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Expression of PD-LL1 and CD4+ tumor-infiltrating lymphocytes
predict survival in head and neck squamous cell carcinoma
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Abstract. The clinical efficacy of immune checkpoint
blockade has been recently demonstrated in a variety of cancer
types. The aim of the present study was to characterize the
expression profile of tumor-infiltrating lymphocytes (TILs)
and programmed death-ligand 1 (PD-L1) in head and neck
squamous carcinoma (HNSCC). A total of 63 patients with
HNSCC were enrolled in the present study. CD3* and CD4*
TILs and the expression of PD-L1 were detected by immu-
nohistochemistry. PD-L1 mRNA levels were evaluated by
reverse transcription-quantitative PCR analysis. The asso-
ciation of TILs and PD-L1 with patient clinicopathological
characteristics was also assessed. CD3* and CD4* TILs were
detected in 100% of the samples. CD3* was the predominant
subset of TILs. PD-L1 was expressed in 53 of 61 (86%)
patients when a score of =1 on tumor cells was considered
positive and in 28 patients (45.2%) when a score of >5 on
tumor cells was considered positive. PD-L1 mRNA levels
were determined to be significantly correlated with PD-L1
protein expression. Survival analysis demonstrated that high
CD4* TILs were associated with improved overall survival
(OS) and disease-free survival (DFS), and furthermore, the
association of high PD-L1 expression with unfavorable OS and
DFS was statistically significant. Multivariate analysis identi-
fied CD4* TILs and PD-L1 as prognostic markers for HNSCC.
The results of the present study suggested that increased CD4*
TILs in HNSCC may be associated with improved outcomes,
while high expression of PD-L1 may indicate unfavorable OS
and DFS; thus, these factors may serve as predictors of the
response to immune checkpoint therapy.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sixth
most common malignant tumor type worldwide and the most
common malignancy originating in the mucosal epithelium of
the oral cavity, pharynx, larynx and hypopharynx (1). Smoking
and excessive alcohol consumption have been associated with
the tumorigenesis of HNSCC (2). Human papillomavirus has
been associated with tumors arising in the oropharynx (3).
Various cases are usually diagnosed at a later stage, which
is associated with high mortality and morbidity rates (2).
Although multimodality approaches, such as EGFR mono-
clonal antibody in combination with chemotherapy, are used
for more advanced-stage disease, 30-40% of patients develop
distant metastases within 5 years (3); therefore, understanding
the molecular characteristics and immunological profile of
HNSCC may help overcome certain obstacles associated with
targeted therapies and prove beneficial for the patients.

The tumor microenvironment significantly affects tumor
aggressiveness and response to treatment (4). Tumor-infiltrating
lymphocytes (TILs) are an important histopathological char-
acteristic of HNSCC (5). Tumor infiltration by T lymphocytes
is a highly informative prognostic factor for predicting the
clinical outcome of the disease. In several studies, TILs of
different types and locations in primary tumors are of prog-
nostic value for overall survival (OS) and disease-free survival
(DFES) (6,7). However, different subsets of lymphocytes have
different functions. CD4* T-helper cells stimulate cytotoxic
CDS8* T cells to enhance the antitumor immune response (8),
while CD4"* regulatory T cells (Tregs) are considered to serve
as suppressors of antitumor immune response (9). CD3* T cells
have been considered as an important T-cell marker for the
classification of malignant lymphomas and leukemias (10).
Although TILs have been extensively investigated, the prog-
nostic significance of specific TIL subgroups, such as CD3*
or CD4", is different due to the complexity of the composi-
tion and function of TILs, and has been inconsistent across
different studies. The role of TILs in immune surveillance
in HNSCC remains to be clarified and previous studies have
reported conflicting results.

