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Abstract

Study Design: Systematic review.

Objective: To compare outcomes of complete versus incomplete resection in primary intramedullary spinal cord ependymoma.

Methods: A comprehensive search of the MEDLINE, CENTRAL, and Embase databases was conducted by 2 independent
investigators. Random-effect meta-analysis and meta-regression with seven covariates were performed to evaluate the reason for
the heterogeneity among studies. We also used individual patient data in the integrative analysis to compare complete and
incomplete resection based on 4 outcomes: progression-free survival (PFS), overall survival (OS), postoperative neurological
improvement (PNI), and follow-up neurological improvement (FNI).

Results: A total of 23 studies were identified, including 407 cases. Significant heterogeneity among included studies was observed
in risk estimates (I2 for PFS, FNI, and PNI were 49.5%, 78.3%, and 87.2%, respectively). The mean follow-up time across cases was
48.6 + 2.35 months. Cox proportional multivariable analysis revealed that the complete resection can prolong PFS (model,
hazard ratio ¼ 0.18, CI 0.05-0.54, P ¼ .004,) and improve the FNI (binary logistic regression, adjusted odds ratio ¼ 16.5, CI 1.6-
171, P¼ .019). However, PNI and OS were similar in patients with incomplete resected spinal cord ependymoma compared with
complete resection (binary logistic regression respectively and Cox multivariable analysis, P > .5).

Conclusion: The data presented in this study showed that OS was not significantly affected by the degree of surgery. However,
complete resection of intramedullary ependymomas provides the optimal outcomes with longer PFS and better long-term
neurological outcomes than incomplete resection.
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Introduction

Ependymoma accounts for 3% to 6% of all central nervous

system tumors and is the most common primary spinal cord

tumor in adults.1-3 It arises from the ependymal cells in the

proximity of the cerebral ventricles, choroid plexus, and central

canal of the spinal cord. The World Health Organization

(WHO) has classified these tumors based on their histopatho-

logic grades. Grade I tumors are myxopapillary ependymomas

and subependymomas. Grade II tumors are referred to as epen-

dymomas or classical ependymomas and grade III tumors are

anaplastic ependymomas.4
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Due to the relative rarity of the tumor, the prognostic factors

for ependymomas are scarce, and the quality of current medical

recommendations are very low.5 There is no consensus on the

optimal ways to manage these tumors. There are 2 main surgi-

cal strategies, complete resection and incomplete resection

(subtotal or partial resection of the tumor). Several reviews

have evaluated the effects of different prognostic factors on

outcomes such as overall survival. For instance, results of Lee

et al6 support that the extent of resection is the strongest pre-

dictor of long-term survival. However, in a systematic review

based on grade II ependymoma, Wang et al showed that the OS

was not significantly different between complete and incom-

plete resection.

The aim of this systematic review is to compare outcomes of

complete with incomplete resection and also evaluate other

prognostic factors.

Methods

Search Strategy

A comprehensive electronic search of MEDLINE (1946 to

present), CENTRAL, and Embase (1980 to present) was con-

ducted in August 2018 (Appendix 1). Additionally, a list of

references to related articles was reviewed. We did not have

language limit for this literature search.

Selection Method

All published papers on intramedullary spinal cord tumors

were tested using a search strategy. After deduplication, 4

reviewers (FS, MG, SH, MSN) independently screened the

titles and abstracts of the studies with each record reviewed

by 2 independent reviewers. After getting the full text of eligi-

ble papers, 3 reviewers independently reviewed them for inclu-

sion and exclusion criteria (FS, MG, SH). Any discrepancy

regarding the eligibility of studies was resolved by the fourth

reviewer (VRM).

Inclusion and Exclusion Criteria

All studies reported the extent of surgical resection in patients

with intramedullary ependymomas and described surgery-

related outcomes were included in this study.

In order to avoid misleading data from some authors with

less experience, we only included case series when they

reported at least 10 cases and excluded all the case reports.

In articles that described the outcomes of all types of tumors,

only the data of patients with ependymomas was obtained for

the analysis. If the patient underwent a second surgery in

follow-up time, we only used the data before the second sur-

gery. For the studies using the same database, we only included

the one with higher number of cases and a more complete data.

Exclusion criteria were the following: patients with a history of

previous surgery or radiotherapy, patients with extramedullary

tumors (filum terminale and cauda equina tumors were

excluded), and studies without follow-up data, and those that

did not determine the extent of resection.

Main Outcomes

Clinical and functional outcome measures were evaluated. Sur-

gery outcomes included progression-free survival (PFS), over-

all survival (OS), postoperative neurological status

improvement (PNI), and follow-up neurological improvement

(FNI). Regardless of the functional classification method, all

the PNI and FNI outcomes in the included studies with the

report of preoperative functional status for each case were

calculated.

