
Frontiers in Oncology | www.frontiersin.org

Edited by:
Alessio Bruni,

University Hospital of Modena, Italy

Reviewed by:
Debra Freeman,

Naples Radiation Oncology,
United States
Young Kwok,

University of Maryland Medical Center,
United States

*Correspondence:
Felix Ehret

felix.ehret@charite.de
orcid.org/0000-0001-6177-1755

Specialty section:
This article was submitted to

Radiation Oncology,
a section of the journal
Frontiers in Oncology

Received: 15 January 2021
Accepted: 25 March 2021
Published: 29 April 2021

Citation:
Ehret F, Kufeld M, Fürweger C,
Haidenberger A, Windisch P,

Senger C, Kord M, Träger M, Kaul D,
Schichor C, Tonn J-C and Muacevic A

(2021) Image-Guided Robotic
Radiosurgery for the Management of

Spinal Ependymomas.
Front. Oncol. 11:654251.

doi: 10.3389/fonc.2021.654251

ORIGINAL RESEARCH
published: 29 April 2021

doi: 10.3389/fonc.2021.654251
Image-Guided Robotic Radiosurgery
for the Management of Spinal
Ependymomas
Felix Ehret1,2*, Markus Kufeld2, Christoph Fürweger2,3, Alfred Haidenberger2,
Paul Windisch2,4, Carolin Senger1,5, Melina Kord1, Malte Träger1, David Kaul1,6,
Christian Schichor7, Jörg-Christian Tonn7 and Alexander Muacevic2

1 Charité – Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and Humboldt-Universität zu Berlin,
Department of Radiation Oncology, Berlin, Germany, 2 European Cyberknife Center, Munich, Germany, 3 Department of
Stereotaxy and Functional Neurosurgery, University Hospital Cologne, Cologne, Germany, 4 Department of Radiation
Oncology, Kantonsspital Winterthur, Winterthur, Switzerland, 5 Charité – Universitätsmedizin Berlin, Corporate Member of
Freie Universität Berlin and Humboldt-Universität zu Berlin, Charité CyberKnife Center, Berlin, Germany, 6 German Cancer
Consortium (DKTK), Partner Site Berlin, German Cancer Research Center (DKFZ), Heidelberg, Germany, 7 Department of
Neurosurgery, Ludwig-Maximilians-University Munich, Munich, Germany

Background: Ependymomas are rare neoplasms of the central nervous system (CNS),
usually localized intracranially and most commonly diagnosed in children. Spinal
ependymomas are more frequent in young adults. They are either primary lesions or
manifest as disseminated seeding of cranial tumors. Data on the management of spinal
ependymoma lesions remain scarce, especially concerning stereotactic radiosurgery
(SRS) and stereotactic body radiation therapy (SBRT). The purpose of this study is to
report the treatment outcomes of two institutions using robotic radiosurgery (RRS) for the
treatment of spinal ependymomas.

Materials andMethods: All patients with a histopathologically confirmed diagnosis of an
ependymoma WHO grade II or III who were treated with RRS for one or more spinal
lesions were included in this analysis.

Results: Twelve patients underwent RRS for the treatment of 32 spinal ependymoma
lesions between 2005 and 2020. Two patients were below the age of 18 when treated,
whereas nine patients (75%) suffered from a primary spinal ependymoma. The median
dose was 15 Gy prescribed to a median isodose of 70%, with 27 lesions (84%) receiving a
single-session treatment. The local control (LC) after a median follow-up of 56.7 months
was 84%. LC rates at 1, 3, and 5 years were 92, 85, and 77%, respectively. The Kaplan-
Meier estimated overall survival after 1, 3, and 5 years were 75, 75, and 64%, respectively.
Five patients died, all of them suffering from an anaplastic ependymoma, with widespread
CNS tumor progression being the reason for death in four patients. The majority of
patients (58%) showed a stable neurological status at the last available follow-up. Overall,
the treatment was well tolerated.
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Conclusion: RRS appears to be a safe and efficient treatment modality for managing
primary and secondary spinal ependymal tumors in patients with multiple lesions and
local recurrences.
Keywords: ependymoma, ependymal tumors, radiosurgery, SBRT, spine, CyberKnife
INTRODUCTION

