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Abstract
Purpose  Supratentorial extraventricular ependymoma (SEE) is a rare subset of ependymomas located in the supratentorial 
parenchyma, and little is known regarding its management and prognosis. Our study aimed to reveal the prognostic factors 
in patients with SEE and the roles of programmed death ligand-1 (PD-L1), programmed cell death protein 1 (PD-1), Ki-67, 
and neural cell adhesion molecule L1 (L1CAM) in predicting these patients’ outcomes.
Methods  We retrospectively studied the clinical features and prognostic factors in 48 patients with SEE admitted to our 
center from April 2008 to October 2018. Tissue slides were constructed from patient samples, and PD-L1, PD-1, Ki-67, and 
L1CAM expression levels were evaluated by immunohistochemistry.
Results  Patients with gross total resection (GTR) had better progression-free survival than patients with subtotal resection 
(STR). Moreover, the recurrence hazard ratios in patients with STR at 3, 5, and 10 years were 8.746, 6.866 and 3.962 times 
those of patients with GTR, respectively. PD-L1 positivity predicted worse progression-free survival, while the recurrence 
hazard ratios for patients with PD-L1 positivity at 3, 5, and 10 years were 10.445, 5.539, and 3.949 times those of patients 
with PD-L1 negativity, respectively. Multivariate analysis revealed that PD-L1 expression and GTR could independently 
predict outcomes in patients with SEE.
Conclusion  PD-L1 expression was an independent and more readily obtained predictor of outcomes, representing a simple 
and reliable biological prognostic factor for patients with SEE. Further studies are needed to explore PD-L1 inhibitor treat-
ment for patients with ependymoma.
Clinical trial registration  No clinical trials were performed in the study.

Keywords  Supratentorial extraventricular ependymoma (SEE) · Prognosis · Programmed death ligand-1 (PD-L1) · Extent 
of resection (EOR) · Ki-67 · Neural cell adhesion molecule L1 (L1CAM)

Introduction

Ependymomas are rare neoplasms of the central nervous 
system (CNS), accounting for 3.14% of all CNS tumors or 
3–9% of all intracranial glial neoplasms (Chen et al. 2013). 
Among intracranial ependymomas, 60% are infratentorial, 

and 40% are supratentorial (Leng et al. 2016). Supratentorial 
extraventricular ependymoma (SEE) occurs outside the ven-
tricular system of the brain and accounts for approximately 
50% of supratentorial ependymomas (Wang et al. 2018).

The reported prognostic factors of ependymoma include 
age, tumor location, histological grade, the extent of resec-
tion (EOR), metastatic spread, Ki-67 status, and adjuvant 
radiotherapy (Metellus et al. 2007; Kuncova et al. 2009; 
Merchant et al. 2009; Pejavar et al. 2011; Tarapore et al. 
2013; Sayegh et al. 2014). EOR is the most essential prog-
nostic factor for ependymoma (Venkatramani et al. 2013; 
Lin and Chintagumpala 2015; Ye et al. 2015; Ramaswamy 
and Taylor 2016; Sato et al. 2017; Jung et al. 2018; Svo-
boda et al. 2018). The Ki-67 protein is a biomarker for 
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proliferation that often correlates with the clinical course of 
malignant tumors (Pérez-Ramírez et al. 2019).

Advances in clinical molecular biology have provided 
new insights into the histology and genotyping of epend-
ymomas. Nine molecular subgroups were identified by 
DNA methylation analysis, three of which were located at 
supratentorial sites (Pajtler et al. 2015). The subtype (epend-
ymoma, RELA fusion-positive) was included in the identifi-
cation of ependymas for the first time in the classification of 
CNS tumors by the WHO in 2016 (Reni et al. 2017). Neural 
cell adhesion molecule L1 (L1CAM), one of the protein 
products of the RELA fusion gene, is of interest, and Nam-
birajan and Witt reported that programmed death ligand-1 
(PD-L1) is upregulated in ST-RELA ependymomas (Witt 
et al. 2018; Nambirajan et al. 2019). In this study, we aimed 
to investigate the prognostic factors in patients with SEE and 
the roles of PD-L1, programmed death receptor-1 (PD-1), 
Ki-67, and L1CAM in predicting these patients’ outcomes.

Materials and methods

Patients

This study was a retrospective study involving a series of 48 
patients with SEE who underwent surgery between April 
2008 and October 2018 at the Sanbo Brain Hospital, Capital 
Medical University, Beijing, China and were enrolled. All 
cases were independently rereviewed by a senior pathologist, 
and the histological diagnoses were confirmed according to 
2016 World Health Organization (WHO) Classification of 
Central Nervous System Tumors. The clinical data, includ-
ing age at diagnosis, sex, treatment, and pathology results, 
were obtained from the medical records of the enrolled 
patients. The evaluation of the EOR was based on postop-
erative contrast MRI. The EOR was recorded as gross total 
resection (GTR) if no tumor was apparent on the postopera-
tive MRI. Subtotal resection (STR) was defined as residual 
tumor. Moreover, we collected recurrence features, including 
time, location, and distribution of histological grades.