Data Extraction

We utilized predeveloped forms. From each study, we col-

lected general information (first author, year of study, coun-

try, journal), methods (study design, sample size),

participants (age, gender, preoperative neurological score),

extent of resection (complete resection, incomplete resec-

tion), outcomes of surgery, adjuvant treatment, tumor loca-

tion, tumor length (number of involved spinal segments),

time to progression, and follow-up time. Three review

authors extracted data independently (FS, MG, SH). The

fourth author reexamined the input data (MSN); there were

minor errors that were corrected by focus discussion and

reference to the original article.

To analyze the prognostic factors of intramedullary ependy-

momas, we grouped the extracted factors. The age of the

patients was categorized into pediatric and adult groups (age

<18 years and age �18 years). The extent of resection was

divided into 2 subgroups: complete resection (CR) and incom-

plete resection (IR). When the authors reported a total resection

of the tumor based on postoperative imaging or surgeon’s

report (If there were discrepancies, we considered postopera-

tive imaging results), we believe that the resection is CR. All

the other resections such as subtotal resection, near-total resec-

tion, partial resection, and biopsy were classified as IR. The

location of the tumors was divided into 2 groups: cervical and

thoracolumbar spine. We used the highest level of the tumor for

classification; for example, if the tumor was located in C3-T2,

we classified it as a cervical tumor. The pathology of tumors

was divided into 2 groups: advanced grade and low grade. We

grouped WHO class III ependymomas as advanced grade and

classes I and II as low grade.4 Tumor length was classified into

2 groups: less than 3 segments involvement and 3 or more

segments. There were 3 methods for functional evaluation of

patients in the studies: Frankel, JOA (Japanese Orthopedic

Association), and McCormick. In this study, we used the

McCormick7 method to study the data on preoperative func-

tional evaluation of patients. Wherever available, we recorded

the data and categorized it into high grade (grade III and more)

and low grade for further analysis.
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Assessment of Methodological Quality

The methodological quality of the included studies was eval-

uated using the JBI Critical Appraisal Checklist for descrip-

tive/case series studies.8 We considered the studies with at

least 5 of 10 criteria as sufficient methodological quality for

inclusion.

Statistical Analysis

Meta-analysis. After investigating the literature, we did not find

any published randomized clinical trials, and all the included

studies were case series. We divided all included studies into 2

different series: a series of patients who underwent IR and a

series of patients who underwent CR. We conducted a meta-

analysis of the CR and IR series, respectively.

We performed a meta-analysis of every single outcome using

Metaprop command with Freeman-Tukey double arcsine trans-

formation to stabilize the variances.9 A random-effects meta-

analysis was performed to evaluate the effect estimate for the

series. Heterogeneity among studies was estimated using I2 statis-

tics.10 Potential sources of heterogeneity were further investigated

by arranging study groups based on potential relevant character-

istics and meta-regression analysis. Seven covariates were chosen

in our meta-regression: sex, age, tumor location, tumor length,

adjuvant therapy, study location, and study year. These covariates

were used together for meta-regression individually and together

in a random-effects meta-regression model using Stata (StataCorp

2011. Stata Statistical Software: Release 14).

Integrative Analysis. We described the characteristics of patients

with intramedullary ependymomas undergoing surgery. To

Records iden�fied through
database searching

(n = 14412)

Screening

Included

Eligibility

Identification
Addi�onal records iden�fied

through hand searched
(n = 20)

Records a�er duplicates removed
(n = 10828)

Records screened
(n = 10828)

Records excluded
(n =10598)

Full-text ar�cles assessed
for eligibility
(n =210 )

171 excluded
Reason for exclusion:
No surgery related outcomes
49
Other IMSCTs
44
Filum terminale
28
Extramedullary tumors
22
Less than 10 subject
15
Include data of re-surgery
10
Studies from same ins�tute
3

Studies included in
qualita�ve synthesis

(n =39)

Studies included in
Integra�ve analysis

(n =23)

Figure 1. The study flow diagram.
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Table 1. Results of the Systematic Review on Outcomes of Surgery in Intramedullary Ependymomas.

