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Abstract. Background/Aim: Programmed cell death ligand
1 (PD-Ll)/programmed cell death 1 (PD-1) have been
shown to predict response to PD-L1/PD-I-targeted therapy.
We analyzed PD-LI expression in primary central nervous
system lymphomas (PCNSLs). Materials and Methods: PD-
L1 protein and mRNA expression were evaluated in 64
PCNSL tissue samples. IFN-y, IL-10, CD4, and CD8 mRNA
expression was also evaluated. Results: PD-LI protein was
detected in tumor cells in 2 (4.1%) cases and in tumor
microenvironments in 25 (52%) cases. PD-LI mRNA
positively correlated with IFN-y (p=0.0024) and CD4
(p=0.0005) mRNA expression. IFN-y mRNA positively
correlated with CD8 mRNA expression (p=0.0001).
Furthermore, tumor cell PD-LI expression correlated
positively with overall survival (p=0.0177), whereas
microenvironmental PD-LI expression exhibited an
insignificant negative trend with overall survival (p=0.188).
Conclusion: PD-LI was expressed on both tumor and/or
tumor-infiltrating immune cells in PCNSL. The biological
roles of this marker warrant further investigation.
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Primary central nervous system lymphomas (PCNSLs) are
extranodal non-Hodgkin’s lymphomas (NHLs) that develop
in the central nervous system (CNS), including the brain,
eye, spinal cord, or leptomeninges (1). Most PCNSLs are
high-grade, B-cell-type NHLs with less favorable prognoses
relative to systemic NHLs (1). Although the incidence of
PCNSLs has reportedly increased, this may be attributable
in part to a better understanding of the disease (2). The
median overall survival (OS) has improved from 10 to 79
months with the administration of high-dose methotrexate
(HD-MTX)-based chemotherapy (3-5). However, 10-35% of
patients with refractory disease and 30-60% of those who
develop a relapse require salvage treatment (6). Moreover,
patients who develop refractory or relapsed disease after
initial therapy have a poor prognosis (6). However, salvage
treatment may improve a patient’s outcomes and quality of
life even if the optimal standard salvage regimen is unknown
(6). The use of novel therapeutic agents with clear
mechanisms to target recurrent PCNSL is warranted.
Cancer immunotherapy entered a new era following the
discovery of novel agents that can interfere with specific
immune checkpoints, such as the programmed death-1
receptor (PD-1, CD279)/programmed death-1 ligand (PD-
L1, CD274) axis or cytotoxic T lymphocyte antigen-4
(CTLA-4) (7, 8). PD-1 is a cell surface-expressed,
immunoglobulin superfamily co-inhibitory receptor with a
288-amino acid sequence. PD-L1 and PD-L2, the ligands
of PD-1, are members of the B7 family. PD-L1 has a 290-
amino acid sequence and is expressed on cancer cells, T
cells, dendritic cells, macrophages, and other cells present
in the tumor microenvironment (9). The PD-L1/PD-1 axis
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has been shown to inhibit effector T-cell responses, thus
allowing tumor cells to escape immune surveillance within
tumor microenvironments (10, 11). By contrast, PD-1 is
expressed on T cells, B-cells, and natural killer cells, and
the presence of a large population of PD-1-positive tumor-
infiltrating lymphocytes (TILs) is associated with favorable
outcomes in patients with diffuse large B-cell lymphoma
(DLBCL) (12). Immune checkpoint inhibitors can activate
T cell responses to cancer cells by blocking ligand—receptor
interactions. Ongoing clinical trials are evaluating immune
checkpoint inhibitors that target the PD-L1/PD-1 axis in
several advanced cancers. Several malignant tumors have
been shown to express PD-L1 to escape T cell-mediated
cytotoxicity (13, 14). Several reports have described an
association of PD-L1 expression with poor survival in
patients with various cancers, including melanoma; lung,
renal, and ovarian cancers; and hematopoietic system
malignancies (14-18). By contrast, other studies have
revealed an association of PD-L1 expression with improved
survival in patients with melanoma, lung, and colorectal
cancer (19-21) or a lack of association with survival in
patients with lung and kidney cancer (13, 22, 23).
Furthermore, immunohistochemically-detected PD-L1
expression on both cancer cells and/or infiltrating immune
cells was found to correlate with responses to PD-L1/PD-1
inhibitors (7, 24, 25), and has therefore been investigated
as a potential predictive biomarker of responsiveness to
these checkpoint inhibitors (26). PCNSLs originate in
immune-privileged sites 27). However, the
clinicopathological role of PD-L1 in patients with PCNSL
remains unclear. In the present study, we investigated PD-
L1 mRNA and protein expression in tumor cells and in the
tumor microenvironment, and their associations with
clinical variables such as CD4, CD8, IFN-y, and IL-10
mRNA in patients with PCNSL as a foundation for future
clinical trials.