Follow‑up

The follow-up data were obtained from the clinical records, 
and the date of death was obtained from medical records and 
telephone interviews. Seven (14.58%) patients were lost to 
follow-up. Overall survival (OS) was determined as the time 
from the date of the initial diagnosis at presentation to the 
date of patient death. Progression-free survival (PFS) was 
determined as the time from the date of the first operation 
to the date of recurrence or tumor progression. OS and PFS 
were the primary endpoints of this study.

This study was reviewed and deemed exempt by our 
ethical review board. The BioBank protocols are in accord-
ance with the ethical standards of our institution and with 
the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards. All of the information was 
anonymized, and the submission does not include images 
that might identify the enrolled patients in this study, 
according to published procedures.

Immunohistochemistry for PD‑L1, PD‑1, Ki‑67, 
and L1CAM

Formalin-fixed, paraffin-embedded (FFPE) samples from 
the 48 enrolled patients were retrospectively included in 
the study. The FFPE tissue slides from the 48 samples 
were immunostained by a two-step method. Anti-PD-L1 
antibodies ((E1L3N) XP Rabbit mAb, 1:200; Cell Sign-
aling Technology, Danvers, MA, USA), anti-PD-1 anti-
bodies ((D4W2J) XP Rabbit mAb, 1:200; Cell Signaling 
Technology, Danvers, MA, USA), anti-L1CAM antibodies 
((OTI10C12) XP Mouse mAb, 1:50; OriGene Technolo-
gies, Rockville, MD, USA), anti-Ki-67 antibodies ((MIB-
1) XP Mouse mAb, 1:200; OriGene Wuxi Biotechnology 
Co, Wuxi, Jiangsu, CHN), and a DAB Detection Kit (Poly-
mer) (PV-6000-D, ZSGB-BIO, Beijing, China) were used. 
Five fields were selected randomly in each case by ×400 
magnification, and then the percentage of positive cells 
(PPC) and staining intensity (SI) were assessed using 
Image-pro Plus software, version 6.0 (Media Cybernet-
ics, Inc., Rockville, MD, USA). The immunoreactive score 
(IRS) was determined based on the PPC and SI as follows: 
IRS = PPC × SI. The PPC scores were as follows: 0%, 0; 
0–25%, 1; 25–50%, 2; 50–75%, 3; and 75–100%, 4. The 
SI scores were as follows: absent, 0; weak, 1; moderate, 
2; and strong, 3. The expression levels of PD-L1, PD-1 
and L1CAM were calculated as the mean IRSs of 5 fields, 
and Ki-67 was defined by the mean percentage of stained 
nuclei in 5 random fields.

Statistical analysis

All analyses were conducted using IBM SPSS Statistics for 
Windows software (version 25.0). Univariate comparisons 
of PFS and OS were estimated using the Kaplan–Meier 
method, and significance testing (α = 0.05) was performed 
on the basis of the log-rank test. Multivariate Cox propor-
tional hazards models were used to estimate the hazard 
ratios and 95% confidence intervals (CIs). Associations 
between the 3-year recurrence rate and PD-L1 expression 
were assessed using Pearson χ2 test, with P < 0.05 consid-
ered significant. Correlations of PD-L1, PD-1, L1CAM, 
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and Ki-67 with WHO histologic grading were assessed 
by Spearman’s regression test, with P < 0.05 considered 
significant.

Results

Clinical features

Forty-eight patients were included in the study (23 male 
and 25 female). The ages of the patients in the study ranged 
from 1 to 61 years old (median, 16 years), and 21 patients 
(43.75%) were younger than 12 years of age. The duration 
of presenting symptoms ranged from 0.13 to 252 months, 
with an average of 13.50 months. According to the WHO 
classification system, 13 patients (27.08%) were grade II 
(ependymoma), and 35 (72.92%) were grade III (anaplas-
tic ependymoma). GTR was achieved in 37 (77.08%) of 
the 48 patients, and STR was achieved in 11 (22.92%). 
Thirty patients (62.50%) underwent postoperative radio-
therapy after the first operation, while 34 patients (70.83%) 
underwent radiotherapy during the course of the treatment. 
Twenty patients (41.67%) underwent postoperative chemo-
therapy, and 18 patients (37.50%) underwent concurrent 
radiotherapy and chemotherapy. The 3-, 5-, and 10-year 
PFS rates of patients without postoperative radiotherapy 
were 50.00% (3/6), 25.00% (1/4), and 0.00% (0/4), respec-
tively, and that of patients with postoperative radiotherapy 
were 45.00% (9/20), 25.00% (4/16), and 8.33% (1/12), 

respectively, among patients with anaplastic ependymoma 
(WHO grade III).

