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Newly Diagnosed Metastatic Intracranial Ependymoma
in Children: Frequency, Molecular Characteristics, Treatment,
and Outcome in the Prospective HIT Series
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GBSTRACT

Background. Data on frequency, clinical presentation, and
outcome of primary metastatic intracranial ependymoma
in children are scarce.

Patients and Methods. Prospective data on patients youn-
ger than 21 years with metastatic intracranial ependymoma
at first diagnosis, registered from 2001 to 2014 in the HIT-
2000 trial and the HIT-2000 Interim Registry, were analyzed.
Results. Of 453 registered patients with intracranial ependy-
moma and central neuropathology review, initial staging
included spinal magnetic resonance imaging in all patients
and lumbar cerebrospinal fluid (CSF) analysis in 402 patients.
Ten patients (2.2%) had metastatic disease, including three

with microscopic CSF positivity only (M1 metastasis stage,
0.7% of patients with CSF staging). Location of the primary
tumor was supratentorial in four patients (all supratentorial
RELA-fused ependymoma [ST-EPN-RELA]) and within the
posterior fossa in five patients (posterior fossa ependy-
moma type A [PF-EPN-A], n = 4; posterior fossa ependy-
moma not further classifiable, n = 1), and multifocal in one
patient.

All four patients with ST-EPN-RELA were alive in first or
second complete remission (CR) 7.5-12.3 years after diagno-
sis. All four patients with macroscopic metastases of posterior
fossa or multifocal ependymoma died. Three patients with ini-
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tial M1 stage (ST-EPN-RELA, n = 1; PF-EPN-A, n = 2) received
chemotherapy and local irradiation and were alive in second
or third CR 3.0-9.7 years after diagnosis. Progression-free and
overall survival of the entire cohort at 5 years was 13% (+6%),
and 58% (+16%), respectively.

Conclusion. Primary metastatic disease is rare in children
with intracranial ependymoma. Prognosis may depend on
molecular subgroup and extent of dissemination, and rele-
vance of CSF analysis for initial staging remains to be clari-
fied. The Oncologist 2019;24:€921-e929

Implications for Practice: Childhood ependymoma presenting with metastasis at first diagnosis is very rare with a fre-
quency of 2.4% in this population-based, well-characterized cohort. Detection of microscopic metastases in the cerebrospi-
nal fluid was extremely rare, and impact on prognosis and respective treatment decision on irradiation field remains
unclear. Initial metastatic presentation occurs in both supratentorial RELA-fused ependymoma and posterior fossa ependy-
moma. Prognosis may differ according to extent of metastasis and biological subgroup, with poor prognosis in diffusely
spread metastatic posterior fossa ependymoma even after combination therapy with both intensive chemotherapy and
craniospinal irradiation, which may help to guide individual therapeutic decisions for future patients.

INTRODUCTION

Ependymoma is the second most frequent malignant central
nervous system (CNS) neoplasm in children and adolescents
after medulloblastoma [1, 2]. Although embryonal CNS
tumors frequently show primary leptomeningeal metastases
with impact on treatment decisions, the necessity and clini-
cal impact of initial staging of ependymoma is not known.
Most patients present with localized disease, where the
extent of resection is presently the strongest clinical predic-
tor for progression-free survival (PFS) and overall survival
(OS). PFS rates of 50%—80% at 3-5 years are reported after
complete resection [3-8].

Data are scarce on patients with metastatic ependy-
moma at presentation. Poor outcome rates have been
reported, and no treatment standard exists [9]. Although
magnetic resonance imaging (MRI) of the complete CNS is
currently considered standard within the diagnostic process
and cerebrospinal fluid (CSF) evaluation is widely used, the
true frequency of metastatic presentation remains elusive.
Furthermore, there are no data on association of molecular-
subgroup-related metastatic presentation and clinical course.

