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Abstract

The aim of this study was to determine the clinicopathological significance of programmed cell death ligand 1 (PD-L1)
expression in glioblastoma (GBM). In a retrospective cohort of 115 consecutive patients with GBM, PD-L1 expression was
determined using immunohistochemistry (IHC). Membranous and fibrillary PD-L1 staining of any intensity in > 5% neoplas-
tic cells and tumour infiltrating immune cells (TIIs) was considered positive staining. In addition, isocitrate dehydrogenase-1
(IDH-1) (R132H) expression and cluster of differentiation 3 (CD3)-positive T-cell infiltration were investigated using IHC.
O(6)-methylguanine-DNA methyltransferase (MGMT) promoter methylation assay and fluorescence in situ hybridization
(FISH) for the assessment of 1p/19q deletion were performed. Expression of PD-L1 in tumour cells and TIIs was found in
37 (32.2%) and 6 (5.2%) patients, respectively. Kaplan—-Meier analysis indicated that PD-L1 expression in tumour cells was
significantly associated with poor overall survival (OS) (P=0.017), though multivariate Cox analysis did not confirm this
association (hazard ratio 1.204; P=0.615). PD-L1 expression in TIIs did not correlate with the patient prognosis (P =0.545).
In addition, MGMT methylation and IDH-1 (R132H) expression were associated with a better prognosis (P <0.001 and
P=0.024, respectively). The expression of PD-L1 was associated with CD3-positive T-cell infiltration (P <0.001), and
IDH-1 wild type status (P=0.008). A deeper insight into PD-L1 expression could help to ensure the success of future
immunotherapy in GBM. Our study suggested that PD-L1 target therapy might be beneficial for PD-L1-expressing GBM
patients with a poor prognosis.
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Background

The remarkable therapeutic efficacy of immune checkpoint
inhibitors has been proven in various cancers [1, 2]. In par-
ticular, targeting of programmed cell death 1 (PD-1) and
its ligand, programmed cell death ligand 1 (PD-L1), has
delivered excellent anti-tumour efficacy in patients with
metastatic melanoma, non-small-cell lung cancer (NSCLC),
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urothelial carcinoma, and microsatellite instability-high
(MSI-H) colorectal cancer [3-6]. Anti-PD-1/PD-L1 anti-
bodies (nivolumab, pembrolizumab, and atezolizumab)
have been approved by the US Food and Drug Administra-
tion (FDA) for the treatment of melanoma, NSCLC, and
urothelial carcinoma. Physiologically, PD-L1 is expressed to
protect tissues from excessive inflammation [7], but malig-
nant tumours express PD-L1 to escape from host immune
surveillance [8]. The PD-1/PD-L1 axis is believed to play a
key role in the immune evasion mechanism of tumours [8].
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Therefore, an increased understanding of the role of PD-L1
expression will aid in the development of immunotherapies.

Glioblastoma (GBM) is the most malignant and most
common primary brain tumour, and patients usually survive
for < 15 months after diagnosis [9]. Conventional strategies
for the treatment of GBM include a combination of surgery,
radiation therapy, and chemotherapy, although their effica-
cies have remained limited. Therefore, novel and more effec-
tive treatment strategies for this tumour are desirable. Recent
studies have increased the expectations regarding immuno-
therapy for GBM, which has previously proven effective
for several other malignancies. Current immunotherapies
for GBM include the use of cancer vaccines, checkpoint
inhibitors, oncolytic viruses, adoptive cell therapy, and chi-
meric T-cell receptors [10, 11]. The noticeable success of
PD-1/PD-L1 inhibitors for cancer treatment has led to their
application in neuro-oncology. Various clinical trials of
PD-1/PD-L1 inhibitors for GBM are ongoing; Durvalumab
(NCTO02336165) and Pembrolizumab (NCT02337491) are
currently in phase II trials involving patients with primary
GBM, while nivolumab is in 2 phase III trials involving
newly-diagnosed GBM patients presenting with a methylated
MGMT Promoter Status (NCT02667587), as well as with
an un-methylated MGMT Promoter Status (NCT02617589).
Unfortunately, nivolumab treatment has not achieved a better
overall survival (OS) outcome than bevacizumab treatment
in patients with recurrent GBM (NCT02017717) [12].

