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Background: Programmed death ligand 1 (PD-L1) in tumor cells is known to promote immune 
escape of cancer by interacting with programmed cell death 1 (PD-1) in tumor infiltrating immune 
cells. Immunotherapy targeting these molecules is emerging as a new strategy for the treatment 
of glioblastoma (GBM). Understanding the relationship between the PD-L1/PD-1 axis and prog-
nosis in GBM patients may be helpful to predict the effects of immunotherapy. Methods: PD-L1 
expression and PD-1–positive tumor infiltrating mononuclear cell (PD-1+tumor infiltrating mono-
nuclear cell [TIMC]) density were evaluated using tissue microarray containing 54 GBM cases by 
immunohistochemical analysis; the associations with patient clinical outcomes were evaluated. 
Results: PD-L1 expression and high PD-1+TIMC density were observed in 31.5% and 50% of 
GBM cases, respectively. High expression of PD-L1 in tumor cells was an independent and sig-
nificant predictive factor for worse overall survival (OS; hazard ratio, 4.958; p = .007) but was not a 
significant factor in disease-free survival (DFS). PD-1+TIMC density was not correlated with OS 
or DFS. When patients were classified based on PD-1 expression and PD-1+TIMC density, pa-
tients with PD-L1+/PD-1+TIMC low status had the shortest OS (13 months, p = .009) and DFS (7 
months, p = .053). Conclusions: PD-L1 expression in GBM was an independent prognostic factor 
for poor OS. In addition, combined status of PD-L1 expression and PD-1+TIMC density also pre-
dicted patient outcomes, suggesting that the therapeutic role of the PD-1/PD-L1 axis should be 
considered in the context of GBM immunity.
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▒ ORIGINAL ARTICLE ▒

Glioblastoma (GBM) is the most common and most aggres-
sive adult brain tumor, with a median survival of only 12 to 15 
months, even with optimal treatment.1 The current manage-
ment options for newly diagnosed GBM are surgical resection or 
biopsy, followed by radiotherapy and chemotherapy.2 Unfortu-
nately, GBM ultimately relapses in most patients due to infiltra-
tive growth and frequent presence of multiple lesions at the 
time of diagnosis.3 The limitations of conventional treatments 
for the improvement of GBM patient outcomes have prompted 
investigators to look for new therapeutic approaches and useful 
predictive biomarkers of treatment response. Immunotherapy, 
the idea of recruiting the immune system to fight against can-
cer, is one of these approaches.

A major determinant of cancer pathogenesis is the interaction 
of tumor cells with the immune system. An anticancer immune 
response occurs through a series of stepwise events, beginning 
with tumor antigen presentation by antigen-presenting cells 
(APCs) and progressing through priming and activation of T 

cells, trafficking of cytotoxic T cells (CD8+ cells) to tumors, and 
ultimately the killing of tumor cells.4 This interaction is regu-
lated by checkpoint molecules, which can be either co-stimula-
tory or co-inhibitory. Programmed death ligand 1 (PD-L1) and 
programmed cell death 1 (PD-1) are inhibitory immune check-
point molecules. The association between PD-1 expression on a 
large proportion of tumor-infiltrating lymphocytes (TILs)5 and 
PD-L1 upregulation in a number of cancer cells with poor clinical 
outcomes makes these checkpoint molecules an attractive target 
for an immunotherapeutic approach.6 

Recent studies found that PD-L1 was overexpressed by GBM.7,8 
PD-L1 on the surface of tumor cells suppresses proliferation and 
cytotoxic activity of T cells and promotes regulatory T-cell activity.9 
The expression of PD-L1 in GBM is known to be regulated by 
both extrinsic and intrinsic mechanisms,9 and interferon γ (IFN-γ)–
mediated superinduction of PD-L1 in GBM with phosphatase 
and tensin homology (PTEN) deficiency has been reported.10

PD-1 is a member of the CD28 family that is expressed in 
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tumor infiltrating mononuclear cells (TIMCs), including acti-
vated T cells, B cells, dendritic cells, and macrophages.11 PD-1 
expression by tumor infiltrating lymphocytes (TILs) is known to be 
related to patient outcomes for other solid tumors.12-14

There is a current effort to develop more accurate predictive 
biomarkers of patient response to checkpoint blockade, particu-
larly anti–PD-1/PD-L1, in conjunction with the tumor-host 
immune relationship based on PD-L1 expression and TILs.15,16 
TILs, a component of the adaptive antitumor host response, are 
known to be related to outcomes, and adoptive transfer of TILs 
can mediate regression of metastatic melanoma.17

However, data on the prognostic value of PD-L1 tumor expres-
sion and PD-1 expression in tumor infiltrating immune cells in 
GBM are limited, and the results of previous studies have been 
inconsistent. In the present study, we examined PD-L1 expression 
and PD-1 expression in TIMCs and evaluated their prognostic 
value in GBM patients.