The immune checkpoint molecules programmed death 1
(PD-1) and programmed death 1 ligand 1 (PD-L1) have been
evaluated in a number of cancer types (11,12). PD-1 is mainly
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expressed on the surface of T and B cells during activation.
PD-1 signaling is mediated through binding to its two ligands,
PD-L1 and PD-L2, which are mainly expressed by cancer
cells (13). As an inhibitory immune checkpoint molecule,
PD-1 mediates the immune escape of tumor cells (14). PD-L1
is also referred to as cluster of differentiation 274, which is a
protein encoded by the CD274 gene (15). There is increasing
evidence that tumor cells express various levels of PD-L1 in
numerous types of cancer, including HNSCC. However, the
currently available results remain controversial. The clinical
prognostic significance of PD-L1 expression in HNSCC tissues
varies across different studies, which may be due to different
sample sources and intratumor heterogeneity, different anti-
bodies and staining protocols, and inconsistent cut-off values,
among others (16). In three recent randomized phase III trials,
the PD-1 targeting antibodies nivolumab and pembrolizumab,
which have been used to treat patients with advanced HNSCC,
exhibited superior efficacy and lower toxicity compared
with traditional chemotherapy and radiotherapy alone (17).
Pembrolizumab combined with chemotherapy was determined
to be superior to cisplatin and 5-fluorouracil (18). Furthermore,
pembrolizumab monotherapy was more effective as a first-line
treatment in patients with HNSCC whose tumors express
PD-L1 compared with those with non-PD-L1-expressing
tumors (17). However, a large proportion of patients do not
respond to treatment, while certain initial responders eventu-
ally develop resistance; thus, further research is required.

The aim of the present study was to investigate the frequency
of TILs expressing CD3 and CD4 and the expression of
PD-LI in tumor cells using formalin-fixed paraffin-embedded
(FFPE) samples from patients with HNSCC. Furthermore, the
association of TILs and PD-L1 with clinical characteristics
and prognosis was assessed in order to evaluate the predictive
value of TILs and PD-L1 expression.

Materials and methods

Patient cohort. A total of 63 FFPE tissue specimens were
collected from patients with pathologically confirmed HNSCC
at the Second Hospital of Jilin University (Changchun, China)
between May 2008 and July 2019. Patients who had previously
received conventional radiotherapy and/or chemotherapy prior
to surgery were excluded. All tumor specimens were obtained
from primary resections. The study protocol was approved by
the Medical Ethics Committee of Jilin University (Changchun,
China; no. 2021-157). Approximately half of the patients
provided written informed consent for the study. For the other
half of the patients, a telephone interview was conducted and
verbal consent was obtained.

The clinical characteristics of the patients are summarized
in Table I. The majority of the patients were male [45 (71.4%)]
and the median age was 64.6 years (range, 40-76.8 years).
Approximately half of the patients had advanced disease
with T stage 3/4 (52.4%), N stage 2/3 (54%) and clinical stage
III/TV (55.6%). All studied tumour specimens were assessed
on HE-stained slides using standard diagnostic criteria.

Immunohistochemistry (IHC). CD3* and CD4* TILs were
determined by IHC. Archival FFPE HNSCC tumor blocks
were cut into 4-ym sections, deparaffinized with xylene and

rehydrated through a decreasing ethanol gradient. Boiling in
10 mM citrate buffer, pH 6.0 (Novocastra; Leica Microsystems,
Ltd.) in a microwave was used for epitope retrieval. After
endogenous peroxidase blocking (0.3% H,O,; Thermo Fischer
Scientific, Inc.) at room temperature for 30 min, the sections
were incubated with primary antibodies against CD3 (1:200
dilution; clone A0452; cat. no. A045229-2; Dako; Agilent
Technologies, Inc.) and CD4 (1:500 dilution; clone 4B12;
cat. no. NCL-L-CD4-368; Novocastra; Leica Microsystems,
Ltd.) at 4°C overnight. The CD4 antibody was used to stain all
CD4*-expressing cells, including Tregs. Secondary detection
was performed using the Level-2 Ultra Streptavidin (horse-
radish peroxidase) system (Dako; Agilent Technologies, Inc.)
at room temperature, which included anti-rabbit for CD3 or
anti-mouse for CD4 for 30 min. Streptavidin was applied to all
sections for 30 min at room temperature. Color detection was
performed by using 3,3'-diaminobenzidine for 5 min at room
temperature. The slides were counterstained with hematoxylin
and mounted with coverslips.

PD-L1 was detected by using the mouse monoclonal
anti-human PD-L1 antibody (1:100 dilution; CD274, clone
UMAB229; cat. no. UM800121; OriGene Technologies, Inc.)
at 4°C overnight. Accel Retrieval Solution (GBI Labs) was
used for antigen retrieval. Human tonsillar samples known
to be positive for CD3, CD4 and PD-L1 expression served as
positive controls. Sections without primary antibodies were
used as negative controls.