Increased PD-L1 expression is a highly specific and
effective indicator for the use of PD-1/PD-L1 inhibitors
in patients with NSCLC and urothelial carcinoma [4, 13].
PD-1/PD-L1 blockade was associated with an improved
response in patients with advanced urothelial carcinoma
exhibiting PD-L1 expression in tumour infiltrating immune
cells (TIIs) [13]. Therefore, evaluation of PD-L1 expression
in TIIs, as well as in tumour cells in patients with GBM,
would be valuable.

Studies have indicated that PD-L1-expression is asso-
ciated with a poor prognosis in cancer [1, 14]. In GBM,
however, the frequency and prognostic value of PD-L1
expression remain to be determined. PD-L1 expression
was observed in 88.0% of newly-diagnosed and 72.2% of
relapsed patients with GBM, although it was not related to
patient outcomes [15]. In contrast, Nduom et al. reported
that increased expression of both PD-1 and PD-L1 based on
The Cancer Genome Atlas (TCGA) datasets predicts a poor
prognosis [16]. Another recent study reported PD-L1 expres-
sion in 49.2, 53.7, and 68.8% patients with grade II, III, and
IV gliomas, respectively, and concluded that immunohis-
tochemical PD-L1 expression was significantly associated
with a poor OS in patients with GBM (grade IV) only [17].
Since the literature shows no consensus, further studies on
PD-L1 expression in GBM are necessary.
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Considering the above perspectives, we aimed to verify
the prognostic significance of PD-L1 expression, and to
determine the correlation between PD-L1 expression and
other molecular alterations in patients with GBM.

Materials and methods
Patients and tumour samples

This study included 115 patients with newly-diagnosed
GBM who underwent radical surgery or stereotactic biopsy
at the Seoul National University Bundang Hospital between
May 2003 and February 2013. In total, 52 patients under-
went stereotactic biopsy or partial resection and 63 under-
went gross total resection. Two neuropathologists (K.S.L.
and G.C.) reviewed the histopathology and confirmed GBM
diagnoses for all lesions. The lesions were re-classified
according to the 2016 World Health Organization (WHO)
classification of central nervous system tumours [18]. Oli-
godendroglial tumours were excluded using 1p19q fluores-
cence in situ hybridization (FISH) testing. Even though IDH
gene mutations were not evaluated using sequencing, the
IDH-1 R132H mutation status was assessed using immuno-
histochemistry (IHC). Clinicopathological information was
obtained from hospital medical reports.

The Institutional Review Board of the Seoul National
University Bundang Hospital approved the use of medical
record data and tissue samples for this study (Reference:
B-1612/374-304).

Tissue array method

Two tissue microarrays (TMA) were constructed with for-
malin-fixed paraffin-embedded (FFPE) donor GBM tissues.
For each patient, two cores (each of 3 mm diameter) from
representative regions of the GBM tissues were punched
out (ensuring > 30% cancer cells in each sample), and trans-
ferred to a TMA recipient block.

Immunohistochemistry

Immunostaining using PD-L1 (E1L3N, 1:50, Cell Signaling
Technology, Danvers, MA, USA), cluster of differentiation
3 (CD3) (1:100, Dako, Glostrup, Denmark), and isocitrate
dehydrogenase 1-R132H (IDH-1; 1:100, DIANOVA, Ham-
burg, Germany) antibodies was performed with 2 TMA
slides per sample, using the Ventana Benchmark XT auto-
stainer (Ventana, Tucson, AZ, USA) with the ultraView
Universal DAB kit (Ventana) as per the manufacturer’s
recommendations.

