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Abstract: Objective The aim of this study was to explore the prognosis and influencing factors of recurrent 

ependymoma in children. Methods PubMed, Embase, Cochrane Library, and Web of Science were searched to 

collect studies on survival outcomes and influencing factors of recurrent ependymoma in children. The search 

time frame was from the establishment of the database to September 2023. Two evaluators independently 

screened the literature, extracted data, and evaluated the quality of the included studies. Meta-analysis was 

performed using RevMan 5.4 software. Results A total of 11 studies involving 1120 patients were included. 

The integrated results of mOS from the 11 studies showed significant heterogeneity (I2 = 92%). Therefore, a 

random-effects model was used for merging, and the results showed statistically significant differences (P < 

0.00001). In all the studies, the pooled estimate of median OS from the time of recurrence was 15.54 months 

(95% CI 8.80-27.45; P < 0.00001), and the combined median progression-free survival (PFS) from the time of 

first recurrence was 6.7 months (95% CI 5.59-7.64; P < 0.0001). The median OS for patients who underwent 

surgery at the time of recurrence was 20.7 months (95% CI 12.40–34.72; P < 0.00001), while the mOS for patients 

who received radiation therapy was 29.5 months (95% CI 18.97–46.00; P < 0.0001), and for patients who received 

chemotherapy mOS was 18.0 months (95% CI 8.62–37.75; P < 0.00001). The mOS for patients under 3 years old 

at the time of recurrence was 20.1 months (95% CI 1.98-204.50; P < 0.00001), while for patients over 3 years old 

at the time of recurrence mOS was 16.6 months (95% CI 9.40-29.35; P < 0.00001). Conclusion The results of the 

study show poor prognosis for children with recurrent ependymoma, and there are significant differences in 

these results. The influencing factors include patient age, tumor recurrence location, and treatment methods. 

These findings can further guide clinical research on new treatment methods and strategies to improve the 

prognosis of this population. 
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1. Introduction 

Ependymoma (EPN) is a malignant neuroglial tumor of the central nervous system that can 

occur in various locations within the central nervous system. Spinal ependymoma is commonly seen 

in adults above the age of 35. According to data from the Surveillance, Epidemiology, and End 

Results (SEER) program of the National Cancer Institute from 1976 to 2006, the incidence rate of 

pediatric spinal ependymoma is 0.06 to 0.11 cases per 100,000 people. Approximately 50% of adult 

cases occur in the spinal cord, while nearly 90% of pediatric cases occur intracranially, accounting for 

5% to 10% of all pediatric intracranial tumors [1, 2]. According to the World Health Organization 

(WHO) classification and grading of central nervous system tumors involving ependymoma, Grade 

I includes subependymoma (SE) and myxopapillary ependymoma (MPE), both of which are more 

common in adults than in children and are located in the ventricles and conus medullaris of the spinal 

cord, respectively. Grade II corresponds to the classic ependymoma, which is the most common 

histological type in children. It is characterized by pseudorosettes (tumor cells arranged in a radiating 
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pattern) around blood vessels, and in approximately 25% of cases, ependymoma exhibits 

perivascular rosettes (tumor cells arranged around the central lumen). Ependymomas can be further 

classified into cellular, papillary, clear cell, and tanycytic subtypes. Grade III corresponds to 

anaplastic ependymoma, which is a malignant tumor characterized by a high nuclear-to-cytoplasmic 

ratio and a high mitotic count. However, due to the heterogeneity of the tumors, distinguishing 

between Grades II and III solely based on histopathology can be challenging [3, 4]. In recent years, 

advances in immunohistochemistry, transcriptome analysis, and methylation profiling have 

redefined the biological properties of ependymoma. A large international study has identified 9 

distinct molecular subtypes of ependymoma based on population demographics, clinical, genetic, 

and prognostic differences, further dividing posterior fossa (PF), supratentorial (ST), and spinal (SP) 

ependymomas into 3 subtypes [5]. 

As a relatively rare malignant tumor of the central nervous system, ependymoma (EPN) can 

occur at any age and can involve various locations along the neural axis. Ependymoma accounts for 

approximately 7% of all neuroglial tumors, with a higher incidence in males than in females [3, 6]. 