Evaluation of TILs and PD-LI expression. A semi-
quantitative method was utilized to assess the CD3 and CD4
expression of TILs inside the infiltrated tumor tissues. As
described previously (6,19), three of the most densely stained
fields were randomly selected, with necrotic areas excluded.
The proportion of cells with positive staining (range, 0-100%)
and staining intensity (0, negative; 1, weak; 2, moderate; and
3, strong) were assessed and recorded. The final score was
calculated by multiplying the percentage of positive cells with
the average staining intensity.

The abundance and location of PD-L1 expression within
the tumor were also determined semi-quantitatively. PD-L1
expression was membranous, with variable cytoplasmic
staining. A four-level score was used to quantify the propor-
tion of total cells stained and the staining intensity on the
membrane: 0 (0-<5% positive cells), 1 (5-10% positive cells), 2
(10-20% positive cells), 3 (20-50% positive cells) and 4 (>50%
positive cells). The staining intensity was determined as 0, 1,
2 or 3 (20). The final score was calculated by multiplying the
proportion of stained cells (scored as 0, 1-4) by the staining
intensity (scored as 0, 1-3) (21). A Leica light microscope
linked with a camera was used for capturing and analysing
images (magnification, x200). All evaluations were performed
in a blinded manner regarding the clinical outcome of the
patients.

RNA extraction and quantification of PD-LI expression by
reverse transcription-quantitative (RT-g)PCR. A total of 60
available FFPE surgical samples from the same cohort of
patients with HNSCC and 10 adjacent normal tissue samples
were collected. Based on HE-stained tissue sections, only
samples containing >60% tumor cells were considered. The
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Table I. Patient characteristics.

Characteristic Value

Age, years [median (range)] 64.6 (40-76.8)

Sex

Male 45 (71.4)

Female 18 (28.6)
T classification

T1 11 (17.5)

T2 19 (30.1)

T3/4 33 (52.4)
N classification

NO 13 (20.6)

N1 16 (25.4)

N2/3 34 (54)
Clinical stage

I 3(0.05)

I 25 (39.7)

v 35 (55.6)
PD-L1 expression score

High, >5 28 (45.2)

Low, <5 34 (56.8)
CD3 expression score

High, >26.8 30 (50)

Low, <26.8 30 (50)
CD4 expression score

High,>17.3 29 (48.3)

Low, <17.3 31 (51.7)

Values are expressed as n (%) unless otherwise specified. PD-L1,
programmed death ligand 1.

expression of PD-L1 at the mRNA level was measured by
using RT-qPCR. A total of 5-10 8-um sections were obtained
from each sample and total RNA was extracted from the
samples using the Recover All Total Nucleic Acid Isolation
kit for FFPE (Thermo Fisher Scientific, Inc.). In brief, the
sections were deparaffinized with xylene and rehydrated
through a decreasing ethanol gradient. After washing with
100% ethanol, the air-dried pellets were incubated with 200 p1
digestion buffer and 4 pl of protease K (included in the kit)
in heat blocks for 15 min at 50°C and then 15 min at 80°C.
After adding 100% ethanol, the mixture was loaded onto a
filter cartridge, centrifuged, the flow-through was discarded
and the filter cartridge was washed twice. Subsequently, 60 ul
DNase was added, followed by incubation at room temperature
for 30 min. After two additional washes, the RNA was eluted
with nuclease-free water. According to the manufacturer's
protocol, RT of RNA was performed with Super Script III
reverse transcriptase (Invitrogen; Thermo Fisher Scientific,
Inc.). Primer 3 (v.0.4.0; https://bioinfo.ut.ee/primer3-0.4.0/)
was used to design the primers. The primers for PD-L1 were
as follows: Forward, 5'-GTGGCATCCAAGATACAAACT
CAA-3'" and reverse, 5"-TCCTTCCTCTTGTCACGCTCA-3'.

The primers for GAPDH were as follows: Forward, 5'-GTC
TCCTCTGACTTCAACAGCG-3' and reverse, 5'-ACCACC
CTGTTGCTGTAGCCAA-3'. Amplification was performed
using SYBR Green Master Mix (Applied Biosystems; Thermo
Fisher Scientific, Inc.) and the ABI PRISM 7900 Sequence
Detection System (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The 10-p1 reaction volume contained 50 ng
cDNA (either from FFPE tumor samples or normal adjacent
tissue samples), 200 nmol/l of each primer and 5 ul of SYBR
Green Master Mix (Thermo Fisher Scientific, Inc.). The ther-
mocycling conditions included initial denaturation at 94°C
for 2 min; 40 cycles of denaturation at 94°C for 15 sec; and
annealing and extension at 60°C for 1 min. Relative quanti-
fication of PD-L1 mRNA levels was performed by using the
2-4%¢4 method (22). As calculated from the duplicate reactions
for each tested sample, the mean Cq value was used. The
relative fold change of mRNA expression, in which the mean
of the ACq values of the target amplicon was normalized to
the endogenous gene GAPDH, compared with normal tissue
specimens. Each experiment was performed three times.

