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Abstract
Ependymomas are biologically and clinically heterogeneous tumors of the central nervous system that have variable clinical 
outcomes. The status of the tumor immune microenvironment in ependymoma remains unclear. Immune cell subsets and 
programmed death ligand 1 (PD-L1) expression were measured in 178 classical ependymoma cases by immunohistochem-
istry using monoclonal antibodies that recognized tumor-infiltrating lymphocyte subsets (TILs; CD3, CD4, CD8, FOXP3, 
and CD20), tumor-associated macrophages (TAMs; CD68, CD163, AIF1), indoleamine 2,3-dioxygenase (IDO)+ cells 
and PD-L1-expressing tumor cells. Increases in CD3+ and CD8+ cell numbers were associated with a prolonged PFS. In 
contrast, increased numbers of FOXP3+ and CD68+ cells and a ratio of CD163/AIF1+ cells were significantly associated 
with a shorter PFS. An increase in the IDO+ cell number was associated with a significantly longer PFS. To consider the 
quantities of TILs, TAMs, and IDO+ cells together, the cases were clustered into 2 immune cell subgroups using a k-means 
clustering analysis. Immune cell subgroup A, which was defined by high CD3+, low CD68+ and high IDO+ cell counts, 
predicted a favorable PFS compared to subgroup B by univariate and multivariate analyses. We found six ependymoma 
cases expressing PD-L1. All these cases were supratentorial ependymoma, RELA fusion-positive (ST-RELA). PD-L1 
expression showed no prognostic significance. This study showed that the analysis of tumor-infiltrating immune cells could 
aid in predicting the prognosis of ependymoma patients and in determining therapeutic strategies to target the tumor micro-
environment. PD-L1 expression in the ST-RELA subgroup suggests that this marker has a potential added value for future 
immunotherapy treatments.
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Introduction

Ependymomas are primary tumors of the central nervous 
system (CNS) that morphologically resemble the ependy-
mal cells lining the ventricles of the CNS. Ependymoma 
is a histologically defined intrinsic tumor that involves the 
three major anatomic compartments (i.e., supratentorial 
region; ST, posterior fossa; PF, and spinal cord; SP) of the 
CNS and affects both children and adults.

The 10-year overall survival (OS) of ependymoma 
patients is approximately 66% for pediatric patients and 
ranges from 70 to 89% for adult patients. The prognostic 
influence of clinical factors, including age, tumor site and 
extent of resection, has been well established in previous 
studies on ependymoma [1–3].

The ependymoma grading system is based on that of the 
World Health Organization (WHO). However, no associa-
tion between grade and biological behavior or survival has 
been definitively established [4]. Several publications have 
discussed the challenges that are posed by the existing 
criteria, which use morphological features to determine 
the grade of an ependymoma; this discussion has led to 
an ongoing debate regarding the significance of the epend-
ymoma grade in predicting the prognosis of the patient [5].

Recently, immunotherapy targeting programmed death-1 
(PD-1)/programmed death ligand 1 (PD-L1) has shown 
clinical benefits in glioma patients [6]. In addition, tumor 
vaccines against glioma are being developed for immuno-
therapy, and several agents that specifically target pathways 
that mediate the interaction between neoplastic and tumor 
microenvironment cells have entered clinical trials [7, 8]. 
In ependymoma, exhausted T-cells associated with PD-L1/
PD-1 interaction were identified in a subset of supratento-
rial ependymoma, RELA fusion-positive (ST-RELA), which 
suggested a benefit of PD-1 inhibitor therapy [9].

The importance of the tumor microenvironment has been 
increasingly recognized, and the complexity of the interac-
tion between tumor cells and tumor microenvironment cells 
is becoming clear [10]. Previous studies have reported the 
prognostic role of tumor-infiltrating lymphocytes (TILs) in 
gliomas. In a study of glioblastoma, high levels of CD4+ T 
cells and low levels of CD8+ T cells were associated with 
unfavorable prognosis [11]. Consistently, in other studies on 
glioblastoma, increased CD3+ and CD8+ T cell infiltration 
was associated with prolonged survival [12, 13]. However, 
in other studies of glioblastoma patients, a higher density of 
CD8+ T cells showed no significant relationship with sur-
vival. In contrast, patients with a higher density of Foxp3+ 
T cells showed relatively lower survival rates in the same 
study [14].

Generally, tumor-associated macrophages/micro-
glia (TAMs) play a major role in the creation of a tumor 

microenvironment that promotes tumor progression. 
For glioma, many studies have revealed that TAMs and 
M2-type macrophages exert glioma-supportive effects 
through reduced antitumor functions, increased expression 
of immunosuppressive mediators [15], and nonimmune 
tumor promotion through the expression of trophic- and 
invasion-facilitating substances [16, 17].

Indoleamine 2,3-dioxygenase (IDO) is a tryptophan-cat-
abolizing enzyme produced by myeloid, stromal, and epithe-
lial cells [18]. IDO exerts its immunosuppressive effects by 
depleting local tryptophan stores and producing kynurenine, 
a tryptophan metabolite [19]. IDO contributed to tumor pro-
gression and metastasis in vivo, and increased IDO expres-
sion was associated with poor prognosis in patients with 
solid tumors and glioblastoma [20, 21]. In IDO-deficient 
mouse glioma models, IDO-deficient tumors provide a sur-
vival advantage against IDO-competent tumors [22]. Other 
reports suggested a critical role for IDO–Treg interaction-
mediated immunosuppression in both mouse glioma models 
[23] and adult primary glioblastoma cases [24].

Only one previous study reported the prognostic signifi-
cance of tumor-infiltrating immune cells in ependymoma. 
This study showed that infiltration of CD4 + T cells and allo-
graft inflammatory factor 1 (AIF1) + TAMs was decreased 
in the patients who subsequently experienced recurrence. 
However, there was no significant difference in HLA-DR+ 
cells, CD45+ lymphocytes, CD8+ T cells, CD20+ B cells 
and CD68+ TMAs between the nonrecurrent and recurrent 
groups of ependymoma patients [25].

Therefore, little is known about the immune microenvi-
ronment and its clinicopathological characteristics in epend-
ymoma. Moreover, there has been no integrated analysis of 
various tumor-infiltrating immune cells, including TILs, 
TAMs, and IDO, in ependymoma. Thus, the present study 
was intended to comprehensively investigate the immuno-
logical microenvironment. Using an automatic evaluation 
system for immunohistochemistry (IHC), we characterized 
the subpopulations of TILs, TAMs, and IDO+ cells, exam-
ined the expression of PD-L1 in formalin-fixed paraffin-
embedded ependymoma tissues and elucidated the prog-
nostic values of these factors in ependymomas.

