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Abstract

Purpose Posterior fossa ependymomas (PFE) are among the most frequently occurring solid tumors in children. Their definitive
treatment is surgical excision and adjuvant radio-chemotherapy. This study aimed to investigate prognostic effects of age,
H3K27me3 status, extent of resection, radiation treatment (RT), Ki67 index, WHO grade, and ATRX and H3K27M mutations
in PFE patients.

Methods This retrospective study included 42 pediatric patients with PFE who had undergone operation at our institution
between 1996 and 2018. Patient demographics and treatment information were obtained from patient notes. Information on
radiological location of tumors (median vs paramedian), extent of tumor resection, and recurrence was obtained from preoper-
ative and postoperative magnetic resonance imaging. Formalin-fixed paraffin-embedded tumor samples were evaluated for
H3K27me3 immunostaining, Ki67 index, WHO grades, and ATRX and H3K27M mutations. Tumor samples with global
reduction in H3K27me3 were grouped as posterior fossa ependymoma group A (PFA) and those with H3K27me3 nuclear
immunopositivity as posterior fossa ependymoma group B (PFB). We evaluated the cohort’s 5-year progression-free survival
(PFS) and overall survival (OS).

Results There were 20 (47.6%) female and 22 (52.4%) male patients in the cohort. The mean age of patients was 4.4 (range,
0.71-14.51) years. Overall, tumors in 31 (73.8%) and 11 (26.2%) patients were found to be PFA and PFB, respectively. There
was no statistically significant age or sex difference between PFA and PFB. All patients received chemotherapy, whereas only 28
(66.6%) received RT. The WHO grades of PFA were statistically higher than those of PFB. There was no significant difference
between PFA and PFB in terms of extent of resection, disease recurrence, and survival parameters. Nine of 42 tumor samples had
ATRX mutations. One patient with PFA showed H3K27M mutation. Age, WHO grade, H3K27me3 status, and RT had no effect
on patients’ PFS and OS. Patients with total surgical excisions had significantly better PFS and OS rates. Those with Ki67 < 50%
also had better OS rates.

Conclusions Determining H3K27me3 status by immunohistochemistry is a widely accepted method for molecular subgrouping
of PFEs. Most of the reports in the literature state that molecular subgroups of PFEs have significantly different clinical outcomes.
However, in our present series, we have shown that the extent of surgical excision is still the most important prognostic indicator
in PFEs. We also conclude that the prognostic effect of H3K27me3 status—based molecular subgrouping may be minimized with
a more aggressive surgical strategy followed in PFAs.
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[3]- Nearly 60% of all pediatric ependymomas are within the
posterior fossa [4]. Posterior fossa ependymomas (PFEs) are
categorized histopathologically as grade II or grade III accord-
ing to the presence or absence of necrosis and the frequency of
mitotic figures. [5]. The classical treatment strategy is gross
total surgical resection followed by adjuvant radiation treatment
(RT) with or without chemotherapy [6, 7]. With all current
treatment modalities, the 5-year progression-free survival
(PFS) rates range between 26 and 57% [8, 9]. The most impor-
tant prognostic indicator for PFEs is the extent of the surgical
resection that was followed by RT [7, 8, 10, 11]. Although the
histological grade was first postulated as a prognostic indicator,
given that there is high interobserver variability about PFE
grading, it is no longer accepted as reliable [5, 6, 12].
Ependymomas have also been investigated for molecular alter-
ations. According to their site of origin, such as supratentorial,
posterior fossa, or spinal cord, they show distinct molecular
alterations [6, 13]. Based on these molecular alterations, two
distinct groups of PFEs were reported: posterior fossa
ependymoma group A (PFA) and posterior fossa ependymoma
group B (PFB). The detected molecular differences character-
izing these two distinct groups correlated with different patient
outcomes, such that PFA patients had a worse prognosis than
PFB patients [11, 14]. However, this data was collected from
different centers with heterogenous treatment approaches. Our
study is unique in terms of having a more homogeneous patient
cohort, since all patients were operated on by the same neuro-
surgeon with the same neuroanesthesiology team through the
same surgical approach. All patients were also treated by the
same pediatric oncology and radiation oncology teams.