MATERIALS AND METHODS

Patients

We retrospectively identified GBM patients who were diag-
nosed and treated in Seoul St. Mary’s Hospital, College of Medi-
cine, The Catholic University of Korea (Seoul, Korea), between 
2004 and 2012. Patient clinicopathologic and clinical follow-up 
data were collected from the medical records. Histologic diagno-
sis of glioblastoma was performed according to the current World 
Health Organization (WHO) classification, fourth edition.18 The 
ethics committee of Catholic University granted approval for 
this study (IRB No. KC16RISI0370).

 
Construction of tissue microarray 

All tumor tissues were obtained at the time of the first surgery 
after diagnosis of GBM. A representative tumor area from each 
case was selected and marked on hematoxylin and eosin (H&E)-
stained slides. Formalin-fixed and paraffin-embedded tissue 
blocks and the corresponding H&E-stained slides were overlaid 
for tissue microarray (TMA) sampling. A cylindrical core (2 mm 
in diameter) was obtained for each case. Sectioning of microarray 
blocks produced 4-µm thick sections.

Immunohistochemistry 

Microslide tissue sections were deparaffinized with xylene, 
hydrated using a diluted alcohol series, and immersed in 0.3% 
H2O2 in methanol to extinguish endogenous peroxidase activity. 
Sections were then microwaved for 15 minutes in 10 mM citrate 

buffer (pH 6.0) for antigen retrieval. Each section was blocked 
with 4% bovine serum albumin in phosphate buffered saline 
with 0.1% Tween 20 (PBST) for 30 minutes to reduce non-spe-
cific staining. Sections were incubated with anti–PD-L1 (1:100, 
Cell Marque, Rocklin, CA, USA) or anti–PD-1 (1:100, Ventana, 
Tucson, AZ, USA) antibodies in PBST containing 3 mg/mL 
goat globulin (Sigma-Aldrich, St. Louis, MO, USA) for 60 min-
utes at room temperature, followed by three successive washes 
with a buffer. The sections were then incubated with an anti-
mouse/rabbit antibody (Envision plus, Dako, Carpinteria, CA, 
USA) for 30 minutes at room temperature. The chromogen 
used was 3,3'-diaminobenzidine (Dako). The sections were coun-
terstained with Meyer’s hematoxylin. For positive controls, sec-
tions of human placenta and tonsil tissue were included in each 
staining run. Omission of the primary antibody for placenta and 
tonsil tissue sections was used as a negative control.

 
Immunohistochemical analysis

Two experienced pathologists (Y.S.L. and J.H) performed im-
munohistochemical analysis for PD-L1 and PD-1 by microscopic 
observation of the stained TMA slides. Cases were considered 
PD-L1+ if membranous staining of tumor cells was detected in 
at least 5% of the cells, irrespective of staining intensity. The cut-
off threshold of PD-L1 expression was determined by receiver 
operating characteristic analysis of the survival rate.

PD-1 staining in TIMCs was assessed by identification of 
lymphocytes and macrophages on the basis of morphologic fea-
tures. All TIMCs with membranous PD-1 expression of moderate 
to high intensity were manually counted in an entire area for 
each TMA core. The number of PD-1+TIMCs was divided by 
the total area of the TMA core (3.14 mm2) to obtain the number 
of PD-1+TIMCs per unit area (/mm2), the median value of which 
was used as a cut-off to define low versus high density.

 
Statistical analysis

Data were analyzed using the SPSS 21.0 statistical software 
package (IBM Corp., Armonk, NY, USA). Differences in patient 
characteristics between positive and negative PD-L1 expression 
or high and low density of PD-1+TIMCs were analyzed using 
chi-square tests, Fisher exact tests, and Student’s t-tests. Compar-
ative analysis of PD-L1 expression and the number of PD-1+ 
TIMCs was performed using Mann-Whitney tests. Survival 
time curves were drawn using the Kaplan-Meier method and a 
log-rank test was used to assess the significance of differences in 
survival. Survival time included overall survival (OS; the length 
of time from the date of surgery or biopsy to the date of death 
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from any cause, or to the last follow-up date if the patient is 
alive) and disease-free survival (DFS; the length of time from 
the date of surgery or biopsy to recurrence, progress or death from 
any cause). Univariate and multivariate analyses using the Cox 
proportional hazard model were performed to identify factors 
influencing OS and DFS. A step-down procedure was selected 
for multivariate analysis. In all statistical analyses, a two-tailed 
p-value less than .05 was considered to indicate a statistically 
significant difference.