Tumor recurrence occurred in 23 (47.92%) of the enrolled 
patients, including 18 patients with local tumor recurrence, 4 
with distant metastasis, 1 with cerebrospinal dissemination, 
3 with ependymoma (WHO grade II), and 20 with anaplastic 
ependymoma (WHO grade III). Among the 23 patients with 
recurrence, 15 patients received postoperative radiotherapy, 
and 8 patients received concurrent chemoradiotherapy. The 
5- and 10-year recurrence rates were 75.00% (15/20) and 
93.75% (15/16), respectively, in patients with anaplastic 
ependymoma and 50.00% (2/4) and 66.67% (2/3) in patients 
with ependymoma, respectively. The 5- and 10-year PFS 
rates of patients with anaplastic ependymoma (WHO grade 
III) were 25.00% (5/20) and 6.25% (1/16), respectively, and 
the 5- and 10-year OS rates were 45.00% (9/20) and 12.50% 
(2/16), respectively. The 5- and 10-year PFS rates of patients 
with ependymoma (WHO grade II) were 50.00% (2/4) and 
33.33% (1/3), respectively, and the 5- and 10-year OS rates 
were 100.00% (4/4) and 100.00% (3/3), respectively. The 
3-, 5- and 10-year PFS rates were 62.50% (15/24), 38.89% 
(7/18), and 15.38% (2/13), respectively, in patients with 
GTR. The 3-, 5-, and 10-year PFS rates were 75.00% (3/4), 
50.00% (2/4), and 33.33% (1/3), respectively, in patients 
with ependymoma (WHO grade II) and GTR. The 3-, 5-, 
and 10-year PFS rates were 60.00% (12/20), 35.71% (5/14), 
and 10.00% (1/10), respectively, in patients with anaplastic 
ependymoma (WHO grade II) and GTR.

Fig. 1   The expression of PD-L1, PD-1, L1CAM, and Ki-67 by 
immunohistochemistry. (a, × 200) Negative staining of PD-L1; 
(b, × 200) positive staining of PD-L1; (c, × 200) negative staining of 
PD-1; (d, × 200) positive staining of PD-1; (e, × 200) negative stain-
ing of L1CAM; (f, × 200) positive staining of L1CAM; (g, h, × 200) 

staining of Ki-67; g Ki-67-positive staining rate was 3–5%; h Ki-
67-positive staining rate was 30–40%. PD-L1 programmed death 
ligand-1, PD-1 programmed cell death protein 1, L1CAM neural cell 
adhesion molecule L1
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Immunostaining of PD‑L1, PD‑1, Ki‑67, and L1CAM

PD-L1 was positive in 21 (43.75%) tumor samples, while 
L1CAM was positive in 25 (52.08%) samples. PD-1 stain-
ing was positive in 18 (37.50%) tumor samples. The patterns 
of PD-L1, PD-1, L1CAM, and Ki-67 immunoreactivity are 
shown in Fig. 1.

Prognostic factors

The results of the univariate analysis regarding clinical, ther-
apeutic, and pathological prognostic factors are shown in 
Table 1, and the results of PD-L1, PD-1, Ki-67, and L1CAM 
analyses are shown in Table  2. PD-L1 expression and 
EOR reached significance in univariate analysis (P < 0.05; 
Tables 1 and 2) and were independent risk factors in multi-
variate Cox regression analysis (P < 0.05; Table 3). Patients 

with STR or PD-L1 positivity were associated with signifi-
cantly worse PFS (P < 0.05; Fig. 2). No significant differ-
ences in survival by age, WHO histologic grade, radiother-
apy, PD-1 and L1CAM were found, although trends toward 
improved survival were noted for ependymoma (WHO grade 
II) versus anaplastic ependymoma (WHO grade III) and low 
Ki-67 expression versus high expression.

Histologic grade and age are considered very impor-
tant clinical prognostic factors; therefore, we conducted 
a progressive analysis of the effects of PD-L1 expression 
and EOR on the ependymoma (WHO grade II) and ana-
plastic ependymoma (WHO grade III) groups, as well as 
on the age groups ≥ 12 years and < 12 years. Notably, the 
PFS and OS times were longer in patients with GTR or 
PD-L1 negativity among patients 12 years of age or older 
(P < 0.05; Tables 1 and 2) (Fig. 3). Furthermore, STR 

Table 1   Patient characteristics and univariate survival analysis considering clinical, therapeutic and pathological prognostic factors (n = 48)

PFS progression-free survival, OS overall survival, GTR​ gross total resection, STR subtotal resection, RT radiotherapy, NA not applicable, N the 
total number of patients with the corresponding follow-up time
*One patient with anaplastic ependymoma (WHO grade III) who did not receive radiotherapy after the first operation received radiotherapy after 
the second operation, resulting in a difference in the numbers of patients in the analyses of OS and PFS. Sixteen patients with RT were included 
in the 5-year PFS analysis, but 17 were included in the 5-year OS analysis. Twelve patients with RT were included in the 10-year PFS analysis, 
but 13 were included in the 10-year OS analysis. One more patient was counted by OS analysis than by PFS analysis in patients with RT. Four 
patients without RT were included in the 5-year PFS analysis, but 3 were included in the 5-year OS analysis. Four patients without RT were 
included in the 10-year PFS analysis, but 3 were included in the 10-year OS analysis. One more patient was counted by PFS analysis than by OS 
analysis in patients with RT

3-year survival 5-year survival 10-year survival

N PFS% P N PFS % P OS% P N PFS % P OS% P

Age  < 12 years old 13 46.15 0.570 9 11.11 0.466 66.67 0.290 7 0.00 0.648 14.29 0.558
 ≥ 12 years old 18 50.00 15 40.00 46.67 12 16.67 33.33