Molecular evaluations have revealed a high heterogene-
ity of ependymoma with marked differences according to
localization [10-14]. In most patients, location of the pri-
mary tumor is infratentorial, whereas posterior fossa epen-
dymoma type A (PF-EPN-A) occurs in younger children and
is characterized by an increased DNA methylation, and pos-
terior fossa type B occurs mainly in adolescent and adult
patients and frequently shows chromosomal imbalances [11,
13, 15]. An oncogenic fusion of RELA with C11lorf95 has
been described in the majority of supratentorially located
ependymoma, and supratentorial RELA-fused ependymoma
(ST-EPN-RELA) was introduced as a separate entity in the
2016 World Health Organization (WHO) classification of CNS
tumors [16—18]. Although preclinical evidence exists on sub-
group specific potential drugs, data on the clinical impact of
the molecular diagnosis are rare and refer to heteroge-
neous, retrospective cohorts, with limited information on
clinical staging and treatment [19-22]. Previously described
markers for risk association are gain of 1q, which was associ-
ated with poor prognosis in several cohorts, whereas histo-
pathological grading could not be confirmed as a clinical
prognostic marker [23-26]. Current treatment standard
for localized pediatric intracranial ependymoma consists
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of maximal safe surgery followed by local radiotherapy,
but there is no treatment standard for patients with initial
metastatic disease [19].

Within this analysis, frequency, molecular diagnosis, clin-
ical presentation, and outcome were evaluated for patients
who were diagnosed with primary metastatic ependymoma
and registered in the population-based prospective HIT-
2000 trial and the HIT-2000 Interim Registry [27-31]. (HIT is
an abbreviation of the German word Hirntumor, i.e., brain
tumor.)

SuBJECTS, MATERIALS, AND METHODS

Inclusion Criteria and Diagnostic Evaluation

All pediatric and young adult patients with ependymoma,
who were diagnosed in Germany, Austria, or Switzerland
between January 1, 2001, and December 31, 2014, were eli-
gible for registration within the population-based multicen-
ter, prospective HIT-2000 trial or HIT-2000 Interim Registry.
Only patients with nonmetastatic disease qualified for inclu-
sion within the interventional treatment arms of HIT-2000,
whereas registration was possible irrespective of metastatic
status. Eligibility criteria for this analysis were first diagnosis
and central neuropathology review of primary intracranial
ependymoma (WHO grade Il or Ill), age <21 years at pre-
sentation, no previous radio- or chemotherapy treatment,
registration to the HIT-2000 trial (NCT00303810) or HIT-
2000 Interim Registry (NCT02238899), and disseminated dis-
ease confirmed by cranial and spinal MRI and/or positive
CSF cytology. Recruitment period was January 1, 2001, to
December 31, 2011, for the HIT-2000 trial and January
1, 2012, to December 31, 2014, for the HIT-2000 Interim
Registry.

Microscopic disease to CSF (M1 metastasis stage) was
defined as at least two single cells with histologically malig-
nant phenotype, or at least one tumor cell cluster detected
in CSF, obtained after day 14 postoperatively. Positive CSF
results obtained postoperatively but before day 14, and
other unclear results, were to be reevaluated later than day
14 postoperatively. Unclear results were not structurally
documented. Evaluation of patients with unclear results is
not within the scope of this article. Central review of
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neuropathology was mandatory at the time of inclusion in
the trial and was performed according to the respective
WHO classification by an experienced neuropathologist.
Central neuroradiological review and review of cytospin
slides were intended by the protocol but were not per-
formed for all patients. For the patients with metastatic
disease, central review of neuropathological diagnosis and
neuroradiology was repeated at the time of this analysis,
which led to reclassification as anaplastic astrocytoma in
one patient. For patients with available tumor material, further
characterization was performed by p65 immunohistochemistry
as surrogate for RELA fusions, fluorescence in situ hybridi-
zation for 1925, and DNA methylation using Infinium
HumanMethylation450 BeadChip (lllumina, San Diego, CA).
Classification of DNA methylation results was based on a refer-
ence set [13, 32].