Author(s), year n EOR Adjuvant therapy Recurrence Mortality FNI FU
High-grade
pathology Integrative

1 Aghakhani et al, 200841 10 9 CR
1 IR

0 0 0 0 46 0 a

2 Aghakhani et al, 201716 221 176 CR 45 IR NR 8 NR NR 62 11
3 Andrade et al, 200930 29 23 CR 6 IR 3 RT, 1 CH 7 3 NR 38 0 a

4 Asazuma et al, 199920 26 15 CR 11 IR 10 RT, 1 CH 8 6 NR 6 NR
5 Azzazi et al, 201143 17 9CR

8 IR (2B)
NR 0 0 7 6 0 a

6 Brotch et al, 199824 93 86 CR
7 IR

2 RT 3 4 NR NR 2

7 Chang et al, 200222 31 23 CR
8 IR

4 RT 6 NR NR 33b NR

8 Epstein et al, 199329 23 23 CR NR NR 0 NR 24 NR
9 Ge et al, 201632 28 21 CR

7 IR
7 RT 2 0 25 50 NR a

10 Han et al, 200834 13 12 CR
1 IR

2 RT 3 0 3 69 0 a

11 Hanbali et al, 200231 15 13 CR
2 IR

1 RT 0 1 1 11 0 a

12 Hejazi et al, 199817 36 33 CR
3 IR

2 RT NR 0 NR 42 4

13 Hoshimaru et al, 199933 36 34 CR
2 IR

NR 1 0 14 55 1 a

14 Hulshuf et al, 199323 34 17 CR 17 IR (4B) 11 RT 7 NR 14 60 3
15 Iwasaki et al, 200014 29 21 CR

8 IR
3 RT 1 0 NR 70 0

16 Joaquim et al, 200950 10 10 CR NR 0 0 4 37b 0 a

17 Kane et al, 199927 21 14 CR
7 IR

5 RT 3 NR NR 102 NR

18 Kaner et al, 201037 11 11 CR 0 1 NR 7 53 NR a

19 Karikari et al, 201138 17 13 CR
4 IR

NR 2 NR 11 42 0 a

20 Kochbati et al, 200339 16 2 CR 14 IR (2B) 16 RT 2 0 NR 68 2 a

21 Kucia et al, 201128 67 55 CR 12 IR (B) NR 3 NR NR 32 NR
22 Kutluk et al, 201426 19 10 CR

9 IR (2B)
13 RT
12 CH

NR NR NR 60 2

23 Lin et al, 200547 17 13 CR
4 IR

3 RT 1 1 NR 94 1 a

24 Liu et al, 201348 19 16 CR
3 IR

8 RT
6 CH

3 5 0 60 19 a

25 Lonjon et al, 199849 20 10 CR 10 IR (3B) 6 RT 3 NR 7 67b 3 a

26 McCormick et al, 19907 15 15 CR 0 0 0 5 55 0 a

27 Nakamura et al, 200821 33 30 CR
3 IR

NR NR NR 17 74 NR

28 Ohata et al, 199936 18 17 CR
1 IR

1 RT 0 0 1 86 2 a

29 Peker et al, 200445 21 21 CR 0 0 1 6 6 0 a

30 Plotkin et al, 201144 10 5 CR
5 IR

2 RT 0 NR NR 91 0 a

31 Prokopienko et al, 201725 29 25 CR
4 IR

7 RT 2 NR NR 108 3

32 Raco et al, 200519 68 55 CR 13 IR NR 6 NR NR 85 NR
33 Safaee et al, 201442 12 8 CR 4 IR (1B) 4 RT 3 0 NR 60 0 a

34 Stephen et al, 201235 11 10 CR 1 IR 5 RT 0 0 NR 51 0 a

35 Svoboda et al, 201715 37 33 CR
4 IR

1 RT 5 NR NR 114b 1

36 Sweeny et al, 201618 17 16 CR
1 IR

1 RT 0 NR NR 29 1

(continued)
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compare CR and IR, we entered individual patient data from

studies with a detailed report of individual patient outcomes

into the integrative analysis.

PFS and OS were analyzed using Kaplan-Meier curves, and

differences were assessed using log-rank or Breslow tests. This

analysis was followed by Cox proportional hazards to adjust for

confounding variables (age, gender, and histopathologic grade,

the extent of resection, adjuvant therapy, tumor length, and tumor

location). A hazard ratio (HR) with 95% confidence interval (CIs)

was also estimated. The Pearson’s chi-square test was used to

evaluate the improvement rates postoperative and follow-up neu-

rological function. Then the unadjusted odds ratios were calcu-

lated. Then a binary logistic regression model used to measure the

adjusted odds ratio for different factors (age, tumor length, pre-

operative score, tumor location, gender, adjuvant therapy, preo-

perative score, pathologic grade, and extent of resection).

Analyses were performed using the SPSS software (version 25;

IBM Corp). P < .05 was considered to be statistically significant.

Results

Results of the Search

A total of 14432 studies were identified according to the search

strategy, of which 3604 duplicates were deleted. In all, 10598

studies were excluded from the title and abstract screening phase.