 
RESULTS

Patient characteristics

The clinical characteristics of the 54 patients are summarized 
in Table 1. The mean patient age at diagnosis was 57.2 years, 
with a range of 31 to 85 years. The study group consisted of 26 
males (48.1%) and 28 females (51.9%). Eleven patients (20.4%) 
had secondary GBM that developed from anaplastic astrocytoma 
and oligodendroglioma. Forty patients (74.1%) underwent total 
resection, 43 (79.6%) were treated with adjuvant radiotherapy 
plus concurrent temozolomide, and nine (16.7%) were treated 
with radiotherapy or temozolomide alone, based on performance 
status. Thirty-two patients (59.3%) had a single lesion and 22 
(40.7%) had multifocal or multicentric lesions. Thirty-six patients 
(66.7%) were alive at the last follow-up and 40 patients (74.1%) 
experienced a progression or recurrence. Mean OS and DFS 
were 17.57 and 12.13 months, respectively. 

 

PD-L1 expression and PD-1+TIMC density in GBM

PD-L1 staining in tumor cells was mostly of weak to moderate 
intensity with a membranous and cytoplasmic pattern (Fig. 1B, 
C). In most of the cases, PD-L1 stained only tumor cells. However, 

Table 1. Summary of patient characteristics

Characteristic No. (%)

Gender
Male 26 (48.1)
Female 28 (51.9)

Primary/Secondary
Primary 43 (79.6)
Secondary 11 (20.4)

Surgical treatment
Total resection 40 (74.1)
Subtotal resection 11 (20.4)
Biopsy and others 3 (5.6)

Adjuvant treatment 
CCRT 43 (79.6)
CTx or RTx alone 9 (16.7)
No treatment 2 (3.7)

No. of lesions
Single 32 (59.3)
Multiple (multifocal, multicentric) 22 (40.7)

Alive at last follow-up
Yes 36 (66.7)
No 18 (33.3)

Progress/Recurrence
Yes 40 (74.1)
No 14 (25.9)

Overall survival time, mean (range, mo) 17.57 (1.0–51.0)
Disease free survival, mean (range, mo) 12.13 (1.0–43.0)

CCRT, concurrent chemoradiotherapy; CTx, chemotherapy; RTx, radiotherapy.

A

E

B

F

C

G

D

H

Fig. 1. Immunohistochemical staining pattern for programmed death ligand 1 (PD-L1) and programmed cell death 1 (PD-1). (A) Human pla-
centa tissue as a positive control for endogenous PD-L1. PD-L1 positive tumor cells showing membranous and cytoplasmic staining with 
moderate (B) and weak (C) intensity. (D) PD-L1 negative tumor cells. (E) Tonsil tissue as a positive control for endogenous PD-1. Glioblasto-
ma with high density (F) and low density (G) of PD-1 positive tumor infiltrating mononuclear cells (PD-1+tumor infiltrating mononuclear cell 
[TIMC]). (H) PD-1+TIMC consists of lymphocytes (most) and macrophages (some).
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in two cases (one case was PD-L1 positive, the other was not) a 
few dispersed TIMCs were stained with PD-L1 in their cyto-
plasm or membrane. In total, 17 patients (31.5%) were positive 
for PD-L1 expression in tumor cells.

The median PD-1+TIMC density in GBM was 1.75/mm2 
(range, 0 to 36.6/mm2), and 27 patients (50%) were classified 
as PD-1+TIMC high density (Fig. 1F, G). Most of the PD-1+ 
TIMC were lymphocytes with small round condensed nuclei 
and rims of cytoplasm. Occasionally, the cells had elongated or 
kidney shaped nuclei with a scant to moderate amount of cyto-
plasm (which were considered to be macrophages) that were 
stained with PD-1 (Fig. 1H). 

No significant relationship between PD-L1 expression and 
PD-1+TIMC density was detected.

 
Correlations between PD-L1 expression and PD-1+TIMC 
density and GBM patient characteristics

Patient characteristics and their associations with PD-L1 
expression and PD-1+TIMC density are summarized in Table 2. 