Normal glial tissues served as internal negative controls.
PD-L1 expression was considered positive when > 5%
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neoplastic cells showed membranous or fibrillary staining
of any intensity (Fig. 1a, b) [15]. The percentage of TIIs
with PD-L1 staining was counted; positivity was recorded
when immune cells showed > 5% staining [13]. The CD3+
Tumour-infiltrating lymphocytes (TILs) were analysed by
counting the number of positive nuclei in the core region
(x40). We arbitrarily defined the cut-off value for CD3+
TILs as > 30 positive cells/microscopic view (x40). Positive
IDH-1 status was attributed to samples showing cytoplasmic
staining in neoplastic cells.

0(6)-methylguanine-DNA methyltransferase
(MGMT) promoter methylation assay

Deoxyribose-nucleic acid (DNA) was extracted from GBM
tissues and treated with bisulfite using the EZ DNA meth-
ylation kit (Zymo Research, Freiburg, Germany), according
to the manufacturer’s protocol. Methylation-specific poly-
merase chain reaction (PCR) was performed as previously

described [19]. The predicted fragment size was 80 bp for
methylated samples and 92 bp for non-methylated samples.
The PCR products were visualized on 4% agarose gels.

Fluorescence in situ hybridization
for the assessment of 1p/19q deletion

The Locus-Specific Identifier (LSI) 1p36/LSI 1925 and
LSI 19q13/LSI 19p13 DNA probes (Vysis, IL, USA) were
used for 1p/19q FISH, which was performed according to
the manufacturer’s instructions. Briefly, 4-um thick paraf-
fin slides were deparaffinized, dehydrated, and incubated in
solution at 80 °C for 30 min. The slides were immersed in
protease solution at 37 °C for 20 min, and then incubated
in 10% buffered formalin. The slides were hybridized with
Hybrite (ThermoBrite™, Vysis). After drying in darkness,
10 ul of counterstain was applied to the target region on
the slide, and a cover slip was placed. The FISH results
were interpreted according to the guidelines defined by the
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Fig. 1 Representative figures showing immunohistochemical staining
for programmed cell death ligand 1 (PD-L1) (a, b and ¢), cluster of
differentiation 3 (CD3) (d), and isocitrate dehydrogenase 1 (IDH-1)
(e) antibodies and the findings of fluorescence in-situ hybridization
(FISH) for 1p36 (f) in glioblastoma samples. a Membranous PD-L1

expression in tumour cells (x400). b Fibrillary PD-L1 expression in
tumour cells (x400). ¢ PD-L1 expression in immune cells (x400). d
CD3 expression in tumour-infiltrating lymphocytes (x400). e IDH-1
(R132H) expression (x400). f Absence of chromosome 1p36 deletion
(x1000)
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European Society for Paediatric Oncology (SIOP Europe)
Neuroblastoma Pathology and Biology and Bone Marrow
Group [20].

Statistical analyses

Chi square tests or Fisher’s exact tests were used for the
comparison of categorical variables as appropriate.
Kaplan—Meier analysis with a log-rank test was used to
evaluate survival curves. Univariate and multivariate regres-
sion analyses were performed using Cox proportional haz-
ards models to determine the hazard ratios (HRs) and 95%
confidence intervals (CIs) for each factor. Separate analyses
were conducted to evaluate OS. A P value of <0.05 was
considered statistically significant. All statistical analyses
were performed using the IBM SPSS statistics version 21
software (IBM, Armonk, NY, USA).