Materials and methods

Patients

A total of 178 patients who were diagnosed with WHO 
grade II or III ependymomas at Asan Medical Center 
between 1996 and 2012 were included in this study. The 
neuropathologists (S.J. Nam, S.K. Khang, and C.O. Sung) 
reviewed the pathological materials according to current 
WHO criteria. The clinical data were obtained from the 
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medical records and reviewed by a neuropathologist, neuro-
radiologist, and neurosurgeon (S.J. Nam, J.E. Park and Y.H. 
Kim, respectively). The follow-up periods ranged from 0.77 
to 240.97 months, and the mean was 57.62 months. At the 
time of review, 16 patients (13.1%) had died, and 26 patients 
(19.0%) had been lost to follow-up.

Immunohistochemistry

Core tissues that were 2 mm in diameter were obtained from 
the representative formalin-fixed paraffin-embedded tissue 
blocks that were obtained from patient tumor samples, and 
tissue microarrays were manufactured for further immuno-
histochemical analysis. Two different fields of the intratu-
moral area, excluding necrotic or squeezed areas, were taken 
from the original block to manufacture tissue microarrays. 
CD3, CD4, and CD8 were used as T cell markers. CD20 
was used as a B cell marker. CD68 and AIF1 were used as 
TAM markers, CD163 was used as an M2 TAM marker, 
and FOXP3 was used as a Treg marker. IDO highlighted 
the IDO-producing dendritic cells or macrophages. PD-L1 
immunostaining was used to detect PD-L1 expression in the 
tumor cell membrane. L1CAM immunostaining was used to 
identify L1CAM-expressing ST ependymoma, suggesting 
ST-RELA.

Immunostaining for CD3 (polyclonal, diluted at 1:100, 
Agilent Technologies, Inc., Santa Clara, CA), CD4 (SP35, 
diluted at 1:16, Ventana Medical Systems, Inc., Tucson, AZ, 
USA), CD8 (C8/144B, diluted at 1:400, Agilent Technolo-
gies, Inc., Santa Clara, CA), CD20 (L26, diluted at 1:400, 
Agilent Technologies, Inc.), CD68 (KP-1, diluted at 1:2000, 
Agilent Technologies, Inc., Santa Clara, CA), CD163 (10D6, 
diluted at 1:400, Novocastra, Newcastle Upon Tyne, UK), 
FOXP3 (236A/E7, diluted at 1:100, Abcam, Cambridge, 
UK), AIF1 (ABN67, diluted at 1:1000, Millipore, Biller-
ica, MA, USA), IDO (1F8.2; diluted at 1:250, Millipore, 
Billerica, MA, USA), PD-L1 (SP263, ready-to-use, Ven-
tana Medical Systems, Inc., Tucson, AZ, USA and E1L3N, 
Cell Signaling Technology, Inc., Danvers, MA, USA) and 
L1CAM (L4543, 1:2000, Sigma-Aldrich, MO, USA) were 
performed using a BenchMark XT Autostainer (Ventana 
Medical Systems, Inc., Tucson, AZ, USA). Immunostaining 
was performed, according to the manufacturer’s protocols.

Automated quantification of TILs, TAMs, and IDO+ 
cells by image analysis

To perform an unbiased analysis of tumor-infiltrating 
immune cells and to obtain objective and reproducible data, 
virtual microscopy and automatic enumeration were per-
formed using an image analyzer. All of the immunostained 
slides were subjected to virtual microscope scanning under 
high-power magnification using a Panoramic 250 Flash III 

(3DHISTECH Ltd, Budapest, Hungary). For the enumera-
tion of immune cells, representative fields of the intratu-
moral area were captured from virtual microscopic images. 
The numbers of CD3+, CD4+, CD8+, FOXP3+, CD20+, 
CD68+, CD163+, AIF1+, and IDO+ cells were counted 
using ImageJ software (National Institutes of Health, 
Bethesda, MD, USA), as previously described [26]. The 
numbers of positive cells per unit area (1 mm2) were calcu-
lated from the obtained values and used for further statistical 
analysis.

To validate the representativeness of the TMA for evalu-
ating tumor-infiltrating immune cells, we evaluated a series 
of whole sections from reference cases and compared the 
counts in these tissues to the counts from the TMA. As a 
reference, 10% (18 cases) of cases were selected to be evenly 
distributed. The agreement between the immune cell counts 
obtained from the TMA and from the whole section was 
assessed using the intraclass correlation coefficient (ICC). 
The ICC value showed significant excellent agreement for 
most measurements (ICC > 0.8 and P < 0.001), and some 
ICCs were greater than 0.9 (for CD68, CD163 and AIF1). 
The ICCs for whole sections and TMA were as follows: 
0.896 for CD3, 0.819 for CD4, 0.854 for CD8, 0.944 for 
CD68, 0.948 for CD163 and 0.940 for AIF1. In addition, 
the ICCs of FOXP3+ and IDO+ cells were 0.765 and 0.797 
(P = 0.002 and 0.001, respectively). By contrast, the ICC 
value for CD20 was 0.352 (P = 0.183). Consequently, TMA 
could be considered sufficiently representative for immune 
cell evaluation, except for CD20+ cells, in this study.

PD-L1 and L1CAM were evaluated nonquantitatively. 
Cases expressing PD-L1 diffusely or focally were restained 
in whole section. Diffuse membranous expression of more 
than 10% of tumor cells for PD-L1 and diffuse strong cyto-
plasmic expression of L1CAM were regarded as positive. 
For PD-L1, the histologically defined intratumoral area, 
excluding necrotic or inflammatory cells such as mac-
rophages, was evaluated.

Statistical analysis

All statistical analyses were performed with SPSS 22 (IBM 
Corp., New York, NY, USA). A nonparametric Wilcoxon 
rank-sum test was performed to assess the differences in the 
numbers and ratios of immune cells according to the clin-
icopathological variables. For the survival analysis, we fitted 
survival curves to a Kaplan–Meier model after dichotomiz-
ing the cases into two groups using Cutoff Finder (http://
molpa​th.chari​te.de/cutof​f/index​.jsp) [27]. The values that 
were defined as the points with the most significant split 
between groups, including PFS and OS, were selected as the 
cutoffs using a log-rank test. This approach resulted in the 
following cutoff values: 0.4849 for CD3, 28 for CD4, 13.88 
for CD8, 0.7662 for CD4/CD8, 0.5066 for FOXP3, 16.59 for 

http://molpath.charite.de/cutoff/index.jsp
http://molpath.charite.de/cutoff/index.jsp
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CD20, 93.62 for CD68, 69.73 for CD163, 1.007 for CD163/
CD68, 798.3 for AIF1, 0.265 for CD163/AIF1 and 4.201 
for IDO (cell counts/mm2). In addition, univariate and mul-
tivariate survival analyses were performed using Cox pro-
portional hazards models. Two-sided P values < 0.05 were 
considered statistically significant for all analyses. To incor-
porate the analysis of various immune cells, the cases were 
clustered into 2 immune cell subgroups according to the sta-
tus of CD3+ T-cells, CD68+ macrophages and IDO+ cells 
using k-means clustering. Kaplan–Meier survival analysis 
and univariate and multivariate Cox proportional hazards 
models were also performed for immune cell subgroups.