Ependymal tumors have the potential to spread within the nervous system, including the spinal cord, 

through cerebrospinal fluid dissemination. Approximately 25% occur in the supratentorial brain 

ventricles, and the remainder occur in the spinal cord [7]. The incidence of metastasis increases with 

higher tumor grade, but systemic metastases are rare. Additionally, statistics have shown that 

approximately 45% of ependymoma patients have poor prognoses [8]. Complete tumor resection and 

local radiation therapy have resulted in an overall survival rate of up to 85% [9]. Despite 

improvements in survival rates, prognosis remains poor for young children and patients with 

recurrence or metastasis, with high rates of recurrence. The treatment of ependymoma remains 

challenging [10]. 

The treatment standards for ependymoma still involve surgical removal and adjuvant radiation 

therapy. The purpose of surgical removal is to obtain tumor tissue for diagnosis, open the 

cerebrospinal fluid pathway to relieve hydrocephalus, eliminate compression on delicate neural 

structures, and achieve maximal safe resection. However, for patients in whom complete surgical 

removal is not possible, systemic chemotherapy can improve their prognosis to some extent. Nearly 

half of ependymoma patients will experience recurrence, usually occurring in the early postoperative 

period and often at the site of the original tumor. Recurrent ependymoma generally has a poor 

prognosis, with a 5-year survival rate of only 25% [11, 12]. Clinical trials have explored the use of 

various chemotherapy drugs for treating recurrent ependymoma, but the efficacy rates for single-

agent (12.9%) or multi-agent (17.4%) chemotherapy are both low, and this strategy has not 

demonstrated any clear benefits for pediatric patients' survival [13]. Currently, there are no clear 

recommendations for using chemotherapy to treat recurrent pediatric intracranial ependymoma. The 

World Health Organization's treatment standards for grade II or III intracranial ependymoma in 

children involve receiving focal conformal radiation therapy after tumor resection, with a maximum 

dose of 59.4 Gy [14]. In summary, even with surgery, chemotherapy, and/or adjuvant radiation 

therapy, the recurrence rate of ependymoma can reach as high as 23-66% [15-18]. Currently, there is 

no standard treatment plan for recurrent ependymoma, and clinicians often choose an appropriate 

treatment approach (surgery, radiation therapy, or chemotherapy) based on individual 

circumstances. 

Currently, research on the prognosis of childhood ependymoma after recurrence is mostly based 

on data obtained from studies on overall recurrent gliomas, or on small, heterogeneous institutional 

reviews and summaries of clinical experience. Therefore, this study utilizes a meta-analytical 

approach to evaluate the prognosis and influencing factors of recurrent pediatric ependymoma, 

aiming to provide evidence-based recommendations for clinical practice. 

2. MATERIALS AND METHODS 

2.1. Literature search strategy 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 September 2023                   doi:10.20944/preprints202309.1923.v1

https://doi.org/10.20944/preprints202309.1923.v1


 3 

 

Computer retrieval of Cochrane Library, Embase, PubMed, and Web of Science. The search 

strategy includes subject terms and free words. The search time is limited from the establishment of 

the database to September 2023. At the same time, reference literature of included studies is also 

retrieved to supplement the relevant literature. The search terms include (("Ependymoma"[Mesh]) 

OR ((((((((((((((((Ependymomas)) OR (Ependymoma, Papillary)) OR (Ependymomas, Papillary)) OR 

(Papillary Ependymomas)) OR (Papillary Ependymoma)) OR (Ependymoma, Myxopapillary)) OR 

(Ependymomas, Myxopapillary)) OR (Myxopapillary Ependymoma)) OR (Myxopapillary 

Ependymomas)) OR (Anaplastic Ependymoma)) OR (Anaplastic Ependymomas)) OR 

(Ependymoma, Anaplastic)) OR (Ependymomas, Anaplastic)) OR (Cellular Ependymoma)) OR 

(Clear Cell Ependymoma))) AND (("Neoplasm Recurrence, Local"[Mesh]) OR (((((((((((Local 

Neoplasm Recurrences) OR (Locoregional Neoplasm Recurrence)) OR (Recurrences, Local 