PD-L1 expression was significantly more frequent in patients 
who had died by the last follow up than in survivors (p = .038). 
No significant correlations were observed between PD-1+ 
TIMC density and patient characteristics.

 
Prognostic implication of PD-L1 expression and  
PD-1+TIMC density for GBM

Univariate analysis revealed that PD-L1 expression was sig-
nificantly associated with poor OS (p = .024; hazard ratio [HR], 
3.058; 95% confidence interval [CI], 1.16 to 8.06) (Table 3), 
whereas none of the other factors, including PD-1+TIMC 
density, were significantly associated with OS. Multivariate 
analyses demonstrated that PD-L1 expression was an indepen-
dent and significant predictive factor for worse OS (p = .007; 
HR, 4.958; 95% CI, 1.557 to 15.79) (Table 3).

Kaplan-Meier survival analysis revealed that patients with 
PD-L1 expression exhibited significantly shorter OS (median 
OS, 15 months vs 41 months, p = .017) (Fig. 2A), but that 
there was no significant difference in DFS (median DFS, 10 

Table 2. Relationship between PD-L1 expression and density of PD-1+TIMC and GBM patient characteristics

All cases
(n=54)

PD-L1 PD-1+TIMC

Negative Positive p-value Low High p-value

All cases 37 (68.5) 17 (31.5) 27 (50) 27 (50)
Gender .914 .586

Male 26 18 (69.2) 8 (30.8) 14 (53.8) 12 (46.2)
Female 28 19 (67.9) 9 (32.1) 13 (48.1) 15 (55.6)

Age at diagnosis (yr) 
  Mean (min-max)

57.62 
(31–85)

56.18 
(36–78)

.814
54.26  

(32–77)
60.07 

(31–85)
.115

Primary/Secondary .47 .311
Primary 43 28 (65.1) 15 (34.9) 23 (53.5) 20 (46.5)
Secondary 11 9 (81.8) 2 (18.2) 4 (36.4) 7 (63.6)

Surgical treatment .672 .804
Total resection 40 26 (65.0) 14 (35.0) 19 (47.5) 21 (52.5)
Subtotal resection 11 9 (81.8) 2 (18.2) 6 (54.5) 5 (45.5)
Biopsy and others 3 2 (66.7) 1 (33.3) 2 (66.7) 1 (33.3)

Adjuvant treatment .257 .082
CCRT 43 27 (62.8) 16 (37.2) 23 (53.5) 20 (46.5)
CTx or RTx alone 9 8 (88.9) 1 (11.1) 2 (22.2) 7 (77.8)
No treatment 2 2 (100) 0 2 (100) 0

No. of lesions .713 .78
Single 33 22 (66.7) 11 (33.3) 16 (48.5) 17 (51.5)
Multiple 21 15 (71.4) 6 (28.6) 11 (52.4) 10 (47.6)

Alive at last follow-up .038 .248
Yes 36 28 (77.8) 8 (22.2) 16 (44.4) 20 (55.6)
No 18 9 (50.0) 9 (50.0) 11 (61.1) 7 (38.9)

Progress/Recurrence 1 .214
Yes 40 27 (67.5) 13 (32.5) 22 (55.0) 18 (45.0)
No 14 10 (71.4) 4 (28.6) 5 (35.7) 9 (64.3)

Values are presented as number (%) unless otherwise indicated.
PD-L1, programmed death ligand 1; PD-1, programmed cell death 1; TIMC, tumor infiltrating mononuclear cell; GBM, glioblastoma; CCRT, concurrent 
chemoradiotheraphy; CTx, chemotherapy; RTx, radiation therapy.
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months vs 14 months; p = .14) (Fig. 2B). There were no signifi-
cant differences in OS or DFS according to PD-1+TIMC density 
(Fig. 2C, D).

 
Classification of patients based on PD-L1 expression and 
PD-1+TIMC density

We divided patients into four groups according to their PD-
L1 expression status and PD-1+TIMC density: PD-L1+/PD-1+ 
TIMC high (group 1; 10 patients, 18.5%), PD-L1+/PD-1+ 
TIMC low (group 2; 7 patients, 13%), PD-L1–/PD-1+TIMC 
high (group 3; 17 patients, 31.5%), and PD-L1–/PD-1+TIMC 
low (group 4; 20 patients, 37%). The median OS was 24 months 
in group 1, 13 months in group 2, 27 months in group 3, and 
41 months in group 4 (p = .0092) (Fig. 3A). The median DFS 
was 11 months in group 1, 7 months in group 2, and 24 months 
in groups 3 and 4 (p = .053) (Fig. 3B). Patients in group 2 had 
significantly worse rates of OS (Fig. 3C, E) and DFS (Fig. 3D, F) 
than those in groups 3 and 4. They also tended to have shorter 
OS (p = .049) (Fig. 3G) and DFS (p = .068) (Fig. 3H) than those 