The full text of remaining articles was reviewed in detail and 39

papers met the inclusion criteria. Among the 171 excluded stud-

ies, 49 papers did not report surgery related outcomes, 44

addressed other intramedullary spinal cord tumors, 28 papers

reported outcomes of filum terminale region, 22 described extra-

medullary lesions, 15 papers were case series with less than 10

subjects, and 10 studies included data of resurgeries. Also,

3 articles were excluded because their data has been published

partly in other papers.11-13 Of the 39 included papers, 23 reported

detailed patient information and were included in analysis. The

flow diagram of the study is shown in Figure 1.

Description of Studies and Demographic Features

Thirty-nine studies met our inclusion criteria (sample sizes

ranged from 10 to 221 patients; the total number of participants

across studies was 1191).7,14-50,56 All the included studies were

case series. The description of the studies is presented in

Table 1.

Twenty-three studies, including 407 cases with reported

detailed information (treatment strategy and follow-up data),

were included in the analysis. Their methodological quality

was assessed using the JBI Critical Appraisal Tool (Table 2).

All of them have sufficient methodological quality for inclu-

sion. The characteristics of the included patients are summar-

ized in Table 3. The mean age was 35.2 + 0.8 years with 43%
of the patients being female.

Of the 407 patients, 318 patients underwent CR (47.2%
female). Of these patients, 51 and 99 experienced PNI and FNI,

respectively. Twelve patients experienced recurrence and

seven mortalities were reported in the CR group.

The present study, 89 patients underwent IR (51.9% female).

In this group, 18 of patients relapsed and 4 patients died during the

follow-up. Among these patients, 9 and 23 experienced PNI and

FNI, respectively. Eleven patients had biopsy alone (6 of them

received adjuvant radiotherapy). No mortalities were reported but

2 patients experienced recurrence. There was no PNI or FNI

report for the patients with biopsy.

Meta-analysis

Mortality. We identified 19 series that reported the mortality

after CR. The risk of mortality ranged from 0% to 25%. Pooled

risk estimate for CR group was 0.7% (95% CI ¼ 0%-3%).

There was no heterogeneity among the studies (I2 ¼0%, P ¼
.6). We identified 17 series that reported post-IR mortality data.

The mortality rate estimates for incomplete resection ranged

from 0% to 25%. Pooled risk estimate for IR group was 0.3%
(95% CI ¼ 0%-3%) (I2 ¼ 23.8%, P ¼ .18) (Figure 2A).

None of the predefined factors were significant coefficient

for explaining the heterogeneity: tumor length (0.000, P ¼ .8),

tumor location (0.000, P ¼ .9), sex (0.001, P ¼ .87), age

(0.001, P ¼ .5), adjuvant therapy (–0.002, P ¼ .4), study year

(–0.003, P ¼ .8), and country (0.18, P ¼ .3).

Progression-Free Survival. We identified 23 studies that reported

the PFS after CR of ependymomas. The risk of tumor

Table 1. (continued)

Author(s), year n EOR Adjuvant therapy Recurrence Mortality FNI FU
High-grade
pathology Integrative

37 Tao et al, 201746 36 27 CR
9 IR

2 RT 1 0 30 42 0 a

38 Wu et al, 201440 13 8 CR
4 IR

0 0 0 11 68 0 a

39 Yang et al, 201456 13 11 CR
2 IR

2 RT 1 0 9 72 0 a

Abbreviations: EOR, extent of the resection; RT, radiotherapy; FU, mean follow-up time in months; FNI, follow-up neurological improvement; CR, complete
resection, IR, incomplete resection; NR, not reported.
aIncluded in the integrative analysis.
bReported median to follow-up time.
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progression ranged from 0% to 25%. Pooled risk estimate for

CR group was 2% (95% CI ¼ 0%-6%, I2 ¼ 23.3%, P ¼ .15),

with none of the sample characteristics were significantly asso-

ciated with this heterogeneity on meta-regression analysis. In

the 19 series that reported the risk of progression for patients

underwent IR, the risk estimates ranged from 0% to 67%.

Pooled risk estimate for IR was 17% (95% CI ¼ 4%-35%).

There was moderate heterogeneity among studies (I2 ¼
45.9%, P ¼ .02) (Figure 2B).

None of the predefined factors had significant coefficient

for explaining heterogeneity among the studies: tumor length

(0.002, P ¼ .4), tumor location (0.002, P ¼ 0.2), sex (0.001,

P ¼ .7), age (0.000, P ¼ .9), adjuvant therapy (0.000, P ¼ .8),

study year (0.001, P ¼ .9), and country (0.000, P ¼ .9).