Materials and Methods

Samples and study population. Patients were diagnosed and treated
at the Toyama Prefectural Central Hospital, Wakayama Medical
University Hospital, Chiba University Hospital, and Yamaguchi
University Hospital between 2000 and 2017. The inclusion criteria
were histologically-proven PCNSL and no evidence of Human
immunodeficiency  virus  (HIV)-1 infection or  other
immunodeficiencies. Computed tomography (CT) or magnetic
resonance imaging (MRI) of the brain, thorax, abdomen, and pelvis
were performed for all patients. During neurosurgery, tissues were
frozen within 5 min in liquid nitrogen and stored at —80°C. All
specimens were reviewed by board-certified pathologists (YK, SI)
who observed sections of paraffin-embedded tissues that were
obtained from near the frozen sample. The normal serum lactate
dehydrogenase (LDH) and cerebrospinal fluid (CSF) protein cut-off
values were 216 IU/L and 45 mg/dl, respectively. Informed consent
was obtained from all patients for the use of their samples in
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accordance with the guidelines of the respective Ethical Committees
on Human Research.

Immunohistochemistry. Five-micrometer sections of the formalin-
fixed, paraffin-embedded tissue specimens were evaluated. Primary
antibodies against PD-L1 (clone E1L3N, Cell Signaling Technology,
Danvers, MA, USA), CD163 (clone 10D6, Novocastra, Danvers,
MA, USA), CD19 (clone LE-CD19, DAKO, Tokyo, Japan), B-cell
CLL/lymphoma (BCL6) (DAKO), CD10 (Nichirei, Tokyo, Japan),
and melanoma associated antigen (MUM) 1 (DAKO) were used for
immunostaining. Anti-goat, -mouse, and -rabbit secondary
antibodies (Nichirei, Tokyo, Japan) were subsequently applied. The
antibodies were diluted and the immunoreaction to PD-L1 was
enhanced by Can Get Signal Solution (TOYOBO, Tokyo, Japan).
We also immunophenotyped the germinal center B-cell-like (GCB)
and non-GCB subtype cases using antibodies specific for CD10,
BCL-6, and MUMI, as described by Camilleri-Broet et al. (28). The
staining intensity was classified as none (0 points), weakly positive
(1 point), or moderately/strongly positive (2 points). The averages
of three independent measurements were calculated to the first
decimal place. For double immunostaining, secondary staining was
performed using a goat anti-mouse antibody labeled with Alexa 488
and a goat anti-rabbit antibody labeled with Alexa 546 (Thermo
Fisher, Waltham, MA).

Epstein—Barr virus genotyping. Genomic DNA was extracted using
the AllPrep DNA/RNA/miRNA Universal Kit or AllPrep DNA/RNA
FFPE Kit (QIAGEN, Hilden, Germany). Epstein—Barr virus (EBV)
genotyping was performed by PCR assays for both type-1 and -2 in
the common region of EBV nuclear antigen (EBNA) 2 with specific
primers (29). The thermal cycle conditions were as follows: 94°C for
2 min, 35 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s,
followed by 72°C for 7 min. The EBV-positive Raji NHL (Riken,
Tsukuba, Japan) and the EBV-negative A4/Fuk NHL cell lines (JCRB,
Osaka, Japan) were used as positive and negative controls,
respectively. EBNA-2C/G (estimated size: 250 bp) and -2C/B (300 bp)
primers were used for the detection of EBV type-1 and -2,
respectively. The PCR assay for glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (260 bp) was performed as a sample quality
control. Gel electrophoresis with 2% agarose was performed and
stained with GelRed Nucleic Acid Stain (Biotium, Hayward, CA),
following the manufacturer’s instructions. The following primers were
used for PCR: EBNA-2C (5~ AGGGATGCCTGGACACAAGA-3’),
EBNA-2G (5’-GCCTCGGTTGTGACAGAG-3’), EBNA-2B (5°-
TTGAAGAGTATGTCCTAAGG-3"); and GAPDH forward (5’-GCA
CCGTCAAGGCTGAGAAC-3’), GAPDH reverse (5’-TGGTGAAG
ACGCCAGTGGA-3).