Results
Clinicopathological characteristics of GBM patients

Table 1 demonstrates the clinicopathological characteristics
of the patients included in this study. The average age was
59.3 (20-84) years. More than half of the GBM lesions orig-
inated from the temporoparietal lobe (56.5%). At the time
of diagnosis, 11 GBM lesions had already multiple involved
sites. One patient exhibited primary cerebellar GBM (rare in
adults, accounting for approximately 1% of all GBMs) [21].
Secondary GBM, which originates from a low-grade gli-
oma, was observed in 11 (9.6%) patients. The incidence rate
of secondary GBM was similar to that in previous studies
[22, 23]. In total, 63 (54.8%) patients underwent gross total
resection. Post-operative therapy including temozolomide
(TMZ) and radiotherapy was performed in 93 (80.9%) and
105 (91.3%) patients, respectively. All patients who received
TMZ also received radiotherapy. Fifty-three (46.1%) patients
received gross total resection plus TMZ and radiotherapy.
Ten of the patients who underwent gross total resection had
no further treatment. Among them, eight patients were in
poor condition and were too old to receive chemotherapy
or radiotherapy, and the other two patients refused for eco-
nomic reasons. Recurrence after gross total resection was
observed in 44 patients. Twenty-four of the relapsed patients
received Irinotecan/Avastin therapy.

Frequency of PD-L1 expression and other molecular
alterations in GBM patients

We immunohistochemically investigated PD-L1 and IDH-1

expression and CD3+ TIL infiltration in GBM tissues. All
115 GBM tissues were stained for PD-L1 and IDH-1. PD-L.1

@ Springer

Table 1 Clinicopathological characteristics of 115 patients with glio-
blastoma (GBM) included in the study

Entire population (no.
=115)

Number (%)
Age Mean (range) 59.3(20-84)
Tumour location Frontal lobe 31 27.0
Temporal lobe 49 42.6
Parietal lobe 16 13.9
Brain stem 7 6.1
Multiple lobes 11 9.6
Cerebellum 1 0.9
Hemispheres Right 51 443
Left 51 443
Not evaluable 13 11.3
Type Primary GBM 96 90.4
Secondary GBM 11 9.6
Extent of procedure Biopsy 21 18.3
Partial resection 31 27.0
Grossly total resection 63 54.8
Radiotherapy No 10 8.7
Yes 105 91.3
Temozolomide No 22 19.1
Yes 93 80.9
Irinotecan/avastin No 91 79.1
Yes 24 20.9
63 (Gross
total resec-
tion)
Recurrence after No 19 30.2%
gross total resec-  yeg 44 69.8%

tion

GBMglioblastoma, no number

expression was primarily represented by a membranous or
fibrillary staining pattern in tumour cells (Fig. la, b), and
positive staining was observed in 37 (32.2%) samples. CD3+
TILs were present in 21 (18.3%) samples (Fig. 1d). Immune
cell PD-L1 expression was observed in 6 (5.2%) samples
(Fig. 1c). Expression of IDH-1, a specific marker for the
detection of IDH-1 (R132H) mutations [24], was observed in
13 (11.3%) samples (Fig. le), in agreement with previously
published data [23]. All secondary GBM samples expressed
IDH-1. MGMT methylation was observed in 23 (31.9%) of
72 GBM samples. Co-deletion of 1p/19q was not observed
in any of the GBM samples.

Correlation between PD-L1 expression and other
molecular alterations in GBM patients

Table 2 presents the correlations between PD-L1 expression
and other molecular alterations in GBM. Tumour cell PD-L1
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Table 2 Correlation between Total no. of PD-LI P value
programmed cell death ligand 1 cases '
(PD-L1) expression in tumour Negative Positive
cells and other molecular
alterations in patients with IDH-1 (R132H) Negative 102 65 63.7% 37 36.3% 0.008
glioblastoma (GBM) Positive 13 13 100.0% 0 0.0%
CD3 positive T cell Negative 94 73 77.7% 21 22.3% <0.001
infiltration Positive 21 5 238% 16 762%
MGMT Non-methylated 49 33 67.3% 16 32.7% 0.573
Methylated 23 17 73.9% 6 26.1%

CD3 cluster of differentiation 3, GBM glioblastoma, IDH-1 isocitrate dehydrogenase 1, MGMT O(6)-meth-
ylguanine-DNA methyltransferase, no number, PD-L] programmed cell death ligand 1

expression correlated negatively with IDH-1 (R132H) altera-
tions (P=0.008), and positively with CD3+ T-cell infiltra-
tion (P <0001), although this is not a molecular alteration
per se.