Results

Clinicopathological characteristics of patients 
with ependymoma

The clinicopathological characteristics of patients with 
ependymoma are summarized in Supplementary Table S1. 
The male-to-female ratio was 1.2:1, and patient age ranged 
from 0 to 73 (mean of 24.2 and median of 16) years. The 
Karnofsky Performance Scale (KPS) ranged from 0 to 90 
(mean 73.79 and median 80). The majority of patients 
received a gross total resection (GTS; 81.1%, 107/132). The 
prevalence of WHO grade II ependymomas was estimated 
as 78.1% (139/178). Many patients received only surgical 
treatment (59.5%, 78/131). Other patients received adjuvant 
radiotherapy (32.8%, 43/131) and chemotherapy (14.6%, 
19/130). The prevalence of ST ependymomas was estimated 
as 27.5% (49/178). PF ependymomas and SP ependymomas 
were observed in 43.3% (77/178) and 29.2% (52/178) of 
cases, respectively.

Histopathologically, high-grade features from the WHO 
classification of ependymomas [4], including microvascu-
lar proliferation (22.5%, 40/178), necrosis (46.1%, 82/178), 
cytological atypia (74.7%, 133/178) and increased mitotic 
activity (≥ 5; 74.2%, 132/178), were evaluated. Cytologic 
atypia was defined when tumor cells exhibited a high 
nuclear-to-cytoplasmic ratio across more than 25% of the 
tumor. Cases with a high nuclear-to-cytoplasmic ratio usu-
ally show hyperchromatic nuclei. High cell density nodules 
were recorded as proliferating nodules (16.3%, 29/178). 
L1CAM was expressed in 9.8% (16/170) of ependymoma 
cases. Most of the L1CAM-positive cases were ST epend-
ymoma (93.8%, 15/16).

Kaplan–Meier survival analysis was performed for 
clinicopathological features. Several variables were asso-
ciated with worse PFS and OS, including younger age 
(< 20; P < 0.001, both), low KPS score (< 80; P = 0.016 and 
0.037), subtotal resection (STR; P = 0.002 and P < 0.001), 
adjuvant radiotherapy (P < 0.001 and P = 0.004), adjuvant 

chemotherapy (P < 0.001, both), high WHO grade (WHO 
grade III; P < 0.001 and P = 0.389), intracranial location 
(P = 0.001 and 0.009), presence of microvascular prolifera-
tion (P = 0.016 and 0.088), presence of proliferating nod-
ule (P < 0.001 and P = 0.013), presence of cytologic atypia 
(P = 0.036 and 0.629) and high mitotic count (≥ 5; P < 0.001 
and P = 0.001) (data not shown). The results of univariate 
Cox analysis are summarized in Supplementary Table S2.

Quantitative analysis of tumor‑infiltrating immune 
cells in ependymoma

The distribution patterns of immune cells varied depend-
ing on the type of immune cell. The distribution pattern of 
lymphocytes was relatively even in both the perivascular and 
intratumoral areas. In contrast, macrophages and IDO+ cells 
showed a more concentrated distribution in the perivascular 
area.

Lymphocytes staining for CD3, CD8, and CD20 were 
immunostained in the membrane and/or cytoplasm of small 
lymphocytes (Fig. 1a, c, e). FOXP3+ cells were shown to 
have distinct nuclear patterns (Fig. 1d). CD4 was immu-
nostained in the cytoplasm of small lymphocytes and in 
some histiocytes/dendritic cells (Fig. 1b). The CD4 stain-
ing intensity was strong in small lymphocytes and relatively 
weak in histiocytes/dendritic cells. To count CD4+ lympho-
cytes, an intensity criterion for CD4 to dichotomize small 
lymphocytes from histiocytes/dendritic cells was applied. 
The mean numbers of CD3+, CD4+, CD8+, FOXP3+ and 
CD20+ cells per 1 mm2 were 32.1 (range 0-573.4, median 
8.9), 29.7 (range 0–413.6, median 6.8), 24.9 (range 0–416.8, 
median 5.9), 6.7 (range 0–321.3, median 0) and 5.5 (range 
0–210.7, median 0). The mean ratio of CD4/CD8 + cells was 
4.9 (range 0–65.3, median 0.8).

CD68, CD163 and AIF1 were immunostained with a 
cytoplasmic and/or membranous pattern in cells presumed 
as macrophages based on morphology, as shown in Fig. 1f, 
g, h. The mean number of tumor-infiltrating CD68+ cells, 
CD163+ and AIF1+ cells in ependymoma was 141.0 (range 
0–1107.8, median 54.3), 301.8 (range 0–1757.0, median 
192.1) and 815.53 (range 56–1758, median 804.76) per 
1 mm2, respectively. The mean ratio of CD163/CD68+ cells 
and CD163/AIF1+ cells was estimated to be 10.4 (range 
0–281.4, median 2.5) and 0.47 (range 0–7.65, median 0.36).

IDO was expressed in the cytoplasm of tumor-infiltrating 
immune cells, which were primarily suspected to be mac-
rophages, dendritic cells or plasmacytoid dendritic cells 
based on their morphology (Fig. 1i). Overall, the mean 
number of IDO+ cells per 1 mm2 was 6.2 (range 0–154.7, 
median 0.9).

Overall, the number of CD3+ cells showed a significant 
positive correlation with the numbers of CD4+, CD8+ and 
CD68+ cells (R = 0.336, 0.705 and 0.436; P < 0.001 for 
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all; Supplementary Fig. S1), but not with the numbers of 
FOXP3+ or CD20+ cells (Supplementary Fig. S1). The 
number of CD68+ cells also showed a significant positive 
correlation with the number of CD163+ cells (R = 0.488; 
P < 0.001; Supplementary Fig. S1). The number of AIF1+ 

cells showed a significant positive correlation with the 
number of CD68+ cells (R = 0.278; P = 0.001; Supplemen-
tary Fig. S1). The number of IDO+ cells was positively 
correlated with the number of FOXP3+ cells (R = 0.203; 
P = 0.008; Supplementary Fig. S1).

