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Introduction: Ependymoma is the third most frequent central malignant nervous
system tumor in the pediatric age group. There is scarce data in the literature on
survival of these patients, especially in upper and lower middle-income
countries. We aimed to describe the clinical and demographic characteristics,
treatment, and outcome of pediatric patients with ependymoma admitted to a
public cancer hospital.

Methods: Retrospective analysis of medical records of patients with
ependymoma, admitted to the Pediatric Oncology department (0-20 years)
during the period of 2000-2022. Data on patient, disease characteristics, and
treatment were analyzed. Overall survival (OS) was calculated using the Kaplan-
Meier method.

Results: Seventy-two patients were evaluated; median age at diagnosis was 6.5
years (range: 1-20), 63% were male, 54% of the tumors were in the posterior fossa
(PF-EPN), 45% were classified as WHO grade 3, and 68% were operated on in
other institutions before referral. Regarding treatment, 72% underwent
radiotherapy and 33% of patients underwent chemotherapy. Almost 70%
percent of the patients had relapses. The median follow-up time was 5.2 years
(Range: 0,1-21,4). The OS in 5 years was 67%. Totally resected tumors had OS in 5
years of 88% (p: 0.028).

Conclusion: The results achieved in this series show a survival gap between
UMIC and HIC. Relapses occurred mainly in the first ten years and then reached a
plateau, with the majority of patients experiencing endocrinological and
neurological sequelae.
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1 Introduction

Ependymoma is the third most frequent pediatric malignant
brain tumor and the most common tumor in spinal cord and cauda
equina. Patients can often experience multiple recurrences and poor
long-term overall survival (OS) (1, 2). According to CBTRUS (the
Central Brain Tumor Registry of the United States), the average
annual age-adjusted incidence rate is 0.29 per 100,000 for children
and adolescents (0-19 years), and is higher among younger children
(0-4 years old) at 0.46 per 100,000, lowering with increasing age to
0.26 per 100,000 (15-19 years) (2). High-income countries (HIC)
report 5-year OS of 80-85%, while there is scarce information on
survival outcomes in low-to-middle income countries (LMIC), but
reports range from 40-60% (3-5). Delayed diagnosis, lack of
specialized professionals, toxic death, shortage of chemotherapies,
and limited infrastructure are some of the barriers that LMIC have
been facing.

Historically, treatment of Central Nervous System (CNS)
tumors has been neglected because of the complexity required for
diagnosis and treatment. Health systems are required to have
optimized referral systems from primary care or emergency
departments to cancer centers where patients can be assisted by a
specialized team (6).

Standard treatment has not changed much over the years
whereby a maximal, safe surgical resection is still considered the
most important prognostic factor in ependymoma followed by the
administration of focal radiation for a large number of cases, even in
young children (7-9). Chemotherapy remains a controversial
option because of the questionable chemosensitivity of
ependymomas. In the context of post-operative residual disease, it
can be delivered pre-irradiation, although with contradictory results
(10-12). The role of maintenance chemotherapy (after surgery and
radiation) was investigated by COG ACNS 0831 protocol, the final
publication of which is pending (13).

Our retrospective review aimed to describe the clinical and
demographic characteristics, treatment, and survival outcomes of
pediatric patients with ependymoma admitted to a LMIC public
cancer hospital over 20 years.

2 Material and methods
2.1 Study population

A retrospective study was conducted at the National Cancer
Institute (INCA), located in Rio de Janeiro, Brazil. Demographic,
clinical, disease, and treatment characteristics were retrieved from
medical records of pediatric patients with ependymoma, admitted
to the Pediatric Oncology Department during the period of 2000-
2022. We included any patient less than 20 years of age at admission
with a confirmed diagnosis by histopathology of ependymoma from
any location within the central nervous system in the newly
diagnosed and recurrent setting. Patients previously operated on
and treated with chemotherapy outside of INCA were eligible.
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2.2 Statistics

The median and interquartile range were used to summarize the
quantitative variables, and absolute and percentage values were
used for the categorical variables. Survival curves were generated
using the Kaplan-Meier method and statistically compared using
the log-rank test. All analyses were performed using the statistical
software R, version 3.6.3 (2020-02-29). Patients with myxopapillary
ependymoma were excluded from the survival analysis because they
are a distinct histology. Patients not seen at the institution for more
than two years were considered lost to follow up and were censored.
Analysis was performed on December 12, 2023.

2.3 Setting

According to the World Bank, Brazil is an UMIC (upper
middle-income country), with a population of 215 million
inhabitants and a Gross Domestic Product (GDP) per capita of
US$ 8,900 (14). INCA is a tertiary cancer center and accounts for
the treatment of most pediatric CNS tumors in Rio de Janeiro with
free care, provided by Brazil’s Unified System of Care (SUS). The
Ministry of Health is responsible for the development and
coordination of integrated actions in the prevention and control
of cancer (15). Today it is equipped with a pediatric inpatient ward
with 22 beds, an intensive care unit (since 2002), an emergency
department (since 2009), and a radiation therapy center with 3D
conformal technique (since 2002). There is a large team of
professionals dedicated to pediatric care: pediatric oncologists,
pediatric neurosurgeons, pathologists, radiologists, radiation
oncologists, physiotherapists, speech therapists, nutritionists, an
abandonment prevention team, and a clinical research team,
among others. Pediatric supportive care is available from the
pediatric emergency and pediatric intensive care unit. Around 40
new patients with CNS tumors are treated annually at INCA.