Prognostic impact of PD-L1 expression and other
molecular alterations in GBM patients

Survival analysis was successfully conducted for all 115
patients (Fig. 2). The mean follow-up duration was 21

months (range 1-134 months), and 76 (66.1%) patients died
during this period. Kaplan—Meier analysis indicated that
PD-L1 expression in tumour cells correlated significantly
with poor survival in all 115 patients (P=0.017). Immune
cell PD-L1 expression did not correlate with patient progno-
sis (P=0.545). Additionally, Multivariate Cox proportional
hazards analysis (Table 3) revealed that PD-L1 expression
in GBM did not predict OS (HR 1.204; P=0.615). Patients
who received gross total resection plus TMZ and radiother-
apy had better survival than other treatments (P =0.003).

a.. Total cohort (n=115) b, Total cohort (n=115) c.. Total cohort (n=115)
¥
1 ¢ P=0.017 og] et P=0.545 g P=0.003
E 3 S PD-L1+ Tl s
2 3 ]
8 s [
& 0 & 0 ® 0a
3 3 5 —=On
7 | GTR+TMZ+RTx
< 3| .3 '
_ RS A Other treatments
month month month
d e MGMT (n=72) e, Total cohort (n=115) f 104 Total cohort (n=115)
J "\ e n P=0.557
3 Methylated 3 3
t 064 R - g 067 ; 061
2 3 2
s [ g
¢ 04 & 04 $ 04
8 U thylated 6 s
n-methyla N CD3+

T T T T T T Y T

month

Fig.2 Kaplan—-Meier survival curves illustrating the prognostic
effects of programmed cell death ligand 1 (PD-L1) expression and
other molecular alterations in glioblastoma (GBM) a PD-L1 expres-
sion in tumour cells. b PD-L1 expression by tumour infiltrating

----------------------------------

immune cells (TII). ¢ Gross total resection plus TMZ and radiother-
apy. d O(6)-methylguanine-DNA methyltransferase (MGMT) pro-
moter methylation. e Isocitrate dehydrogenase 1 (IDH-1) (R132H)
expression. f CD3-positive T-cell infiltration

@ Springer



458

Journal of Neuro-Oncology (2018) 136:453-461

Table 3 Multivariate Cox

. Factors Univariate survival analysis Multivariate survival analysis

proportional hazard model

analysis for the predictors of HR (95% CI) P value HR (95% CI) P value

overall survival (OS) in patients

with glioblastoma (GBM) Total (n=115)
PD-L1 expression 1.790 (1.102-2.910)  0.019 1.204 (0.584-2.485) NS (0.615)
Age 1.020 (1.002-1.038)  0.033 1.005 (0.974-1.005) NS (0.747)
IDH-1 (R132H) expression 0.391 (0.169-0.907)  0.029 0.417 (0.092-1.895) NS (0.258)
MGMT methylation 0.215 (0.088-0.525)  0.001 0.235 (0.096-0.576)  0.002
Received GTR+TMZ+RTx  0.500 (0.314-0.796)  0.003 0.772 (0.387-1.540) NS (0.462)

CI confidence intervals, GTR gross total resection, HR hazard ratio, IDH-1 isocitrate dehydrogenase 1,
MGMT O(6)-methylguanine-DNA methyltransferase, n number, PD-LI programmed cell death ligand 1,
RTx radiotherapy, TMZ temozolomide

While CD3+ TIL infiltration was not associated with
survival (P=0.557), IDH-1 (R132H) expression was sig-
nificantly associated with improved survival (P =0.024), in
agreement with a previous study [23]. Methylation of the
MGMT promoter is known to have prognostic and predictive
value in GBM [25]. In the present study, there was a signifi-
cant correlation between MGMT promoter methylation and
a better prognosis (Fig. 2d; Table 3).