Fig. 1   Representative images of the automatic enumeration of tumor-
infiltrating immune cells. Representative images from the automated 
enumeration of tumor-infiltrating CD3+, CD4+, CD8+, FOXP3+, 
CD20+, CD68+, CD163+, AIF1+, and IDO+ cells. Images were 
captured by virtual microscopy and submitted to an image analyzer, 
which delineated the positive cells by thin black lines. CD3, CD8, 
FOXP3, and CD20 staining was localized in small lymphoid cells. 
CD4 was found on either small lymphoid cells or histiocytes. CD68, 

CD163, and AIF1 were localized in a granular cytoplasmic pattern 
by macrophages. IDO was localized in a granular cytoplasmic pat-
tern by what were suspected to be macrophages, dendritic cells and/or 
small plasmacytoid dendritic cells. The counts of CD3+ (a), CD4+ 
(b), CD8+ (c), FOXP3+ (d), CD20+ (e), CD68+ (f), CD163+ (g), 
AIF1+(h) and IDO+ cells (i) in this case were 12, 6, 12, 2, 1, 43, 77, 
206, and 2 per unit area (1 mm2), respectively. (Scale bar, 100 μm, in 
all images)
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Relationships between clinicopathological features 
and the number of tumor‑infiltrating immune cells 
in ependymoma samples

The associations between the clinicopathological features and 
the numbers of tumor-infiltrating immune cells are summa-
rized in Supplementary Table S1. Briefly, the number of CD3+ 
cells was decreased in cases that showed microvascular prolif-
eration (P = 0.008). A greater number of CD4+ cells was fre-
quently observed in younger patients (age < 20; P = 0.001 and 
0.07, respectively), WHO grade III ependymoma (P = 0.002), 
profound nuclear atypia (P < 0.001) and L1CAM-positive 
ependymoma (P = 0.021). The counts of CD8+ cells were 
decreased in cases with microvascular proliferation (P = 0.008) 
and increased in cases with higher mitotic activity (mitotic 
count ≥ 5; P < 0.001). Increased FOXP3+ cell counts were 
observed in cases with profound nuclear atypia (P = 0.022). 
Increased numbers of CD68+ cells were frequently observed 
in young patients (age < 20; P = 0.006), cases of WHO grade 
III ependymomas (P < 0.001), patients who received adjuvant 
radiotherapy and chemotherapy (P = 0.047 and 0.010, respec-
tively), cases with profound nuclear atypia (P = 0.018), cases 
with increased mitotic activity (mitotic count ≥ 5; P = 0.040) 
and cases of L1CAM-positive ependymomas (P = 0.003). 
CD163 + cell counts were associated with WHO grade III 
ependymomas (P = 0.005), necrosis (P = 0.009), profound 
nuclear atypia (P < 0.001) and L1CAM-positive ependymo-
mas (P = 0.002). The ratio of CD163/CD68+ cells was lower 
in WHO grade III ependymomas (P < 0.001) and cases with 
increased mitotic activity (mitotic count ≥ 5; P = 0.007). The 
number of AIF1+ cells decreased in cases with microvascular 
proliferation (P = 0.003) or necrosis (P = 0.008) and increased 
in cases with higher mitotic activity (mitotic count ≥ 5; 
P = 0.002) and L1CAM-negative ependymoma (P = 0.047). 
The increased ratio of CD163/AIF1+ cells was frequently 
observed in younger patients (age < 20; P = 0.007), patients 
who received adjuvant radiotherapy (P = 0.011), WHO grade 
III ependymoma (P = 0.001), cases with microvascular pro-
liferation (P = 0.001), necrosis (P < 0.001), profound nuclear 
atypia (P < 0.001), cases with higher mitotic activity (mitotic 
count ≥ 5; P = 0.003) and L1CAM-positive ependymoma 
(P = 0.041). The number of IDO+ cells was also decreased in 
cases with nodular growth (P = 0.002) and increased mitotic 
activity (mitotic count ≥ 5; P = 0.024). Otherwise, there were 
no significant associations between the tumor-infiltrating 
immune cell status and other clinicopathological features.

The number of tumor‑infiltrating immune cells 
and ependymoma patient survival

A total of 137 patients with ependymoma were classified into 
two groups according to the quantity and status of the tumor-
infiltrating immune cells, as described in the Materials and 

Methods section, and studied for survival analysis. In the 
Kaplan–Meier analysis, patients with increased CD3 and 
CD8+ cell counts exhibited better PFS (P = 0.019 and 0.007, 
respectively) (Fig. 2a, c) and tended to exhibit prolonged OS 
(P = 0.198 and 0.063, respectively) (Supplementary Fig. S2a 
and c). In contrast, a high ratio of CD4/CD8+ cells and an 
increased number of FOXP3+ cells were associated with 
worse PFS (P = 0.010 and 0.022, respectively) (Fig. 2d, e). 
Patients with high CD68+ cell counts and a high ratio of 
CD163/AIF1+ cells also showed a significantly poor PFS 
(P < 0.001 and P = 0.014) (Fig. 2g, k). Increased IDO+ cell 
counts were associated with a prolonged PFS (P = 0.012) 
(Fig. 2l). Increased CD4+ cells and CD163+ cells and 
decreased AIF1+ cells tended to be related to shortened PFS 
(P = 0.053, 0.064 and 0.066, respectively) (Fig. 2b, h, j). An 
increased number of CD20+ cells and an increased ratio of 
CD163/CD68 + cells tended to be related to prolonged PFS 
and OS (CD20, P = 0.060 and 0.063, respectively; CD163/
CD68, P = 0.067 and 0.070, respectively) (Fig. 2f, i and Sup-
plementary Fig. S2f and i).