2.4 Study definitions and treatment

Ependymomas were divided into supratentorial ependymomas
(ST-EPN), posterior fossa ependymomas (PF-EPN), and spinal
ependymomas (SP-EPN). The extent of surgical resection was
evaluated by MRI and/or CT of brain or spine within 48-72 hours
postoperatively, according to exam availability at the institution. The
extent of resection was categorized into two major groups based on the
surgeon’s report and/or MRI performed at time of patient registration
at the institution: gross total resection (GTR) and subtotal resection
(STR)/biopsy. Metastatic disease was defined by disease outside of the
primary location as seen on brain and spinal MRI and/or cerebrospinal
fluid (CSF) cytology. The histopathological diagnosis was divided
according to WHO grading (1, 2, and 3) and specific histological
subtypes (classic, anaplastic, myxopapillary, clear cell, tanycytic, and
papillary) and immunohistochemistry using EMA (epithelial
membrane antigen), S100, Olig2, and GFAP (glial fibrillary acidic
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protein). The pathological diagnosis did not include newer
immunohistochemistry and molecular studies to classify the tumors
in this cohort. Patients operated on outside INCA had their
histopathology confirmed at our institution. During this long period,
many treatment regimens were used. Most PF-EPN received focal RT
after surgery. Radiation therapy was indicated for rade 3 ST-EPN,
irrespective of their extent of resection, and all grade 2 partially resected
ST-EPN. Intracranial tumors were treated with different doses:
anaplastic tumors were treated with 59.4Gy in 33 fractions of 1.8Gy
and other grades received 54Gy in 30 fractions of 1.8Gy. Spinal tumors
were treated with doses between 45 and 50.4 Gy, in 25 to 28 fractions.
Multiple chemotherapy regimens were used during the period, with
different intents: to bridge infants to radiation therapy (Baby POG) and
for patients with residual disease pre-irradiation (CCG 9942). In the
first ten years, ICE Protocol was the chemotherapy used in the
recurrent setting. Currently the COG ACNS 0121 has been used to
attempt to minimize residual disease before second-look surgery, while
oral etoposide is still used for palliative treatment.

At recurrence, re-operation was attempted when feasible and
re-irradiation was performed in some cases, even when surgery was
not possible. OS was measured as the time from registry at INCA to
the date of death or last follow-up. OS was calculated using the
Kaplan-Meier method.

3 Results

From 2000-2022, 82 patients were admitted with ependymoma.
Patients were excluded from the study due to lack of data (n=9) and
change of diagnosis according to the pathology review at the institution
(n=1). In total, 72 patients were eligible for analysis. Patient
characteristics are described in Table 1. Median age at diagnosis was
6,5 years (range: 1-20), with a male predominance (62%). Sixty-eight
percent of patients were primarily operated on in other institutions
before referral to INCA. Four patients were registered at recurrence.
There were 39 patients with PF-EPN (54%) and 24 patients with ST-
EPN (33%). Eight patients had SP-EPN primaries (11%), with four
myxopapillary, one clear cell, one tanycytic, one anaplastic, and one
without histological subtype. Grade 3 was the histology in 45% of
patients. Regarding histopathology of ST-EPN, four were WHO grade
2 and 13 were WHO grade 3 and all but two were localized. PF-EPN
was localized in 23 patients (58%); 16 patients had WHO grade 2 and
13 patients were WHO grade 3.

Only two patients received a brain MRI within 48h post-
operative, with the remaining patients being submitted to post-
operative CT scan. Only 54% of patients had craniospinal MRI (pre-
or post-operatively). Of these, 26% had spine MRI within one
month of surgery. Cerebrospinal fluid (CSF) was assessed for
neoplastic cells in 38 patients (52% of cases) with positivity in
three patients (8%). Resection grade reports (either by MRI reports
or surgeons report) were available in 70% of patients, namely 38
patients with gross total macroscopic resection. After first surgery,
52 patients received focal radiation. One other patient received
craniospinal radiation at recurrence. Eleven patients were not
submitted to RT at any moment. Of these, four patients
remained alive.
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Only 22 patients (30%) received CT: 15 PF-EPN (68%), six ST-
EPN (27%), and one SP-EPN (5%). Eleven patients received CT for
adjuvant treatment (including three infants treated with bridge therapy,
as per Baby POG and BB SFOP), and four patients before second-look
surgery, as per COG ACNS 0121), six patients received ICE protocol,
and five patients received oral chemotherapy with palliative intent (oral
etoposide). Radiation therapy after surgery was administered in 52
patients: 19 ST-EPN (36%), 27 PF-EPN (52%), and six SP-EPN (12%).
Five ST-EPN patients were initially just observed.