RNA extraction and real-time quantitative PCR. Total RNA was
extracted using the AllPrep DNA/RNA/miRNA Universal Kit
(QIAGEN) and reverse-transcribed into cDNA using SuperScript II1
First-Strand Synthesis SuperMix (Invitrogen, Carlsbad, CA, USA).
Real-time PCR was performed using Platinum SYBR Green qPCR
SuperMix (Invitrogen) and an ABI StepOne Plus real-time PCR
system (Applied Biosystems, Foster City, CA, USA). The results
were normalized to the value detected for GAPDH. The thermal
cycling conditions were as follows: initial incubation at 50°C for
2 min, denaturation at 95°C for 2 min and 40 cycles of denaturation
at 95°C for 5 s, annealing at 55°C for 10 s, and extension at 72°C
for 10 s. The following primers were used for real-time PCR:



Hayano et al: PD-L1 Expression on PCNSL

PD-L1 forward (5’-TATGGTGGTGCCGACTACAA-3’), PD-LI
reverse (5’-TGCTTGTCCAGATGACTTCG-3’); IFN-y forward (5°-
GACCAGAGCATCCAAAAGAGT-3), IFN-y reverse (5’-ATTGC
TTTGCGTTGGACATTC-3"); IL-10 forward (5’-GAGAACAGCT
GCACCCACTT-3"), IL-10 reverse (5’-CTCAGACAAGGCTTGGC
AAC-3’); CD4 forward (5’-GTCCCTTTTAGGCACTTGCTTCT-
3”), CD4 reverse (5’-TCTTTCCCTGAGTGGCTGCT-3"); CDS8
forward (5’-CCCTGAGCAACTCCATCATGT-3’), and CDS8 reverse
(5’-GTGGGCTTCGCTGGCA-3’). The mRNA expression levels of
target genes were determined as the fold-change relative to normal
lymphocytes and calculated using the 2-AACT method (30).

Ethical approval. All procedures involving human participants were
performed in accordance with the ethical standards of the respective
institutional research committees and the Declaration of Helsinki.

Statistical analysis. The end-point measurements included
progression-free survival (PFS) and OS, defined as the time interval
from initial diagnosis to death or recurrence or to the last follow-
up, respectively. Kaplan—-Meier analysis was used to estimate
survival, and a log-rank test was used to evaluate differences in
survival between the groups. The associations of variables with OS
were evaluated through a Cox proportional hazards regression
model-based multivariate analysis. A p-value <0.05 was used to
indicate statistical significance. All statistical analyses were
performed using JMP version 10 software (SAS Institute Inc.,
Tokyo, Japan).

Results

Patient characteristics. The 64 patients’ baseline
characteristics are presented in Table I. The average age of
the patients was 63.9 years (range=31-85 years). Thirty-eight
patients (59.3%) were male and 26 (40.6%) were female.
The Karnofsky performance scale (KPS) scores at first
admission were =70 in 28 cases (43.7%) and <70 in 36 cases
(56.2%). Ten (15.6%), 22 (34.3%), and 32 (50%) cases were
classified into Memorial Sloan-Kettering Cancer Center
(MSKCC) (31) prognostic risk group 1 (age <50 years),
group 2 (age =50 years, KPS =70), and group 3 (age =50
years, KPS <70), respectively. All patients were diagnosed
with histology-proven DLBCL. Forty patients (62.5%)
presented with a single lesion, whereas 24 (37.5%) had
multiple lesions. The deep structures of the brain (e.g.,
periventricular lesion, basal ganglia, corpus callosum, brain
stem, and/or cerebellum) were involved in 37 patients
(57.8%). Elevated LDH serum levels were detected in 27
patients (45.0%). EBV test results were positive in 13
(20.3%) and negative in 48 (75%) cases. Immuno-
phenotyping revealed the GCB subtype in 10 (18.1%) cases
and the non-GCB subtype in 45 (81.8%) cases. Thirty-four
(53.1%) patients were treated with three or more cycles of
HD-MTX at 3 g/m? per course, and 24 (37.5%) patients
received polychemotherapy containing HD-MTX. Forty
patients experienced a relapse after responding to the first-
line therapy (relapse rate, 65.5%). Second-line treatments
were determined at the physician’s discretion.