Neoplasm)) OR (Neoplasm Recurrences, Local)) OR (Recurrence, Local Neoplasm)) OR (Recurrence, 

Locoregional Neoplasm)) OR (Local Neoplasm Recurrence)) OR (Neoplasm Recurrence, 

Locoregional)) OR (Locoregional Neoplasm Recurrences)) OR (Neoplasm Recurrences, 

Locoregional)) OR (Recurrences, Locoregional Neoplasm)))) AND (("Pediatrics"[Mesh]) OR 

((((((((((((((((Adolescents) OR (Adolescence)) OR (Teens)) OR (Teenagers)) OR (Youths)) OR (Female 

Adolescent)) OR (Female Adolescents)) OR (Adolescents, Male)) OR (Adolescent, Male)) OR (Male 

Adolescent)) OR (Male Adolescents)) OR (Pediatric)) OR (child)) OR (Children)) OR (Kids)) OR 

(school-age))). Taking Embase as an example, please refer to Table 1 for the specific search strategy. 

Table 1. Search Strategy. 

Database Query Results  

Embase  

1 ependymoma OR ependymomas OR (ependymomas, AND 

papillary) OR (papillary AND ependymomas) OR 

(ependymomas, AND myxopapillary) OR (myxopapillary AND 

ependymomas) OR (anaplastic AND ependymomas) OR 

(ependymomas, AND anaplastic) OR (cellular AND 

ependymoma) OR (clear AND cell AND ependymoma) 

13929 

2 neoplasm AND recurrence, AND local OR (local AND 

neoplasm AND recurrences) OR (locoregional AND neoplasm 

AND recurrence) OR (recurrences, AND local AND neoplasm) 

OR (neoplasm AND recurrences, AND local) OR (recurrence, 

AND local AND neoplasm) OR (recurrence, AND locoregional 

AND neoplasm) OR (local AND neoplasm AND recurrence) 

19009 
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OR (neoplasm AND recurrence, AND locoregional) OR 

(locoregional AND neoplasm AND recurrences) OR (neoplasm 

AND recurrences, AND locoregional) OR (recurrences, AND 

locoregional AND neoplasm) 

3 adolescent OR adolescence OR teens OR teenagers OR youths 

OR (female AND adolescents) OR (adolescents, AND male) OR 

(male AND adolescents) OR pediatric OR child OR kids OR 

'school age' 

4628576 

4 #1 AND #2 AND #3 50 

2.2. Inclusion criteria and Exclusion criteria 

2.2.1. Inclusion criteria: 

A search was conducted in the included search engines for all available years of studies. Studies 

were included if they met the following criteria: (1) Recurrent ependymoma patients under the age 

of 25; (2) Histologically confirmed ependymoma at initial diagnosis or recurrence; (3) Reporting of 

median progression-free survival (PFS) or overall survival (OS) at first recurrence. If all participants 

in a study met the inclusion criteria, cumulative data were included. Studies reporting individual 

patient data, which allowed calculation of median OS and/or median PFS, were also included. Studies 

that did not provide standard error or standard deviation estimates of median survival rates, or 

studies that could not be calculated based on individual data, were excluded based on the 

requirements of accurate meta-analysis. Case reports or series with less than 5 patients were also 

excluded to avoid inherent bias due to small sample sizes. 

2.2.2. Exclusion criteria 

(1) Duplicate data studies; (2) Reviews, conference papers, and comments; (3) Non-Chinese or 

non-English literature; (4) Literature with unreasonable or poor study design quality; (5) Original 

data unavailable. (6) Sample size less than 5 cases. 

2.3. Literature and data extraction 

Two researchers independently screened the literature, extracted data, and cross-checked, with 

the assistance of a third party in case of disagreements. After excluding duplicate literature, the title 

and abstract of the remaining articles were read to exclude obviously irrelevant literature. Further 

reading of the full text was conducted to determine final inclusion. If necessary, authors were 

contacted via email or telephone to obtain important information that was not confirmed but related 

to the study. Extracted content mainly included the researcher's name, publication date, country, 

number of cases in the experimental and control groups, age of the study subjects, intervention 

measures, and outcome indicators. 
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2.4. Quality evaluation of included studies 

The risk of bias for each study was evaluated using version 5.3.0 of the Cochrane Collaboration's 

recommended assessment. The content included random allocation methods, allocation concealment, 

blinding, completeness of outcome data, selective reporting of study results, and other sources of 

bias. Each item was evaluated as "high risk of bias," "low risk of bias," or "unclear." When a study 

fully met these requirements, it was rated as Grade A; if it partially met the requirements, it was rated 

as Grade B; if it did not meet the requirements at all, it was rated as Grade C and excluded. Two 

researchers independently evaluated the quality of the literature, and a higher score indicated higher 

quality. 