Fifty patients (70%) had relapses: 17 patients with ST-EPN
(34%) and 27 patients with PF-EPN (54%). Salvage treatments
included at least one additional re-resection in 20% of patients and
re-irradiation in 15% (all focal and one craniospinal).

At the time of analysis, 28 patients were alive and 22 of these
had some degree of long-term sequelae (78%). Only six patients
(22%) did not present any sequelae. The most common were
neurological, in 67% of patients, with the following symptoms:
cerebellar ataxia, intellectual deficit, epilepsy, facial palsy,
dysphagia, hypotonia, and strabismus. Twenty-five percent of
patients also had endocrinological symptoms, with growth
hormone and thyroid deficiencies being the most common.

The median follow-up time for this cohort was 5.9 years (Range:
0,1-21,4); 14 patients were lost to follow up. The OS in 5, 10, and 20
years was 67%, 50%, and 50% respectively with 34, five, and two
patients surviving 5, 10, and 20 years respectively (Figure 1). The OS
in 5 years for patients with totally resected tumors was 88% and for
partially resected was 57% (p: 0.028) (Figure 2). Regarding tumor
location, OS in 5 years for ST-EPN was 78%, PF-EPN 61%, and SP-
EPN was 75% (Figure 3). The OS in 5,10, and 20 years for patients
submitted to surgery at INCA was 62%, 54%, and 54%, and for
patients with surgery elsewhere was 69%, 44%, and 51%,
respectively (p: 0.77) (Figure 4).

4 Discussion

Although the overall survival rate at 5 years of 67% was
satisfactory, the long-term results were poor and the rate of
recurrences higher than in HIC. This highlights that current
treatment in LMIC settings should be improved. Table 2 shows
the comparison of OS and EFS in countries of different economic
status according to the World Bank. There are a few Brazilian
papers, and the newest one, focusing on posterior fossa tumors,
showed an OS in 5 years of 49% (23); other Brazilian studies in
intracranial ependymomas reported OS of 60% and 33% (24, 25).
HIC show OS around 82% (10, 26), whereas UMIC have similar
survival rates to the present cohort (4, 27).

Treating pediatric CNS tumors in low- and middle-income
countries can be very challenging, as they require complex care with
multidisciplinary teams comprising pediatric oncologists, pediatric
neurosurgeons, neuropathologists, neuroradiologists, radiation
therapists, and technology and clinical support, which is not always
accessible (28). With epidemiological transition, chronic diseases such
as cancer have become leading causes of death. CNS tumors are the
first cause of disease-related mortality in pediatric solid tumors in
Brazil, with specific adjusted mortality rate of 10,26 per million of
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TABLE 1 Disease and treatment information.

N: 72 n (%)

Age (median and range) 6,5y (1-20)
Sex
Male 45 (62)
Female 27 (38)
Surgery location
INCA 23 (32)
Other hospitals 49 (68)
Tumor location
ST-EPN 24 (33)
PF_EPN 39 (54)
SP-EPN 8 (11)
NI 1(2)
Extent of disease
Local 48 (66)
Disseminated 9 (13)
NI 15 (21)
WHO Grade
Grade 1 4 (6)
Grade 11 24 (33)
Grade 111 32 (45)
NI 12 (16)
CSF
Positive 3 (4)
Negative 33 (46)
Not performed 34 (47)
Inconclusive 2 (3)
Extent of resection
GTR 28 (38)
STR 23 (32)
NI 21 (30)
Radiotherapy
Sim 52 (72)
Nio 20 (28)
Chemotherapy
Yes 23 (32)
N 47 (66)
NI 2(1
(Continued)
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TABLE 1 Continued

N: 72 n (%)

Recurrence/progression

Sim ‘ 50 (70)

Nio 22 (30)

CSF, Cerebrospinal fluid; GTR, Gross total resection; STR, Subtotal resection; RT, radiation
therapy; CT, chemotherapy; NI, not informed.

children/adolescents, according to INCA (29). Barriers to care, such as
delayed diagnosis, treatment abandonment, malnourishment, and low
parental education, explain the survival gap faced by children in this
setting (30, 31). Currently, pediatric neuro-oncology experts have been
addressing how to bridge the gap with interventions, for instance,
twinning programs, optimization of available resources, and
establishment of multidisciplinary teams (20, 32).