Postoperative Neurological Improvement. There are 16 series that

evaluated neurological function after CR. The improvement

rate estimates for CR ranged from 0% to 74%. Pooled improve-

ment estimate was 17% (95% ¼ CI 5%-32%, I2 ¼ 86.8%,

P < .01). There are 12 series that reported improvement rate

for patients underwent IR. The risk estimates ranged from 0%
to 43%. Pooled risk estimate was 8% (95% CI ¼ 0%-22%,

I2 ¼ 0%, P ¼ .45) (Figure 3A).

None of the predefined factors was significant coefficient

for explaining the heterogeneity: tumor length (–0.003, P¼ .3),

tumor location (0.000, P ¼ .8), sex (–0.002, P ¼ .6), age

(0.002, P ¼ .3), adjuvant therapy (–0.003, P ¼ .4), study year

(0.01, P ¼ .3), and country (0. 02, P ¼ 0.3)).

Follow-up Neurological Improvement. Thirteen series evaluated

neurological function after CR. Pooled risk estimate for CR

ranged from 0% to 100%. Pooled rate of improvement estimate

was 47% (95% CI 24%-71%, I2 ¼ 91.07%, P < .01). Eleven

series reported improvement rate for patients with IR. The risk

estimates ranged from 0% to 100%. Pooled risk estimate was

82% (95% CI 51%-100%, (I2 ¼ 61.25%, P < .01) (Figure 3B).

None of the predefined factors significant coefficient for

explaining the heterogeneity: tumor length (0.005, P ¼ .2),

tumor location (0.002, P ¼ 0.6), sex (�0.004, P ¼ .4), age

(�.005, P ¼ .08), adjuvant therapy (�0.008, P ¼ .54), study

year (0.003, P ¼ .8), and country (0.005, P ¼ .1).

Integrative Analysis

Progression-Free Survival. The mean time to progression was 210.0

+ 3.88 months and 155.1+ 19.5 for the CR and IR group, respec-

tively. Eleven of 248 cases who underwent CR had recurrence or

died. On the other hand, 14 of 66 cases from IR group had tumor

progression. Kaplan-Meier analysis showed a significant differ-

ence in the PFS between the CR and IR groups (log-rank test,

P < .001) (Figure 4). Further univariate analysis by gender, age,

tumor length, tumor location, and preoperative neurological func-

tion status and adjuvant therapy did not show a significant effect on

PFS. However, there was also a significant difference in PFS

according to histological grade (log-rank test, P¼ .005) (Table 4).

We performed a multivariable Cox proportional hazards model for

PFS using the following variables: age, gender, pathology grade,

the extent of resection, adjuvant therapy, tumor length, and tumor

location. The results showed that the CR was independently asso-

ciated with improvement of PFS (P¼ .004, Table 4). In addition,

pediatric patients had a reduced risk of PFS (HR¼ 5.36, 95% CI¼
1.5-18.4, P¼ .008). Also, patients with low-grade pathology had a

lower risk of progression than patients with advanced-grade pathol-

ogy (HR¼ 0.18, 95% CI¼ 0.04-0.79, P ¼ .02).

The mean time to progression for patients who underwent

biopsy was 188 + 50.59 months. Two patients in the biopsy

group suffered from a recurrence during the follow-up. We

performed a Kaplan-Meier analysis to compare PFS of the

patients who underwent biopsy and other patients in the IR

group. The analysis showed no significant difference

(P ¼ .04, log-rank test).

Table 3. Demographic Properties of Patients Included in the
Integrative Analysis.

Demographic Number of Patients

Total patients, n 407
Age, years, mean + SEM 35.2 + 0.8
�18 82
>18 308

Gender
Female 175
Male 188

Tumor location
Cervical 248
Thoracic 95
Lumbar 47
Pathology
Low grade 340
High gradea 28

Complete resection 318
Incomplete resection 89
Biopsy 11
Adjuvant therapy

RT 62
CHb 7

Preoperative neurologic dysfunctional situationc

Low grade 194
High graded 54

Postoperative neurologic status
Improved 60
Not improved 226

Follow-up neurologic status
Improved 122
Not improved 118

Tumor length
<3 80
�3 243

Follow-up, months, mean + SD 48.6 + 2.35
Recurrence 30
Death 11

Abbreviations: RT, radiotherapy; CH, chemotherapy.
a Grade III tumors based on World Health Organization classification.
b All patients who underwent chemotherapy also underwent radiation.
c Number of patients reported preoperative functional status using McCormick
classification
d GradeIII or more based on McCormick classification
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Overall Survival. Overall, a total number of 11 deaths were

reported. The mean survival time was 217.3 months and

243.5 months for CR and IR group, respectively. The 5-year

OS rate was 97.8% in the CR group and 95.5% in the IR group.

