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ABSTRACT

AIM: To evaluate the oncological outcomes and the prognostic factors for children with ependymoma who receive radiotherapy (RT)
+ chemotherapy after surgery.

MATERIAL and METHODS: The medical records of 71 children with ependymoma who received RT between 2001 and 2022 were
retrospectively evaluated. Survival outcomes and prognostic factors were analyzed using log-rank and cox-regression tests. SPSS
v24.0 was utilized for statistical analyses.

RESULTS: Gross total resection (GTR) was achieved in 37 (52%) patients. Craniospinal fluid (CSF) seeding was observed in 8 (11%)
patients at the time of diagnosis. The median RT dose was 54 Gy (42-60 Gy). The median time from surgery to the first RT was 2.4
months (1-109 months). The median follow-up time was 65.9 months (2.5-242.8 months), and 5-y overall survival, progression-free
survival (PFS), and local recurrence-free survival (LRFS) were 74%, 39%, and 46%, respectively. Recurrence was observed in 41
(58%) patients. Among patients who initiated treatment with chemotherapy, 5-y PFS and LRFS were higher in patients who received
RT at the time of diagnosis than those who received RT at the progression (23% vs. 0%, p<0.001 and 39% vs 0%, p<0.001). In
multivariate analysis, increased time from surgery to radiotherapy was found to be a poor prognostic factor for PFS.

CONCLUSION: Young age, less than GTR, large residual tumor volume, initiation of treatment with chemotherapy after surgery, and
increased time from surgery to radiotherapy may deteriorate survival. RT should not be delayed until progression, even in young
patients receiving chemotherapy.

KEYWORDS: Ependymoma, Survival, Pediatric, Radiotherapy

ABBREVIATIONS: CSF: Craniospinal fluid, CSI: Craniospinal irradiation, CTV: Clinical target volume, EFS: Event-free survival,
GTV: Gross tumor volume, GTR: Gross-total resection, IMRT: Intensity modulated radiotherapy, LRFS: Locoregional recurrence-
free survival, OS: Overall survival, PFS: Progression-free survival, PTV: Planning target volume, RT: Radiotherapy, STR: Subtotal
resection

B INTRODUCTION 6-12% of brain tumors (6). Pediatric ependymomas are mostly
. located in the posterior fossa, followed by supratentorial sites

.perl1dymonl1as can olccur at any age, but ,'t has a peak (8). Gross total resection (GTR) is the strongest predictor of
|nC|dencg in early Ch'ldhOOd (6)' It IS the third mos.t com- outcome, however, the resectability of the tumor is highly de-

mon malignant brain tumor in children accounting for pendent on the tumor site (22). Higher rates of GTR for supra-
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tentorial ependymomas may explain the better prognosis than
the tumors located other than supratentorial sites (25). The
cornerstone of treatment is adjuvant radiotherapy (RT) after
definitive surgery to increase local control and survival (8,16).
Chemotherapy has a limited role in the treatment of childhood
ependymoma. Although it has been used as a neoadjuvant
therapy to maintain second-look surgery for incompletely re-
sected tumors or to postpone RT due to its possible long-
term sequela in infants, its efficacy has not been proven so far
(14,28,24). Furthermore, it was shown that delaying RT in very
young children leads to increased recurrence rates and poorer
survival (15). However, delaying RT is currently debated upon
very few studies showing favorable results with prolonged
adjuvant chemotherapy (4,21). In light of these data, we con-
ducted this retrospective study to investigate the survival
rates, the prognostic factors, and the effects of RT timing on
oncological outcomes for patients receiving postoperative RT.

B MATERIAL and METHODS
Patient and Treatment Characteristics

The medical records of 71 patients who were younger than
18 years and treated with radiotherapy for the diagnosis of
ependymoma between 2001 and 2022 were retrospectively
evaluated. All patients had a magnetic resonance imaging of
brain and spine, a cerebrospinal fluid (CSF) analysis at the
time of diagnosis for staging, and a brain magnetic resonance
imaging after surgery to evaluate whether a residual tumor
remained. Surgery, including gross or subtotal resection (STR)
was performed in all patients. Patients who were younger than
three years old initiated the treatment with chemotherapy after
surgery, and RT was delayed until three years old or until tumor
progression. Patients who were older than three years old
initiated the treatment with RT or chemotherapy after surgery.
Patients with a previous history of RT to brain or spinal region
or who received CT previously were excluded from this study.