Ependymomas are surgical tumors, with questionable response to
current chemotherapy protocols (33). Also, the prognosis is related to
the extent of resection (34), with patients with totally resected tumors
having better survival than patients with residual tumors (35).
Ependymomas are sharply demarcated tumors, usually rising from
the fourth ventricle, but specific locations (cerebellopontine angles and
eloquent areas, for example) may eventually be a deterrent to gross
total resections. The shortage of subspecialized pediatric
neurosurgeons can directly impact the grade of resection in brain
tumors and, therefore, the survival (36). According to Brazilian
pediatric neurosurgery society (SBNPed), there are 143 Brazilian
pediatric neurosurgeons (37) for a population of around 62 million
children/adolescents under 19 years (22). Of those, 84 pediatric
neurosurgeons are concentrated in the southeast region (comprising
Rio de Janeiro, Sao Paulo, Minas Gerais, and Espirito Santos). In Rio de
Janeiro, where INCA is located, there are 19 pediatric neurosurgeons
for a population of 4,6 million children/adolescents under 19 years
(16), with a pediatric neurosurgeon for every 245,000 children, which
is higher than other LMICs with one pediatric neurosurgeon for every
3.6 million children (17). In the present study, 68% of patients had first
tumor surgery outside INCA, including emergency hospitals, and were
than referred for adjuvant treatment. It is not possible to identify if they
were operated on by pediatric neurosurgeons, however it is described
that pediatric neurosurgeons are more prone to remove above 90% of
the tumors (36). Therefore, we encourage the transfer of brain tumor
patients to INCA and all our efforts are towards reoperation in case of
residual tumor on imaging.

Although long-term OS for patients operated on at INCA was
superior, it was not statistically significant. Due to the small cohort
numbers, it was not possible to accurately assess this difference.

In this series, only 51 patients had reports on extent of resection,
and of these, 28 patients had gross total resection (54%) with the
following locations: 11 supratentorial tumors, 12 posterior fossa
tumors, and five spinal tumors. Extent of resection was significant
to survival. Other studies show similar results (19, 38).

Adequate pre- and post-operative imaging with brain and spinal
Magnetic Resonance Imaging (MRI) is the gold standard imaging
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evaluation for these tumors. Postoperative imaging guidelines for brain  operative imaging tests. In this series, only two patients had brain MRI
tumors recommend that brain and spine MRI should be performed  within 48h post-operative, and the remaining patients were submitted
within 48-72h hours to define the extent of resection (18).  to post-operative CT scans. Twenty-six percent had spine MRI within
Unfortunately, not every hospital in our setting has an MRI and  one month of surgery. Instituting imaging protocols (early post-
some children in our study were registered without appropriate post-  operative brain MRI) in intensive care units is mandatory to

TABLE 2 Comparative survival.

Citation Country Economic Number Population Tumor OS (%) EFS (%)
status of patients location

De Andrade Brazil Upper 34 Ped and adults Intracranial/ 60 (5y)

(2009) (16) middle income spinal

De Araujo Brazil Upper 8 pediatric Intracranial 33 (5y)

(2011) (17) middle income

Godfraind USA High income 146 pediatric Intracranial 82 69

(2012) (18)

Tashvighi (2018) (5) Iran Lower 73 pediatric Intracranial 61 (3y) 59 (3y)
middle income

Wang (2018) (19) China Upper 55 Ped and adults Intracranial 64 (5y) 49 (5y)
middle income

Das (2018) (3) India Lower 20 pediatric Intracranial 35 (3y)
middle income

Ruangkanchanasetr Thailand Upper 24 pediatric Intracranial 75 56
(2019) (4) middle income

Shah (2020) (20) Saudi Arabia high income 22 pediatric Intracranial 44 18
Hammad Egypt Low income 47 pediatric Intracranial 43 (3y) 43 (3y)

(2021) (21)

Ritzmann (2022) (8) UK, Ireland, Spain, high income 72 pediatric Intracranial 69 (5y) 49,5 (5y)
Denmark,
Sweden, Netherlands

Da Costa (2023) (22) | Brazil Upper 55 pediatric Intracranial 49 (5y)
middle income (Posterior fossa)

OS, Overall survival; EFS, Event free survival.
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properly define grade of resection and to program further surgery in
order to have no residual tumor.

Interventions to achieve better surgical results, besides the pediatric
neurosurgical specialization, are technological improvements like
intraoperative neurophysiological monitoring. This technique assesses
the integrity of cranial nerves, allowing safer surgeries and larger
resections with less neurological morbidities, but are rarely available
in LMIC settings because of the high cost (21).

This series reports more than 20 years of treatment with different
treatment strategies. Patients received several chemotherapy
protocols (10, 11, 39-41): to delay radiation therapy, before
second-look surgery, and for palliation. Currently, patients above
one year have been receiving focal radiation therapy after surgery,
instead of chemotherapy, since it improves survival (42). For
recurrent disease there is no standard salvage treatment. Regarding
re-irradiation, all patients received focal radiation therapy, except
one who received CSI. Currently, CSI re-irradiation has shown
improvement in survival in recurrence (43, 44).

Ependymomas are tumors with high recurrence rates, and even
with standard therapies one third of patients fail treatment (43). In
this series, 70% of patients recurred once, with multiple salvage
treatments in different combinations: surgery, irradiation (or
reirradiation), and chemotherapy,. Although there were more
relapses than described in the literature, the overall survival of
this series was similar to other upper middle-income countries.