in group 1. 
Histologically, the GBM of group 2 tended to show marked 

tumor cellularity, low density of TIMCs, and a high Ki-67 index 
(≥ 20%). Patients in group 2 were younger at the age of diagnosis 
than the other groups, although this difference was not statisti-
cally significant (Table 4).

DISCUSSION

The expression rate of PD-L1 in glioblastoma patients in our 
study was 31.5%, which is comparable to that of other solid 
tumors, such as ~30% for melanoma19 and ~36% for non-small 
cell lung cancer.20 In recent studies, 38.3% of GBM8 and 37.6% 
for newly diagnosed GBM7 had at least 5% PD-L1 expression. 

PD-L1 expression has been observed, not only in tumor cells, 
but also in non-cancerous interstitial cells21 and stromal lym-
phocytes.22 Nduom et al.8 also observed that lymphocytes con-
sisted of nearly 30% PD-L1 positive cells in GBM. However, in 
our study, PD-L1–positive lymphocytes were found in only two 

Table 3. Univariate and multivariate analyses of clinicopathologic factors for OS and DFS

Variable

OS DFS

Univariate Multivariate Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value Hazard ratio (95% CI) p-value HR (95% CI) p-value

PD-L1 expression
Positive 3.058 (1.160–8.060) .024 4.958 (1.557–15.79) .007 1.651 (0.821–3.319) .16
Negative Reference Reference Reference

PD-1+TIMC
High 0.726 (0.280–1.879) .509 0.842 (0.445–1.593) .597
Low Reference Reference

Age (continuous) 0.989 (0.953–1.026) .541 0.997 (0.973–1.002) .825
Gender

Male 2.000 (0.747–5.360) .168 4.053 (1.230–13.35) .021 1.806 (0.940–3.472) .076 2.142 (1.077–4.260) .03
Female Reference Reference Reference Reference

Primary vs secondary
Primary 1.830 (0.418–8.007) .423 1.023 (0.447–2.340) .957
Secondary Reference Reference

Numver of lesions
Single Reference .133 Reference .078 Reference .278 Reference .092
Multiple 2.103 (0.797–5.547) 2.715 (0.893–8.253) 1.438 (0.746–2.772) 1.814 (0.907–3.629)

Surgical treatment
Total resection Reference Reference
Subtotal resection 1.134 (0.365–3.528) .828 1.099 (0.497–2.433) .815
Biopsy and others 1.453 (0.186–11.34) .721 2.807 (0.838–9.405) .094

Adjuvant treatment
CCRT Reference Reference Reference
CTx or RTx alone 1.309 (0.369–4.640) .677 2.369 (0.562–9.989) .024 0.706 (0.245–2.030) .518
No treatment 7.717 (0.880–67.674) .065 5.760 (2.089–317.6) .011 1.346 (0.181–10.011) .771

Recurrence or progression 2.238 (0.511–9.795) .285

OS, overall survival; DFS, disease free survival; HR, hazard ratio; CI, confidence interval; PD-L1, programmed death ligand 1; PD-1, programmed cell death 1; 
TIMC, tumor infiltrating mononuclear cell; CCRT, concurrent chemoradiation therapy; CTx, chemotherapy; RTx, radiation therapy.
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out of 54 cases and their proportions were not significant. These 
differences may result from the use of different antibodies, differ-
ences in counting or detection methods, or different definitions 
for positivity. In addition, GBM is known to create an immuno-
suppressive microenvironment, resulting in sparse TILs in GBM 
relative to other solid tumors, which might affect the proportion 
of PD-L1 positive lymphocytes.