The prognostic tendencies of the immune cell expression 
characteristics were maintained in the subgroups of epend-
ymoma patients who were classified according to their WHO 
grade, age and site of tumor (Supplementary Fig. S3 and 
S4). In WHO grade II ependymoma patients, the cases with 
higher numbers of CD3 and CD8+ cells exhibited better PFS 
(P = 0.057 and 0.013, respectively) (Supplementary Fig. S3a 
and c). A high ratio of CD4/CD8+ cells and an increased 
number of FOXP3+ cells were associated with worse PFS 
(P = 0.012 and 0.021, respectively) (Supplementary Fig. S3d 
and e). Patients with high CD68+ cell counts also showed 
a significantly worse PFS (P < 0.001) (Supplementary Fig. 
S3g). Increased IDO+ cell counts were associated with a 
prolonged PFS (P = 0.019) (Supplementary Fig. S3l). When 
the analysis was stratified by pediatric and adult patients, 
these trends were maintained (Supplementary Fig. S4). 
Among these trends, a high ratio of CD4/CD8+ cells was 
associated with a significantly worse PFS in pediatric epend-
ymoma patients (P = 0.028). Adult patients with increased 
FOXP3+ and CD68+ cell counts also showed a significantly 
poor PFS (P = 0.040 and P < 0.001, respectively). Otherwise, 
although the trends of the survival curve were maintained, 
there was no statistically significant relationship between 
any cell profile and patient survival. These tendencies were 
also maintained when patients were classified based on their 
primary tumor site. However, statistical significance was 
preserved only in PF ependymoma patients (CD3, P = 0.029; 
CD8, P = 0.038; CD4/CD8, P = 0.005; FOXP3, P = 0.038; 
CD68, P = 0.002; and IDO, P = 0.022) (Supplementary Fig. 
S4).

To incorporate the quantities of TILs, TAMs, and IDO+ 
cells, cases were clustered into two immune cell subgroups 
using a k-means clustering analysis. Immune cell subgroup A 
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was defined by having high CD3+ and IDO+ cell counts and 
low CD68+ cell counts, and subgroup B had the opposite pro-
file (P = 0.043, 0.002 and < 0.001, respectively). The clinico-
pathological features and immune cell counts of the immune 
cell subgroups are summarized in Table 1. The patient charac-
teristics of subgroup A were older age and WHO grade II and 
SP ependymomas, whereas subgroup B were younger age and 
WHO grade III and intracranial ependymomas (Table 1). Sub-
group A patients exhibited a statistically significantly favorable 
PFS compared to the subgroup B patients (P < 0.001) (Fig. 3a). 
The significant difference in survival was maintained even 
when cases were stratified according to their WHO grade, age 
and primary tumor site (Fig. 3).

Independent prognostic implications 
of tumor‑infiltrating immune cells in ependymoma 
patients

To further determine the prognostic implications of CD3+, 
CD4+, and CD8+ T cells; FOXP3+ regulatory T cells; 

CD68+ CD163+ and AIF1+ TAMs; and IDO+ cells in 
ependymoma, we performed a univariate and multivari-
ate survival analysis using the Cox proportional hazards 
model. As summarized in Supplementary Table S2, the 
univariate Cox analysis revealed that the numbers of 
CD3+, CD8+, FOXP3+, CD68+, and IDO+ cells and 
the ratio of CD4+/CD8+ cells and CD163/AIF1+ cells 
predicted the PFS. A multivariate Cox regression analy-
sis that integrated clinicopathological risk factors, includ-
ing age, KPS score, extent of resection, adjuvant chemo-
therapy, adjuvant radiotherapy, WHO grade, and tumor 
site, and high-grade histopathological features, including 
microvascular proliferation, nodular proliferation, cyto-
logical atypia, increased mitotic activity and immune cell 
counts, was used to reveal prognostic factors among those 
patients who were identified in the univariate Cox regres-
sion analysis. In the multivariate analysis, low CD3+, high 
FOXP3+, high CD68+ and low IDO+ cell numbers and a 
high ratio of CD163/AIF1+ cells independently predicted 
poor a PFS (P = 0.072, 0.008, 0.004, 0.012 and 0.041, 

Fig. 2   Survival analysis according to the numbers of tumor-infil-
trating immune cells. PFS of ependymoma patients was evaluated 
according to the number of tumor-infiltrating CD3+ (a), CD4+ 
(b), CD8+ (c), FOXP3+ (e), CD20+ (f), CD68+ (g), CD163+ (h), 

AIF1+ (j) and IDO + cells (l), and the ratios of CD4/CD8+ (d), 
CD163/CD68+ (i) and CD163/AIF1 + cells (k). Kaplan–Meier 
curves for PFS are illustrated with the P values from the log-rank test
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respectively; Table 2). When the ratio of CD4+/CD8+ 
cells was included, except for in the case of CD8 + cell 
count, only a relatively low CD3+ cell number predicted 
a poor PFS (P = 0.091). When the numbers of CD3+, 
CD68+ and IDO+ cells were incorporated, immune 
cell subgroup B independently predicted an unfavorable 
PFS compared with immune cell subgroup A (P < 0.001; 
Table 3).

PD‑L1 expression in ependymomas

PD-L1 expression was analyzed by two IHC clones, SP263 
and E1L3N. Six (6/162, 3.7%) ependymoma cases posi-
tive for SP263 and three ependymoma (3/162, 1.9%) cases 
positive for E1L3N showed diffuse membranous expression 
of PD-L1 and extended to more than 50% of tumor cells 
(Fig. 4). All E1L3N-positive cases also expressed SP263. 

Table 1   Comparisons of the 
clinicopathologic features and 
immune cell counts according 
to their immune cell subgroup 
in ependymoma patients

N number, SD standard deviation, P P value, ST supratentorial, PF posterior fossa, SP spinal
a These variables were compared using a Student’s t test
b These variables were compared using a Chi square test
c These variables were compared using an ANOVA test
d These variables contain missing values that lacked information about the variables

Variables Immune cell subgroup A 
(N = 49)

Immune cell subgroup B 
(N = 77)

P

Ageb (N (%))
 < 20 12 (24.5) 36 (46.8) 0.012
 ≥ 20 37 (75.5) 41 (53.2)

WHO gradeb [N (%)]
 II 49 (100) 64 (83.1) 0.002
 III 0 (0) 13 (16.9)

Sitec [N (%)]
 ST 4 (8.2) 23 (29.9) 0.001
 PF 19 (38.8) 35 (45.5)
 SP 26 (53.1) 19 (24.7)

CD3ad (cell counts/mm2)
 Mean ± SD 43.26 ± 86.75 20.14 ± 38.28 0.043

CD4ad (cell counts/mm2)
 Mean ± SD 14.62 ± 23.88 23.44 ± 65.87 0.287

CD8ad (cell counts/mm2)
 Mean ± SD 25.41 ± 35.22 15.01 ± 46.93 0.186

CD4/CD8ad (cell counts/mm2)
 Mean ± SD 2.43 ± 10.06 4.09 ± 10.96 0.440

FOXP3ad (cell counts/mm2)
 Mean ± SD 4.05 ± 10.46 9.61 ± 47.38 0.420

CD20ad (cell counts/mm2)
 Mean ± SD 5.23 ± 11.30 5.20 ± 26.06 0.993

CD68ad (cell counts/mm2)
Mean±SD 60.76 ± 94.61 139.79 ± 185.12 0.002
CD163ad (cell counts/mm2)
 Mean ± SD 234.18 ± 248.37 312.00 ± 325.30 0.155

