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Clinical and Biological Significance of PD-L1
Expression Within the Tumor Microenvironment
of Oral Squamous Cell Carcinoma
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Abstract. Background/Aim: Programmed death-ligand 1
(PD-L1) expression in tumor cells is regulated by a close
interrelation between tumor and stromal cells within the tumor
microenvironment. Our aim was to evaluate the clinical and
biological significance of PD-LI expression in oral squamous
cell carcinoma (OSCC). Materials and Methods: PD-LI,
cluster of differentiation (CD)4, CDS, and forkhead box P3
(FOXP3) expression in tumor tissues obtained from 77 patients
with OSCC was evaluated by immunohistochemical staining,
and then analyzed for associations with clinical and biological
factors. Results: Among the clinicopathological factors tested,
only vascular invasion showed a trend toward lower PD-LI
expression (p=0.05). Metabolic tumor volume (MTV), and total
lesion glycolysis (TLG) significantly positively correlated with
PD-LI expression (MTV, p=0.04; TLG, p=0.03). In patients
with OSCC with high PD-LI expression, those whose tumors
had abundant infiltrating CD4" T-cells showed a longer
progression-free survival than those with low CD4% T-cell
infiltration (p=0.0452). Conclusion: As regulation of PD-LI
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expression is complex, its evaluation combined with other
markers may be useful to determine clinical applications of
PD-L1 expression.

Oral squamous cell carcinoma (OSCC) is one of the most
common malignancies affecting the head and neck region,
and the incidence has gradually been increasing over the past
decades. Despite rapid advances in treatment modalities,
including chemotherapy, radiotherapy, and target therapy,
surgery is still a mainstream treatment for OSCC. Nowadays,
emerging cancer immunotherapy using immune checkpoint
blockade (ICB) has brought about drastic changes in the field
of clinical oncology. In head and neck cancer, including
OSCC, treatment with the anti-programmed death 1 (PD1)
antibody nivolumab has resulted in longer overall survival
than with standard, single-agent chemotherapy for patients
with platinum-refractory, recurrent head and neck squamous
cell carcinomas (HNSCC) (1). ICBs blockade the
PD1/programmed death-ligand 1 (PD-L1) axis, which is a
critical inhibitor of immune activation and plays an important
role in tumor evasion of antitumor immune responses.
Although PD-L1 expression in OSCC has already been
examined by immunohistochemistry and reported on (2-6),
its clinical significance, including related prognosis, remains
unclear. When it comes to assessment of PD-L1 expression
in tumor cells, several points need to be considered, one of
them being that PD-L1 expression is affected by the
surrounding microenvironment. For instance, inflammatory
conditions, hypoxia, or metabolic activity within the tumor
microenvironment (TME) have been shown to change PD-
L1 expression in tumor cells (7-9). Thus, PD-L1 expression
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Table 1. A semi-quantitative scoring method for evaluation of tumor-infiltrating lymphocytes (TILs).

Score Grade  TIL/tumor cell Description

0 Absent 0% Absence of TILs

1 Mild <30% Rare intratumoral cells, mostly perivascular

2 Moderate 30-60% Focally present at periphery of tumor and/or intratumoral extending away from vessels

3 Severe >60% Either extending around the majority of the periphery of the tumor deposit, or diffusely present throughout tumor

in tumor cells is characterized by a close interrelation
between tumor cells and stromal cells within the TME.
Therefore, further elucidation of the clinical and biological
significance of PD-L1 is urgently required for understanding
the tumor immune microenvironment and further predicting
the therapeutic efficacy of ICBs.

In this study, we first investigated PD-L1 expression in
tumor cells in patients with OSCC by immunohisto-
chemistry, and then analyzed the association with clinical
and biological factors, including T-cell infiltration, clinical
outcome, and glucose metabolism assessed using 'SE-
fluorodeoxyglucose positron-emission tomography (FDG-
PET). Our results may suggest new insights into PD-L1
expression in tumor cells mediated by immune cells and
glucose metabolism within the TME.