All patients received GTR or STR. After surgery, 2D, 3D
conformal, or intensity-modulated RT (IMRT) was administered
in all patients. Only the patients who were unable to cooperate
during RT received RT under anesthesia. All patients without
CSF seeding received RT at the local field, and craniospinal
irradiation was performed for patients who had microscopic
or macroscopic seeding. Additionally, a boost dose to
metastatic fields was performed in patients who had localized
macroscopic seeding in magnetic resonance imaging. Gross
tumor volume (GTV) included the tumor bed and the residual
tumor for patients who received local RT. Clinical target volume
(CTV) was defined as a 1 cm extension from GTV, and planning
target volume (PTV) was generated by adding 0.3 cm to 0.5
cm to CTV. CTV involved prophylactic irradiation of the entire
craniospinal axis, with an additional focal boost to tumor sites,
and PTV was generated with a 0.3 to 0.5 cm margin to CTV
in patients who received craniospinal irradiation (CSlI). Local
RT was administered up to 60 Gy, and CSI was performed at
a dose of 36 Gy, followed by a localized boost to 54-60 Gy.

This study was conducted in accordance with the declaration
of Helsinki and informed consent was obtained from each

2 | Turk Neurosurg, 2025

patient. Ethical approval for this study was provided by the
institutional review board (GO 22/637).

Statistical Analysis

All statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) version 24.0 (IBM,
Armonk, NY; USA). Based on the different initial treatment
modalities, the primary endpoints were recurrence rate,
overall survival (OS), progression-free survival (PFS), and local
recurrence-free survival (LRFS). The secondary endpoints
were prognostic factors for recurrence, OS, PFS, and LRFS.
Local recurrence was defined as recurrences in the RT field or
progressions from the primary tumor location. Distant brain
recurrence and spinal recurrence were defined as recurrences
out of the RT field or outside the primary tumor location within
the brain and in the spinal region, respectively. All time-related
parameters were calculated from the last date of the treatment
to the last follow-up, recurrence, or death, whichever came
first. The associations between clinical parameters and local
recurrence rates were analyzed with a chi-square test. Survival
estimates were calculated using Kaplan-Meier analyses, and
group survival comparisons were performed with a log-rank
test. Possible factors with a p-value of <0.10 in univariate
analyses were further entered into the cox-regression analysis,
with backward selection, to determine independent predictors
of survival (17). A p-value of <0.05 was considered statistically
significant.

B RESULTS
Patient and Tumor Characteristics

The median age was four years (range, 1-18 years), and
19 (27%) patients were younger than three years. Forty-six
(65%) patients were male. Forty-seven (66%) patients had
infratentorial and 24 (34 %) patients had supratentorial tumors.
The infratentorial tumors arise most frequently in the fourth
ventricle (%74), followed by cerebellum (22%), vermis (2%),
and extra-axial location (2%). The median residual tumor
volume was 15 mm® (range, 1-66 mm?3). Histopathologic
evaluation demonstrated that 29 (48%) patients had grade
2, 31 (52%) patients had grade 3 ependymoma, and the
grade was unknown in 11 patients. ZFTA fusion status was
investigated in only four patients, and three of four had
ZFTA fusion-positive tumors. The patient characteristics are
summarized in Table I.

Treatment Outcomes

GTRand STR were achieved in 37 (52%) and 34 (48%) patients,
respectively. Neither age nor tumor location affected the rates
of GTR (42% and 56%, p=0.308 for patients <three years
and three years of age; 46% and 55%, p=0.449 for supra-
and infratentorial lesions, respectively). When we performed
subgroup analyses among patients with infratentorial located
tumors, we observed that rates of GTR were similar between
patients with intra- and extraventricular lesions (56% vs 50%,
p=0.725). While 62 (87 %) patients received RT to the primary
tumor at the time of diagnosis, nine (13%) patients received
RT to the primary tumor when progression was detected.



Table I: Comparison of Patient Characteristics According to Age
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Clinical Parameters Categorization According to Age p-value
= 3 years < 3 years
n=52 (%) n=19 (%)

Surgery
Gross total resection 29 (56) 8 (42) 0.308
Subtotal resection 23 (44) 11 (568)

Residual tumor volume (mm3)
=15 4(7) 4 (21)
<15 9(17) 5 (26) 0.662
Unknown 10 (20) 2 (11)

Cerebrospinal fluid seeding
Present 6 (12) 2 (11 1.000
Absent 46 (88) 17 (89

Tumor location
Supratentorial 20 (39) 4 (21) 0.170
Infratentorial 32 (61) 15 (79)

Initial treatment modality after surgery
Radiotherapy 34 (65) 3(16)
Chemotherapy 6(12) 12 (63 <0.001
Unknown 12 (23) 4 (21