Table 1. Patient characteristics.

n (%)
Variable Primary CNS
lymphoma (n=64)

Age

Average (range) 63.9 (31-85)

60=< 43 (67.1)

60> 21 (32.8)
Gender

Male 38 (59.3)

Female 26 (40.6)
KPS

70=< 28 (43.7)

70> 36 (56.2)
Involvement of deep region of the brain

Yes 37 (57.8)

None 27 (42.1)
No. of lesion

Solitary 40 (62.5)

Multiple 24 (37.5)
Immunophenotype

GCB 10 (18.1)

Non-GCB 45 (81.8)
EBV

Positive 13 (20.3)

Negative 48 (75.0)
LDH

Elevated (216=<) 27 (45.0)

Not elevated (216> ) 33 (55.0)
MSKCC score

Group 1 (age<50) 10 (15.6)

Group 2 (age=50, 70<KPS) 22 (34.3)

Group 3 (age=50, 70>KPS) 32 (50.0)
PD-L1 THC tumor cell

Positive 2(4.1)

Negative 46 (95.8)
PD-L1 THC stromal cell

Positive 25 (52.0)

Negative 23 (47.9)
Chemotherapy

HD-MTX 34 (53.1)

Polychemotherapy 24 (37.5)

EBV: Epstein-Barr virus; GCB: germinal center B cell; HD-MTX: high-
dose methotrexate; IHC: immunohistochemistry; KPS: Karnofsky
performance scale; MSKCC: Memorial Sloan-Kettering Cancer Center.

Detection of PD-L1 expression by immunohistochemistry and
QPCR. As shown in Table I, we observed PD-L1 expression
in tumor cells in 2 cases (4.1%) and in tumor-associated cells
(e.g., tumor-associated macrophage (TAM) and/or
neutrophils) in 25 cases (52%). The anti-PD-L1 antibody
revealed membrane staining in both lymphoma and tumor
stromal cells. Representative PD-L1 immunostaining in a
PCNSL is displayed in Figure 1. Positive PD-L1 staining in
CD19-positive tumor cells and CD163-positive TAMs was
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Figure 2. Comparison between programmed cell death ligand (PD-L1) protein and CD4 and CD8 mRNA expression. (A) PD-L1 mRNA expression
in cases with positive or negative tumor cells demonstrated with immunohistochemistry (IHC), and (B) PD-L1 mRNA expression in cases with
positive or negative tumor microenvironments demonstrated with IHC. (C) PD-LI mRNA expression in CD8 mRNA high or low groups. (D) PD-L1

mRNA expression in CD4 mRNA high or low groups.

confirmed using double-fluorescent immunostaining. PD-L1
protein expression in tumor cells was found to correlate with
PD-LI mRNA expression (p=0.0244) (Figure 2A). By
contrast, PD-L1 protein expression in the tumor
microenvironment did not correlate with PD-LI mRNA
expression (p=0.2949) (Figure 2B).

PD-L1 expression correlates positively with IFN-yand CD8
expression. Potential links between PD-L1 and IFN-y, IL-10,
CD4, and CD8 mRNA expression were evaluated. PD-L]
mRNA expression on tumor tissue was found to correlate
with CDS and CD4 mRNA expression (p=0.0777 and
p=0.0005, respectively) (Figure 2C and D). Linear
regression and Spearman’s rank correlation analysis

indicated that PD-L1 mRNA expression correlated positively
with JFN-ymRNA expression (r=0.3241, p=0.028) (Figure
3A), but not with /L-10 mRNA expression in PCNSL tissue
samples (r=—0.0429, p=0.7771) (Figure 3B). IFN-y mRNA
expression positively correlated with CD8 mRNA (r=0.5332,
p=0.0001) (Figure 3C), but not with CD4 mRNA expression
(r=0.1488, p=0.3238).