Discussion

Though the brain was earlier believed to be an immune
privileged organ [26] and the blood brain barrier (BBB)
was thought to restrict brain parenchymal access to immune
cells, the brain is now considered an immunocompetent
organ containing a plethora of immune cell types, including
microglia, dendritic cells (DCs), macrophages, and T-cells
[11, 27]. Microglial cells have phagocytic and antigen pre-
senting functions, and can recruit other immune cells [28].
Intratumoural macrophages and DCs mainly act as antigen
presenting cells (APCs) [29]. The aggressive tumour growth
and invasiveness of GBM generally lead to breakdown of
the BBB [30], thereby facilitating migration and recruitment
of various immune cells into the tumour [31]. A previous
study found that microglia and macrophages occupy > 30%
of GBM tissue [32], and GBM utilizes several mechanisms
of immune evasion to survive. Communication between
the GBM cell and microglia can decrease the expression
of major histocompatibility complex (MHC) I and II [33].
Furthermore, GBM can produce immune inhibitory mol-
ecules such as transforming growth factor- (TGF- ), pros-
taglandin E2, and interleukin 10 (IL-10), while also down-
regulating inflammatory cytokines such as IL-12, IL-18, and
interferon-y (IFN-y) [34]. Similar to the expression of other
immune regulating molecules, that of PD-L1 is increased in
GBM. Wilmotte et al. demonstrated that human glioma cell
lines express PD-L1, which downregulates IFN-y expression
by T-lymphocytes [35]. Jacobs et al. indicated that the PD-1/
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PD-L1 axis controls regulatory T-lymphocytes (Tregs),
which promote the immunosuppressive property of GBM
[36]. The results of the present study are in agreement with
those of these studies, and show that PD-L1 expression cor-
relates significantly with CD3+ T-cell infiltration in GBM
(Table 2).

The PD-L1 positivity rate in GBM is highly variable and
controversial. Berghoff et al. used a non-commercial anti-
PD-L1 antibody 5H1 for staining full slide sections [15],
and showed membranous PD-L1 expression in 37.6% of
newly-diagnosed and 16.7% of recurrent GBMs. Addition-
ally, they observed diffuse/fibrillary PD-L1 expression in
84.4% of newly-diagnosed and 72.2% of recurrent GBMs.
Nduom et al. used the clone EPR1161(2) in TMA [16], and
showed > 1, > 5, >25, and >50% PD-L1 expression in 60.6,
38.3, 17.0 and 5.3% GBM patients, respectively. Zeng et al.
performed TMA analysis using a rabbit polyclonal anti-PD-
L1 antibody (Envision, Dako, Denmark) [17], and showed
cytoplasmic or membranous PD-L1 expression in >5% of
tumour cells in 68.8% of GBMs. As is apparent, there are
methodological discrepancies between studies. In addition,
differences in the size of the tissue samples (assessment of
a full slide section or TMA analysis), antibody manufactur-
ers, evaluation of staining patterns, and cut-off criteria, may
have introduced variability in the results. Recently, regional
heterogeneity in PD-L1 expression was reported in various
cancers [37-39]. Thus, evaluation of various regions of the
tumour is recommended to enhance the validity of findings.
However, TMAs can evaluate only a small portion (our
study: 3 mm and Berghoff et al.: 1 mm) of the tumour sam-
ples, which may result in sampling bias.

Immunohistochemical assays for PD-L1 have received
FDA approval in conjunction with counterpart anti-PD-1/
PD-L1 immuno-therapeutics. For example, pembroli-
zumab is the recommended drug when > 50% tumour cells
exhibit positive PD-L1 staining (Agilent, PD-L1 IHC 22C3
pharmDx) in lung cancer patients [40]. Interestingly, the
Blueprint PD-L1 IHC Assay Comparison Project revealed
differences in staining results between various PD-L1 THC
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assays in lung cancer [41]. A standardized PD-L1 antibody
for use in GBM, and well accepted cut-off criteria are as
yet lacking, since clinical trials with PD-L1 antibodies are
ongoing. Although the E1L3N antibody test is a laboratory
developed test (LDT) and not an FDA-cleared assay, IHC
data utilizing the antibody used in our study are available
in the literature [39, 42]. Moreover, PD-L1 expression in
tumour cells showed high concordance between 22¢3 and
28-8 (FDA-cleared assays), and E1L3N (LDT), as described
by pathologists [43]. Several other studies have suggested
cut-off criteria of 5-10% for PD-L1 positivity in various
cancers [2, 44], though none have been able to determine
the cut-off criteria in GBM [15-17]. In the present study,
membranous or fibrillary PD-L1 staining of any intensity in
> 5% of neoplastic cells was arbitrarily considered positive
staining.