Long-term sequelae were found in 80% of ependymoma survivors
in this study, with neurological and endocrinological alterations
being the most common. Hormone replacement was indicated
when necessary. Patients with neurological deficits were followed
by pediatric neurologists, speech therapists, physiotherapists, and
occupational therapists. These numbers highlight the need to
improve not only treatment, with the aim of increasing survival,
but also paying attention to patient quality of life. Vulnerable patients
such as ependymomas survivors in countries with limited resources
must be submitted to neuropsychological assessments. Initiatives such
as The European Society of Paediatric Oncology Ependymoma-II
program Core-Plus model for an internationally accepted test
battery for follow-up of pediatric ependymoma patients has been
developed (45, 46).

Study limitations include the retrospective nature of the study,
long period of inclusion of patients with different treatment
strategies, lack of neuropsychological data, and lack of imaging
results in some patients, mostly in the early years. The strength of
the study is a cohort of patients from the same institution.

In conclusion, with a multidisciplinary approach, survival
outcomes were similar to those described in literature for upper-
middle-income countries, but still less than those achieved in HIC.
Relapses occurred mainly in the first ten years and then reached a
plateau, with the majority of patients experiencing endocrinological
and neurological sequelae. There is still a need for improvement,
with earlier referral to specialized hospitals, more imaging studies to
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define grade of resection, more reoperation, and timely adjuvant
treatment, when indicated.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study of
human participants in accordance with the local legislation and
institutional requirements. Written informed consent from the
patients/participants or patients/participants’ legal guardian/next
of kin was not required to participate in this study in accordance
with the national legislation and the institutional requirements.

Author contributions

GO: Writing - original draft. YG: Data curation, Writing -
review & editing. MC: Conceptualization, Writing — review &
editing. DM: Conceptualization, Writing — review & editing. VM:
Conceptualization, Writing - review & editing. DO: Supervision,
Conceptualization, Formal analysis, Writing - original draft,
Writing - review & editing. SF: Writing — original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1296636
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Oigman et al.

References

1. Marinoff AE, Ma C, Guo D, Snuderl M, Wright KD, Manley PE, et al.
Rethinking childhood ependymoma: a retrospective, multi-center analysis reveals
poor long-term overall survival. ] Neurooncol. (2017) 135:201-11. doi: 10.1007/
511060-017-2568-8

2. Ostrom QT, Patil N, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS
statistical report: primary brain and other central nervous system tumors diagnosed in
the United States in 2013-2017. Neuro-Oncol. (2020) 22:iv1-96. doi: 10.1093/neuonc/
noaa200

3. Das A, Chowdhury SP, Achari RB, Zameer L, Sen S, Sukumaran RK, et al.
Challenges in the management of localized intracranial ependymoma in children:
Experience from a referral oncology center in Eastern India. Pediatr Hematol Oncol.
(2018) 35:369-72. doi: 10.1080/08880018.2018.1564806

4. Ruangkanchanasetr R, Swangsilpa T, Puataweepong P, Dhanachai M, Hansasuta
A, Boongird A, et al. Outcome of postoperative radiation therapy for pediatric
intracranial ependymoma: a single-institution review. Childs Nerv Syst ChNS Off |
Int Soc Pediatr Neurosurg. (2019) 35:1313-21. doi: 10.1007/s00381-019-04198-w

5. Tashvighi M, Mehrvar A, Hedayati Asl AA, Mehrvar N, Ghorbani R, Naderi A,
et al. Treatment challenges and outcomes for pediatric intracranial ependymoma at a
single institution in Iran. Pediatr Hematol Oncol. (2018) 35:60-75. doi: 10.1080/
08880018.2018.1435758

6. Moreira DC, Lam CG, Bhakta N, Boop FA, Chiang J, Merchant TE, et al. Tackling
pediatric low-grade gliomas: A global perspective. JCO Glob Oncol. (2023) 9:€2300017.
doi: 10.1200/G0.23.00017

7. Andreiuolo F, Ferreira C, Puget S, Grill J. Current and evolving knowledge of
prognostic factors for pediatric ependymomas. Future Oncol. (2013) 9:183-91.
doi: 10.2217/fon.12.174

8. Pajtler KW, Mack SC, Ramaswamy V, Smith CA, Witt H, Smith A, et al. The
current consensus on the clinical management of intracranial ependymoma and its
distinct molecular variants. Acta Neuropathol (Berl). (2017) 133:5-12. doi: 10.1007/
s00401-016-1643-0

9. Howe GN, Edmonston DY, Dirks GC, Boop FA, Merchant TE. Conformal
radiation therapy for ependymoma at age <3 years: A 25-year experience. Int |
Radiat Oncol Biol Phys. (2023) 116:869-77. doi: 10.1016/j.ijrobp.2023.01.016

10. Merchant TE, Bendel AE, Sabin ND, Burger PC, Shaw DW, Chang E, et al.
Conformal radiation therapy for pediatric ependymoma, chemotherapy for
incompletely resected ependymoma, and observation for completely resected,
supratentorial ependymoma. J Clin Oncol Off ] Am Soc Clin Oncol. (2019) 37:974-
83. doi: 10.1200/JC0O.18.01765