Timing of radiotherapy
At the time of diagnosis 48 (92) 14 (74 0.051
At the time of progression 4 (8) 5 (26)

Time from surgery to radiotherapy (months)
>2.4 17 (33) 15 (79)
<24 32 (61) 4 (21) 0.001
Unknown 3(6) 0

Time from surgery to chemotherapy (months)
> 1 13 (25) 8 (42)
<1 14 (27) 7 (37) 0.747
Unknown 25 (48) 4 (21)

Radiotherapy Field
Local 39 (75) 13 (68) 0.431
Craniospinal Irradiation 9(17) 1(6) ’
No radiotherapy at diagnosis (8) 5 (26)

Radiotherapy Dose (Gy)
> 54 34 (65) 10 (53)
<54 14 (27) 421) 1.000
No radiotherapy at diagnosis 4 (8) 5 (26

CSI and local RT were performed on 13 (19%) and 58 (81%)
patients, respectively. Twenty-six (37%), 16 (22%), and 29
(41%) patients received RT with 2D, 3D, and IMRT techniques,
respectively.

The median RT dose was 54 Gy (range 42-60 Gy). In all co-
horts, the median time from surgery to RT and chemotherapy
was 2.4 months (range, 1-109 months) and one month (range,
0.3-21.9 months), respectively. Treatment was initiated with
RT and chemotherapy in 37 (52%) and 18 (25%) patients, re-

spectively. The sequence of the treatment was unknown in 16
(23%) patients. The median time from surgery to RT was 1.8
months (range, 1-19 months) in patients who initiated treat-
ment with RT after surgery. Eighteen (33%) patients received
chemotherapy before RT, and the median number of chemo-
therapy cycles was 5 (range, 3-9) in this group of patients.
Forty-eight (79%) patients received adjuvant chemotherapy
after RT, and the median adjuvant chemotherapy cycle was 6
(range, 3-10). The most common chemotherapy regimen was
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cisplatin-etoposide (79%), followed by carboplatin-etoposide
(15%), cisplatin-vincristine (2%), cisplatin-etoposide-vincris-
tine (2%), and carboplatin-etoposide-vincristine (2%).

The median follow-up was 65.9 months (range, 2.5-242.8
months). Local recurrence, distant brain recurrence, and spinal
recurrence were observed in 37 (52%), 2 (3%), and 3 (4%),
respectively. Four (22%) of 18 patients who initiated treatment
with chemotherapy first received RT when residual disease
progressed, and 14 patients received RT before progression.

At the time of diagnosis, eight (11%) patients had CSF
seeding. Primary tumor location was infratentorial in seven
patients who had CSF seeding at the diagnosis. In this group,
GTR and STR at the primary site were achieved in two and six
patients, respectively. Seven patients who had CSF seeding
received craniospinal RT at the time of diagnosis. A four-
month-old patient received chemotherapy first, and RT at a
dose of 24 Gy was performed on the craniospinal field for CSF
seeding when progression was detected. This patient died
due to progressive disease. Six of eight patients who were
treated with CSI at the time of diagnosis had a recurrence,

most commonly arising from infratentorial (66%) followed by
supratentorial (17%) and spinal (17%) area.

Five- and ten-y OS, PFS, and LRFS were 74% and 65%,
39% and 31%, 46% and 40%, respectively. Five-year OS
was lower in patients with recurrence compared to those
without recurrence (65% vs 92%, p<0.001). While subgroup
analysis was performed for those who initiated treatment
with chemotherapy, five-y OS was similar between patients
who received RT at the time of diagnosis and at the time
of progression (59% vs. 75%, p=0.844), but 5-y PFS and
LRFS were higher in patients who received RT at the time of
diagnosis than those received RT at the time of progression
(23% vs 0%, p<0.001 and 39% vs 0%, p<0.001, respectively)
(Figure 1). Five-y OS, PFS, and LRFS were similar between
patients with and without craniospinal seeding at the time of
diagnosis (83% vs. 71%, p=0.834; 50% vs 38%, p=0.670;
50% vs 45%, p=0.415).

Univariate analysis revealed that residual tumor volume and
type of surgery were a significant factor for OS and local
recurrence, respectively. The type of surgery was a marginally
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Figure 1: Kaplan-Meier curves for overall survival, progression-free survival, and locoregional recurrence-free survival in patients who

initiated treatment with chemotherapy.
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significant factor for OS. Age and type of surgery were also
significant factors for PFS. Initial treatment modality after
surgery and time from surgery to radiotherapy were marginally
significant factors for PFS (Table Il). Since residual tumor
volume and type of surgery was the only significant factor for
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OS and local recurrence, respectively, no further multivariate
analyses were performed. Multivariate analysis showed that
time from surgery to radiotherapy was an independent factor
for PFS (Table IlI).