The prospective HIT-2000 trial and the subsequent HIT-
2000 Interim Registry were approved by the ethical commit-
tee of the University of Wuerzburg, Germany (ClinicalTrials.
gov identifiers, NCT00303810 and NCT02238899). All institu-
tions participating in the study received approval from their
institutional review boards, and informed consent was
obtained from all patients, parents, or legal guardians.

Data Extraction and Statistical Analysis

All data were prospectively collected within the HIT-2000
trial or the HIT-2000 Interim Registry. OS and PFS were
estimated using the Kaplan-Meier method. Results were
updated as of January 12, 2017.

Treatment

Because of the expected rarity, there was no specific inter-
ventional treatment arm for patients with metastatic epen-
dymoma within the HIT-2000 trial and HIT-2000 Interim
Registry. Treatment decisions were at the discretion of the
treating physician and were based on individual discussion
of the case between the physician and the trial coordinat-
ing team. Recommendations were based on the respective
treatment arms for metastatic medulloblastoma or local-
ized ependymoma with residual tumor and did respect
patient age and extent of disease. Primary systemic treat-
ment with chemotherapy was intended for all patients
either as HIT-SKK (cyclophosphamide/vincristine, methotrex-
ate/vincristine, carboplatin/etoposide) or modified HIT-SKK
(mSKK; cyclophosphamide/vincristine, carboplatin/etoposide);
mSKK was introduced for incompletely resected ependymoma
by the protocol amendment in 2005. (SKK is an abbreviation
of the German phrase “Sauglinge und Kleinkinder,” meaning
“infants and toddlers.”) For patients <4 years of age, primary
intensified chemotherapy treatment with the intention of
high-dose chemotherapy was allowed. For induction treat-
ment either etoposide/carboplatin (until 2005) or modified
Head Start treatment (after the 2005 amendment) was used,
followed by tandem high-dose chemotherapy (carboplatin/
etoposide, cyclophosphamide/thiotepa) in patients with response
to induction treatment [29, 31, 33, 34]. For children older
than 4 years at diagnosis, hyperfractionated craniospinal
irradiation (CSI) was intended, with 2 X 1 Gy fractions per
day and dose prescription of 40 Gy to the craniospinal axis
and boost up to 68 Gy to the primary tumor region, or
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72 Gy to residual tumor and 50 Gy to metastatic deposits.
Dose prescription for children who were not able to receive
hyperfractionated radiotherapy was 35.2 Gy to the craniosp-
inal axis, 55 Gy to the tumor region, 59 Gy to the residual
tumor, and 49.6 Gy to metastatic deposits, in daily fractions
of 1.6 and 1.8 Gy, respectively. For young children (<4 years)
with microscopic metastasis to CSF only and clearance of M1
disease after postoperative chemotherapy, application of
local irradiation to the tumor bed and avoidance of CSI was
recommended.

Depending on the treatment arm and response to initial
chemotherapy, maintenance chemotherapy was foreseen
after irradiation, with either vincristine/lomustine/cisplatin,
mSKK, or temozolomide [31, 33].

RESULTS

Frequency of Metastatic Presentation

The prospective HIT-2000 trial and the subsequent HIT-
2000 Interim Registry included 453 patients with intracra-
nial ependymoma; 402 (88.7%) had initial CSF sampling and
evaluation, 25 (5.5%) did not undergo initial CSF analysis,
and in 26 patients (5.7%) no data concerning initial CSF
analysis were available. All patients underwent spinal MRI
at diagnosis. In total, 17 patients with newly diagnosed
ependymoma were reported with suspected metastasis at
the time of primary diagnosis, which could be confirmed by
central review in 10 patients. This accounts for 2.2% of
all patients with intracranial ependymoma (Fig. 1). Three
patients had CSF positivity only (Chang stage M1), compris-
ing 0.7% of patients with intracranial ependymoma, in
whom CSF analysis was performed. In one excluded patient,
spinal Schwannoma in the context of neurofibromatosis
type 2 (NF-2) were initially misinterpreted as spinal metas-
tases of his posterior fossa ependymoma. At diagnosis,
there were no clinical signs of NF-2. Later during the course
of the disease, slowly growing bilateral lesions within the
internal auditory meatus raised the suspicion of an underly-
ing NF-2, which was confirmed genetically and led to the
reclassification of the spinal lesions as NF-2 related Schwan-
noma (supplemental online Table 1).