Within the scope of this data, our study aimed to test factors
that had the potential to influence the prognosis in our PFE
patient cohort. We analyzed the effects on prognosis of vari-
ables such as age, sex, extent of surgical resection, radiologi-
cal localization, molecular subgroups, adjuvant RT, histolog-
ical grade, Ki67 index, and mutation of ATRX. We also
checked tumor specimens for H3K27M mutations. This is
the first study in the literature that investigates the presence
of ATRX mutation and its prognostic effects in PFEs.

Methods
Patient cohort

A total of 42 patients with PFE operated on in our institution
between 1996 and 2018 were enrolled in the study. After
obtaining informed consent from patients’ legal guardians,
formalin-fixed paraffin-embedded (FFPE) tumor samples
were collected.

Inclusion criteria were being operated on for posterior fossa
tumor with a histological diagnosis of ependymoma and being
under the age of 18 at the time of histological diagnosis. All
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patients were operated on by the senior author (M.M.O)
through midline suboccipital craniotomies. All patients had
preoperative and postoperative (at 36 h) cranial magnetic res-
onance imaging (MRI) with contrast. They also had postoper-
ative whole spine MRI with contrast within 14 days of surgery
as surveillance for possible spinal seeding. Radiologically me-
dian and paramedian tumor localization was determined ac-
cording to the criteria postulated by U-King-Im et al. [15].
Total resection was defined as less than 5-mm residual tumor
on postoperative MRI according to the Children’s Oncology
Group guidelines [9]. Some patients did have residual tumors
measuring less than 5 mm, some did have residual tumors
measuring more than 5 mm, and some did have no measurable
tumors at all in the postoperative scans. Residual tumor vol-
umes in cubic centimeters were calculated by multiplying the
width, length, and height divided by two (Width x Length x
Height/2) [16, 17]. All patients were followed up with cranial
MRI with contrast every 3 months and whole spine MRI every
6 months in the first 2 years after surgery. In the third, fourth,
and fifth years, patients were followed up with cranial and
whole spinal MRI with contrast every 6 months. Thereafter,
they were followed up with cranial and spinal MRI with con-
trast on a yearly basis.

Clinical data, including from radiology, concerning ex-
tent of surgical resection and survival was collected by
personnel blinded to molecular subgroup of the tumors.
All adjuvant chemotherapy and radiation treatment (RT)
were planned and introduced by the same pediatric
neuro-oncology team. All patients received chemotherapy.
Although we followed standard European chemotherapy
protocols for each patient, since each protocol had evolved
over years, we cannot describe a standard chemotherapy
treatment for the entire cohort. For this reason, we exclud-
ed the chemotherapy variable while performing statistical
analysis. Patients who were diagnosed as PFE between
1996 and 2009 and who were under the age of 3 at
diagnosis did not receive RT to the tumor bed. Patients
who were diagnosed with PFE in 2010 and later and who
were aged under 2 years did not receive RT to the tumor
bed.

Pathology and subgroup analysis

The archived material from the pathology specimens was
reviewed by a single neuropathologist in terms of Ki67 index,
histological grading, subgroup analysis and ATRX and
H3K27M mutations.

Two cores, each 2 mm in diameter, were selected from each
patient’s FFPE tumor tissue, and used to construct tissue mi-
croarray blocks. Anti-H3K27me3 (1:100, Genetex Pkwy
Irvine, CA), anti-H3K27m (1:1000, RevMADb Biosciences
USA), and anti-ATRX antibodies (1:650, Genetex Pkwy
Irvine, CA) were performed on slides cut from these
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microarray blocks, based on each manufacturer’s instructions,
using the Discovery XT processor (Ventana Medical
Systems).