Log-rank test did not show a significant difference in the OS

between the CR and IR groups (log-rank test, P ¼ .31) (Fig-

ure 4). Also, univariate analysis showed that OS was signifi-

cantly different among patients with high- and low-grade

pathology (Table 4). Age, gender, pathology grade, the extent

of resection, adjuvant therapy, tumor length, and tumor loca-

tion were included in the Cox regression model, of which only

pathologic grade had a significant effect on OS (HR ¼ 0.013,

95% CI ¼ 0.002-0.088, P < .001) (Table 4).

Seven of 11 cases who underwent biopsy were followed up

(mean follow-up ¼ 85.7 months). Log-rank test did not show a

significant difference in the OS between the biopsy group and

other patients with IR (log-rank test, P ¼ .4).

Neurologic Outcomes. Neurological function was evaluated by

using Frankel classification system in 15 cases, JOA classifi-

cation in 49 patients and McCormick classification in 277

patients. The postoperative neurological evaluation was

reported in 286 patients. Compared with the preoperative eva-

luation, 60 patients showed neurological improvement after the

surgery. There are 20.8% of patients who underwent CR expe-

rienced improvement. In the IR, the rate of PNI was 22%
(Table 5). However, Pearson’s chi-square test revealed that this

difference was not significant (P ¼ .8). We performed a binary

logistic regression model for PNI using the following variables:

age, tumor length, preoperative neurological status, tumor loca-

tion, gender, and extent of resection. The analysis showed that

tumor length was the only independent prognostic factor of PNI

(adjusted OR ¼ 0.3, 95% CI ¼ 0.1-0.7, P ¼ .014).

Neurological evaluation of FNI was reported in 225

patients. The mean follow-up was 48.6 + 2.35 months

Figure 2. Results of the random effect meta-analysis on the studies that reported follow-up outcomes of complete and incomplete surgical
resection in patients with intramedullary ependymomas. (A) Mortality rate and (B) tumor progression rate. PFS, progression-free survival.
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(median ¼ 39 months). Compared with the preoperative eva-

luation, 122 patients showed neurological improvement in

long-term follow-up. Although 51% of patients treated with

CR had improvement, the incidence of FNI in the IR group

was 74% (Table 5). The univariate analysis showed that this

difference was significant (Pearson’s chi-square test, P ¼ .01).

The multivariable binary logistic regression model for FNI

used the following variables: age, tumor length, preoperative

score, tumor location, gender, adjuvant therapy, preoperative

score, pathologic grade, and extent of resection. Our analysis

showed that CR resulted in better neurologic outcome com-

pared with IR (adjusted OR ¼ 16.5, 95% CI ¼ 1.6-171,

P ¼ .019). In addition, multivariate analysis showed that pre-

operative neurological score and age were also independent

risk factors for long-term neurologic outcomes (P ¼ .001 for

age and P ¼ .03 for a preoperative score) (Table 5).

Discussion

Primary spinal cord ependymoma is very rare with limited data

on treatment outcomes and prognostic factors. Ependymoma is

more likely to have defined spinal cord planes of cleavage than

other intramedullary spinal cord tumors and therefore the sur-

geons tend to perform CR to treat these tumors.20 To our

knowledge, this is the most comprehensive study of intrame-

dullary ependymomas comparing the outcomes of complete

and incomplete resection.

This systematic review identified 23 studies with 407 indi-

viduals. The 4 main outcomes include OS, PFS, PNI, and FNI.

The substantial heterogeneity between the studies included in

the review was not unexpected since all the studies were case

series. We performed the I2 statistics and the result shows that

Figure 3. Results of the random effect meta-analysis on the studies that reported follow-up outcomes of complete and incomplete surgical
resection in patients with intramedullary ependymomas. (A) Postoperative neurological improvement (PNI) and (B) follow-up neurological
improvement (FNI).

Figure 4. Univariate analysis of progression-free survival and overall
survival stratified by the extent of surgery. PFS, progression-free
survival; OS, overall survival; CR, complete resection; IR, incomplete
resection.
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there was significant heterogeneity between studies for PFS,

OS, PNI, and FNI. Then we used meta-regression method to

evaluate seven factors for this heterogeneity. However, the

analysis revealed that none of the sex, age, tumor location,

tumor length, adjuvant therapy, study location, and study year

could explain the heterogeneity. Since each study reported

cases from a wide span of time, we could not evaluate the exact

year of surgery in our meta-regression. Since magnetic reso-

nance imaging and microsurgery methods have changed dra-

matically in the past decades, the heterogeneity of data could be

explained by different year of surgery.

We compared CR and IR using individual patient data. Our

results indicate that 78.13% of patients with ependymoma

underwent CR. Univariate and multivariate analysis showed

Table 4. (A) Results of Kaplan-Meier Analysis and (B) Multivariable Cox Regression Analysis on Progression-Free Survival and Overall Survival
in Patients With Intramedullary Ependymomas.