Clinical Characteristics of Patients with Metastatic
Disease
Centrally confirmed histopathology was anaplastic ependy-
moma in all 10 patients. Location of the primary tumor
was infratentorial in five patients, supratentorial in four
patients, and unclear in one patient with a massive tumor
that was both supra- and infratentorial. All four supraten-
torially located primary tumors were molecularly classified
as ST-EPN-RELA. Among the five infratentorially located pri-
mary tumors, four belonged to the PF-EPN-A subgroup
according to methylation profiling, two of them with 1q
gain. In one infratentorially located tumor, molecular sub-
grouping confirmed belonging to the posterior fossa epen-
dymoma group, but further classification was impossible.
Median age at diagnosis was 3.7 years (range, 0.8—
13.4 years). Eight of 10 patients had relapse or progression
after a median time of 7.8 months, and four patients died.
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¢ Invalid registration (n = 1)

No intracranial tumor, only spinal involvement, pos NF2
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Figure 1. Consort diagram of the patient selection process for this analysis. Supplemental online Table 1 gives details of excluded

patients.

Abbreviations: CSF, cerebrospinal fluid; DOD, dead of disease; cMRI, cerebral magnetic resonance imaging; Mets, metastatic spread;
MRI, magnetic resonance imaging; NED, no evidence of disease; NF2, neurofibromatosis type 2; PF-EPN-A/NOS, posterior fossa epen-
dymoma subgroup A not otherwise specified; spMRI, spinal magnetic resonance imaging; ST-EPN-RELA, supratentorial ependymoma

with RELA fusion.

The six surviving patients had a median follow-up of
8.6 years (range, 3.0-12.3). The estimated 5-year PFS and
OS (+£standard error) for the entire cohort was 13% (+6%)

and 58% (+£16%), respectively (Fig. 2).
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Patients with Supratentorial Ependymoma and RELA
Fusion

Of four patients with ST-EPN-RELA, one had CSF dissemina-
tion only (M1), and two had single metastatic lesions as
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Figure 2. Kaplan-Meier estimates for progression-free survival
and overall survival for 10 patients with metastatic ependymoma.
Abbreviations: OS, overall survival; PFS, progression-free survival.

single nodular supratentorial lesion (n = 1) or localized
leptomeningeal, laminar lesion intraspinal (n = 1). One
patient with ST-EPN-RELA had extensive, multilocular dis-
ease (Table 1). Response to initial postoperative chemother-
apy was complete remission (CR) in two patients with single
laminar (n = 1) or nodular metastasis (n = 1), with initial re-
section of the latter. Both patients were older than 4 years at
diagnosis and received subsequent CSI and maintenance che-
motherapy. Two patients had progression on primary chemo-
therapy and were considered too young for CSI. After
progression, they received individual salvage treatment. One
patient with isolated CSF metastasis at diagnosis had local
progression with cleared CSF after initial chemotherapy. He
received repeated resurgery, local irradiation, and local reir-
radiation. One patient with initial presentation with extensive
multilocular metastases and progression on carboplatin/eto-
poside induction treatment received salvage chemotherapy
with thalidomide and temozolomide based on an individual
treatment decision with palliative intention, which led to
gradual decrease of disease. The patient received multiple
resurgeries and achieved CR without irradiation (Fig. 3). All
four patients were alive in first or second CR at last follow-up
7.5-12.3 years after diagnosis.