2.5. Statistical methods 

Meta-analysis was performed using the official software RevMan 5.4 from the Cochrane 

Collaboration. As the outcome measures of this study were median overall survival (mOS) and 

median progression-free survival (mPFS), the hazard ratio (HR) was used as the effect measure with 

a 95% confidence interval (CI) as the effect size statistic. If there was no heterogeneity among the 

study results (P>0.1, I2<50%), a fixed-effect model was used for the analysis. If heterogeneity was 

present (P≤0.1, I2>50%), a random-effects model was used for the analysis, along with subgroup 

analysis or sensitivity analysis. A P value less than 0.05 was considered statistically significant. If the 

original study results were reported as medians (interquartile ranges), the formula proposed by Wan 

et al. [19] was used to estimate the mean and standard deviation. If the results were reported as mean 

differences and 95% CI between groups, the HR was calculated using the RevMan 5.4 software 

calculator [20]. 

3. Results 

3.1. Literature search results 

Based on the predetermined inclusion and exclusion criteria and literature search strategy, a 

total of 1120 articles (465 from PubMed, 50 from Embase, 42 from Cochrane Library, and 563 from 

Web of Science) were initially identified. After a hierarchical screening process, 11 studies [21-31] 

with a total of 296 patients were finally included. All 11 studies provided information on the median 

overall survival (mOS), and three studies provided information on the median progression-free 

survival (mPFS). The process of literature selection is shown in Figure 1, and the general 

characteristics of the included studies are shown in Table 2. 
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Figure 1. PRISMA study over the study methods. 

Table 2. Information on studies included in meta-analysis. 

Author, 

Year 

Reference Study design Description of inclusion 

criteria 

Total 

sample 

size 

aNumber 

meeting 

inclusion 

(%) 

Shaw 

1987 

[27] Retrospective All-comers intracranial 

ependymoma treated 

with post-op radiation 

33 7 (21) 
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Tomita 

1988 

[28] Retrospective Pediatric grade II 

ependymoma of the 

posterior fossa treated 

with surgery 

22 19 (86) 

Tamura 

1990 

[29] Retrospective Pediatric, recurrent 

ependymoma of the 4th 

ventricle treated with 

surgery, radiation, 

CDDP+MCNU 

8 4 (50) 

Waldron 

1993 

[30] Retrospective All-comers spinal cord 

ependymoma 

59 5 (8) 

Palma 

2000 

[31] Retrospective All-comers supratentorial 

ependymoma treated 

with surgery 

23 4 (17) 

Paulino 

2001 

[21] Retrospective All-comers with 

ependymoma of the 

posterior fossa 

28 4 (14) 

Vinchon 

2001 

[22] Retrospective Pediatric supratentorial 

ependymoma 

18 11 (61) 
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Saito 

2010 

[23] Retrospective All-comers with 

intracranial, anaplastic 

ependymoma 

18 6 (33) 

Gilman 

2011 

[24] Prospective 

phase I trial 

Pediatric, recurrent brain 

tumors treated with high-

dose chemotherapy and 

auto-SCT 

33 3 (9) 

Antony 

2014 

[25] Retrospective Pediatric recurrent, 

intracranial ependymoma 

22 22 (100) 

Lobon 

2016 

[26] Retrospective Re-irradiation of recurrent 

pediatric ependymoma: 

modalities and outcomes: 

a twenty-year survey 

32 32 (100) 

A Reflects the number of individual patients from the respective study that was used in the 

survival and meta-analyses. Individual patients were excluded if they did not meet all inclusion 

criteria for the study (e.g. they did not have recurrent disease). 