Materials and Methods

Patients and tissue samples. A total of 77 patients with OSCC who
underwent radical surgery at Gunma University Hospital between
November 2000 and January 2012 were enrolled in this study. All of
the tumors were tongue cancer and diagnosed as SCC by experienced
pathologists. Staging was undertaken according to the Union
Internationale Contre le Cancer/American Joint Committee on Cancer
TNM classification (10). We evaluated clinico-pathological factors,
including age, sex, histological grade, primary tumor, involvement of
regional lymph nodes, stage, lymphatic/vascular invasion, Ki-67 and
CD34 staining, progression-free survival (PFS), and overall survival
(OS). This study was approved by the Institutional Review Board of
Gunma University (no. 2017-152).

Immunohistochemical staining. PD-L1, cluster of differentiation
(CD)4, CD8, and forkhead box P3 (FOXP3) expression in tumor
tissues obtained from patients with OSCC were examined by
immunohistochemical staining, which was performed according to
procedures reported in previous studies (11, 12). Briefly, serial
histological sections (2-um-thick) were deparaffinized, and then
endogenous peroxidase activity was blocked. Antigen retrieval was
achieved by Immunosaver (NJ15T; NEM, Tokyo, Japan) at 98-
100°C for 30 min for CD4, CD8, and FOXP3, and by Universal
HIER antigen retrieval reagent (Abcam, Cambridge, UK) at 120°C
for 20 min for PD-L1. Sections were then incubated with Protein
Block Serum-Free Reagent (Dako, Carpinteria, CA, USA) for 30
min at room temperature. Samples were incubated with primary
antibody (diluted by Dako REAL™ antibody diluent) overnight at
4°C. The following antibodies were used: PD-L1 (E1L3NR Rabbit
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mAb, 1:200 dilution; Cell Signaling Technology Inc., Danvers, MA,
USA), CD4 (EPR19514, 1:500 dilution; Abcam), CD8 (ab4055,
1:1000 dilution; Abcam), and FOXP3 (236A/E7 1:200 dilution;
Abcam). Horseradish peroxidase-conjugated Histofine® Simple
Stain™ AP (MULTI) (N-Nichirei Biosciences Inc., Tokyo, Japan)
and SignalStain(R) Boost IHC Detection Reagent (Cell Signaling)
was used as the secondary antibody. In addition to PD-LI1
expression and immune cell infiltration, CD34 staining was
performed as per our previous study (13).

Evaluation of immunohistochemical staining. Slides were evaluated
by at least two of the Authors in a blinded manner, using a light
microscope. The expression of PD-L1 was considered positive when
membranous staining was observed. A semi-quantitative scoring
method was used for PD-L1: 0=<1%, 1=1-5%, 2=5-10%, 3=10-
25%, 4=25-50%, and 5=>50% of cells. Tumors with scores >3 were
graded as having high expression. CD4, CD8 and FOXP3 were
semi-quantitatively evaluated by the extent of positive lymphocytes
infiltrating tumor specimens (Table I). We defined the samples as
having high infiltration when they had tumor-infiltrating
lymphocytes of more than 60% (score 3). Microvessel density
(MVD) was evaluated as the mean CD34+ vessel count in four
selected high-power fields (x400, 0.26 mm? field area).