CD163/CD68ad (cell counts/mm2)
 Mean ± SD 12.80 ± 24.65 8.87 ± 18.01 0.307

AIF1ad (cell counts/mm2)
 Mean ± SD 833.23 ± 383.28 834.92 ± 422.07 0.983

CD163/AIF1ad (cell counts/mm2)
 Mean ± SD 0.45 ± 1.16 0.46 ± 0.41 0.936

IDOad

 Mean ± SD 11.86 ± 12.96 1.40 ± 3.54 < 0.001
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All cases of both SP263 and E1L3N-positive ependymoma 
were WHO grade II, supratentorial, with high cytological 
atypia and positive L1CAM expression (Supplementary 
Table S3). In SP263-positive ependymoma cases, five PD-
L1-positive ependymoma patients were pediatric (< 20), and 
another PD-L1-positive ependymoma patient was 39 years 
old. In E1L3N-positive ependymoma cases, all three cases 
of PD-L1 positive ependymomas were pediatric (age 9–13, 
mean 10.7). Among the L1CAM-positive cases with ST 
ependymomas, 40.0% (6/15) for SP263 and 20.0% (3/15) 
for E1L3N expressed membranous PD-L1.

The associations between PD-L1 (SP263) and the number 
of tumor-infiltrating immune cells are summarized in Sup-
plementary Table S3. In PD-L1-positive ependymoma cases, 
the numbers of CD3+, CD4+, CD8+, FOXP3+, CD68+, 
and CD163+ cells were significantly increased compared 
with PD-L1-negative ependymoma cases (P = 0.005, 0.008, 
0.032, 0.006, 0.003, and 0.002, respectively).

Patient survival analysis was performed according to 
PD-L1 expression. However, there was no statistical signifi-
cance for PD-L1 expression in PFS or OS (data not shown).

Discussion

In the present study, we demonstrated that the amount of 
tumor-infiltrating immune cells affects the clinical outcome 
of patients with ependymoma. Briefly, increased numbers 
of CD3+ and CD8+ T-cells, a high ratio of CD4+/CD8+ 

cells and an increased number of IDO+ cells were associ-
ated with favorable prognosis, whereas increased numbers of 
FOXP3+ Tregs, CD68+ TAMs and a high ratio of CD163/
AIF1+ cells indicating M2 polarization were associated 
with poor prognosis in ependymoma patients. In particular, 
patients in immune cell subgroup A, which were defined as 
having a combination of high CD3+ cells, low CD68+ and 
high IDO+ cells, showed a significantly prolonged survival.

The prognostic functions of the tumor-infiltrating immune 
cells were mostly consistent with the results of other studies 
on glioma. However, IDO+ cells exhibited a pattern that was 
different from those that were identified in other studies on 
glioma. In the present study, the counts of FOXP3 and IDO 
showed a significant positive correlation with each other. 
However, FOXP3 and IDO showed contrasting prognostic 
roles.

The paradoxical association of increased IDO+ cells 
with a favorable patient prognosis in ependymoma remains 
unclear. A study on gastric adenocarcinoma reported that 
high IDO was associated with better patient survival [28]. 
As a possible mechanism to explain their results, the authors 
suggested that higher stromal IDO could cause a decreased 
availability of tryptophan for tumor metabolism, thereby 
restricting the ability of the tumor to progress.

CD68 is a well-known marker for detecting cells in the 
monocyte lineage, including macrophages and microglia. 
AIF1, also known as ionized calcium-binding adapter mole-
cule 1 (IBA1), is a specific marker for activated macrophages 
/ microglia, especially in the CNS. The numbers of CD68+ 

Fig. 3   Survival analysis according to the immune cell subgroups. 
Ependymoma patients were classified into two immune subgroups, 
immune cell subgroup A and B, using a k-means clustering analysis. 
Subgroup A was defined by high CD3+ and IDO+ cell counts and a 
low CD68+ cell count, and subgroup B was the opposite. The PFS 

and OS of ependymoma patients who were classified by WHO grade, 
age, and site of tumor were evaluated according to the immune cell 
subgroup. Kaplan–Meier curves for PFS and OS are illustrated with 
the P values from the log-rank test
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and AIF1+ cells were well correlated with each other, and 
the mean count of AIF1+ cells was five times higher than 
that of CD68+ cells (AIF1, 815.53 (range 56–1758, median 
804.76) and CD68, 141.0 (range 0–1107.8, median 54.3) 
per 1 mm2). Although CD68 and AIF1 are commonly used 
as markers for macrophages, their prognostic significance in 
ependymoma patients was quite different. While an increase 
in CD68+ TAMs was a statistically significant poor prog-
nostic factor, AIF1+ TAM had no statistical significance but 
had a tendency to prolong survival (Fig. 2g, j). In another 
study, similar to our study, the number of AIF1+ TAMs 
was decreased in the patients who subsequently experienced 
recurrence [25]. However, in this study, CD68 + TMAs 
showed no statistically significant differences between non-
recurrent and recurrent cases [25].

Ratios of CD163/CD68+ cells and CD163/AIF1+ cells, 
indicating M2 polarization, also showed different prognostic 
significance. While a high ratio of CD163/AIF1+ cells was 
a statistically significant poor prognostic factor in epend-
ymoma patients, a high ratio of CD163/CD68+ cells showed 
an opposite tendency (Fig. 2k, i). These various results are 
because immune cell analysis was performed in a single 
antibody immunohistochemical staining. A variety of mac-
rophage markers performing complex immunologic roles 
have been used in combination for detecting macrophages 
and represent several macrophage subsets, such as M1 and 
M2. Double or multiplex immunohistochemical staining can 
be helpful for more elaborate analysis of immune cells.

Genomic and transcriptomic studies have recently defined 
the distinct molecular subgroups of ependymoma that occur 
in three anatomic compartments of the central nervous sys-
tem (supratentorial region, posterior fossa and spinal cord). 
Nine molecular subgroups were identified in a large cohort 
of ependymoma patients, with 3 subgroups in each anatomi-
cal compartment: the supratentorial region, posterior fossa 
and spinal cord [5, 29–31]. Except for the WHO grade I 
tumors, including the subependymomas and myxopapillary 
ependymomas at each site, there are two molecular sub-
groups in the ST region, two molecular subgroups in the 
PF, and one molecular subgroup in SP ependymomas.