Grade II 5 60.00 0.391 4 50.00 0.154 100.00 0.079 3 33.33 0.145 100.00 0.019
III 26 46.15 20 25.00 45.00 16 6.25 12.50

Level of resection GTR​ 24 62.50 0.000 18 38.89 0.001 61.11 0.128 13 15.38 0.012 38.46 0.146
STR 7 0.00 6 0.00 33.33 6 0.00 0.00

WHO grade II GTR​ 4 75.00 0.046 4 50.00 NA 100.00 NA 3 33.33 NA 100.00 NA
STR 1 0.00 0 NA NA 0 NA

WHO grade III GTR​ 20 60.00 0.000 14 35.71 0.006 50.00 0.299 10 10.00 0.044 20.00 0.582
STR 6 0.00 6 0.00 33.33 6 0.00 0.00

Age < 12 years old GTR​ 11 54.55 0.191 7 14.29 0.641 57.14 0.313 5 0.00 0.862 20.00 0.281
STR 2 0.00 2 0.00 100.00 2 0.00 0.00

Age ≥ 12 years old GTR​ 13 69.23 0.000 11 54.55 0.000 63.64 0.004 8 25.00 0.001 50.00 0.026
STR 5 0.00 4 0.00 0.00 4 0.00 0.00

WHO grade III* Without RT 6 50.00 0.894 25.00
(4)

0.659 0.00
(3)

0.104 0.00
(4)

0.948 0.00
(3)

0.301

With RT 20 45.00 25.00
(16)

52.94
(17)

8.33
(12)

15.38
(13)

WHO grade II and GTR​ Without RT 3 66.67 0.564 3 66.67 0.515 100.00 NA 2 50.00 0.808 100.00 NA
With RT 1 100.00 1 0.00 100.00 1 0.00 100.00

WHO grade III and GTR​ Without RT 5 60.00 0.779 3 66.67 0.741 33.33 0.430 3 0.00 0.974 33.33 0.770
With RT 15 60.00 11 36.36 54.55 7 14.29 14.29
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was associated with worse PFS regardless of tumor grade 
(P < 0.05; Table 1) (Fig. 4).

Pearson χ2 test of prognostic factors suggested that only 
PD-L1 expression significantly correlated with the recur-
rence rate at 3 years (κ = 7.888, P = 0.005). The 3-year 

recurrence rate of patients with PD-L1 positivity was 83.3%, 
and the rate of patients with PD-L1 negativity was 31.6%, 
while Spearman’s correlation analysis of prognostic factors 
showed that only Ki-67 expression significantly correlated 
with WHO histologic grading (r = 0.637, P = 0.005).

Table 2   Patient characteristics and univariate survival analysis considering PD-L1, PD-1, Ki-67 and L1CAM (n = 48)

PFS progression-free survival, OS overall survival, GTR​ gross total resection, STR subtotal resection, NA not applicable, N the total number of 
patients with the corresponding follow-up time, (−) negative, (+) positive, PD-L1 programmed death ligand-1, PD-1 programmed cell death 
protein 1, L1CAM neural cell adhesion molecule L1

3-year survival 5-year survival 10-year survival

N PFS % P N PFS % P OS% P N PFS % P OS% P

PD-1 Negativity 19 57.89 0.368 16 37.50 0.309 62.50 0.357 12 16.67 0.764 33.33 0.551
Positivity 12 33.33 8 12.50 37.50 7 0 14.29

PD-L1 Negativity 19 68.42 0.006 14 42.86 0.045 64.29 0.245 11 18.18 0.047 36.36 0.191
Positivity 12 16.67 10 10.00 40.00 8 0.00 12.50

PD-L1 negative GTR​ 16 81.25 0.001 11 54.55 0.013 72.73 0.259 8 25.00 0.058 50.00 0.248
STR 3 0.00 3 0.00 33.33 3 0.00 0.00

PD-L1 positive GTR​ 8 25.00 0.024 7 14.29 0.012 42.86 0.185 5 0.00 0.046 20.00 0.268
STR 4 0.00 3 0.00 33.33 3 0.00 0.00

Age < 12 years old PD-L1(−) 6 66.67 0.193 3 0.00 0.796 66.67 1.000 3 0.00 0.255 0.00 0.673
PD-L1(+) 7 28.57 6 16.67 66.67 4 0.00 25.00

Age ≥ 12 years old PD-L1(−) 13 69.23 0.002 11 54.55 0.007 63.64 0.035 8 25.00 0.038 50.00 0.001
PD-L1(+) 5 0.00 4 0.00 0.00 4 0.00 0.00

GTR​ PD-L1(−) 16 81.25 0.012 11 54.55 0.068 72.73 0.218 8 25.00 0.092 50.00 0.295
PD-L1(+) 8 25.00 7 14.29 42.86 5 0.00 20.00

PD-1(+) and PD-L1(+) No 24 58.33 0.049 19 36.84 0.067 63.16 0.115 15 13.33 0.264 33.33 0.090
Yes 7 14.29 5 0.00 20.00 4 0.00 0.00

L1CAM Negativity 19 52.63 0.685 13 30.77 0.727 46.15 0.299 11 18.18 0.776 36.36 0.742
Positivity 12 41.67 11 27.27 63.64 8 0.00 12.50