PD-L1 is an immature predictive biomarker, and PD-L1
positivity in GBM warrants further evaluation. Nduom et al.
indicated that positive PD-L1 expression, as assessed using
IHC, was associated with a poor prognosis, though this
result has limited significance [16]. Only two recent studies
found that positive PD-L1 immunostaining in human GBM
tissue signifies a poor prognosis [17, 45]. Though this find-
ing is in line with our results, in our study, PD-L1 expression
did not appear to be an independent factor for poor survival
according to multivariate analysis (Table 3). Furthermore,
we attempted to evaluate PD-L1 expression in TIIs in GBM
because elevated immune cell PD-L1 expression was linked
to an augmented response to atezolizumab in urothelial car-
cinoma [13]. However, the incidence of PD-L1 expression
in TIIs in GBM was low and did not correlate with patient
survival.

Expression of PD-L1 in cancer cells can be influenced
by oncogenic driver mutations. A recent study reported
that PD-L1 expression correlated with EGFR mutations in
NSCLC patients [46], and with BRAF mutations in mela-
noma and MSI-H colorectal cancer [47]. Primary GBM
develops de novo without clinical or histological evidence of
a low-grade precursor lesion, while secondary GBM devel-
ops from a low-grade glioma (WHO grades II and III) [22].
These GBM types depend on mutually exclusive oncogenic
pathways. Alterations in IDH-1 are well-known molecular
indicators of secondary GBM [23]. Studies have reported
a significant correlation between IDH-1 wild-type status
and PD-L1 expression in glioma, including GBM. Interest-
ingly, IDH-1 mutated glioma shows hypermethylation of
the PD-L1 gene promoter [48, 49], reduced expression of
STAT1, and decreased cytotoxic T lymphocyte accumulation
at tumour sites [50]. Published evidence implies that IDH-1
mutated glioma evades the immune system by mechanisms
independent of PD-L1. In agreement with this contention,
our data demonstrated that PD-L1 expression is associated
with IDH-1 wild-type status, and may be unrelated to the

pathogenesis of secondary GBM. Diverse oncogenic muta-
tions correlated with PD-L1 expression in GBM should be
investigated.

The current study has several limitations. Firstly, previ-
ous studies reported that regional heterogeneity of PD-L1
expression in cancers is not uncommon [37-39]. Since this
study used the TMA technique, sampling bias cannot be
ruled out. Secondly, this is a retrospective single institu-
tional study and the statistical power of the analysis might
be low due to the small sample size and possible selection
bias. Thirdly, because of the nature of GBM, our study
included a heterogeneous patient population treated with
a variety of treatment regimens (Table 1). This can affect
the patients’ outcomes and does not guarantee that the cor-
relation with OS in the multivariate analysis is completely
reliable (Table 3). Nevertheless, it does not affect the PD-L1
expression status because assessments were performed at
the time of new diagnosis. Finally, there are no FDA-cleared
assays for PD-L1 test in GBM.

In conclusion, we comprehensively evaluated PD-L1
expression in human GBM tissue and found that GBM
patients with PD-L1 expression had poor OS according to
univariate analysis only. Although we could not evaluate
whether the PD-L.1 expression status correlates with PD-1/
PD-L1 targeted immunotherapy, our findings show that
PD-L1 might be a logical therapeutic target for blockade in
GBM patients with increased PD-L1 expression.
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