11. Garvin JH, Selch MT, Holmes E, Berger MS, Finlay JL, Flannery A, et al. Phase I
study of pre-irradiation chemotherapy for childhood intracranial ependymoma.
Children’s Cancer Group protocol 9942: A report from the Children’s Oncology
Group. Pediatr Blood Cancer. (2012) 59:1183-9. doi: 10.1002/pbc.24274

12. Ritzmann TA, Chapman R], Kilday JP, Thorp N, Modena P, Dineen RA, et al.
SIOP Ependymoma I: Final results, long-term follow-up, and molecular analysis of the
trial cohort—A BIOMECA Consortium Study. Neuro-Oncol. (2022) 24:936-48.
doi: 10.1093/neuonc/noac012

13. Smith A, Onar-Thomas A, Ellison D, Owens-Pickle E, Wu S, Leary SES, et al.
Epen-54. Acns0831, phase iii randomized trial of post-radiation chemotherapy in
patients with newly diagnosed ependymoma ages 1 to 21 years. Neuro-Oncol. (2020) 22:
iii318-9. doi: 10.1093/neuonc/noaa222.187

14. World Bank Open Data. World Bank Open Data. Available at: https://data.
worldbank.org.

15. INCA - Instituto Nacional de Cancer. Institucional. (2018). Available at: https://
www.inca.gov.br/institucional.

16. Cidades IBGE Rio de Janeiro. Available at: https://cidades.ibge.gov.br/brasil/rj/
panorama.

17. Dewan MC, Baticulon RE, Rattani A, Johnston JM, Warf BC, Harkness W.
Pediatric neurosurgical workforce, access to care, equipment and training needs
worldwide. Neurosurg Focus. (2018) 45:E13. doi: 10.3171/2018.7. FOCUS18272

18. Pediatric Central Nervous System. Available at: https://www.nccn.org/
professionals/physician_gls/pdf/ped_cns.pdf.

19. Pejavar S, Polley MY, Rosenberg-Wohl S, Chennupati S, Prados MD, Berger MS,
et al. Pediatric intracranial ependymoma: the roles of surgery, radiation and
chemotherapy. J Neurooncol. (2012) 106:367-75. doi: 10.1007/s11060-011-0671-9

20. Moreira DC, Rajagopal R, Navarro-Martin Del Campo RM, Polanco AC,
Alcasabas AP, Arredondo-Navarro LA, et al. Bridging the gap in access to care for
children with CNS tumors worldwide. JCO Glob Oncol. (2020) 6:583-4. doi: 10.1200/
GO.20.00047

21. Chatain GP, Kortz MW, Serva S, Shrestha K, Hosokawa P, Ung TH, et al. Long-
term neurologic outcome after spinal ependymoma resection with multimodal
intraoperative electrophysiological recording: cohort study and review of the
literature. Neurospine. (2022) 19:118-32. doi: 10.14245/ns.2143200.600

22. cidades.ibge. Available at: https://cidades.ibge.gov.br/brasil/panorama.

Frontiers in Oncology

10.3389/fonc.2024.1296636

23. da Costa MDS, Torres Soares C, Dastoli PA, Mendonga Nicacio J, de Seixas
Alves MT, Chen MJ, et al. Survival analysis and prognostic factors in posterior fossa
ependymomas in children and adolescents. ] Neurosurg Pediatr. (2023) 5(3):1-9.
doi: 10.3171/2023.5.PEDS22350

24. de Andrade FG, de Aguiar PHP, Matushita H, Taricco MA, Oba-Shinjo SM,
Marie SKN, et al. Intracranial and spinal ependymoma: series at Faculdade de
Medicina, Universidade de Sdo Paulo. Arg Neuropsiquiatr. (2009) 67:626-32.
doi: 10.1590/50004-282x2009000400010

25. de Araujo OL, da Trindade KM, Trompieri NM, Fontenele JB, Felix FHC.
Analysis of survival and prognostic factors of pediatric patients with brain tumor. J
Pediatr (Rio J). (2011) 87:425-32. doi: 10.2223/JPED.2124

26. Massimino M, Miceli R, Giangaspero F, Boschetti L, Modena P, Antonelli M,
et al. Final results of the second prospective AIEOP protocol for pediatric intracranial
ependymoma. Neuro-Oncol. (2016) 18:1451-60. doi: 10.1093/neuonc/now108

27. Wang M, Zhang R, Liu X, Li D, Qiu C, Zhao P, et al. Supratentorial
extraventricular ependymomas: A retrospective study focused on long-term
outcomes and prognostic factors. Clin Neurol Neurosurg. (2018) 165:1-6.
doi: 10.1016/j.clineuro.2017.12.013

28. Roach JT, Baticulon RE, Campos DA, Andrews JM, Qaddoumi I, Boop FA, et al.
The role of neurosurgery in advancing pediatric CNS tumor care worldwide. Brain
Spine. (2023) 3:101748. doi: 10.1016/j.bas.2023.101748

29. INCA - Instituto Nacional de Cancer. Incidéncia, mortalidade e morbidade
hospitalar por cancer em criangas, adolescentes e adultos jovens no Brasil. (2018).
Available at: https://www.inca.gov.br/publicacoes/livros/incidencia-mortalidade-e-
morbidade-hospitalar-por-cancer-em-criancas-adolescentes.