PD-L]I expression in tumor cells correlates with survival.
The median OS of all patients was 32.3 months (95%
confidence interval [CI]=25.4-66.7) with a 2-year survival
rate of 66.4%. The median survival time and 2-year
survival rate were not reached (NR) and 100% among
patients with positive PD-L1 tumor cell
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Figure 3. Comparison between programmed cell death ligand (PD-L1) and interferon (IFN)-y, interleukin (IL)-10, CD4, and CD8 mRNA expression.
(A) Comparison between PD-L1 and IFN-y mRNA expression. (B) Comparison between PD-LI and IL-10 mRNA expression. (C) Comparison
between CDS8 and IFN-y mRNA expression. (D) Comparison between CD4 and IFN-y mRNA expression.

immunohistochemistry, respectively, and 31.7 months
(95%C1=22.5-66.7) and 66.3% among those with negative
PD-L1 tumor cell immunohistochemistry (p=0.0177, Figure
4A), respectively. The median survival time and 2-year
survival rate were 28.4 months (95%CI=13.6-66.7) and
64.4% among patients with positive PD-L1 tumor stromal
cell immunohistochemistry, respectively, and 74.6 months
(95%CI1=22.5-115.5) and 71.4% among patients with
negative PD-L1 tumor stromal cell immunohistochemistry
(p=0.1880, Figure 4B), respectively. The median PFS was
30.7 months (95% CI, 6-NR) among patients in the CD4
mRNA high expression group (CD4 mRNA=>0.11839), and
10 months (95%CI=6-28.5) among patients in the CD4
mRNA low expression group (CD4 mRNA<0.11839)
(»=0.1943, Figure 4C). The median PFS was 28.5 months
(95% CI, 4-NR) among patients in the CD8 mRNA high
expression group (CD8 mRNA=0.0573), and 10 months
(95%CI=6-41) among patients in the CDS8 mRNA low
expression group (CD8 mRNA<0.0573) (p=0.5665, Figure
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4D). Table II presents the results of multivariate analyses.
KPS, number of Ilesions, and PD-L1 tumor cell
immunohistochemistry were found to significantly
associate with OS in the multivariate analyses. Table III
also presents the results of the multivariate analyses.
Gender, immunophenotype, MSKCC score, chemotherapy,
and CD8 mRNA expression were found to significantly
associate with PFS in the multivariate analyses.

Discussion

The interaction of PD-1 on immune cells with PD-L1 on
tumor cells leads to inhibition of anti-tumor immune cell
effector functions (32). Immunotherapeutic approaches that
target immune checkpoints are promising as treatment
modalities for several types of cancer, and accordingly,
recent clinical trials have investigated a large number of
antibodies specific for the PD-1/PD-L1 interaction (7, 33).
The anti-PD-1 receptor antibody nivolumab was particularly
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Figure 4. Kaplan—Meier survival analysis of patients with central nervous system (CNS) lymphomas. (A) Overall survival of patients with tumor
cell programmed cell death ligand 1 (PD-L1) positive or negative immunohistochemistry. (B) Overall survival of patients with tumor stromal cell
PD-L1 positive or negative immunohistochemistry staining. (C) Progression-free survival of patients in CD4 mRNA high- or low-expression groups.
(D) Progression-free survival of patients in CD8 mRNA high or low expression groups.

effective in patients with Hodgkin’s lymphoma, follicular
lymphoma, and NHL (34-36). Several reports have also
discussed PD-L1 expression on systemic DLBCL.
Immunohistochemically, PD-L1-positive tumor cells were
found in 3.7-20% of patients (37-40), whereas PD-L1-
positive tumor-infiltrating immune cells were detected in
15.3% of patients (38). Both PD-L1-positive tumor cells (38,
41, 42) and tumor-infiltrating immune cells are associated
with non-GCB subtype disease (38). In DLBCL, tumor cell
PD-L1 positivity has been associated with inferior OS (38,
39), whereas tumor-associated cell PD-L1 positivity did not
correlate significantly with survival (38, 42).