PET imaging and data analysis. As 28 out of 77 patients with OSCC
had undergone preoperative FDG-PET, PET parameters including
maximal standardized uptake value (SUV,_,,), metabolic tumor
volume (MTV), and total lesion glycolysis (TLG) were calculated,
as described previously (12). Briefly, PET imaging was performed
using a PET/computed tomography scanner (Discovery STE; GE
Healthcare, Chicago, IL, USA) with a 700 mm field of view, at
Gunma University Hospital. Three-dimensional data acquisition was
initiated 50 min after injecting 5 MBq/kg of FDG. All 18F_FDG
images were interpreted by two experienced nuclear physicians who
were unaware of the patient’s clinical history and data. SUV was
defined as follows: SUV=radioactive concentration in the region of
interest (ROI) (MBq/g)/injected dose (MBq)/patient’s body weight
(g). The ROI was manually drawn over the primary tumor on the
SUV images. The maximal SUV (SUV ;) in the ROI was used as
a representative value for the assessment of FDG uptake in the
lesion. We used syngo.via software (Siemens Medical Solutions,
Erlangen, Germany) on a workstation to automatically calculate the
MTV and TLG, defined as MTV multiplied by SUVmean of each
lesion, using an SUV threshold of 2.5.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism version 6.0 for Windows (GraphPad Software, San
Diego, CA, USA) and EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user interface for
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R (The R Foundation for Statistical Computing, Vienna, Austria).
The Mann—Whitney U-test, Chi-squared test for independence, and
Fisher’s exact test were used to examine the association between
continuous and categorical variables. p-Values of less than 0.05
were considered significant. PFS and OS were estimated using
Kaplan—-Meier survival curves and the log-rank test was used to
compare the survival between two groups.

Results

Patient characteristics. The clinicopathological characteristics
of all 77 patients are summarized in Table I. There were 27
female and 50 male patients, with a median age of 69 years
(range=33-92 years). In terms of degree of tumor
differentiation, 34 tumors had good differentiation, 31
moderate differentiation, and 12 poor differentiation. The
TNM staging classification was stages I-II in 50 patients and
stages III-IV in 27. Thirty-four and 25 tumors had lymphatic
invasion and vascular invasion, respectively.

Expression of PD-LI and T-cell infiltration in OSCC.
Representative slides of PD-L1, CD4, CD8 and FOXP3 are
shown in Figure 1. Among the 77 patients tested, scores for
PD-L1 expression in tumor cells were distributed as follows:
score 0: nine patients (12%); score 1: 8 (10%); score 2: 14
(18%); score 3: 11 (14%); score 4: 9 (12%); and score 5: 26
(34%). Thirty-one (40%) patients had tumors with low PD-
L1 expression, and the remaining 46 (60%) had tumors with
high PD-L1 expression. Similarly, positive-cell infiltration
by three T-cell subsets, CD§, CD4, and FOXP3, was also
evaluated. Patients with high T-cell infiltration numbered 16
(21%) for CD8™, 19 (25%) for CD4", and seven (10%) for
FOXP3* T-cells, respectively.

Correlation of PD-LI expression with clinicopathological
factors. We analyzed the correlation between PD-L1
expression level and various clinicopathological factors,
including MVD and Ki-67 index (Table II). Only vascular
invasion showed a trend toward lower PD-L1 expression, but
this did not reach statistical significance (p=0.05). PD-L1
expression did not show a significant correlation with any of
the other clinicopathological factors tested. Moreover, there
was no significant relationship between any form of T-cell
infiltration and PD-L1 expression in tumor cells.

Correlation of PD-LI expression with glycolytic metabolism
(PET parameters). Three parameters, SUV .., MTV and
TLG, were measured in 28 patients who underwent FDG-PET.
Although SUV ... did not correlate with PD-L1 expression in
OSCC, MTV and TLG significantly positively correlated with
PD-L1 expression (MTV, p=0.04; TLG, p=0.03, Table III).

Survival analysis in patients with OSCC with PD-LI
expression. Univariate survival analysis regarding PFS and

Table II. Patient characteristics according to programmed death-ligand 1
(PD-L1) expression.