The cases with global reduction of H3K27me3 were char-
acterized as PFA, and those with H3K27me3 nuclear
immunopositivity as PFB. Diffuse ATRX nuclear
immunopositivity was accepted as “intact” and the opposite
was accepted as loss of immunoreactivity, suggestive of
ATRX mutation. H3K27M was accepted as positive, sugges-
tive of H3K27M mutation, when the tumor cells showed nu-
clear immunoreactivity. The result of the H3K27M-positive
case was confirmed via Sanger sequencing.

Statistical analysis

Estimates of PFS and overall survival (OS) probabilities were
analyzed by the Kaplan-Meier method. The log rank test was
used to analyze the OS and PFS differences between patient
subgroups. Survival data is reported as survival estimates
along with 95% confidence intervals. The Fisher exact test
was used to analyze associations between risk groups.
Advanced multivariate analysis was not performed because
of the small sample size of the cohort. All p values quoted
are two-sided. Statistical analysis was performed using SPSS
Statistics 20.0 software.

Fig. 1 a, b: PFA tumor. a Tumor
shows pseudorosette formation
which is histologically typical for
ependymomas (x 200, H&E). b
H3K27me3 nuclear staining is
lost in the tumor cells (x 100, anti-
H3K27me3). ¢, d: PFB tumor. ¢
ATRX nuclear staining is lost in
the tumor cells in this example.
Note the intact staining of
endothelial cells (x 200, anti-
ATRX). d H3K27me3 nuclear
staining was intact in the tumor
cells (x 200, anti-H3K27me3). e,
f: H3K27M mutant PFA. e ATRX
nuclear staining is intact (x 200,
anti-ATRX). f Neoplastic cells
show nuclear positivity with
H3K27M mutation—specific anti-
body (x 200, anti-H3K27M).

Results
Patient cohort

Forty-two pediatric patients, of whom 20 (47.6%) were female
and 22 (52.4%) were male, were included in the study. The
mean age of patients was 4.4 years (range 0.71-14.51).
Thirty-one patients (73.8%) had PFAs, whereas 11 (26.2%)
patients had PFBs (Fig. 1). There were 16 (51.6%) females
and 15 (48.4%) males in the PFA group, and 4 (36.4%) fe-
males and 7 (63.6%) males in the PFB group. We did not find
any significant difference in sex between the PFA and PFB
groups (p >0.05). The mean age of patients in the PFA group
was 4.04 years (range 0.71-12.98), and 5.44 years (range
1.02-14.51) in the PFB group. Tumors were in paramedian
locations in 27 (87.1%) PFA patients and 4 (36.4%) PFB
patients. Thus the PFA ependymomas were more frequently
paramedian (p = 0.03) (Fig. 2). There was no statistical differ-
ence between the ages of patients in the groups (p > 0.05).
Although the gross total resection rate of PFA tumors was
61.3% (n=19) and that of PFB tumors was 81.8% (n=9),
this difference did not reach statistical significance
(p>0.05). There were 19 (45.2%) WHO grade 2 and 23
(54.8%) WHO grade 3 tumors. Among the PFAs, 11
(35.5%) tumors were WHO grade 2, whereas 20 (64.5%) were
WHO grade 3. Among the PFBs, 8 (72.7%) tumors were
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Fig.2 a Axial section cranial MRI of a patient with PFA with paramedian
localization (arrows). Arrowhead designates laterally displaced
brainstem. b Postoperative MRI with contrast of the same patient,
which confirms total surgical excision of tumor. Arrows point to the
resection cavity, whereas arrowhead designates brainstem. ¢ Axial
section cranial MRI of another patient with PFA with paramedian
localization (arrows). Arrowhead designates laterally displaced
brainstem. d Postoperative MRI with contrast of the same patient,
which shows residual tumor tissue (arrow) in front of brainstem (arrow-
head). e Axial section cranial MRI of a patient with PFB with median
localization (arrows). f Postoperative MRI with contrast of the same pa-
tient, which confirms total surgical excision of tumor. Arrows designate
tumor-free resection cavity

WHO grade 2, whereas 3 (27.3%) were WHO grade 3. The
number of WHO grade 3 ependymomas was significantly
higher in the PFA group (p < 0.05).