3.2. The results of literature quality assessment 

The included 11 studies were assessed for bias using the bias risk assessment tool of the 

Cochrane Collaboration. The assessment items included: 1) methods of random number generation 

(selection bias), 2) concealment of allocation results (selection bias), 3) blinding of patients 

(implementation bias), 4) completeness of outcome data (measurement bias), 5) selective reporting of 

study results (reporting bias), 6) other sources of bias. The risk bias assessment table was created 

using Revman 5.4 software, and the overall quality of the literature was good. Please refer to Figure 

2A and 2B for details. 
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Figure 2. The quality assessment results of included studies in the meta-analysis, carried out using 

RevMan 5.4 software based on the QUADAS-2 evaluation tool. (A) Risk of bias and applicability 

concerns summary. Reviewauthor judgements about each domain for each study included. (B) 

Risk of bias and applicability concerns graph.Review author judgements about each domain are 

presented as percentages across the included studies. 

3.3. Meta-analysis results 

Overall and progression-free survivalThe integrated results of 11 studies showed a significant 

heterogeneity between the studies (I2=92%). The random effects model was used for combination, 

and the results showed statistically significant differences (P < 0.00001). 

In all studies, the median overall survival (OS) estimate from the date of recurrence was 15.54 

months (95%CI 8.80-27.45; P < 0.00001; Figure 3). 
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Figure 3. Forest plot demonstrating cumulative median OS from time of recurrence. 

The pooled median progression-free survival (PFS) from all studies was 6.7 months (95%CI 5.59-

7.64; P < 0.0001; Figure 4). 

 

Figure 4. Forest plot demonstrating cumulative median PFS from recurrence across all studies. 

In subgroup analysis, the pooled median OS for infratentorial and supratentorial ependymoma 

patients was 16.7 months (95%CI 10.17-27.65; P < 0.00001), and the median OS for supratentorial 

recurrent patients was 12.8 months (95%CI 5.06-32.39; P < 0.005), while the median OS for 

infratentorial recurrent patients was 19.2 months (95%CI 10.80-34.20; P < 0.0001) (Figure 5). 

 

Figure 5. Forest plot demonstrating median OS from time of recurrence according to location of 

recurrence. 

The pooled median OS for patients who received surgical resection at the time of recurrence was 

20.7 months (95%CI 12.40-34.72; P < 0.00001), while the mOS for patients who received radiation 

therapy was 29.5 months (95%CI 18.97-46.00; P < 0.0001), and for patients who received 
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chemotherapy was 18.0 months (95%CI 8.62-37.75; P < 0.00001). The pooled median OS for all three 

treatment modalities was 21.9 months (95%CI 15.98-30.12; P < 0.00001) (Figure 6). 

 

Figure 6. Forest plot demonstrating median OS from time of recurrence according to therapy at 

time of recurrence. 

The median OS for patients who relapsed before the age of 3 was 20.1 months (95%CI 1.98-

204.50; P < 0.00001), while for patients who relapsed after the age of 3 was 16.6 months (95%CI 9.40-

29.35; P < 0.00001). The pooled median OS based on the age of relapse was 17.35 months (95%CI 10.13-

29.69; P < 0.00001) (Figure 7). 
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Figure 7. Forest plot demonstrating median OS from time of recurrence according to age at time of 

recurrence. 

3.3. Sensitivity analysis 

Sensitivity analysis was conducted by sequentially excluding studies, and the results showed no 

significant changes in effect size, indicating that the results of this study were relatively stable. 

3.4. Publication bias 

A funnel plot was constructed to test for publication bias, and the results showed that the scatter 

plots of the studies were roughly symmetrical, indicating that publication bias in this study was 

minimal (see Figure 8). 

 

Figure 8. Meta-analysis funnel plot. 