Ependymomas or ependymal tumors are rare neoplasms of the
central nervous system (CNS) and of neuroectodermal origin
(1, 2). With an estimated annual incidence of 0.43 per 100.000
and year, this tumor entity accounts for 1.7% of all primary CNS
tumors (3). Ependymomas are more commonly found in
children and young adults, where they represent 4.7% of all
CNS tumors (3). These tumors arise from the ependymal lining
of the cerebral ventricles, choroid plexus, and central canal of the
spinal cord. Locally distinct radial glia cells of the subventricular
zone are supposed to be the cells of origin of ependymoma.
Spinal ependymomas are more commonly found in young
adults, whereas most of the ependymal tumors in children are
intracranially located (3–5). Today, nine distinct molecular
subgroups based on DNA methylation patterns have been
identified, which may guide and advance personalized
therapies (1, 6, 7). Today, the mainstay of treatment is the
gross total surgical tumor resection as recommended by the
European Association of Neuro-Oncology (EANO) (1).
Depending on the World Health Organization (WHO)
grading, location, and extent of surgical resection, adjuvant
radiotherapy and chemotherapy are further components of the
multimodal treatment (1, 8). In patients with poor Karnofsky
Performance Status (KPS), tumor relapses, widespread disease,
and multiple spinal lesions, surgery and conventional
radiotherapy may not be repeatable or feasible (1, 2).
Stereotactic radiosurgery (SRS) and stereotactic body radiation
therapy (SBRT) may be salvage treatment options and help to
stop local tumor progression - at least temporarily (9–11).
Information on the treatment outcomes after SRS and SBRT
for ependymal tumor lesions are scarce, especially concerning
spinal ependymomas and robotic radiosurgery (RRS) (10, 12,
13). To the best of our knowledge, only two other reports
dedicated to spinal ependymomas are available in the English
literature to date (10, 13). Herein, we report the 15-year
institutional experience of two treatment centers, including
results on local tumor control, treatment characteristics,
survival outcomes, and adverse events (AE).
MATERIALS AND METHODS

All patients who were treated at two institutions for a spinal
ependymal tumor between 2005 and 2020 were included in this
retrospective analysis. Only patients with a histopathological
ependymoma diagnosis, including grading according to the
WHO CNS tumor classification, were eligible. Indication for
RRS was confirmed by an interdisciplinary neurooncological
2

tumor board involving neurosurgeons, neuroradiologists,
neuropathologists, and radiation oncologists. Medical history,
including pretreatments, treatment plans, neurological deficits,
imaging data, and histology, were either stored in a dedicated
radiosurgical database or hospital records (14). All patients
underwent image-guided RRS using a CyberKnife® robotic
radiosurgery system (Accuray Inc., Sunnyvale, CA, USA).
Patients only undergoing biopsy for histological confirmation
were classified as non-surgical cases. For treatment delivery,
contrast-enhanced computed tomography (CT) and magnetic
resonance imaging (MRI) scans were acquired for every patient
and subsequently overlaid for inverse treatment planning with
changing versions of proprietary planning software (MultiPlan,
Precision, Accuray Inc., Sunnyvale, CA, USA). Local tumor
response, clinical symptoms, and AE were evaluated clinically
and by MRI assessment every three months for the first year, then
every six months during follow-up or depending on the patients’
status and clinical suspicion for tumor progression. The Kaplan-
Meier estimate was applied for the respective analyses on the
length of local control (LC) and overall survival (OS). LC was
defined as an unchanged or decreased tumor volume on follow-up
imaging, whereas local failure was defined as an increased tumor
volume during follow-up. AE were assessed by the clinical notes of
the respective physician and available imaging data. Data were
tested for normal distribution by the Shapiro-Wilk test and
graphical appearance, including skewness and kurtosis.
Normally distributed continuous variables were analyzed with
the unpaired student’s t-test, non-normally distributed data with
the Wilcoxon rank-sum test. All p-values were two-sided and
statistical significance was defined as p<0.05. Statistical analyses
were performed with STATAMP 16.0 (StataCorp, College Station,
TX, USA). This study was approved by the institutional review
board of the Ludwig-Maximilians-University Munich (20-
256 KB).
RESULTS