Two ST subgroups were characterized based on the pres-
ence of prototypic fusion genes involving RELA and YAP1. 
Both the RELA-C11orf95 and YAP1-MAMLD1 fusions 
were further confirmed by a DNA methylation study. These 
mutations are mutually exclusive in ST ependymomas. The 
ST-RELA subgroup may occur in both children and adults 
and shows a dismal patient outcome. The YAP1 fusion-posi-
tive subgroup of ST ependymoma is enriched in the pediatric 
population and shows an excellent prognosis [5, 29, 32, 33].

Several transcriptional profiling studies of ependymomas, 
including both WHO grade II and III cases, revealed two 
genetically and clinically distinct subgroups of PF epend-
ymomas, named group A (PF-A) and group B (PF-B). PF-A 

Table 2   Multivariate analysis of PFS according to the clinicopatho-
logical parameters and tumor-infiltrating immune cells in epend-
ymoma patients

The quantities of immune cells were compared as categorical vari-
ables according to the cutoff values that were used for the Kaplan–
Meier analysis and were subjected to univariate survival analyses 
using the Cox proportional hazard model
HR hazard ratio, CI confidence interval, P P value, KPS score Kar-
nofsky Performance Status score, EOR extent of resection, GTR​ gross 
total resection, STR subtotal resection, CT chemotherapy, RT radio-
therapy, ST supratentorial, PF posterior fossa, SP spinal, MVP micro-
vascular proliferation

Variables HR (90% CI) P

With CD8
Age (< 20 vs ≥ 20) 1.355 (0.431–4.257) 0.603
KPS score (< 80 vs ≥ 80) 0.453 (0.172–1.195) 0.110
EOR (GTR vs STR) 5.652 (1.630-19.594) 0.006
Adjuvant radiotherapy (no vs yes) 1.048 (0.424–2.593) 0.918
Adjuvant chemotherapy (no vs yes) 1.143 (0.349–3.738) 0.825
WHO grade (II vs III) 0.555 (0.099–3.118) 0.504
Site (SP vs ST + PF) 0.275 (0.056–1.354) 0.112
MVP (absence vs presence) 3.268 (1.145–9.331) 0.027
Proliferating nodule (absence vs pres-

ence)
1.426 (0.541–3.761) 0.473

Atypia (low vs high) 1.123 (0.374–3.368) 0.837
Mitosis (< 5 vs ≥ 5) 1.297 (0.340–4.946) 0.703
CD3 (low vs high) 0.274 (0.067–1.123) 0.072
CD8 (low vs high) 0.407 (0.092–1.801) 0.236
FOXP3 (low vs high) 3.961 (1.441–10.885) 0.008
CD68 (low vs high) 5.587 (1.746–17.884) 0.004
CD163/AIF1 (low vs high) 3.160 (1.046–9.545) 0.041
IDO (low vs high) 0.183 (0.049–0.685) 0.012
With CD4/CD8
Age (< 20 vs ≥ 20) 3.920 (0.738–20.836) 0.109
KPS score (< 80 vs ≥ 80) 0.602 (0.141–2.568) 0.493
EOR (GTR vs STR) 3.783 (1.052–13.605) 0.042
Adjuvant radiotherapy (no vs yes) 1.631 (0.449–5.924) 0.458
Adjuvant chemotherapy (no vs yes) 2.830 (0.571–14.018) 0.203
WHO grade (II vs III) 0.744 (0.066–8.446) 0.811
Site (SP vs ST + PF) 0.126 (0.016–0.982) 0.048
MVP (absence vs presence) 2.617 (0.650–10.540) 0.176
Proliferating nodule (absence vs pres-

ence)
1.464 (0.273–7.842) 0.656

Atypia (low vs high) 0.888 (0.168–4.709) 0.889
Mitosis (< 5 vs ≥ 5) 1.992 (0.254–15.625) 0.512
CD3 (low vs high) 0.306 (0.078–1.208) 0.091
CD4/CD8 (low vs high) 1.763 (0.403–7.711) 0.451
FOXP3 (low vs high) 2.384 (0.495–11.466) 0.278
CD68 (low vs high) 3.081 (0.713–13.313) 0.132
CD163/AIF1 (low vs high) 3.695 (0.732–18.656) 0.114
IDO (low vs high) 0.448 (0.121–1.662) 0.230
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predominantly occurs in infants and young children. PF-A 
is laterally located in the posterior fossa, has a balanced 
genome and is associated with a poor clinical prognosis. 
Conversely, PF-B largely occurs in adolescents and young 
adults and is associated with chromosomal instability and a 
more favorable prognosis [5, 33–36].

SP ependymomas constitute a molecularly distinct tumor 
group. They are a major disease component of neurofibroma-
tosis type 2 (NF2) and are characterized by a high incidence 
of LOH on chromosome 22q, indicating the potential role of 
the NF2 gene in ependymomas with a spinal cord location. 
There have been studies showing the increased frequency 
of the NF2 gene mutation in these ependymomas [37, 38].

Among these molecular subgroups, the inflammatory 
response was identified as a molecular signature of high-
risk PF-A ependymomas [35]. Griesinger et al. reported 

that the enrichment of IL6 and STAT3 pathway genes dis-
tinguished PF-A from PF-B and other brain tumors and 
resulted in myeloid polarization. Polarized myeloid cells 
drove unpolarized myeloid cells to upregulate CD163 and 
produce several proinflammatory cytokines. Therefore, the 
authors proposed that IL6/STAT3 pathway activation is criti-
cal in driving tumor growth and inflammatory crosstalk with 
myeloid cells within the PF-A microenvironment [39].