In the present study, patients with PD-L1 expression showed 
significantly poorer OS. However, the relationship between PD-
L1 expression and prognosis in patients with GBM remains 
unclear. Recent studies have evaluated the prognostic implica-
tions of PD-L1 expression in GBM7,8 and glioma23 with incon-
sistent findings. Although the precise mechanism by which 
intratumoral PD-L1 negatively affects patient prognosis is yet 
to be determined, PD-L1 has been expressed in different cancer 
types, including kidney, liver, ovarian, pancreatic, lung, and 
gastric cancer, and PD-L1 expression by tumor cells has been 
reported to strongly correlate with a poor prognosis.24-29

Traditionally, the central nervous system has been presumed 

to be an immune privileged organ, primarily due to an intact 
blood-brain barrier (BBB). However, in GBM, the integrity of 
the BBB is compromised, enabling activated macrophages and 
lymphocytes to migrate across the BBB into the brain paren-
chyma.30 Inflammatory infiltrates in GBM are relatively sparse; 
in the present study, the median density of PD-1+TIMCs was 
1.75/mm2, which is much lower than in other solid tumors, 
such as lung cancer (33.4 PD-1+TILs/mm2).31 Presurgical corti-
costeroid treatment may affect the number of TIMCs, although 
Berghoff et al.32 found that corticosteroids did not affect the 
amount of TILs in melanoma brain metastases. It is known that 
GBM creates an immunosuppressive microenvironment by 
producing immunosuppressive cytokines, such as transforming 
growth factor β, prostaglandin-E, indoleamine 2,3-dioxygenase, 
interleukin 10, and STAT3.33 In addition, ineffective presenta-
tion of tumor antigens by APCs or recruitment of immunosup-
pressive cells, such as regulatory T cells (Treg) or myeloid-derived 
suppressor cells, is known to contribute to an immunosuppres-
sive condition.33 The scarcity of PD-1+ infiltrating immune cells, 

Fig. 2. Kaplan-Meier plots for overall survival and disease-free survival of glioblastoma patients according to the programmed death ligand 1 
(PD-L1) expression status (A, B) and disease-free survival (C, D). TIMC, tumor infiltrating mononuclear cell.
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targets of anti–PD-1 therapy, might imply reduced efficacy of 
the treatment.

No relationship between PD-1 expression and clinical out-
comes was observed in the present study, although previous 

studies have shown inconsistent results.12,34 In a subgroup analysis 
dividing patients into four groups according to PD-L1 expression 
and PD-1+TIMC density, group 2 (PD-L1+/PD-1+TIMC low) 
had a significantly worse OS than the other three groups. This 

Fig. 3. Kaplan-Meier curves for overall survival (A, C, E, G), and disease free survival (B, D, F, H) of patients with positive or negative expres-
sion of programmed death ligand 1 (PD-L1) and high or low density of programmed cell death 1 (PD-1)+tumor infiltrating mononuclear cell 
(TIMC).
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finding was in accordance with the poor prognostic effect of PD-L1 
expression. In addition, the significant difference in OS between 
groups 1 and 2, both of which were PD-L1 positive, and the 
similar clinical outcomes of groups 1, 3, and 4, suggest that the 
prognostic impact of PD-L1 expression on GBM should be 
evaluated with PD-1+TIMC density. Thus, the combined status 
of PD-L1 expression with PD-1+TIMC density may more pre-
cisely predict clinical outcomes.

The PD-L1 expression in GBM is mediated by IFN-γ pro-
duced in an active immune response to the tumor or a constitu-
tive oncogenic signaling pathway via the loss of PTEN.10 Harter 
et al.35 found a loco-regional overlap between TILs and PD-L1 
expression in brain metastasis, suggesting induction of PD-L1 
in brain metastasis by anti-tumor immune response. However, 
we observed that PD-L1–positive GBM tended to have equivocal 
(group 1) or even lower (group 2) TIMC density than PD-L1–
negative groups, indicating that an intrinsic pathway might be 
associated with PD-L1 overexpression in GBM. 

Our study has several limitations. First, the population enrolled 
in this study was relatively small, which could limit the statis-
tical estimation. Second, TMA could not fully reflect the hetero-
geneity of GBM or the focal expression pattern of PD-L1, thus 
a false-negative evaluation could be possible. Lastly, as our study 
is retrospective, unknown factors that influence patient clinical 
outcomes might be present. 

In summary, our study yielded two major findings: first, PD-
L1 expression of GBM was an independent prognostic factor 
associated with poor OS; second, classification of patients based 
on PD-L1 expression and PD-1+TIMC density also predicts 
patient survival. Our results suggest that PD-L1 expression 
might be a useful prognostic factor and should be considered in 
the context of PD-1+TIMCs. The combination of PD-L1 expres-
sion status and PD-1+TIMC density appears to more effectively 
predict patient prognosis and might be helpful for selection of 
appropriate candidates for immunotherapy and for evaluating 
immunotherapeutic efficacy. 
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