Patients and Treatment Characteristics
Twelve patients with 32 spinal ependymoma lesions between
2005 and 2020 were included in this analysis. The majority of
patients were male (67%). Two patients (17%) were below the
age of 18 when treated, with a median age of 34.9 years at the
time of RRS. Before treatment, four (33%) patients did not show
any symptoms, whereas the remaining eight suffered mostly
from motoric weakness or paralysis (58%) and sensory deficits
(41%). Most of the treated lesions were located in the thoracic
spine (56%), with RRS being the primary treatment modality for
the majority of all lesions (59%). Eight treated lesions (25%) were
April 2021 | Volume 11 | Article 654251
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local recurrences, and five (16%) received adjuvant RRS after
incomplete surgical resection. Before RRS, four patients had
received multiple cycles of systemic treatments. No patients
received chemotherapy during RRS treatment. Nine patients
(75%) suffered from a primary spinal ependymoma, whereas
the remaining three had a primary ependymal intracranial tumor
before developing spinal tumor lesions. The intracranial tumors
were initially located in the fourth ventricle, the cerebellum, and
the parietal as well as occipital lobes. All patients underwent at
least one biopsy or surgical resection of a tumor lesion for
histopathological examination. According to the WHO
classification of CNS tumors, seven ependymomas (66%) were
grade II, with the remaining five being classified as anaplastic
ependymomas (grade III). No patient suffered from
neurofibromatosis. The median KPS before RRS was 80%,
ranging from 30 to 100%. The overall median prescription
dose was 15 Gray (Gy), either delivered in a single fraction
(range 10 to 16.5 Gy) or three fractions (range 21 to 24 Gy).
WHO grade III tumors received doses ranging from 10 to 24 Gy,
whereas grade II tumors received doses between 14 and 16.5 Gy.
The median prescription isodose was 70%. Twenty-seven of the
32 lesions (84%) were treated with one fraction, the remaining
five lesions (16%) of two patients received three fractions. The
median irradiated tumor volume was 0.37 cc, ranging from 0.03
cc in a primarily resected lesion to 2.89 cc in an unresected tumor
lesion. The patient and treatment characteristics are summarized
in Table 1.
Frontiers in Oncology | www.frontiersin.org 3
Local Outcome and Survival Data
The median follow-up time was 56.7 months, ranging from 3.2 to
104.2 months. At the last available follow-up, 27 of the 32 treated
lesions were controlled, leading to a local control (LC) rate of
84%. The LC rates after 12, 36, and 60 months were 92%, 85%,
and 77%, respectively (Table 2, Figure 1). The median time to
local failure was 28 months. The five local recurrences after RRS
occurred in four patients, with three (75%) of them suffering
from an anaplastic ependymoma. No significant differences were
observed between locally controlled and uncontrolled lesions in
regard to dose, prescription isodose, fractions, or tumor volume
due to the limited number of events. At the last available follow-
up, five (42%) patients had died after a median time of seven
months. All were suffering from an anaplastic ependymoma,
with widespread CNS tumor progression being the reason for
death in four patients. Three of these four tumor-associated
deaths occurred in male patients. One patient died from tumor-
unrelated causes. The overall survival rates at 12, 36, and 60
months were 75%, 75%, and 64%, respectively (Table 2, Figure 2).
Of the four patients who had not shown symptoms before
treatment, two remained stable throughout the follow-up, with
the remaining two experiencing onsets of new symptoms
(unsteady gait and back pain). The remaining eight patients
TABLE 1 | Patient and treatment characteristics.