PD-L1 score
Variable Total (n=77) 0-2 (n=31) 3-5 (n=46) p-Value
Age
Median (range) 69 (33-92) 71 (33-84) 69 (38-92) 0.88
Gender, n
Female 27 9 18 0.36
Male 50 22 28
Differentiation, n
WD 34 11 23 042
MD 31 15 16
PD 12 5 7
T Factor, n
T1-2 65 27 38 0.75
T3-4 12 4 8
N Factor, n
N- 51 20 31 0.79
N+ 26 11 15
Disease stage, n
Early 50 19 31 0.58
Advanced 27 12 15
Lymphatic invasion, n
Negative 43 18 25 0.74
Positive 34 13 21
Vascular invasion, n
Negative 52 17 35 0.05
Positive 25 14 11
CD34+* vessel count
Median (range) 14 (2-29) 15 (2-26) 14 (2-29) 0.66
Ki-67, %
Median (range) 21 (3-72) 25 (5-60) 20.5 (3-72) 0.59
CDS8* cell infiltration, n
0-2 61 25 36 0.80
3 16 6 10
CD4* cell infiltration, n
0-2 58 21 37 0.21
3 19 10 9
FOXP3+ cell
infiltration, n
0-2 65 27 38 0.95
3 7 3 4
Unknown 5 1 4

WD, Well-differentiated; MD, moderately differentiated; PD, poorly
differentiated; CD: cluster of differentiation; FOXP3: forkhead box P3.

OS was performed using Cox’s proportional hazards
regression model to evaluate the prognostic value of PD-L1
expression and the three T-cell subsets. As shown in Table
IV, none of these significantly influenced PFS nor OS on
univariate analysis. A Kaplan—Meier survival analysis was
also performed on PD-L1 expression; unfortunately, no
significant difference was observed (Figure 2).

The expression of PD-L1 in tumor cells is partially
regulated by the surrounding inflammatory environment;
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Figure 1. Representative immunohistochemical images of programmed death-ligand 1 (PD-L1), cluster of differentiation (CD)8, CD4, and forkhead
box P3 (FOXP3) staining. The expression of PD-LI was considered positive when membranous staining was observed. A semi-quantitative scoring
method was used as described in the Materials and Methods. A: Example of high PD-LI expression. For PD-LI1, tumors with a score >3 (>10%
positivity) were graded as having high expression (x100 magnification). Examples of high CD8* (B), CD4% (C) and FOXP3* (D) lymphocyte
infiltration. Tumors with more than 60% positive lymphocytes (score 3) were defined as having a high infiltration (x 100 magnification).

therefore, the patients with OSCC with high PD-L1 expression
were divided into two groups according to T-cell infiltration,
and Kaplan-Meier analysis was performed (Figure 3).
Interestingly, in those with high PD-L1 expression, those
whose tumor had abundant infiltrating CD4% T-cells had a
significantly longer PFS compared with those with low CD4*
T-cell infiltration (p=0.0452, Figure 3C).

Discussion

Previous studies on OSCC have demonstrated PD-L1
expression in 18% to 87% of patients (14), and the
proportion of the PD-L1-positive population varied, due to
differences in antibody used, methods for evaluation, and
type of samples (15). In the present study, 46 (60%) out of
77 patients with OSCC had high PD-L1 expression. HNSCC,
including OSCC, has a high frequency and high intensity of
PD-L1 expression (16); therefore, our samples were divided
into two groups, with low and high expression by a defined
cutoff value of 10% positivity. Although it is already well-
known that PD-L1 in tumor cells is responsible for induction
and maintenance of immunosuppression within the TME, the
clinical significance of PD-L1 expression remains elusive in
a variety of cancer types, including OSCC. To date, PD-L1
expression in OSCC has been reported to correlate with
adverse factors, including nodal metastasis, stage, and distant
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metastasis (3, 5, 6, 17). In our study, there was no significant
correlation with any clinicopathological factors, including T-
cell infiltration.

Of the various clinicopathological factors analyzed, only
a trend was observed toward an inverse association between
PD-L1 expression and vascular invasion within the TME.
Meng et al. demonstrated PD-L1 overexpression in cervical
cancer to be significantly associated with vascular invasion
(18). Characteristics of vascular invasion are closely related
to intratumoral angiogenesis, and various factors, including
vascular endothelial growth factor, hepatocyte growth factor,
and interleukin-1f} are produced from tumor cells as well as
stromal cells, and may induce or enhance PD-L1 expression
in tumor cells (19, 20). Our results partially failed to show
accordance with the previous reports, but two points are of
particular interest: a correlation of PD-L1 with glucose
metabolism using PET parameters, and clinical significance
of PD-L1 expression associated with CD4* T-cell infiltration.