Table II: Univariate Analysis of Prognostic Factors for Local Recurrence, 5-Year Overall Survival (OS) and Progression-Free Survival

(PFS)
Local Recur , \alue 5-y0S (%) p-value 5-y PFS (%) p-value
rence Rate (%) P y ? P y o) P
Age (years)
>3 52 0.958 76 0.253 51 0.021
<3 53 64 12
Surgery
Gross total resection 35 a 83 0.105 50 0,017
Subtotal resection 71 65 31
Residual tumor volume (mm?)
>15 75 1.000 73 0.046 25 0.670
<15 64 91 32
Cerebrospinal fluid seeding
Present 75 0.264 83 0.834 50 0.670
Absent 49 71 38
Tumor location
Supratentorial 50 0.799 70 0.634 33 0.329
Infratentorial 53 76 45
Initial treatment modality after surgery
Radiotherapy 54 0.778 82 0.410 52 0.066
Chemotherapy 50 61 18
Time from surgery to radiotherapy (months)
Z ;j 53 0.627 69 0.555 29 0.085
<Z. 47 74 48
Time from surgery to chemotherapy (months)
Z} 57 0.537 71 0.193 22 0.146
- 48 72 a1
Radiotherapy Field
Local 40 0.163 70 0.734 44 0.704
Craniospinal Irradiation 70 88 56
Radiotherapy Dose (Gy)
> 54 46 0.942 67 0.324 39 0.493
<54 44 88 60

Table Ill: Multivariate Analysis of Independent Prognostic Factors for 5-Year Progression-Free Survival (PFS)

Event HR (95% CI) p-value
5-y Progression-Free Survival
Time from surgery to radiotherapy (Reference: <2.4 months) 3.277 (1.040 to 10.329) 0.043

>2.4 months

Turk Neurosurg, 2025 | 5



Beduk Esen CS. et al: Predictors of Outcomes in Ependymoma

B DISCUSSION

The OS rates in this study were compatible with the literature,
while PFS rates were lower than most of the recent studies
(10-12). Some of these studies have an exclusion criterion
of being three years old, which has been reported as a poor
prognostic factor for ependymoma. In contrast, 19 patients
were younger than three years old in the current study (12).
Additionally, the lower PFS rates might be attributed to 18
(25%) patients starting treatment with chemotherapy, which
delayed RT for this group. However, the PFS rates in the
current study were similar to those in the study by Garvin et
al., which investigated the outcomes of patients receiving
preirradiation chemotherapy (3).

The current study also showed that in a subgroup of patients
who received chemotherapy first, the five-year PFS and LRFS
were higher in patients receiving RT at the time of diagnosis
compared to those receiving RT at progression (23% vs. 10%
and 39% vs 0%). Although the current treatment strategy for
childhood ependymoma is maximal surgical resection followed
by adjuvant RT, delaying RT is still controversial due to its
severe late adverse effects in young children (4,21). Grill et al.
tried to omit or delay RT to the time of relapse in the presence
of chemotherapy and concluded that deferring RT at the time
of relapse did not compromise OS. However, four-y PFS and
five-y OS rates were 22% and 52 %, respectively, in that study,
which is lower than the current study (4). Timmermann et al.
also investigated delaying or omitting RT in young children
in the presence of chemotherapy and found that three-y
OS and PFS rates were 55.9% and 27.3%, respectively
(23). Therefore, the authors concluded that delaying RT
compromised survival, even in cases undergoing intensive
chemotherapy (23). Merchant et al. also demonstrated that
patients who received preirradiation chemotherapy had poorer
three-y PFS rates, which was adjusted for age (49+12% vs.
84+10%, p=0.056) than those who did not (15). ACNS0121
trial also recently demonstrated that event-free survival (EFS)
for patients with ependymoma younger than three years of
age who received immediate postoperative RT and older than
three years of age was similar and concluded that RT should
remain the mainstay of ependymoma treatment (14).