A: Kaplan-Meier analysis

OS PFS

Mean, mo SE P Mean, mo SE P

Age .57 .08
Adult 214.73 3.08 201.1 5.5
Pediatric 254.61 5.3 186.2 14.6
Gender .41 .39

Female 163.6 2.5 147.2 5.5
Male 249.3 4.6 206 8.2

Tumor length .49 .8
<3 138.8 4.5 139.4 4.2
�3 215.7 3.2 196.8 6.7

Adjuvant therapy .97 .07
No 214.4 3.4 202 5.7
Yes 248.5 7.8 175.6 16.9

Pathology <.001 .005
High grade 97.7 15 109.9 17.1
Low grade 257.4 1.7 200.1 6.3

Surgery strategy .31 <.001
CR 217.3 2.5 210.05 3.8
IR 243.5 3 155.1 19.5

Preoperative neurological status .79 .12
High 148.2 9.8 145.28 9.8
Low 163.3 2.6 157.3 4.5

Tumor location .46 .17
Cervical 214.2 3.5 203.8 6.8
Thoracolumbar 253.8 4.3 193.8 9.6

B: Multivariable Cox regression analysis

OS PFS

Variable HR 95% CI P HR 95% CI P

Age 0.465 (0.045-4.8) .5 5.36 (1.5-18.4) .008
Pediatric vs adult

Gender 0.618 (0.08-4.46) .6 2.58 (0.8-7.6) .08
Female vs male

Tumor length 3.833 (0.37-39.13) .2 0.9 (0.2-3.8) .99
<3 vs �3

Adjuvant therapy 4.175 (0.63-27.2) .1 1.783 (0.4-7.3) .423
No vs yes

Pathology 0.013 (0.002-0.088) <.001 0.18 (0.04- 0.79) .023
Low-grade vs high-grade

Surgery strategy 0.741 (0.078-7.06) .79 431 267 0.18 (0.05-0.54) .004
CR vs IR

Tumor location 4.32 (0.59-31.60) .14 949 901 0.722 (0.2-2.0) .549
Cervical vs thoracolumbar

Abbreviations: OS, overall survival; PFS, progression-free survival; SE, standard error; HR, hazard ratio; CR, complete resection; IR, incomplete resection.
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that CR was independently associated with improvement in

PFS. These results are consistent with previous systematic

reviews.51-53 Our analysis showed that postoperative adjuvant

radiotherapy did not affect surgical outcomes. This result is

consistent with a study conducted by Feldman et al, which

reported no association between radiotherapy and overall

tumor recurrence, regardless of the extent of resection.52 Wang

et al54 also showed that adjuvant therapy could not improve

outcomes after resection. However, Chen et al51 reported that

adjuvant radiotherapy positively affected PFS. This discre-

pancy could be due to the population of this study which only

included high-grade ependymomas.51 Surprisingly, Hamilton

et al55 reported shorter PFS with radiotherapy. This could be

due to the fact that the clinicians tend to start radiotherapy

when tumors are more aggressive.

In our study, the 5-year OS incidence were 97.8% and

95.5% for IR and CR, respectively, showing that the surgery

is associated with a definitive cure in most cases. Surprisingly,

the Kaplan-Meier analysis showed no significant difference in

the survival between the two groups. The multivariate Cox

proportional hazard model showed that age, sex, tumor loca-

tion, length of the tumor, and adjuvant radiotherapy does not

affect this result. It appears that only grade of pathology affects

OS (Table 4). This is inconsistent with the systematic review by

Wang et al.54 The multivariate Cox model used to evaluate

prognostic factors in spinal cord ependymomas showed that

the extent of surgery did not increase OS (HR ¼ 0.690, 95%
CI ¼ 0.119-3.977, P ¼ .679). Wang et al54 conducted an inte-

grative analysis on grade II ependymomas and found that the

extent of surgery did not have a statistical effect on OS. How-

ever, most previous reviews claimed that CR is associated with

better outcomes. For instance, Hamilton et al55 concluded that

CR prolonged OS in ependymomas. The reason for this con-

troversy might be the vast heterogeneity among the studies

included in the analysis and failure to include important con-

founders in the analysis. For example, the integrative analysis

performed by Oh et al53 evaluating 348 with spinal cord epen-

dymomas showed that CR is associated with improvement of

OS (HR ¼ 0.07, P ¼ .001). But this study only evaluated the

use of adjuvant radiotherapy and pathologic grading as

confounders.53

The results of this study showed that PNI is not affected by

the extent of surgery. The multivariate analysis showed that the

tumor length was the only independent prognostic factor of

PNI. However, the results of the multivariate analysis indicated

that CR resulted in better FNI than IR. This is by far the first

integrative analysis evaluating neurologic outcomes regarding

the extent of resection. However, since the meta-analysis

shows that the heterogeneity between the included studies is

significant, this will limit the application of these results in the

clinical setting.