30. Rodriguez-Galindo C, Friedrich P, Morrissey L, Frazier L. Global challenges in
pediatric oncology. Curr Opin Pediatr. (2013) 25:3-15. doi: 10.1097/
MOP.0b013e32835c1cbe

31. Rodriguez-Galindo C, Friedrich P, Alcasabas P, Antillon F, Banavali S, Castillo L,
et al. Toward the cure of all children with cancer through collaborative efforts: pediatric
oncology as a global challenge. ] Clin Oncol Off ] Am Soc Clin Oncol. (2015) 33:3065-73.
doi: 10.1200/JCO.2014.60.6376

32. Howard SC, Marinoni M, Castillo L, Bonilla M, Tognoni G, Luna-Fineman S,
et al. Improving outcomes for children with cancer in low-income countries in Latin
America: a report on the recent meetings of the Monza International School of
Pediatric Hematology/Oncology (MISPHO)-Part I. Pediatr Blood Cancer. (2007)
48:364-9. doi: 10.1002/pbc.21003

33. Hwang EI, Hanson D, Filbin MG, Mack SC. Why haven’t we solved intracranial
pediatric ependymoma? Current questions and barriers to treatment advances.
Neoplasia. (2023) 39:100895. doi: 10.1016/j.ne0.2023.100895

34. Boop SH, Shimony N, Boop FA. Review and update on pediatric ependymoma.
Childs Nerv Syst ChNS Off ] Int Soc Pediatr Neurosurg. (2023) 39:2667-73. doi: 10.1007/
s00381-023-06091-z

35. Jinger ST, Timmermann B, Pietsch T. Pediatric ependymoma: an overview of a
complex disease. Childs Nerv Syst ChNS Off ] Int Soc Pediatr Neurosurg. (2021)
37:2451-63. doi: 10.1007/s00381-021-05207-7

36. Albright AL, Sposto R, Holmes E, Zeltzer PM, Finlay JL, Wisoff JH, et al.
Correlation of neurosurgical subspecialization with outcomes in children with
Malignant brain tumors. Neurosurgery. (2000) 47:879-87. doi: 10.1097/00006123-
200010000-00018

37. SBNPed. Distribui¢do no Brasil. Available at: https://sbnped.com.br/pt/
atendimento/distribuicao-no-brasil.

38. Shah SN, Al-Dandan SW, Shuja M, Balbaid A, Bashir M, Alharbi M. Survival
after therapy for pediatric ependymoma in a tertiary care center in Saudi Arabia. Ann
Saudi Med. (2020) 40:482-90. doi: 10.5144/0256-4947.2020.482

39. Fouladi M, Baruchel S, Chan H, Grant R, Malkin D, Weitzman S, et al. Use of
adjuvant ICE chemotherapy in the treatment of anaplastic ependymomas. Childs Nerv
Syst ChNS Off ] Int Soc Pediatr Neurosurg. (1998) 14:590-5. doi: 10.1007/s003810050278

40. Duftner PK, Horowitz ME, Krischer JP, Burger PC, Cohen ME, Sanford RA, et al.
The treatment of Malignant brain tumors in infants and very young children: an update
of the Pediatric Oncology Group experience. Neuro-Oncol. (1999) 1:152-61.
doi: 10.1215/S1522851798000313

41. Sandri A, Massimino M, Mastrodicasa L, Sardi N, Bertin D, Basso ME, et al.
Treatment with oral etoposide for childhood recurrent ependymomas. | Pediatr
Hematol Oncol. (2005) 27:486-90. doi: 10.1097/01.mph.0000181430.71176.b7

42. Snider CA, Yang K, Mack SC, Suh JH, Chao ST, Merchant TE, et al. Impact of
radiation therapy and extent of resection for ependymoma in young children: A
population-based study. Pediatr Blood Cancer. (2018) 65:974-83. doi: 10.1002/
pbc.26880