On the contrary, Strother et al. investigated the benefit of
prolonged dose-intensive chemotherapy for infants with
malignant brain tumors and demonstrated that prolonged
intensive chemotherapy resulted in increased EFS for patients
with ependymoma (21). UKCCSG/SIOP prospective study
also recommended delaying RT until progression in young
children without compromising survival (5). A recent study
by Shah et al. did not observe a difference between patients
who initiated RT <five weeks, five-eight weeks, and > eight
weeks after surgery (20). However, these findings can not
be interpreted in favor of delaying RT since the effect of RT
initiation, whether at the time of diagnosis or progression of
oncological outcomes were not evaluated in this study (20).
Currently, the efficacy of chemotherapy is still not proven, but
the value of chemotherapy in ependymoma treatment is being
evaluated in the ongoing SIOP Ependymoma Il trial (9). The
current study also demonstrated that increased time (>2.4
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months) from surgery to radiotherapy was an independent
poor prognostic factor for PFS, and five-y PFS and LRFS were
higher in patients who received RT at the time of diagnosis
than those received RT at the time of progression among
patients who initiated treatment with chemotherapy. In light
of these data, we recommend not delaying RT to the time of
progression even in young children because of compromised
survival rates. Clinicians should consider administering RT as
soon as possible even if the patient received chemotherapy
first due to young age.

Moreover, the present study explored prognostic factors for
childhood ependymoma. It revealed that young age, subtotal
resection (STR), large residual tumor volume, receiving
chemotherapy as the initial treatment modality after surgery,
and an increased time from surgery to radiotherapy were
poor prognostic factors for survival in ependymoma patients.
Unlike most other primary brain tumors, prognostic factors
that affect oncological outcomes in childhood ependymoma
have not been well established. Most series showed a
predictive value of GTR on survival; however, the importance
of other prognostic factors such as age, tumor grade, tumor
location, leptospinal dissemination, and initial treatment
modality remains controversial (1,4,7,13,15,23). Although the
current study demonstrated the prognostic impact of GTR on
survival, rates of GTR were only 52% in this study. The low
rates of gross total resection (GTR) could likely be attributed
to the significant proportion of patients referred to our center
for radiotherapy after surgery elsewhere. Unfortunately,
we lack details regarding the surgical procedures for this
subgroup of patients. Furthermore, cranial nerves and brain
stem vasculature adjacent to the tumor might have limited the
extent of the surgery, especially posterior fossa tumors, which
constitute almost 70% of all tumors in this study (19).

Young age was identified as a poor prognostic factor for
childhood ependymoma in most studies in the literature,
including the current study. However, findings from a SEER
database analysis and a French Society of Pediatric Oncology
group trial did not show a significant effect of age on survival
(1,4). It’s noteworthy that the cutoff values for these studies
were 2 and 5 years old, which were not commonly utilized
in the literature. Additionally, tumor grade was shown to be
a prognostic factor for survival in a few studies (1,10,15).
However, McLendon et al. demonstrated that perinecrotic
CA IX localization and MIB-1 labeling index were predictive
biomarkers for survival, unlike tumor grade (13). Currently,
molecular prognostic markers have been increasingly studied
for risk stratification in childhood ependymoma (26). Studies
showed that molecular classification better demonstrates
clinical heterogeneity between subclasses of ependymoma
than the histopathological grading system (2). Furthermore,
gene expression signatures have shown the highest prognostic
value among other studied molecular criteria (26). Ritzman
et al. showed an increased relapse rate in EPN_PFA and
EPN_RELA groups and in the presence of 1q gain compared
to other groups (18). Thus, future studies investigating the
optimal treatment for ependymoma should rely on molecular
differences among ependymoma subtypes.



The current study has some limitations due to its retrospective
nature. The most important limitation of this study is the lack
of molecular grouping since the molecular subgroups were
not defined in the early 2000s when the treatments began in
this study. Therefore, molecular evaluation can be performed
in only a small number of patients. Another limitation of
this study is the lack of information regarding the initial
treatment after surgery in 22.5% of our cohort. This is due
to the retrospective nature of data collection and the fact
that a significant proportion of patients were referred to our
center for radiotherapy. Additionally, it is uncertain whether
these patients received chemotherapy before referral. To
overcome this limitation, we performed a separate analysis
among patients who were known to initiate the treatment
with chemotherapy and compared RT at diagnosis with RT
at progression among these patients. We also could not
access the toxicity information of these patients due to the
retrospective nature of this study. However, this study is one
of the largest series in the literature investigating the effect
of treatment modality at initiation and time from surgery to
radiotherapy on oncological outcomes. In conclusion, this
study highlights several factors associated with poorer survival
outcomes, including young age, less than gross total resection
(GTR), large residual tumor volume, initiation of treatment with
chemotherapy after surgery, and increased time from surgery
to radiotherapy. It underscores the importance of not delaying
radiotherapy until disease progression, even in young patients
undergoing chemotherapy.
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