4. Discuss 

Ependymomas belong to gliomas and mainly occur in ependymal cells of the ventricular system 

and central canal of the spinal cord, rarely occurring outside the central nervous system. The most 

common spinal cord tumor in children is astrocytoma, accounting for 13% of pediatric 

ependymomas, compared to intracranial ependymomas. The age of onset and anatomical location of 

ependymomas vary significantly. Pediatric ependymomas mainly occur in the intracranial region, 

with two-thirds located in the posterior fossa. Supratentorial ependymomas are mainly found in 

older children and adults. The spinal cord is the most common site for ependymomas in adults, while 

they are less common in the spinal cord in children. Ependymomas mainly originate from ependymal 

cells of the ventricular system and central canal of the spinal cord, but a portion of ependymomas 

occur outside the ventricular system and are not related to it. These ependymomas only occur 

supratentorially, mainly affecting the frontal and parietal lobes, and are called "cortical 

ependymomas," "hemispheric ependymomas," or "ectopic ependymomas". Over the past few 

decades, with the continuous development of imaging technologies such as CT and MRI, the 

improvement of neurosurgical techniques, and the continuous improvement of various radiation 

therapy techniques, the mortality rate of intracranial ependymomas has greatly decreased, but the 

recurrence rate remains high. There is still controversy regarding the treatment strategies and 

prognostic factors for intracranial ependymomas both domestically and internationally. 

Studies have reported that age is a prognostic factor for intracranial ependymoma patients. 

Many studies believe that younger patients have a poorer prognosis and higher mortality rates. 

Children over 2 years old and adults have longer overall survival (OS) than children under 2 years 
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old. Age seems to be a strong predictive indicator, with patients under 5 years old or over 59 years 

old having poor prognosis. Children under 3 years old have worse local control and OS. This study 

found that children under 3 years old had a shorter median OS after relapse, indicating a worse 

prognosis (before 3 years old, median OS was 20.1 months, 95% CI 1.98-204.50; P < 0.00001; after 3 

years old, median OS was 16.6 months, 95% CI 9.40-29.35; P < 0.00001). The reasons for the poor 

prognosis in young patients may be: (1) inadequate treatment. Previous studies have considered 

radiotherapy a taboo for children under 3 years old, as the immature brain is more sensitive to 

radiation damage, which can cause severe radiation-induced sequelae. Children under 3 years old 

often avoid or delay radiotherapy until tumor recurrence, and the value of chemotherapy is still 

unclear; (2) more aggressive histology; (3) age may be associated with certain poor-prognosis 

molecular subtypes. 

Currently, the extent of surgical resection is recognized as a prognostic factor, and the principle 

is to remove the tumor as completely as possible while preserving neurological function. This applies 

to all histological grades [41]. The purpose of surgical resection is to obtain a definite tissue diagnosis 

and reduce the risk of recurrence. Adjuvant therapy such as radiation and chemotherapy can play 

their unique roles. Postoperative radiotherapy is the standard treatment for intracranial 

ependymoma, with longer survival compared to surgery alone [42]. The prognostic value of 

chemotherapy for intracranial ependymoma is still unclear. This study did not find that 

chemotherapy can improve the overall survival (OS) of patients. Although chemotherapy is not the 

standard treatment for intracranial ependymoma, many centers still use it as supplementary therapy. 

The meta-analysis in this study suggests that the surgical resection method at the time of recurrence 

is an independent risk factor for the prognosis of intracranial ependymoma patients. The median OS 

of patients who underwent surgical resection at the time of recurrence was 20.7 months (95% CI 12.40-

34.72; P < 0.00001), while patients who received radiotherapy had a median OS of 29.5 months (95% 

CI 18.97-46.00; P < 0.0001), both of which were higher than the chemotherapy group (median OS of 

18.0 months, 95% CI 8.62-37.75; P < 0.00001). 

This study has certain limitations: ① Only Chinese and English literature were included, so 

there may be incomplete inclusion of articles; ② This study did not include molecular subtypes, 

which have better prognostic value than histological grading. With the continuous deepening of 

molecular pathological research, incorporating molecular subtypes into clinical trials will further 

elucidate their prognostic value and optimize disease risk stratification. ③ This study had a small 

sample size, so the statistically significant results obtained may be limited. 

5. Conclusion 

In conclusion, this systematic review and meta-analysis on the prognosis of recurrent pediatric 

ependymoma indicates that the prognosis of recurrent ependymoma in children is poor, and the 

prognosis is related to patient age, tumor location, and treatment modality. Future studies should 

include retrospective investigations and prospective trials with molecular subtype data to effectively 

predict and treat these tumors, providing more precise treatment options for intracranial 

ependymoma patients. 
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