Several cell types, including macrophages, neutrophils,
fibroblasts, lymphocytes, and endothelial cells, comprise the
cancer microenvironment. Tumor progression is supported
by interactions between tumor and stromal cells.
Macrophages and neutrophils play key roles in the induction
of apoptosis and exhaustion of tumor-reactive T cell immune

responses via checkpoint molecules (25); notably, most
TAMs suppress T helper type 1 responses (43). Several
reports have described PD-L1 expression on macrophages
and neutrophils in tumor tissues (25, 44). Furthermore,
increased numbers of TAMs and neutrophils have been
associated with poor outcomes in patients with Hodgkin’s
lymphoma, bladder cancer, and gastric cancer (44-46), but
better outcomes in patients with breast cancer (47).

The CNS is an immune-privileged site that is carefully
regulated by astrocytes, microglia, and immune cells (48). Few
studies have addressed the role of the PD-L1/PD-1 axis in
PCNSL. Berghoff er al. (49) investigated PD-L1/PD-1
expression in 20 cases of non-GCB PCNSL, and detected
tumor cell PD-L1 expression in two cases (10%) and TAM
expression in four cases (20%). No correlation was observed
between PD-L1 expression and the number of CD8-positive
TILs. Our report is the largest series to address PD-L1
expression in PCNSL. Despite the small patient cohort, PD-L1
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Table II. Correlations between the overall survival and the clinicopathological factors.

Variable Univariate Multivariate

HR (95%CI) p-Value HR (95%CTI) p-Value
Age 1.03 (1.00-1.06) 0.0407
Gender 1.29 (0.68-8.51) 04311
KPS 0.98 (0.95-1.00) 0.0931 0.14 (0.0084-1.55) 0.00816
Involvement of deep region of the brain 1.11 (0.58-2.13) 0.7451
No. of lesion 0.64 (0.33-1.27) 0.2006 244 (0.52-15.1) 0.01907
Immunophenotype (GCB vs. non-GCB) 1.45 (0.63-3.91) 0.392
EBV 1.49 (0.70-2.96) 0.4866
LDH 0.86 (0.19-3.39) 0.847
MSKCC score 492 (1.62-21.3) 0.0128
Chemotherapy 0.79 (0.39-1.58) 0.5182
PD-L1 IHC tumor cell 2.69E+9 (2.94-2.94) 0.0019 8.57e-11 (2.07e-86-0.32) 0.00015
PD-L1 IHC stromal cell 0.60 (0.27-1.28) 0.19 2.60 (0.79-9.26) 0.17957
IFNymRNA 1.01 (0.15-4.05) 0.9894
IL-10 mRNA 0.40 (0.02-2.54) 0.3817 0.99 (0.98-1.00) 0.15986
CD4 mRNA 0.21 (0.0006-11.26) 0.4954
CD8 mRNA 0.73 (0.06-3.17) 0.7224

CI: Confidence interval; EBV: Epstein-Barr virus; GCB: germinal center B cell; IHC: immunohistochemistry; HR: hazard ratio; KPS: Karnofsky
performance scale; MSKCC: Memorial Sloan-Kettering Cancer Center; NR: not reached.

Table III. Correlations between the progression-free survival and the clinicopathological factors.