Number of patients 12
Number of lesions 32
Gender (male/female) 8 4
% 67 33

Median Mean Range
Age (years) 34.9 35.1 13.7 – 71.3
Pretreatment Karnofsky
Performance Status (%)

80 80 30 – 100

Follow-up (months) 56.7 55.7 3.2 – 104.2
Tumor volume (cc) 0.37 0.58 0.03 – 2.89
Number of fractions 1 1.3 1 – 3
Dose (Gy) 15 15.6 10 – 24
Prescription isodose (%) 70 71.8 70 – 85
Conformity index 1.32 1.43 1.04 – 2.67
Homogeneity index 1.43 1.39 1.18 – 1.43
Coverage 97.3 93.7 76.0 – 99.9
RRS indication Primary

treatment
Recurrence Adjuvant

treatment
Number of lesions 19 8 5
% 59 25 16
Tumor location Cervical Thoracic Lumbar
Number of lesions 10 18 4
% 31 56 13
Tumor grading (WHO) II III
Number of patients 7 5
% 58 42
Symptoms None Dysesthesia/

hypesthesia
Weakness/
paralysis

Number of patients 4 5 7
% 33 41 58
cc, cubic centimeter; Gy, Gray; WHO, World Health Organization.
TABLE 2 | Local control and overall survival data.

Variable Time (in months) %

LC 12 92.8
24 92.8
36 85.9
48 77.3
60 77.3

OS 12 75.0
24 75.0
36 75.0
48 64.2
60 64.2
April 2021 | Volume 11 | Article 65
LC, local control; OS, overall survival.
FIGURE 1 | Local control.
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mostly presented with an unchanged neurological status
(5 patients, 62%), with two patients (25%) showing progressing
clinical deficits. One patient (12%) who suffered from ataxia fully
recovered after treatment and remained symptom-free. The
treatment was well tolerated in the majority of patients. One
patient who was treated for four lesions in the thoracic spine
developed edema at the treatment sites shortly after RRS. He was
successfully treated with glucocorticoids. No treatment-related
deaths, bleedings, radiation necrosis, or radiation-induced
malignancies have been observed.
DISCUSSION

To the best of our knowledge, we report the most extensive series
of radiosurgically treated spinal ependymal tumors. With most
of the available SRS and SBRT data for ependymomas focusing
on intracranial lesions, outcome data for spinal treatments
remain sparse (10–12, 15–18). Moreover, the majority of
previous studies on SRS utilized GammaKnife (GK)- or
conventional linear accelerator (LINAC)-based radiosurgery
(11, 12, 15–17, 19–21). Previous studies analyzing SRS and
SBRT for intracranial and spinal ependymal tumors observed
LC rates typically ranging between 60 and 80% (10, 13, 15, 16,
19–22). It is important to note that previous and the current
study populations are heterogeneous, especially concerning age,
tumor location, and previous treatments, including the degree of
upfront surgical resection. This limits the comparability of the
current study and past analyses. Nevertheless, our observed LC
of 84% at the last available follow-up is a plausible finding. Shi
et al. and Ryu et al. both analyzed cases treated at Stanford
University and reported on the radiosurgical treatment of spinal
ependymal lesions (10, 13). A total of 13 spinal lesions in 9
patients were treated with RRS in both studies, leading to a LC of
92% (10, 13). Notably, both studies had a shorter median follow-
up and sample size than in the current series, which may account
Frontiers in Oncology | www.frontiersin.org 4
for the better results besides varying upfront treatments and the
inclusion of intracranial treatments (12 and 54 months vs. 56.7
months) (10, 13). Both studies showed a favorable risk profile
(10, 13). Our treatments were also well tolerated, and no severe
AE were observed throughout the available follow-up.