43. Mak DY, Laperriere N, Ramaswamy V, Bouffet E, Murray JC, McNall-Knapp
RY, et al. Reevaluating surgery and re-irradiation for locally recurrent pediatric
ependymoma-a multi-institutional study. Neuro-Oncol Adv. (2021) 3:vdab158.
doi: 10.1093/noajnl/vdab158

frontiersin.org


https://doi.org/10.1007/s11060-017-2568-8
https://doi.org/10.1007/s11060-017-2568-8
https://doi.org/10.1093/neuonc/noaa200
https://doi.org/10.1093/neuonc/noaa200
https://doi.org/10.1080/08880018.2018.1564806
https://doi.org/10.1007/s00381-019-04198-w
https://doi.org/10.1080/08880018.2018.1435758
https://doi.org/10.1080/08880018.2018.1435758
https://doi.org/10.1200/GO.23.00017
https://doi.org/10.2217/fon.12.174
https://doi.org/10.1007/s00401-016-1643-0
https://doi.org/10.1007/s00401-016-1643-0
https://doi.org/10.1016/j.ijrobp.2023.01.016
https://doi.org/10.1200/JCO.18.01765
https://doi.org/10.1002/pbc.24274
https://doi.org/10.1093/neuonc/noac012
https://doi.org/10.1093/neuonc/noaa222.187
https://data.worldbank.org
https://data.worldbank.org
https://www.inca.gov.br/institucional
https://www.inca.gov.br/institucional
https://cidades.ibge.gov.br/brasil/rj/panorama
https://cidades.ibge.gov.br/brasil/rj/panorama
https://doi.org/10.3171/2018.7.FOCUS18272
https://www.nccn.org/professionals/physician_gls/pdf/ped_cns.pdf
https://www.nccn.org/professionals/physician_gls/pdf/ped_cns.pdf
https://doi.org/10.1007/s11060-011-0671-9
https://doi.org/10.1200/GO.20.00047
https://doi.org/10.1200/GO.20.00047
https://doi.org/10.14245/ns.2143200.600
https://cidades.ibge.gov.br/brasil/panorama
https://doi.org/10.3171/2023.5.PEDS22350
https://doi.org/10.1590/s0004-282x2009000400010
https://doi.org/10.2223/JPED.2124
https://doi.org/10.1093/neuonc/now108
https://doi.org/10.1016/j.clineuro.2017.12.013
https://doi.org/10.1016/j.bas.2023.101748
https://www.inca.gov.br/publicacoes/livros/incidencia-mortalidade-e-morbidade-hospitalar-por-cancer-em-criancas-adolescentes
https://www.inca.gov.br/publicacoes/livros/incidencia-mortalidade-e-morbidade-hospitalar-por-cancer-em-criancas-adolescentes
https://doi.org/10.1097/MOP.0b013e32835c1cbe
https://doi.org/10.1097/MOP.0b013e32835c1cbe
https://doi.org/10.1200/JCO.2014.60.6376
https://doi.org/10.1002/pbc.21003
https://doi.org/10.1016/j.neo.2023.100895
https://doi.org/10.1007/s00381-023-06091-z
https://doi.org/10.1007/s00381-023-06091-z
https://doi.org/10.1007/s00381-021-05207-7
https://doi.org/10.1097/00006123-200010000-00018
https://doi.org/10.1097/00006123-200010000-00018
https://sbnped.com.br/pt/atendimento/distribuicao-no-brasil
https://sbnped.com.br/pt/atendimento/distribuicao-no-brasil
https://doi.org/10.5144/0256-4947.2020.482
https://doi.org/10.1007/s003810050278
https://doi.org/10.1215/S1522851798000313
https://doi.org/10.1097/01.mph.0000181430.71176.b7
https://doi.org/10.1002/pbc.26880
https://doi.org/10.1002/pbc.26880
https://doi.org/10.1093/noajnl/vdab158
https://doi.org/10.3389/fonc.2024.1296636
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Oigman et al.

44. Tsang DS, Burghen E, Klimo P, Boop FA, Ellison DW, Merchant TE. Outcomes
after reirradiation for recurrent pediatric intracranial ependymoma. Int ] Radiat Oncol
Biol Phys. (2018) 100:507-15. doi: 10.1016/j.ijrobp.2017.10.002

45. Ottensmeier H, Schlegel PG, Eyrich M, Wolff JE, Juhnke BO, von Hoff K,
et al. Treatment of children under 4 years of age with medulloblastoma and
ependymoma in the HIT2000/HIT-REZ 2005 trials: Neuropsychological outcome 5

Frontiers in Oncology 09

10.3389/fonc.2024.1296636

years after treatment. PloS One. (2020) 15:€0227693. doi: 10.1371/journal.pone.
0227693

46. Thomas S, Reynolds D, Morrall MCHJ, Limond J, Chevignard M, Calaminus G, et al.
The European Society of Paediatric Oncology Ependymoma-II program Core-Plus model:
Development and initial implementation of a cognitive test protocol for an international
brain tumour trial. Eur ] Paediatr Neurol. (2019) 23:560-70. doi: 10.1016/j.¢jpn.2019.05.009

frontiersin.org


https://doi.org/10.1016/j.ijrobp.2017.10.002
https://doi.org/10.1371/journal.pone.0227693
https://doi.org/10.1371/journal.pone.0227693
https://doi.org/10.1016/j.ejpn.2019.05.009
https://doi.org/10.3389/fonc.2024.1296636
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Survival of pediatric patients with ependymoma in a tertiary cancer center in Rio de Janeiro, Brazil
	1 Introduction
	2 Material and methods
	2.1 Study population
	2.2 Statistics
	2.3 Setting
	2.4 Study definitions and treatment

	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