Ki-67 ≥ 20.5% No 13 61.54 0.121 11 45.45 0.017 72.73 0.099 7 14.29 0.152 42.86 0.268
Yes 18 38.89 13 16.67 38.46 12 8.33 16.67

WHO grade II and GTR​ PD-L1(−) 3 100.00 0.083 3 66.67 0.083 100.00 NA 2 50.00 0.157 100.00 NA
PD-L1(+) 1 0.00 1 0.00 100.00 1 0.00 100.00

WHO grade III and GTR​ PD-L1(−) 13 76.92 0.056 8 50.00 0.243 62.50 0.393 6 16.67 0.294 33.33 0.228
PD-L1(+) 7 28.57 6 16.67 33.33 4 0.00 0.00

Table 3   Cox regression model for multivariate analysis (n = 48)

PFS progression-free survival, GTR​ gross total resection, STR subtotal resection, RT radiotherapy, PD-L1 programmed death ligand-1, L1CAM 
neural cell adhesion molecule L1, HR hazard ratio, 95% CI 95% confidence interval

3-year PFS 5-year PFS 10-year PFS

HR 95% CI P HR 95% CI P HR 95% CI P

PD-L1 (positive vs. negative) 10.445 2.490–41.434 0.001 5.539 1.374–32.620 0.019 3.949 1.023–26.628 0.047
Level of resection (STR vs. GTR) 8.746 2.120–40.642 0.003 6.866 1.594–25.379 0.009 3.962 1.023–18.112 0.047
Grade (III vs. II) 1.338 0.412–31.297 0.247 0.026 0.077–8.786 0.871 0.021 0.118–11.930 0.886
L1CAM (positive vs. negative) 0.591 0.090–2.863 0.442 0.975 0.074–2.363 0.323 0.000 0.139–7.256 0.996
Ki-67 ≥ 20.5% 3.989 1.032–27.279 0.046 4.627 1.146–18.929 0.031 0.493 0.382–7.644 0.483
with RT vs. without RT 0.036 0.177–4.167 0.849 0.023 0.230–5.565 0.879 0.043 0.222–6.425 0.836
Age (< 12 years old vs. ≥ 12 years old) 2.971 0.829–18.609 0.085 0.452 0.309–11.056 0.501 0.898 0.430–11.267 0.343
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Discussion

The purpose of this study was to reveal the roles of clinical 
factors and immune checkpoint molecules in the prognosis 
of patients with SEE and to search for theoretical evidence 
for the treatment of these patients with immune checkpoint 
inhibitors.

Univariate Kaplan–Meier analysis of the effect of the 
EOR revealed that patients with GTR had longer 3-, 5- and 
10-year PFS than those with STR, and the difference was 
significant (P < 0.05; Table 1). This finding suggests that 
total resection of the tumor can prolong the time of recur-
rence/progression and improve the PFS of these patients. 
The same conclusion was obtained when Cox multivariate 
regression analysis was performed and revealed that the 
recurrence rates of patients with STR at 3, 5, and 10 years 
were 8.746, 6.866 and 3.962 times those of patients with 
GTR, respectively (P < 0.005; Table 3). Kaplan–Meier 
analysis revealed that the PFS of the GTR subgroup was 
significantly better than that of the STR subgroup regard-
less of the histologic grade (P < 0.005; Table 1). This 
finding suggests that the EOR is an important independ-
ent predictive factor for tumor recurrence and progres-
sion in patients with SEE, and GTR should be performed 
regardless of the histologic grade to improve PFS and 
delay tumor recurrence. Our results also revealed that 
patients with GTR had significantly better PFS and OS 
than those of patients with STR among patients older than 
12 years (P < 0.05; Table 1) (Fig. 3), while the difference 
among patients younger than 12 years was not significant 
(P > 0.05; Table 1). This outcome might have occurred 

because adult patients are better able to withstand the 
trauma caused by total surgical resection and thus enjoy 
the favorable outcomes associated with total resection. 
Therefore, our results suggest that GTR should be per-
formed in patients 12 years of age or older to improve 
outcomes and delay tumor recurrence whenever feasible. 
Although 12 years of age may not be the exact age thresh-
old, it is worth exploring whether the scope of surgical 
resection in pediatric patients can be appropriately reduced 
under the premise of total resection of the tumor as much 
as possible.

In recent years, Ki-67 has been the most studied prog-
nostic immunohistological factor for patients with epend-
ymoma (Figarella-Branger et al. 2007; Senetta et al. 2011; 
Milde et al. 2012; Chen et al. 2015; McLendon et al. 2015; 
Wostrack et al. 2018). Kuncova found that 18 of 67 factors 
reported in previous studies correlated with ependymoma 
progression, and only Ki-67 expression reached significance 
in predicting patients with ependymoma in a meta-analysis 
on the prognostic factors of ependymoma in 2007 (Kun-
cova et al. 2009). A higher expression level of Ki-67 corre-
sponded to a worse outcome for these patients, but the cutoff 
value for a high expression level has varied greatly from 
study to study. In our study, Kaplan–Meier analysis was per-
formed for Ki-67 expression according to the cutoff values 
mentioned in previous studies at 5.0%, 7.0%, 20.5%, and 
25.0%. The results revealed that patients with Ki-67 < 20.5% 
had better PFS than those with Ki-67 ≥ 20.5%, although the 
difference was not significant (Table 2). This result was simi-
lar to the analysis results of WHO histologic grading; there-
fore, we conducted a correlation analysis between Ki-67 