Concerning the clinical outcomes, Ryu et al. reported
improvement of the two treated patients (13). In contrast, Shi
et al. did not report clinical outcomes after treatment (10).
Herein, we observed stabilization of pretreatment deficits in
most patients. Yet, four patients had either progressive
symptoms (two) or developed new neurological deficits (two).
Together with our results, RRS appears to be an effective and safe
local treatment modality to limit spinal tumor progression and
further neurological decline in most cases. Despite the limited
sample size and patient heterogeneity, these findings may help to
delay or avoid craniospinal irradiation (CSI) or repeated
fractionated radiotherapy and associated AE in selected
patients (23–26). In regard to the general management of
intracranial and spinal ependymoma patients, the EANO have
published its recommendations and guidelines in 2017 (1). In
case of the spinal ependymoma recommendations, the use of SRS
or SBRT is not endorsed and remains unclear, most likely due to
the lack of available data and studies (1, 12). On the other hand,
fractionated radiotherapy is currently recommended as an
adjuvant treatment modality after complete (WHO grade III)
and incomplete (WHO II and III) surgical resection in this
patient subgroup, with doses ranging from 54 to 59.4 Gy (1).
With the increasing availability of SRS and RRS, the number of
spinal ependymal treatments may increase and help to clarify its
role in the management of this challenging patient group.

Survival of patients with ependymal tumors seems to be mainly
dependent on DNA methylation profiles, the extent of surgical
resection, and 1q gain (6, 7). Given the recent identification of
these genetic parameters and the rarity of the tumor, large
prospective validations are lacking (1, 6, 7). Previous studies
identified differing predictors of OS and progression-free survival
(PFS), including the extent offirst surgical resection,WHO grade III,
intracranial tumor location as well as age, gender and tumor volume
at the time of reirradiation (11, 27, 28). Our study cohort mainly
consisted of adult patients (83%), with most of them suffering from a
primary spinal ependymoma (75%). This subgroup of patients is
known to have a more favorable outcome compared to pediatric
patients with intracranial tumors (6, 7, 28). However, all four patients
who succumbed to their ependymal tumors in this series were
diagnosed with an anaplastic ependymoma (WHO grade III), with
two of them suffering from a primary spinal ependymal tumor.
Despite the small sample size, one may conclude that anaplastic
histopathological features have an impact on OS. This finding is in
agreement with previous studies (27, 28). However, DNA
methylation data are lacking in our patients, limiting comparability
and risk stratification beyond the WHO classification. Further
limitations of this study include the retrospective nature, patient
heterogeneity, small sample size, and a potential sampling bias. All
these factors may limit the drawn conclusions of this study.
Nevertheless, this study provides more evidence on the efficacy
and safety of RRS for spinal ependymomas.
FIGURE 2 | Overall survival.
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CONCLUSION

Spinal ependymal tumors may be efficiently treated with RRS,
especially in patients with multiple lesions and local recurrences
after surgical resection and adjuvant radiotherapy. Most lesions
remained controlled, and the treatment was well tolerated.
Further neurological decline was prevented in the majority of
patients. RRS may be a preferable, time-saving, and non-invasive
treatment modality for selected patients.
DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from
the corresponding author, FE, upon reasonable request.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Boards of the Ludwig-
Frontiers in Oncology | www.frontiersin.org 5
Maximilians-University Munich and Charité – Universitätsmedizin
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Charité – Universitätsmedizin Berlin.
REFERENCES

1. Rudà R, Reifenberger G, Frappaz D, Pfister SM, Laprie A, Santarius T, et al.
EANO guidelines for the diagnosis and treatment of ependymal tumors.
Neuro Oncol (2018) 20(4):445–56. doi: 10.1093/neuonc/nox166

2. Dorfer C, Tonn J, Rutka JT. Ependymoma: a heterogeneous tumor of
uncertain origin and limited therapeutic options. Handb Clin Neurol (2016)
134:417–31. doi: 10.1016/b978-0-12-802997-8.00025-6

3. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, et al.
CBTRUS Statistical Report: Primary Brain and Other Central Nervous System
Tumors Diagnosed in the United States in 2012-2016. Neuro Oncol (2019) 21
(Suppl 5):v1–v100. doi: 10.1093/neuonc/noz150