Recently, Chang et al. showed that tumor PD-L1 expression
promoted glycolytic metabolism through metabolic
competition for glucose between tumor cells and tumor-
infiltrating lymphocytes within the TME (21). Other studies
found that hypoxia in the TME caused by rapid proliferation
of tumor cells induces upregulation of HIF-1o expression, and
HIF-1a activation can result in the up-regulation of PD-L1 as
well as of glycolysis (9,22, 23). Thus, accumulating evidence



Takahashi et al: PD-L1 Expression in OSCC

>

Progression-free survival

-
=]
=

— PD-L1 low
—— PD-L1 high

p=0.54

Percent survival
o
o

0 T T T T 1
0 1000 2000 3000 4000
Follow-up duration (days)

Overall survival

I
2

2

=

w

IS

g = PD-L1 low =092
e —— PD-L1 high

0 T T T T 1
0 1000 2000 3000 4000
Follow-up duration (days)

Figure 2. Kaplan—Meier curve and log-rank test for progression-free survival (A) and overall survival (B) according to programmed death-ligand

1 (PD-L1) expression.

>

Progression-free survival

—— CD8 low
L= CD8 high

0 1000 2000 3000 4000
Follow-up duration (days)

-
o
o

p=0.32

Percent survival
(%))
o

C : ;
Progression-free survival
1 00 umiai—ieh
=2
:
= NP P
2 504
§ —— CD4 low
& | - cD4high o

0 T T |
0 1000 2000 3000 4000
Follow-up duration (days)

= @
o
S

Overall survival

_LL_I._._._..._.

—— CD8 low
o]=%= CD8 high

0 1000 2000 3000 4000
Follow-up duration (days)

p=0.78

Percent survival
(4]
o

=)

Overall survival

_—

-
(=)
o

—— CD4 low
- CD4 high

p=0.27

Percent survival
(%))
o

0 1000 2000 3000 4000
Follow-up duration (days)

Figure 3. Kaplan—Meier curve and log-rank test for progression-free survival (A and C) and overall survival (B and D) of patients with high
programmed death-ligand 1 (PD-L1) expression according to cluster of differentiation (CD)8% (A and B) and CD4* (C and D) T-cell infiltration.

indicates that in tumor cells, PD-L1 expression is closely
related to glycolytic metabolism.

As tumoral uptake of '8F-FDG is based on enhanced
glycolysis, PET parameters might be used as markers for
tumor glycolysis. Actually, PD-L1 expression in lung cancer
has been shown to be significantly correlated with SUV ..
in '8F-FDG-PET (24, 25). As in our study 28 out of 73
patients with OSCC had undergone '8F-FDG-PET, data on
three PET parameters, SUV .., MTV, and TLG, were
available; therefore, we investigated whether PD-LI
expression in OSCC was related to glycolytic metabolism
within the TME using PET parameters. As expected, two
PET parameters, MTV and TLG, obtained from patients with
high PD-L1 expression were significantly higher than in
those with low PD-L1 expression, suggesting that MTV and

TLG may reflect not only tumor glycolysis, but also total
PD-L1 expression in the tumor lesion.

More recently, the prediction of response to ICBs using '8F-
FDG-PET has been reported (12). As immunohistochemical
evaluation for PD-L1 expression appears to be difficult, due
to heterogeneous and altering expression, PD-L1 positivity by
immunohistochemistry is not suitable as a definite biomarker
that predicts therapeutic response to ICBs. In contrast to
immunohistochemistry, PET imaging may become a useful
tool for comprehensive evaluation of TME, including PD-L1
status and tumor metabolism.

Regarding the prognostic value of PD-L1 in tumor cells, in
our study PD-L1 expression in OSCC did not correlate with
prognosis. The prognostic significance of PD-L1 expression
in OSCC is still controversial; that is, PD-L1 expression in

3043



ANTICANCER RESEARCH 39: 3039-3046 (2019)

Table III. Correlation of programmed death-ligand 1 (PD-L1) expression and glycolytic metabolism (positron-emission tomography parameters).