The mean residual tumor size was 0.33 cm® (range 0—
6.25 cm’). Eight patients (72.7%) in the PFB group received
RT, compared with 20 (64.5%) in the PFA group. All patients
in the study cohort received chemotherapy. Tumors recurred
in 14 (45.2%) patients in the PFA group and in 3 (27.3%) in
the PFB group. The differences in disease recurrence rates
between the two groups were not significant (p > 0.05). Ten
PFAs recurred within posterior fossa, two PFAs recurred with
spinal seedings, one PFA recurred with multiple supratentorial
tumors, and one PFA recurred with extensive supratentorial
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and spinal seedings. All recurrent PFBs recurred within pos-
terior fossa.

Ten patients (32.3%) in the PFA group and 3 (27.3%) in the
PFB group had more than one operation during the follow-up
period for recurrent tumors within posterior fossa. Eleven pa-
tients (35.5%) from the PFA group and 2 (18.4%) from the
PFB group died during follow-up. The differences in recur-
rence and death rates between both groups did not reach sig-
nificance (p > 0.05).

Nine tumors (21.4% of the entire cohort) showed loss of
ATRX immunoreactivity, 8 (88.8%) of which were within the
PFA group and 1 (11.2%) in the PFB group. This difference
was not statistically different (» >0.05). One patient’s tumor
in the PFA group had immunopositivity for the H3K27M
mutation (Fig. 1f). This tumor had intact ATRX (Fig. le)
and had lost H3K27me3 immunoreactivity. Sanger sequenc-
ing verified that there was an H3K27M mutation (Fig. 3). The
child was 1.5 years of age at the time of diagnosis, had under-
gone gross total excision followed by adjuvant chemotherapy,
and he has been tumor-free during 86 months of follow-up.
Demographic data on the entire patient cohort is summarized
in Table 1.

Survival analysis

The cohort’s median follow-up time was 5.4 (95% CI, 5.1-
8.8) years. The 5-year PFS and OS rates were 55% (95% CI,
40%—75%) and 73% (95% CI, 59.6%—88.9%) respectively.
The 5-year PFS rates were 45% (95% CI, 32%—71%) for the
PFA group and 89% (95% CI, 73%—99%) for the PFB group.
The 5-year OS rates were 65% (95% CI, 49%—85%) for the
PFA group and 100% for the PFB group. PFS and OS esti-
mates for the PFB group had a tendency to be better in com-
parison with the PFA group, but these findings are not signif-
icant (p > 0.05) (Fig. 4).

PFS and OS estimates for PFEs with gross total resection
are significantly longer than for PFEs with subtotal resection
(p<0.05) (Fig. 5). The overall survival (OS) estimate for
PFEs with Ki67 index > 50% was shorter than for PFEs with
Ki67>50% (p <0.05) (Fig. 6).

Although PFS and OS estimates for PFEs with ATRX loss
seemed to be better in comparison with their ATRX intact
counterparts, this also was not significant (p > 0.05).

There was no significant relationship between RT and PFS
and OS rates for PFEs in our cohort (p > 0.05).

Discussion

The standard treatment for pediatric PFE is gross total resec-
tion followed by RT with or without chemotherapy [6, 7, 18].
Patient age, paramedian tumor location, extent of resection,
histological grade, Ki67 index, RT, and chemotherapy have
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Fig. 3 The upper graphic shows h3k27m mutation with the green peak (a), which is not normally present in the h3k27m wild-type control tissue, as

shown in the graphic below (b)

been defined as prognostic indicators in pediatric PFEs in
different clinical and pathological studies [12, 19-21].