4. Khalid SI, Adogwa O, Kelly R, Metha A, Bagley C, Cheng J, et al. Adult Spinal
Ependymomas: An Epidemiologic Study. World Neurosurg (2018) 111:e53–
61. doi: 10.1016/j.wneu.2017.11.165

5. Villano JL, Parker CK, Dolecek TA. Descriptive epidemiology of ependymal
tumours in the United States. Br J Cancer (2013) 108(11):2367–71.
doi: 10.1038/bjc.2013.221

6. Pajtler KW, Witt H, Sill M, Jones DT, Hovestadt V, Kratochwil F, et al.
Molecular Classification of Ependymal Tumors across All CNS
Compartments, Histopathological Grades, and Age Groups. Cancer Cell
(2015) 27(5):728–43. doi: 10.1016/j.ccell.2015.04.002

7. Witt H, Gramatzki D, Hentschel B, Pajtler KW, Felsberg J, Schackert G, et al.
DNA methylation-based classification of ependymomas in adulthood:
implications for diagnosis and treatment. Neuro Oncol (2018) 20(12):1616–
24. doi: 10.1093/neuonc/noy118

8. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D,
Cavenee WK, et al. The 2016 World Health Organization Classification of
Tumors of the Central Nervous System: a summary. Acta Neuropathol (2016)
131(6):803–20. doi: 10.1007/s00401-016-1545-1

9. Liu EK, Silverman JS, Sulman EP. Stereotactic Radiation for Treating Primary
and Metastatic Neoplasms of the Spinal Cord. Front Oncol (2020) 10:907.
doi: 10.3389/fonc.2020.00907

10. Shi S, Jin MC, Koenig J, Gibbs IC, Soltys SG, Chang SD, et al. Stereotactic
Radiosurgery for Pediatric and Adult Intracranial and Spinal Ependymomas.
Stereotact Funct Neurosurg (2019) 97(3):189–94. doi: 10.1159/000502653

11. Kano H, Su YH, Wu HM, Simonova G, Liscak R, Cohen-Inbar O, et al.
Stereotactic Radiosurgery for Intracranial Ependymomas: An International
Multicenter Study. Neurosurgery (2019) 84(1):227–34. doi: 10.1093/neuros/
nyy082
12. Krieger MD, McComb JG. The role of stereotactic radiotherapy in the
management of ependymomas. Childs Nerv Syst (2009) 25(10):1269–73.
doi: 10.1007/s00381-009-0879-6

13. Ryu SI, Kim DH, Chang SD. Stereotactic radiosurgery for hemangiomas and
ependymomas of the spinal cord. Neurosurg Focus (2003) 15(5):E10.
doi: 10.3171/foc.2003.15.5.10

14. Kufeld M, Fürweger C, Drexler CG, Wowra B, Muacevic A. Implementation
of a medical database system for a radiosurgery center. Cureus (2009) 1:e4.

15. Hoffman LM, Plimpton SR, Foreman NK, Stence NV, Hankinson TC,
Handler MH, et al. Fractionated stereotactic radiosurgery for recurrent
ependymoma in children. J Neurooncol (2014) 116(1):107–11. doi: 10.1007/
s11060-013-1259-3

16. Aggarwal R, Yeung D, Kumar P, Muhlbauer M, Kun LE. Efficacy and
feasibility of stereotactic radiosurgery in the primary management of
unfavorable pediatric ependymoma. Radiother Oncol (1997) 43(3):269–73.
doi: 10.1016/S0167-8140(97)01926-9

17. Kano H, Yang H-c, Kondziolka D, Niranjan A, Arai Y, Flickinger JC, et al.
Stereotactic radiosurgery for pediatric recurrent intracranial ependymomas.
J Neurosurg: Pediatr PED (2010) 6(5):417. doi: 10.3171/2010.8.Peds10252

18. Hodgson DC, Goumnerova LC, Loeffler JS, Dutton S, Black PM, Alexander
E3rd, et al. Radiosurgery in the management of pediatric brain tumors. Int J
Radiat Oncol Biol Phys (2001) 50(4):929–35. doi: 10.1016/s0360-3016(01)
01518-8