Fig. 2   Kaplan–Meier analysis of progression-free survival for all 
patients. a–c Patients with GTR had significantly better progression-
free survival than those with STR (P < 0.05); d–f patients with PD-L1 
negativity had significantly better progression-free survival than those 

with PD-L1 positivity. GTR, gross total resection; STR, subtotal 
resection; PD-L1, programmed death ligand-1; PFS, progression-free 
survival
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expression and histologic grading. The results showed that 
only the Ki-67 index significantly and positively correlated 
with WHO histologic grading when the correlations of the 
PD-L1, PD-1, L1CAM, Ki-67 indices with WHO histologic 
grading were analyzed by Spearman’s regression method 
(r = 0.637, P = 0.000). The Ki-67 protein is present during 
all active phases of the cell cycle (G1, S, G2, and mitosis) 
but is absent from resting cells (G0). Thus, Ki-67 is an excel-
lent marker to determine the growth fraction of a given cell 
population. The higher the Ki-67 index, the more active the 
mitosis of ependymoma cells, the higher the cell prolifera-
tion, and the higher the WHO histologic grading, which is 
consistent with our results.

T-cell exhaustion induced by the PD-L1/PD-1 axis is 
one of the mechanisms by which tumors evade immune-
mediated clearance (Pauken and Wherry 2015; Wherry 
and Kurachi 2015; Mirzaei et  al. 2017). Previous stud-
ies have reported PD-L1 overexpression, increased CTL 
(CD8 + cytotoxic T lymphocyte) densities and T-cell 
exhaustion in RELA ependymoma and hypothesized that 
tumor evasion and immunosuppression occur due to T-cell 
exhaustion secondary to the interaction between PD-1 and 
PD-L1 (Hwang et al. 2018; Witt et al. 2018; Nambirajan 
et al. 2019). However, these studies did not verify the rela-
tionship between PD-L1 expression and the prognosis of 
ependymoma by survival analysis. Our study revealed that 
patients with PD-L1 negativity had significantly better PFS 
than those with PD-L1 positivity by Kaplan–Meier analysis 
(Table 2, P < 0.05) (Fig. 2). The Cox multivariate regres-
sion analysis yielded the same conclusion and revealed that 
the recurrence rates of patients with PD-L1 positivity at 3, 
5, and 10 years were 10.445, 5.539, and 3.949 times those 
of patients with PD-L1 negativity, respectively (Table 3, 
P < 0.05). Pearson’s Chi-square test was also performed 
and revealed that PD-L1 expression was significantly 
closely related to the 3-year recurrence rate (κ = 7.888 and 
P = 0.005). These results suggest that patients with PD-L1 
positivity are more prone to relapse and have a shorter PFS 

time. Because age is believed to be a clinical prognostic 
marker in ependymoma, we studied PD-L1 expression in 
patients younger and older than 12 years old. Notably, in 
patients 12 years of age or older, the PFS and OS of patients 
with PD-L1 negativity were significantly better than those of 
patients with PD-L1 positivity (P < 0.05; Table 2) (Fig. 3), 
which indicates that patients 12 years of age or older with 
PD-L1 negativity can achieve better survival. In our study, 
the EOR and PD-L1 expression reached significance in the 
Kaplan–Meier univariate analysis and were independent of 
other factors in the Cox multivariate analysis (Tables 1, 2, 
3), indicating that both factors could independently predict 
outcomes in patients with SEE. Moreover, the evaluation of 
PD-L1 expression was more readily obtained and assessed 
more accurately in predicting the outcomes of these patients.

The 3-, 5-, and 10-year PFS rates were 62.50% (15/24), 
38.89% (7/18), and 15.38% (2/13), respectively, in patients 
with GTR. This result revealed that total resection of the 
tumor during surgery could not completely prevent tumor 
recurrence; therefore, our study analyzed the PFS times of 
patients with GTR. The result revealed that patients with 
PD-L1 negativity had longer 3-year PFS than patients 
with PD-L1 positivity, with a difference that was signifi-
cant (P = 0.012; Table 2) by Kaplan–Meier analysis. The 
patients with PD-L1 negativity had longer 5- and 10-year 
PFS than patients with PD-L1 positivity in the survival 
curve, although the difference was not significant (P = 0.068, 
P = 0.092; Table 2). Furthermore, the estimated mean PFS 
time and rates of patients with PD-L1 negativity were better 
than those of patients with PD-L1 positivity. The same trend 
was found in the PFS and OS analysis of patients with ana-
plastic ependymoma (WHO grade III) and the PFS analysis 
of patients with ependymoma (WHO grade II) (Table 2). 
PD-L1 inhibitors can enhance the body’s anti-tumor immu-
nity by inhibiting T-cell exhaustion caused by the PD-L1/
PD-1 axis or other mechanisms, and they have shown to be 
an effective method for the treatment of a series of tumors, 
including various intracranial tumors. Our results suggested 

