered, more therapies can become
individualized.

CONCLUSION

The diagnosis of ependymoma is mainly based on histologic and immunohistochemical
criteria. In the diagnosis, the crucial point is to separate grade Il and Il tumors. The high
number of mitoses is the most useful criterion, beside the finding of poor and incomplete
perivascular pseudorosettes. Electron microscopy may improve routine diagnosis by
supporting the identification of critical epithelial features.

Prognosis, prognostic factors, and survival are adequate for a grade 11l tumor. From the
therapeutic point of view, the extent of surgical removal and radiotherapy are the most
important factors. Chemotherapy plays a secondary role, although clinical trials with TMZ
and other drugs are currently in progress.
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