This study has several limitations. Due to the rarity of these

tumors, all included papers are case series. In addition, differ-

ent patient treatment plan in different institutions and surgeon

experience may be disregarded and may affect the results of the

comprehensive analysis. Finally, some studies with large sam-

ples were not included in our analysis because they did not

report individual patients’ data, leading to a selection bias. A

multicenter randomized trial is necessary to confirm the results

of this study.

Conclusion

Our study shows that CR can prolong PFS and improve FNI.

The overall survival was not significantly affected by the

degree of surgery. Patients with spinal cord ependymoma

undergone IR had a similar PNI and OS to patients undergone

CR, which provides optimal outcomes with longer PFS and

Table 5. Results of Univariate Chi-Square Analysis and Multivariable Binary Logistic Regression on Postoperative and Follow-up Neurological
Status Improvement Compared With Preoperative Score.

Risk factor Unadjusted OR (95% CI) P Adjusted OR (95% CI) P

A: Postoperative neurological function improvement
Age (pediatric vs adult) 0.08 (0.01-0.6) .002 5.7 (0.7-45.8) .096
Tumor length (<3 vs �3) 1.5 (0.7-3) .2 0.3 (0.1-0.7) .014
Preoperative score (low vs high) 0.7 (0.3-1.8) .5 2 (0.7-5.8) .164
Tumor location (upper vs lower) 1.08 (0.6-1.7) .8 0.5(0.1-2) .353
Sex (female vs male) 1.06 (0.5-2) .8 0.5(0.2-1.4) .245
Surgery type (CR vs IR) 0.95(0.4-2) .8 1.5 (0.3-6.2) .574

B: Long-term neurological function improvement
Age (pediatric vs adult) 1.1(0.5-2.2) .7 014 (0.04-0.47) .001
Sex (female vs male) 1.1 (0.6-1.9) .6 0.5 (0.16-1.6) .271
Adjuvant therapy (no vs yes) 1.2 (0.4-3.2) .6 0.03 (0.001-1.4) .076
Tumor length (<3 vs �3) 0.78 (0.4-1.4) .4 1.08 (0.18-6.2) .926
Lesion site (upper vs lower) 1.4 (0.7-2.7) .2 1.8 (0.5-6.75) .333
Surgery type (CR vs IR) 0.3 (0.15-0.85) .01 16.5 (1.6-171) .019
Preoperative score (low vs high) 0.2 (0.1-0.7) .003 4.4 (1.16-17.3) .03
Pathology grade (low vs high) 12 (1.5-99) .002 0.15 (0.006-3.64) .245

Abbreviations: CR, complete resection; IR, incomplete resection.
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better FNI. Therefore, CR should be the primary goal of sur-

gery for every spinal cord ependymoma. However, if the com-

plete resection of the tumor is associated with significant risks

of morbidity or even mortality, IR is still acceptable as it can

achieve similar overall survival.
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que française sur 221 cas. Neurochirurgie. 2017;63:391-397.

17. Hejazi N, Hassler W. Microsurgical treatment of intramedul-

lary spinal cord tumors. Neurol Med Chir (Tokyo). 1998;38:

266-273.

18. Sweeney KJ, Reynolds M, Farrell M, Bolger C. Gross total resec-

tion rates of grade II/III intramedullary ependymomas using the

surgical strategy of en-bloc resection without intra-operative neu-

rophysiological monitoring. Br J Neurosurg. 2017;31:364-368.

19. Raco A, Esposito V, Lenzi J, Piccirilli M, Delfini R, Cantore G.

Long-term follow-up of intramedullary spinal cord tumors: a

series of 202 cases. Neurosurgery. 2005;56:972-981.

20. Asazuma T, Toyama Y, Suzuki N, Fujimura Y, Hirabayshi K.

Ependymomas of the spinal cord and cauda equina: an analysis

of 26 cases and a review of the literature. Spinal Cord. 1999;37:

753-759.

21. Nakamura M, Ishii K, Watanabe K, et al. Surgical treatment of

intramedullary spinal cord tumors: prognosis and complications.

Spinal Cord. 2008;46:282.

22. Chang UK, Choe WJ, Chung SK, Chung CK, Kim HJ. Surgical

outcome and prognostic factors of spinal intramedullary ependy-

momas in adults. J Neurooncol. 2002;57:133-139.

23. Hulshof M, Menten J, Dito J, Dreissen J, Van den Bergh R,
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