Variable Univariate Multivariate

HR (95%CI) p-Value HR (95%CTI) p-Value
Age 1.01 (0.98-1.04) 0.2223
Gender 1.41 (0.74-2.76) 0.28 2.90 (0.84-11.41) 0.00795
KPS 0.78 (0.23-2.48) 0.6861
Involvement of deep region of the brain 0.97 (0.51-1.85) 0.9362
No. of lesion 0.89 (0.46-1.80) 0.7455
Immunophenotype (GCB vs. non-GCB) 1.20 (0.45-2.72) 0.6782 0.39 (0.07-1.57) 0.03744
EBV 1.17 (0.56-2.75) 0.4951
LDH 2.55(0.64-8.92) 0.1736
MSKCC score 3.53 (1.19-15.12) 0.0537 3.13 (0.38-66.68) 0.00387
Chemotherapy 0.76 (0.38-1.51) 04311 0.91 (0.28-2.97) 0.01672
PD-L1 IHC tumor cell 1.78E+9 (1.83-1.83) 0.0094
PD-L1 IHC stromal cell 0.83 (0.39-1.72) 0.6362 1.61 (0.51-5.30) 0.16034
IFNymRNA 0.89 (0.10-4.14) 0.9005 2.48 (0.89-6.51) 0.05653
IL-10 mRNA 0.92 (0.10-4.53) 0.9312
CD4 mRNA 0.007 (1.65e-6-130.00) 0.0985
CD8 mRNA 0.14 (3.48¢-5-1.90) 0.1962 4.99 (0.00033-1640.05) 0.04983

CI: Confidence interval; EBV: Epstein-Barr virus; GCB: germinal center B cell; IHC: immunohistochemistry; HR: hazard ratio; KPS: Karnofsky
performance scale; MSKCC: Memorial Sloan-Kettering Cancer Center; NR: not reached.

expression on lymphoma cells correlated with a superior OS.  expression and CD8 mRNA as favorable prognostic markers
We further investigated the relationship between PD-LI mRNA  in our cohort. In our series, most PD-L1-positive stromal cells
and protein expression and observed a strong correlation of ~ were CD163-positive macrophages. We observed a tendency
these parameters when PD-L1 was expressed on tumor cells.  toward a negative association between microenvironmental
Furthermore, a multivariate analysis identified PD-L1  PD-L1 expression and longer OS. Moreover, PD-LI and
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IFN-y gene expression were found to correlate significantly in
PCNSL. The mRNA levels of CD4-positive TILs reflected the
number of TILs correlated with PD-LI mRNA levels. CD8
mRNA and IFN-y gene expression were found to correlate
significantly in PCNSL. Considering these issues, increased
levels of TILs and TAMs enhance IFN-y production through
TAMs, resulting in increased expression of PD-L1 upregulation
on tumor and tumor environmental immune cells.

Two previous reports have addressed checkpoint inhibitor
immunotherapy for PCNSL. Nayak ef al. treated four cases
of refractory or recurrent PCNSL with nivolumab (50). All
patients exhibited radiographic responses, with a median PFS
of 17 months (range=13-17 months). However, the authors
did not report PD-L1 expression in these cases. Furuse et al.
treated one case of recurrent PCNSL with nivolumab (51).
This patient achieved a complete remission for 10 months.
However, it is difficult to estimate the efficacy of nivolumab
in that case, as dendritic cell vaccination and bevacizumab
were administered concurrently. However, the authors used
immunohistochemistry to demonstrate positive PD-L1
expression on TAMs and negative PD-L1 expression on
tumor cells.

High PD-L1 expression was thought to derive from
responses to extrinsic factors, such as IFN-y, or intrinsic
genetic aberrations (52-55). Frequent 9p24.1/PD-L1/PD-L2
copy number alterations and increased PD-L1/PD-L2
expression on PCNSLs have been reported (56). Positive
PD-L1 immunohistochemistry has been reported as a
predictive biomarker of responsiveness to PD-L1/PD-1
inhibitors (7); however, tumors that do not express PD-L1
might still respond to these agents (7, 57). As reports of the
correlation between PD-L1 expression and the prognoses of
several tumor types have yielded varying results, the
predictive role of PD-L1 expression remains controversial
(13, 15-19, 22, 58). Notably, these reports describe several
immunohistochemical antibodies for PD-L1 detection,
various definitions of PD-L1 positivity and expression
heterogeneity, and differences in expression thresholds,
assay reproducibility, and cut-off values. Furthermore, few
reports have discussed the precise locations of PD-LI1-
positive cells. A standardized immunochemical definition of
PD-L1 positivity that would allow for the selection of
populations that might benefit from these targeted agents is
urgently needed.

This study was limited by the retrospective design.
Additionally, our study involved a small number of patients,
and the results should be further validated in a larger series.
However, our study presented valuable information about
PD-L1 expression on PCNSL.
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