Patients with Infratentorial Ependymoma or
Multifocal Presentation
Two of five patients with infratentorial primary tumor had
isolated CSF metastasis (M1) only (both PF-EPN-A without
chromosome 1q gain), and three had extensive metastatic
disease (PF-EPN-A with chromosome 1q gain [n = 2], poste-
rior fossa ependymoma not otherwise specified without
chromosome 1q gain [n = 1]). Response to postoperative
chemotherapy was early disease progression in four patients.
One patient with isolated CSF dissemination was in CR after
postoperative induction and high-dose chemotherapy and
had a local relapse thereafter.

Salvage treatment consisted of resurgery and local radio-
therapy for both patients with initially isolated CSF metasta-
sis and local progression or recurrence. Both were in CR at
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last follow-up (3.0 and 9.2 years after diagnosis). All three
patients with extensive multilocular metastases and progres-
sion on chemotherapy died of progressive disease, despite
combined salvage treatment with CSI and chemotherapy for
two of them.

One patient with extensive multifocal presentation
received biopsy only and was treated individually with emer-
gency CSI and concomitant chemotherapy thereafter but was
refractory to treatment. Available tumor material was not
sufficient for molecular subgroup analysis. See supplemental
online Table 2 for detailed description of therapy.

Discussion

Although spinal MRI is clinical standard practice for initial
diagnostic evaluation of children and young adults with intra-
cranial ependymoma, and lumbar puncture for CSF evalua-
tion is widely used, only limited data are available on the
clinical utility of these staging evaluations and the frequency
and clinical course of patients with primarily metastatic pre-
sentation. Here, we describe a prospectively documented
cohort of pediatric patients with primary metastatic presen-
tation of intracranial ependymoma. These patients were reg-
istered within the population-based multicenter HIT-2000
trial and HIT-2000 Interim Registry. Within this series, 453
patients with intracranial ependymoma were registered within
a 14-year recruitment period. Of them, 10 patients had meta-
static disease at initial staging, accounting for 2.2% of all
patients with newly diagnosed, centrally confirmed ependy-
moma. Isolated microscopic CSF metastases were very rare
(0.7%). The diagnostic standard in this series was high and
encompassed mandatory central review of neuropathology,
as well as recommendation for central review of MRI and
CSF evaluation.

In previous series, frequency of metastatic presentation
has been described as 1%—-10% and higher [4, 7, 8, 35—41].
Especially for young patients with ependymoma, the reported
frequencies for initial metastatic presentation vary consider-
ably, and in pooled retrospective series, initial metastatic
presentation was more frequent in younger patients [9,
42-44]. The higher rates in some of the earlier series may
be based on developing diagnostic standards of neuropatho-
logical diagnosis and staging procedures. Misinterpretation
of another malignant tumor entity as ependymoma, unspe-
cific CSF findings as early postoperative exfoliated ependy-
moma cells, ependymal cells or atypical blood mononuclear
cells, or unspecific results on MRI imaging as postoperative
subdural enhancement may have led to false positive results
[32, 38, 45]. Furthermore, other diseases may have mim-
icked metastases from ependymoma. In our series, one of
the excluded patients was retrospectively diagnosed with
NF-2, and the observed intraspinal lesions were retrospec-
tively interpreted as Schwannoma.

Outcome for patients presenting with metastatic epen-
dymoma has been described as poor, with 5-year event-free
survival and OS of 29% (4+7%) and 43% (1+8%) in a retro-
spective series [9]. The outcome rates in our series were
comparable, but clinical course was highly heterogeneous
and differed with respect to molecular characterization and
extent of metastasis.