Fig. 4   Kaplan–Meier analysis of progression-free survival for 
patients with anaplastic ependymoma (WHO grade III). a–c Patients 
with GTR had significantly better progression-free survival than 
those of patients with STR among patients with anaplastic epend-
ymoma (WHO grade III) (P < 0.05). Because no patient with epend-

ymoma (WHO grade II) and subtotal resection were followed up for 
more than 5  years, no survival curves of these patients are shown. 
GTR​ gross total resection, STR subtotal resection, PFS progression-
free survival
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that PD-L1 inhibitors might be an option for postoperative 
adjuvant therapy in these patients and might be useful for 
survival improvement in patients with SEE after the tumor 
has been completely removed. PD-L1 inhibitors could be a 
more effective alternative to conventional radiotherapy and 
chemotherapy for patients with SEE.

Histopathological diagnosis, according to the WHO 
classification system, is an important basis for clinical work 
(Ellison et al. 2011; Gajjar et al. 2015; Pajtler et al. 2017) 
but remains controversial in predicting the outcomes of 
patients with ependymomas (Guyotat et al. 2009; Kilday 
et al. 2009; Vera-Bolanos et al. 2015; Byun et al. 2018; 
Snider et al. 2018). This study revealed the 10-year OS of 
patients with ependymoma (WHO grade II) was significantly 
longer than those with anaplastic ependymoma (WHO grade 
III) (P < 0.05; Table 1), although the differences in PFS and 
5-year OS were not significant. These results indicate that 
the effect of WHO histologic grading alone on the prognosis 
of patients with SEE remains limited, and further study is 
needed. However, the WHO classification for CNS tumors is 
still a very reasonable diagnostic basis for such patients, and 
the continuous improvement of its biological characteristics 
can lead to a more accurate determination of the grading 
of such patients, especially when distinguishing between 
ependymoma (WHO grade II) and anaplastic ependymoma 
(WHO grade III).

The role of chemotherapy for the treatment of patients 
with ependymoma remains unclear and is considered only 
when local treatment options (surgery and radiotherapy) 
have been exhausted. Although the efficacy of radiotherapy 
is controversial, it remains the primary adjuvant therapy, 
especially for patients with anaplastic ependymoma (Vera-
Bolanos et al. 2015; Rudà et al. 2018). In this study, the 3-, 
5-, and 10-year PFS rates of patients with anaplastic epend-
ymoma (WHO III) were analyzed, with no difference in PFS 
time between patients receiving postoperative radiotherapy 
and those receiving no postoperative radiotherapy (P > 0.05; 
Table 1). The results showed that postoperative radiotherapy 
did not significantly improve PFS in patients with anaplastic 
ependymoma in the univariate analysis. Although the dif-
ference in OS was not significant between patients receiv-
ing radiotherapy and those receiving no radiotherapy, the 
OS rate, and time of former patients receiving radiotherapy 
were better than those of patients who did not (Table 1). In 
conclusion, although radiotherapy cannot improve the PFS 
times of patients with anaplastic ependymoma (WHO III), it 
can extend the total survival time of these patients.

The 3-, 5-, and 10-year PFS rates were 75.00% (3/4), 
50.00% (2/4), and 33.33% (2/3), respectively, in patients 
with ependymoma (WHO grade II) and GTR, indicating that 
total resection could not completely prevent tumor recur-
rence in patients with ependymoma (WHO grade II); thus, 
our study analyzed PFS among patients with ependymoma 

and GTR with or without postoperative radiotherapy. The 
3-, 5-, and 10-year PFS rates were 66.77% (2/3), 66.77% 
(2/3), and 50.00% (1/2), respectively, in patients without 
postoperative radiotherapy, and the 3-, 5-, and 10-year PFS 
rates were 100.00% (1/1), 0.00% (0/1), and 0.00% (0/1), 
respectively, in patients with postoperative radiotherapy. The 
results revealed that postoperative radiotherapy did not have 
prognostic significance in patients with ependymoma (WHO 
grade II) and GTR (P > 0.05; Table 1). One patient without 
postoperative radiotherapy relapsed 18 months after surgery, 
and one patient with postoperative radiotherapy relapsed 
44 months after surgery. Both patients received radiotherapy 
after the second operation, and no recurrence occurred after 
10 years of follow-up. This treatment process is consistent 
with the treatment principles of intracranial ependymoma 
in the guidelines of the NCCN (National Comprehensive 
Cancer Network) and the EANO (European Association for 
Neuro-Oncology) (Rudà et al. 2018). Further studies are 
needed to determine whether radiotherapy should be per-
formed after total resection in patients with ependymoma 
(WHO grade II). Our results also revealed that postoperative 
radiotherapy did not have prognostic significance in patients 
with anaplastic ependymoma (WHO grade III) after the 
tumor was completely removed (P > 0.05; Table 1). How-
ever, patients with recurrent ependymomas should receive 
secondary total surgical resection and radiotherapy (Byun 
et al. 2018; Rudà et al. 2018).