In the present study, unfortunately, we could not verify 
the molecular subgroups of the cohorts. Therefore, there is 
a limited ability to compare tumor-infiltrating immune cell 
expression to the molecular subgroup. However, in the pre-
sent study, there was no prognostic implication of CD163 
across all ependymoma patients or within PF ependymoma 
patients specifically (data not shown). Additionally, ratios 
of CD163/AIF1+ cells indicating M2 polarization showed 

Table 3   Multivariate analysis 
of PFS according to the 
clinicopathological parameters 
and combined TIL, TAM, and 
IDO status in ependymoma 
patients

The quantities of immune cells were compared as categorical variables according to the cutoff values that 
were used for the Kaplan–Meier analysis and were subjected to univariate survival analyses using the Cox 
proportional hazard model
HR hazard ratio, CI confidence interval, P P value, KPS score Karnofsky Performance Status score, EOR 
extent of resection, GTR​ gross total resection, STR subtotal resection, CT chemotherapy, RT radiotherapy, 
ST supratentorial, PF posterior fossa, SP spinal, MVP microvascular proliferation

Variables HR (90% CI) P

Age (< 20 vs ≥ 20) 0.682 (0.269–1.729) 0.420
KPS score (< 80 vs ≥ 80) 0.420 (0.194–0.908) 0.027
EOR (GTR vs STR) 2.644 (1.093–6.392) 0.031
Adjuvant radiotherapy (no vs yes) 0.838 (0.367–1.913) 0.674
Adjuvant chemotherapy (no vs yes) 1.643 (0.631–4.278) 0.309
WHO grade (II vs III) 3.617 (1.113–11.752) 0.032
Site (SP vs ST + PF) 2.876 (0.787–10.514) 0.110
MVP (absence vs presence) 2.017 (0.874–4.654) 0.100
Proliferating nodule (absence vs presence) 1.726 (0.718–4.146) 0.222
Atypia (low vs high) 1.034 (0.386–2.770) 0.947
Mitosis (< 5 vs ≥ 5) 0.553 (0.200-1.532) 0.255
Immune cell subgroup (A vs B) 15.049 (3.946–57.389) < 0.001

Fig. 4   Representative images of PD-L1 (SP263) strongly positive (a) and weakly positive (b) cases. PD-L1 positive ependymomas showed dif-
fuse membranous patterns
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no prognostic implication in PF ependymoma patients. 
Studies have shown that tumor-infiltrating immune cells 
are influenced by numerous factors. Therefore, it is difficult 
to generalize the relationships between the molecular sub-
type and the tumor-infiltrating immune cell status within an 
ependymoma.

Higher grade of glioma had a tendency of more impaired 
humoral and cellular immunity against glioma genesis [40]. 
T lymphocytes can recognize tumor antigens. Immune 
checkpoints, particularly those involving PD-1 receptor and 
PD-L1, have several distinct mechanisms that can be respon-
sible for T-cell dysfunction [41]. PD-1 and PD-L1 interac-
tion induces the exhaustion and apoptosis of pathogen-spe-
cific T cells, and PD-1 blockade was able to restore function 
to these exhausted T cells [42]. Recently, immunotherapy 
targeting PD-1 and PD-L1 has evolved and produced sig-
nificant positive results. The ongoing advances in successful 
immunotherapy for various cancers and the understanding 
of the tumor immune system have led to increased trials of 
PD-1 / PD-L1 inhibitors in the treatment of gliomas [6].

In the present study, only a small number of ependymoma 
cases expressed PD-L1. Although the prevalence of PD-
L1-expressing ependymoma cases was too low to evaluate 
the clinicopathological significance of PD-L1, these cases 
were frequently observed in children and were found to 
have a low WHO grade, supratentorial location and positive 
L1CAM expression, suggesting a possible classification of 
ST-RELA. PD-L1-expressing ependymomas were associ-
ated with increased numbers of tumor-infiltrating immune 
cells. However, there was no prognostic significance for 
PD-L1 expression. Therefore, we proposed that there is a 
correlation between PD-L1 expression and ST-RELA. In 
another study, the authors found that the presence of ST-
RELA suggested tumor evasion and immunosuppression 
due to PD-L1/PD-1-mediated T-cell exhaustion [9]. Over-
all, PD-L1 may be a potential immunotherapeutic target for 
ST-RELA patients.

Additionally, survival differences according to clinico-
pathologic features were analyzed in ependymoma patients. 
As in the preceding studies, younger age, low KPS score, 
suboptimal tumor resection, higher WHO grade and intrac-
ranial location were associated with poor prognosis [1]. 
Interestingly, both adjuvant radiotherapy and chemotherapy 
showed poor survival outcomes. These results are biased 
because in our cohort, adjuvant radiation therapy and chem-
otherapy tended to be administered in patients with high-risk 
factors such as young age, low KPS score, suboptimal tumor 
resection, high WHO grade, and intracranial location.

Several histopathologic features supporting WHO grade 
III anaplastic ependymoma noted in the 2016 WHO classi-
fication, including atypia, frequent mitotic figure, microvas-
cular proliferation and necrosis, suggested poor prognosis. In 
addition, nodular proliferation was associated with the most 

significant worsening of outcome among all histopathologic 
features investigated. Nodular proliferation has been men-
tioned as a main factor in grading schemes in other stud-
ies [43]. Therefore, we propose that nodular proliferation 
can be considered one of the major high-grade features in 
ependymoma.

There are some limitations to this study. First, we could 
not identify the molecular subgroups of the samples. Molec-
ular subclassification is expected to significantly support 
treatment decisions and should impact clinical trial design 
and operation in ependymoma patients [33]. We performed 
immunohistochemical staining for only L1CAM as a marker 
of ST-RELA. However, in the cohort in the present study, 
there was no significant prognostic difference between 
L1CAM-positive ST ependymoma and L1CAM-negative 
ST ependymoma, in contrast to previous reports [5].

Second, this study was a retrospective analysis. Therefore, 
the clinical features of patients varied. However, we verified 
that the prognostic tendency of immune cells was preserved 
in subgroup analysis according to age and site.

Third, the prognostic significance of immune cells was 
mainly found for PFS and not for OS, meaning that this 
analysis may have limited value in prognosis.

Fourth, we evaluated immune cell microenvironments 
under TMA. We validated our results using a subset of 
whole sections from reference cases. However, ICCs and P 
values between TMA and whole slide image of CD20 were 
insufficient for verifying representativeness. A possible 
cause is that there were too few CD20+ cells. Additionally, 
FOXP3 and IDO, with the second and third fewest numbers 
among immune cells, also had borderline ICC values. If the 
numbers of immune cells were not sufficiently large, the 
TMA method should be used with care.

However, the present study has some additional merits as 
follows: a relatively large number of patients were included, 
automatic cell counting was applied rather than manual eval-
uation, and the diverse tumor-infiltrating immune cells were 
analyzed together. Notably, CD3+ T cells and high CD3+ 
cell counts combined with low CD68+ and high IDO+ cell 
counts were strong and independent prognostic indicators.

In summary, increased numbers of CD3+, CD8+ and 
IDO+ cells decreased the number of FOXP3+ cells, and high 
numbers of CD3+ cells in combination with low numbers 
of CD68+ cells are favorable independent prognostic factors 
for patients with ependymoma. An evaluation of the com-
bined status of TILs, TAMs, and IDO+ cells may be benefi-
cial for the risk stratification of patients with ependymoma. 
This study also provides valuable information for developing 
therapeutic strategies targeting the tumor microenvironment 
in patients with ependymoma.
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