© AlphaMed Press 2019
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Table 1. Clinical and molecular characteristics and outcome of 10 patients with metastatic ependymoma

Location Outcome Timepoint Localization Time to
Patient Age, primary Molecular Postoperative Postoperative postoperative RT of first of relapse or progression, Last Follow-up,
no. years Gender tumor characteristics  staging chemotherapy chemotherapy field radiotherapy progression years status years
1 0.8 Male Frontoparietal ST-EPN-RELA M1 mSKK PD Local Salvage Local 0.8 NED 9.7
2 13.4 Male Frontal ST-EPN-RELA M2, limited SKK PR CsI First-line — — NED 123
3 4.5 Female Parietooccipital ST-EPN-RELA M3, limited mSKK CR (o] First-line — — NED 7.5
4 1 Female Parietotemporo- ST-EPN-RELA M2/3, CBCDA/ETO PD No RT — Local 0.2 NED 8.0
frontal multilocular
5 3.6 Male 4th ventricle PF-EPN-Aw/o M1 CBCDA/ETO CR Local Salvage Local 3.1 NED 9.2
1q gain - HDCT
6 1.1 Female 4th ventricle PF-EPN-Aw/o M1 SKK PD Local Salvage Local 0.3 NED 3.0
1q gain
7 9 Male 4th ventricle PF-EPN-A M2/3, SKK PD CSI Salvage Metastatic 0.2 DOD 3.3
1q gain multilocular
8 3.1 Male 4th ventricle PF-EPN-A M3, Modified PD (o] Salvage Metastatic 0.5 DOD 2.0
1q gain multilocular Head Start
9 3.7 Male 4th ventricle PF-EPN-NOS w/o  M2/3, mSKK PD No RT — Combined 0.2 DOD 0.3
1q gain multilocular
10 4.1 Male Multifocal NA M2/3, mSKK PD csi® First-line Metastatic 0.9 DOD 1.1
multilocular

®Emergency CSI, concomitant to postoperative chemotherapy.

Abbreviations: —, not applicable; 1q gain, gain of chromosome 1q; CBCDA, carboplatin; CR, complete remission; CSl, craniospinal radiotherapy; DOD, dead of disease; ETO, eto-
poside; HDCT, high-dose chemotherapy; mSKK, modified SKK chemotherapy; NA, not available; NED, no evidence of disease; PD, progressive disease; PF-EPN-A, posterior fossa
ependymoma subgroup A; PF-EPN-NOS, posterior fossa ependymoma not otherwise specified; PR, partial remission; RT, radiotherapy; SKK, SKK-chemotherapy; ST-EP-RELA,
supratentorial ependymoma with RelA-fusion; w/o 1q gain, without chromosome 1q gain.

Figure 3. Course of magnetic resonance imaging (MRI) in patient 4, reaching a complete remission without radiotherapy. At diag-
nosis, cerebral MRI (cMRI) coronal (cor) enhanced T1-weighted image (T1 CE) (Dx.1) and axial T1 CE (Dx.2) at diagnosis showed
large primary tumor in the left hemisphere, crossing the midline and reaching the lateral ventricles, with extensive intracranial
leptomeningeal dissemination (arrows), and spinal MRI (spMRI) sagittal (sag) T1 CE (Dx.3) showed extensive spinal leptomeningeal
dissemination (arrows). One year after diagnosis, after previous local progression on primary treatment, reoperation, and individ-
ual salvage chemotherapy, cMRI cor T1 CE (FU1.1) showed small residual tumor [arrows (1)] and no residual leptomeningeal seed-
ing (partial response). Typical postinterventional subdural enhancement [arrow (2)]. Also 1 year after diagnosis, spMRI sag T1 CE
(FU1.2) showed good response with minimal leptomeningeal dissemination [arrow]. Eight years after diagnosis, cMRI cor T1 CE
(FU2) showed residual contrast enhancing tissue [arrow (3)]. After initial shrinking, the aspect had been without any change over
the last years with regard to size or contrast enhancement and was regarded as gliotic tissue (complete remission). Based on the
stability of imaging aspect, histological verification of complete remission was not pursued.