Recent studies have focused on molecular and epigenetic
alterations such as H3K27me3 and DNA methylation levels,
decreased activity in polycomb repressive complex 2 (PRC2),
chromosome 1 q gain, CXorf67 alterations, and 6q deletion as
being potential prognostic indicators [6, 11, 22-26].

Among the widely accepted data from all these molecular
studies is the identification of PFA and PFB subgroups via
methylation profiling of the tumor genome [14]. Those epige-
netic alterations correlate with immunohistochemical expres-
sion differences in H3K27me3 levels and DNA methylation
status. Bayliss et al. reported that PFEs with lower H3K27me3
levels (PF—) have close similarities with molecularly defined
PFA groups, whereas PFEs with normal levels of H3K27me3
(PF+) share close similarities with molecularly defined PFB
groups [26]. According to those studies, PFA ependymomas
show CpG island hypermethylation followed by silencing of
PRC2. As a result, PFAs show decreased expression of differ-
entiation genes. They tend to occur in the younger age group

(<3 years) and, at paramedian location, behave more aggres-
sively, have lower total resection rates, and eventually reveal
lower PFS and OS rates. On the other hand, PFB
ependymomas do not show CpG island hypermethylation,
are seen more commonly in young adults, are generally found
in the midline location, and have a better prognosis [9, 27].

Some of the main aims of all the scientific work on PFE are
to increase PFS and OS rates and to identify risk groups to
decrease the toxic effects of RT and chemotherapy protocols
by de-escalating doses of adjuvant treatment in low-risk pa-
tient groups.

In our study, we analyzed the prognostic values of age,
extent of surgical resection, molecular subgroups, adjuvant
RT, histological grade, ATRX immunoreactivity, and Ki67
index. ATRX mutations are seen in CNS tumors such as some
IDH-mutant diffuse astrocytomas, some H3K27M-mutant gli-
omas, and some pilocytic astrocytomas with anaplasia [28,
29]. Most ATRX mutations are inactivating and show loss of
ATRX immunoreactivity. ATRX loss was generally thought to
be associated with a better prognosis until its presence was

Table 1T Demographics of patient

cohort All/n=42 PFA/n=31(73.8%) PFB/n=11(26.2%)

Variable No. % No. % No. % p (PFA vs PFB)
Mean age, y 44 4.04 5.44 0.3

Male sex 22 524 15 48.4 7 63.6 0.38

GTR 28 66.7 19 61.3 9 81.8 0.28

Radiation treatment 28 66.7 20 64.5 8 72.7 0.72

Disease recurrence 17 40.5 14 45.2 3 27.3 0.47

Died 13 31 11 35.5 2 18.2 045

GTR gross total resection, y years
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shown in pilocytic astrocytomas with anaplasia [28-30]. To
date, our study is the first to present ATRX immunostain re-
sults in PFEs. There were 8 patients with tumors with loss of
ATRX immunopositivity in the PFA group and 1 in the PFB
group. The difference between PFAs and PFBs in terms of
ATRX loss was not significant. Although patients with
ATRX loss tend to live longer, this finding did not reach sig-
nificance either. The failure of the differences in results relat-
ing to loss of ATRX to reach statistical significance can be
attributed to the small number of patients in the cohort studied.

H3K27M mutation was accepted specifically for the diagnosis
of “diffuse midline glioma, H3K27M-mutant Grade IV” tu-
mor by WHO 2016 [2]. However, a few recent studies or case
reports have shown that such mutations are also detected,
albeit infrequently, in localized tumors of midline structures
such as pilocytic astrocytomas, gangliogliomas, and
ependymomas [31]. There are three published cases of
H3K27M-mutant PFAs in the literature, with no information
about their long-term follow-up [32, 33]. The PFA case with
H3K27M mutation in our patient cohort is the fourth reported
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case and has the longest follow-up period in the literature.
Gross total resection was performed on this patient and he is
still alive with no adverse event during the 86 months of the
follow-up period, even though he has not received adjuvant
RT.