In our study, PD-1 expression did not have prognostic sig-
nificance in patients with SEE; however, patients with PD-1 
negativity had better PFS and OS rates than those with PD-1 
positivity (Table 2, P > 0.05). The same trend was found 
among patients with and without both positive PD-L1 and 
PD-1 (Table 2, P > 0.05). These results are consistent with 
the idea of T-cell exhaustion caused by the PD-L1/PD-1 
axis. However, there are multiple factors and mechanisms 
that cause lymphocyte exhaustion, and PD-L1 might cause 
lymphocyte exhaustion by combining with various ligands. 
Therefore, further studies of lymphocyte exhaustion and the 
role of PD-1 in SEE are needed.

Several studies have shown that the outcomes of patients 
with C11orf95-RELA fusion-positive ependymoma are worse 
than those of patients with the other two subtypes (Pajtler et al. 
2015; Malgulwar et al. 2018; Wang et al. 2019). Malgulwar 
et al. (2018) and Wang et al. (2019) found that L1CAM was 
consistent with the RELA fusion gene by more than 80%. In 
our study, amazingly, the PFS and OS of all patients were 
analyzed by Kaplan–Meier and Cox analyses, which revealed 
no difference between patients with L1CAM positivity and 
patients with L1CAM negativity (P > 0.05; Tables 2 and 3). 
Our results also showed no correlation between L1CAM 
expression and WHO histologic grading by the Spearman 
regression method (r = 0.053, P = 0.721). The reason for 
this inconsistent result might be the poor consistency of the 
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application of L1CAM alone in the detection of the C11orf95-
RELA fusion gene when we analyzed the data from our study 
and the recent literature. Several studies have suggested that 
markers such as P65 could also be included in tests to assess 
the presence of the C11orf95-RELA fusion gene (Gessi et al. 
2019; Wang et al. 2019). In addition, although the presence 
of the RELA fusion gene is associated with poor outcomes, 
the difference might not be significant. Furthermore, although 
EPN variation at different anatomical sites has histopathologi-
cal similarities, its molecular biology is heterogeneous. Fur-
ther research is needed regarding how to detect the presence 
of the C11orf95-RELA fusion gene more accurately and to 
determine the role of L1CAM in predicting the outcomes of 
patients with SEE, especially at present, when genetic testing 
is limited in clinical work.

The role of age in predicting the outcomes of patients with 
intracranial ependymoma is controversial (Kilday et al. 2009; 
Sun et al. 2018). In our study, age did not have prognostic 
significance in patients with SEE (Tables 1 and 3). Much of 
the efficacy of age found in other studies could be contributed 
to the tumor location and the EOR. Most ependymomas in 
children occur in the posterior fossa and are mostly removed 
subtotally, while most ependymomas in adults occur in the 
supratentorial location and are easily completely removed. 
Subsequently, the patients were divided into a group of chil-
dren younger than 12 years of age and an adult group of those 
12 years of age or older for statistical analysis. In patients 
12 years old or older, PD-L1 and EOR had prognostic signifi-
cance (P < 0.05; Table 2), while PD-1, L1CAM, Ki-67, and 
WHO histologic grading had no prognostic significance. In 
addition, the expression of PD-L1, PD-1, L1CAM, and Ki-67, 
WHO histologic grading and EOR had no prognostic signifi-
cance in patients younger than 12 years of age.

This study has the classic limitations of a retrospective 
analyses, which include the short follow-up time of some 
cases. In this study, the enrolled patients were grouped 
according to the follow-up time in the corresponding sur-
vival analysis to guarantee that the conclusions were correct 
and reliable. Furthermore, the reliability of the results and 
the stability of the statistical model were verified by dif-
ferent statistical methods. However, it is still necessary to 
enlarge the sample size and extend the follow-up time for 
further analysis.

The different prognostic perspectives regarding WHO 
histological grade might be due to poor interobserver repro-
ducibility and/or high histological heterogeneity. Therefore, 
another obstacle was determining histological grade accord-
ing to the WHO criteria. In this study, one enrolled patient 
was diagnosed with meningioma at the first operation but 
anaplastic ependymoma at the second operation after recur-
rence. The first operative specimen was re-examined and 
diagnosed as anaplastic ependymoma, which revealed the 
aforementioned problem. In our study, all of the enrolled 

patients were rescreened by the same senior neuropatholo-
gist to confirm their diagnosis and histological grade.

Conclusions

We believe that PD-L1 immunostaining is a reproducible 
and reliable method with strong ability to predict the out-
comes of patients with SEE. Moreover, PD-L1 expression 
was more readily obtained and assessed more accurately 
in predicting the outcomes of these patients. Additionally, 
PD-L1 inhibitors could be an option for the treatment of 
patients with SEE and an even more effective alterna-
tive to radiotherapy for patients with anaplastic epend-
ymoma after the tumor has been completely removed. 
A more complete characterization of the SEEs coupled 
with their immunogenicity would potentially allow for 
more targeted immune therapies against subsets of these 
tumors. Particularly for children under 3 years who cannot 
receive radiotherapy, PD-L1-related immune checkpoint 
inhibitors may be able to delay tumor recurrence to buy 
time for radiotherapy and further improve the outcomes 
of these patients.
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