19. Lo SS, Abdulrahman R, Desrosiers PM, Fakiris AJ, Witt TC, Worth RM, et al.
The role of Gamma Knife Radiosurgery in the management of unresectable
gross disease or gross residual disease after surgery in ependymoma.
J Neurooncol (2006) 79(1):51–6. doi: 10.1007/s11060-005-9112-y

20. Stafford SL, Pollock BE, Foote RL, Gorman DA, Nelson DF, Schomberg PJ.
Stereotactic radiosurgery for recurrent ependymoma. Cancer (2000) 88
(4):870–5.

21. Mansur DB, Drzymala RE, Rich KM, Klein EE, Simpson JR. The efficacy of
stereotactic radiosurgery in the management of intracranial ependymoma.
J Neurooncol (2004) 66(1-2):187–90. doi: 10.1023/b:neon.0000013472.50749.84

22. Stauder MC, Ni Laack N, Ahmed KA, Link MJ, Schomberg PJ, Pollock BE.
Stereotactic radiosurgery for patients with recurrent intracranial
ependymomas. J Neurooncol (2012) 108(3):507–12. doi: 10.1007/s11060-
012-0851-2

23. Merchant TE, Boop FA, Kun LE, Sanford RA. A retrospective study of surgery
and reirradiation for recurrent ependymoma. Int J Radiat Oncol Biol Phys
(2008) 71(1):87–97. doi: 10.1016/j.ijrobp.2007.09.037
April 2021 | Volume 11 | Article 654251

https://doi.org/10.1093/neuonc/nox166
https://doi.org/10.1016/b978-0-12-802997-8.00025-6
https://doi.org/10.1093/neuonc/noz150
https://doi.org/10.1016/j.wneu.2017.11.165
https://doi.org/10.1038/bjc.2013.221
https://doi.org/10.1016/j.ccell.2015.04.002
https://doi.org/10.1093/neuonc/noy118
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.3389/fonc.2020.00907
https://doi.org/10.1159/000502653
https://doi.org/10.1093/neuros/nyy082
https://doi.org/10.1093/neuros/nyy082
https://doi.org/10.1007/s00381-009-0879-6
https://doi.org/10.3171/foc.2003.15.5.10
https://doi.org/10.1007/s11060-013-1259-3
https://doi.org/10.1007/s11060-013-1259-3
https://doi.org/10.1016/S0167-8140(97)01926-9
https://doi.org/10.3171/2010.8.Peds10252
https://doi.org/10.1016/s0360-3016(01)01518-8
https://doi.org/10.1016/s0360-3016(01)01518-8
https://doi.org/10.1007/s11060-005-9112-y
https://doi.org/10.1023/b:neon.0000013472.50749.84
https://doi.org/10.1007/s11060-012-0851-2
https://doi.org/10.1007/s11060-012-0851-2
https://doi.org/10.1016/j.ijrobp.2007.09.037
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Ehret et al. Radiosurgery for Spinal Ependymomas
24. Bouffet E, Hawkins CE, Ballourah W, Taylor MD, Bartels UK, Schoenhoff N,
et al. Survival benefit for pediatric patients with recurrent ependymoma
treated with reirradiation. Int J Radiat Oncol Biol Phys (2012) 83(5):1541–8.
doi: 10.1016/j.ijrobp.2011.10.039

25. Bauman GS, Sneed PK, Wara WM, Stalpers LJ, Chang SM, McDermott MW,
et al. Reirradiation of primary CNS tumors. Int J Radiat Oncol Biol Phys
(1996) 36(2):433–41. doi: 10.1016/s0360-3016(96)00315-x

26. Rao AD, Rashid AS, Chen Q, Villar RC, Kobyzeva D, Nilsson K, et al.
Reirradiation for Recurrent Pediatric Central Nervous System Malignancies:
A Multi-institutional Review. Int J Radiat Oncol Biol Phys (2017) 99(3):634–
41. doi: 10.1016/j.ijrobp.2017.07.026
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