Even if clinical studies and meta-analyses about PFEs have
postulated other additional prognostic indicators, nearly all
have agreed with the fact that gross total resection and adju-
vant RT are the major determinants of prognosis [34-36]. In
our patient cohort, the major prognostic indicator was total
surgical resection. On the other hand, changing RT guidelines
for PFEs over the years may explain why RT did not become a
prognostic indicator in our study. Frequencies of PFE sub-
groups and their anatomical location in our cohort were almost
concordant with the general literature, with a slightly higher
frequency of PFBs [8, 37]. Although some studies state that
PFA ependymomas have a tendency to occur more frequently
in male patients, we did not find any sex predilection between
PFE subgroups [14, 38]. There are other studies that support
our results in that they did not find any sex predilection be-
tween PFE patients related to PFA and PFB subgroups [9]. We
did not find significant differences in gross total resection rates
between PFA and PFB ependymomas. This data differs from
information in the literature, which states that PFA
ependymomas have significantly lower gross total resection
rates in comparison with PFB ependymomas [14]. This dif-
ference likely results from our aggressive surgical strategy,
especially for laterally located PFA ependymomas. We did
not find any statistical difference between PFA and PFB group
ependymomas in terms of recurrent disease, number of deaths,
PFS, and OS estimates, although our data show relatively

larger differences in these parameters between the PFA and
PFB groups. This may be explained by the small number of
patients in our cohort or it may be because of the more ag-
gressive surgical strategy followed, especially during opera-
tions on PFA ependymomas.

This raised a question in our minds. Is the worse prognosis
in PFAs because of their low resection rates or because of their
different methylation profiles in comparison with PFBs? If the
reason is its low resection rates, can we minimize the differ-
ence in prognosis between PFAs and PFBs by following a
more aggressive surgical strategy in PFAs?

The extent of resection may be the major confounding fac-
tor in multicenter studies since surgical strategies and neuro-
surgical practices may vary among pediatric neurosurgeons.
One neurosurgeon may follow a safe but aggressive surgical
strategy to excise nearly all of the PFAs in paramedian loca-
tions, and another may leave a considerable volume of the
tumor behind with the idea of minimizing the potential dam-
age to lower cranial nerves, facial nerves, and the brainstem
[39]. The neurosurgical procedure in both patients may then
be classified as total surgical resection according to the total
resection cut-off tumor volume in the individual study.

The current study is more homogeneous in terms of surgi-
cal and adjuvant radio-chemotherapy practice since all pa-
tients were operated on by the same neurosurgeon, and all
adjuvant treatments were planned and introduced by the same
radiation oncology and pediatric neuro-oncology teams
throughout the years.

The 5-year PFS and OS rates for the PFE range from 23—
45% to 39—64% respectively in the literature [14, 35, 40, 41].
The 5-year progression-free and OS rates in our cohort are
55% (95% CI, 40%—75%) and 73% (95% CI, 59.6%—
88.9%) respectively. From the literature, the 5-year PFS and
OS rates for PFA range from 4349% to 50-67% respectively
and the 5-year OS rates for PFB ependymomas are around
100% [6, 9, 22]. In our cohort for PFAs, these were 45 and
65% respectively and for PFBs they were 89% and 100%
respectively. It would not be an objective evaluation if we
were to compare PFS and OS rates in our cohort with those
of other patient cohorts in the literature because total resection
rates and adjuvant treatment strategies are different for each
study.

Conclusion

Although many different variables are suggested as prognostic
indicators in pediatric PFE patients, surgery is still the stron-
gest, as proven by the current and other studies. Molecular
subgrouping of PFE has important effects on prognosis but
still needs to be validated by prospective studies with a larger
cohort to be taken into account during the planning of tailored
and de-escalating therapies. Survival differences between
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PFAs and PFBs may be minimized by increasing the total
surgical excision rates, especially in laterally located PFAs.
Despite all treatment efforts, PFS and OS rates of PFEs are
still low. For this reason, more research into the molecular
basis of the disease for future targeted therapies is needed.
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