PD-L1 score

Variable Total (n=28) 0-2 (n=9) 3-5 (n=19) p-Value
SUVm’dX

Median (range) 10.5 (3.3-32.2) 9.7 (3.3-17.9) 10.9 (5.3-32.2) 0.26
MTV

Median (range) 16.8 (1.1-91.2) 10.6 (1.1-33.5) 25.7 (3.3-91.2) 0.04
TLG

Median (range) 744 (3.1-811.5) 39.2 (3.1-134.0) 105 (11.0-811.5) 0.03

SUV hax: Maximum standardized uptake value; MTV: metabolic tumor volume; TLG: total lesion glycolysis.

Table IV. Univariable survival analysis in all patients with oral squamous cell carcinoma.

Variable Overall survival Progression-free survival
HR 95% CI p-Value HR 95% CI p-Value
PD-L1 0-2 1 0.92 1 0.54
3-5 1.04 0.45-2.42 1.32 0.54-3.24
CD8* cell infiltration 0-2 1 0.31 1 0.20
3 0.53 0.16-1.80 0.39 0.09-1.68
CD4+ cell infiltration 0-2 1 0.40 1 0.08
3 0.63 0.21-1.86 0.27 0.06-1.17
FOXP3* cell infiltration 0-2 1 045 1 0.50
3 0.46 0.06-3.48 0.50 0.07-3.78

PD-L1: Programmed death-ligand 1; CD: cluster of differentiation; FOXP3: forkhead box P3; HR: hazard ratio; 95% CI: 95% confidence interval.

OSCC has been reported to be associated with poor prognosis
(6, 16, 26), and better prognosis (27, 28), or not associated
with prognosis at all (2, 4). Through a meta-analysis of 1,060
patients with OSCC, Troiano et al. demonstrated that high
PD-L1 expression did not correlate with poor prognosis (29).
Similarly, Yang et al. also showed that PD-L1 expression
detected by immunohistochemistry was not recommended for
predicting survival in patients with HNSCC (30).

PD-L1 expression mechanisms in tumor cells consist of
two different pathways: the oncogenic pathway, and
reflection of immune responses mediated by Janus
kinase/signal transducers and activators of transcription
signaling (31). The balance of these two mechanisms in the
TME of OSCC is currently unknown, but the latter could
play a pivotal role in the regulation of PD-L1 expression in
tumor cells, especially because interferon y produced by T-
cells mainly up-regulates PD-L1 expression in tumor cells
(32). Moreover, transcriptomic data from 280 HNSCC
tumors profiled by The Cancer Genome Atlas showed that
HNSCC was one of the most immune-infiltrated tumors, and
T-cell infiltration score correlated with relative interferon vy
expression (33).
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Based on these findings, patients with OSCC with high PD-
L1 expression were classified into two groups according to T-
cell infiltration: in patients with high CD4* T-cell infiltration
there was benefit in PFS compared to those with low
infiltration, suggesting that in such patients, abundant infiltrating
CD4* T-cells may exert antitumor immune responses through
interferon y production within the TME and result in up-
regulation of PD-L1 in tumor cells. In general, tumor
progression, invasion, and metastasis are recognized to depend
on pre-existing immunity, which could determine not only the
clinical outcome of the patients but also the likelihood of
response to ICBs. Thus, the distinction of PD-L1 expression in
tumor cells based on antitumor immunity within the TME could
be important for the evaluation of prognostic significance.

Taken together, clinical and biological significance of PD-
L1 expression assessed by immunohistochemistry in OSCC is
still elusive; however, comprehensive evaluation of PD-L1
expression within the TME might be more important in
clinical practice, including the clinical effect of ICBs. For this
purpose, use of functional imaging modalities such as FDG-
PET and the development of evaluation methods associated
with immune cell infiltration should be considered.
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