All four patients with metastatic RELA ependymoma metastases responded to salvage chemotherapy and who
were alive at last follow-up without evidence of disease is free of disease without having received irradiation.
7 to 12 years after diagnosis, with two of them having Although numbers are small, these data support the clin-
experienced local progression on primary chemotherapy. ical relevance of the molecular diagnosis. RELA-fused epen-
Two patients with RELA ependymoma showed response to dymoma was defined in the 2016 WHO classification on CNS
chemotherapy, including one patient whose tumor and tumors as a separate entity, but clinical data are scarce
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[13, 16-18, 46]. Our data show that there are rare cases of
metastatic presentation of ST-EPN-RELA and that long-term sur-
vival is possible, even after widespread metastatic presentation.
Targeting of the nuclear factor-xB pathway, in which RELA
has a crucial role, may be a possible therapeutic target for
treatment of these patients in the future. Furthermore, specific
chemotherapy treatment may be clinically evaluated based on
preclinical models [20].

On the other hand, three of five patients with metasta-
sized posterior fossa ependymoma died of their disease 0.3
to 3.3 years after diagnosis despite intensive combined
radiotherapy and chemotherapy treatment.

Gain of 1925 has repeatedly been shown as a negative
prognostic marker for infratentorial ependymoma and is pre-
sent in less than 10%—20% of posterior fossa ependymoma
[23-25, 47]. In our series, we detected gain of 1q in two of
three patients with molecularly characterized posterior fossa
ependymoma and extensive metastatic presentation.

The clinical relevance of lumbar CSF evaluation for initial
staging of ependymoma has been discussed before, with dif-
fering estimates on frequency of microscopic CSF dissemina-
tion. In total, only very few patients with ependymoma and
microscopic CSF metastasis have been described [9, 36, 37,
44, 48]. Available reports are based on limited retrospective
series and are difficult to compare because of heteroge-
neous sampling standards. In our prospective series, sam-
pling was based on postoperative lumbar puncture, with
eventual repuncture in case of questionable or positive
result before day 14 after surgery. Central review of CSF cytos-
pins was recommended and widely used, leading to a high
diagnostic standard. All three patients (one with ST-EPN-RELA,
two with PF-EPN-A) with microscopic metastasis only were ini-
tially treated with postoperative chemotherapy and received
local irradiation after progression or recurrence and resurgery.
Interestingly, all three patients were alive at last follow-up,
and despite omission of craniospinal irradiation, none had
experienced metastatic relapse. The favorable outcome of iso-
lated M1 metastasis together with the very low rate of 0.7%
of patients with isolated positive CSF cytology in our series
supports further questioning of the clinical utility of routine
lumbar CSF sampling in ependymoma [36]. Because of the
low numbers, verification of this result is warranted before
omitting CSF sampling for routine diagnosis.

Our data point out the importance of initial staging by
full spinal MRI and lumbar CSF sampling within clinical tri-
als. Verification of diagnostic results by central review may
enhance validity and comparability of results and should at
least be performed before proceeding to more toxic ther-
apy, including craniospinal irradiation, based on a positive
diagnostic imaging or CSF result. However, the low inci-
dence of metastasis limits the sample size of our popula-
tion-based prospective series, and the heterogeneity of the
described patients precludes uniform treatment recommen-
dations. Based on the described heterogeneity of clinical
presentation and response to therapy, inclusion of meta-
static patients in future subgroup-specific innovative treat-
ment trials seems more reasonable as the intent to define
and evaluate any uniform treatment strategy for metasta-
sized ependymoma without subgroup discrimination. How-
ever, based on our data, it can be concluded that conventional
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chemotherapy was not effective for postoperative disease
control in the majority of patients.

In the meantime, until more innovative treatments are
available, treatment decisions may be made on an individ-
ual basis considering staging results, molecular characteris-
tics of the tumor, and the limitations to radiotherapy given
by the age of the patient.

CoNcLusION

Besides the rarity of metastatic presentation in intracranial
ependymoma of childhood and adolescence, our series clearly
shows the heterogeneity of this group and the clinical rele-
vance of molecular diagnosis and thorough diagnostic workup.
Development of specific, innovative treatment options is
needed and will be based on the biological subgroup.
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