Statistical analysis. Fisher's exact test was used to assess differ-
ences between categorical variables. The associations between
the expression of each detected biomarker and various clini-
copathological parameters were assessed. The Kaplan-Meier
method was used to calculate OS and DFS and the log-rank
test was used for comparisons. The Cox proportional hazard
model was used to perform univariate and multivariate
analyses. Factors with prognostic significance in the univariate
model were further analyzed in a multivariate Cox propor-
tional hazards regression model. P<0.05 was considered to
indicate statistically significant differences. Pearson's correla-
tion coefficient analysis was used to determine the correlation
between PD-L1 expression and CD3* or CD4* TILs. Analyses
were performed using the R 4.1.2 package (R Foundation for
Statistical Computing).

Results

TILs in HNSCC. The expression of CD3 and CD4 on TILs was
evaluated in the tumor parenchyma of patients with HNSCC.
Of the 63 tumor samples, 61 were available for CD3 and CD4
assessment. A total of two samples were excluded due to the
small sample size or poor tissue morphology after staining.
CD3 and CD4 were expressed in 100% of the samples. With
arange of 9.0-61.3 for CD3 and 2.3-42.3 for CD4, the median
score of CD3 and CD4 expression was 26.8 and 17.3, respec-
tively. As a dichotomous variable, patients were divided into
CD3 expression high and low groups. According to the median,
high was defined as a score >26.8 and low was defined as a
score <26.8. Using a similar method, patients were assigned
to CD4 high (>17.3) and low (<17.3) groups (Table I). THC
analysis revealed that the expression of CD3 was abundant in
tumors, while the expression of CD4 was relatively low.

Evaluation of PD-LI expression by IHC. Of the 61 avail-
able tumors, PD-L1 was expressed in 53 (86.0%, score =1).
According to the median score, PD-L1 expression was divided
into low and high groups, with 28 samples (45.2%) exhibiting
high PD-L1 expression (score >5) and 34 samples exhibiting
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Figure 1. Immunohistochemistry for tumor-infiltrating lymphocytes and PD-L1 staining in head and neck squamous cell carcinoma. Representative images
and quantification of PD-L1, CD3* and CD4"* cells (magnification, x200). ““P<0.001. PD-L1, programmed death ligand 1.

low expression (score <5; Table I). In addition, PD-L1 expres-
sion was observed in 53 samples in which TILs were present.
Representative results on CD3, CD4 and PD-L1 immunos-
taining and quantification in tumor cells are provided in Fig. 1.

Evaluation of PD-LI expression by RT-gPCR. The mRNA
expression of PD-L1 was evaluated by RT-qPCR in 60
available patient samples. By comparing with 10 normal
tissue samples, the mean expression level of PD-L1 in
HNSCC was 2.07-fold higher compared with that in normal
tissues (range, -3.69- to 6.84-fold). PD-L1 mRNA expres-
sion was detected in 49 of 60 patients (81.7%; Fig. 2A),
highlighting the overexpression of PD-L1 gene in tumor
cells. Furthermore, PD-L1 mRNA levels were indicated
to be significantly correlated with PD-L1 protein levels
(R=0.461; P<0.001; Fig. 2B). However, there was no signifi-
cant association between PD-L1 mRNA levels and patient
clinicopathological characteristics.

Association of TILs and PD-LI1 expression with
clinicopathological characteristics. The clinical value of
TILs and PD-L1 protein expression was further evaluated.

With a mean follow-up of 72 months (range, 3-151 months),
constructed Kaplan-Meier curves revealed that patients with
high CD4 expression were associated with improved OS
(P=0.004) and DFS (P=0.004), which was confirmed by
univariate Cox regression analysis [HR=0.31, 95% confidence
interval (CI): 1.13-0.72, P=0.004 for OS; and HR=0.30, 95%
CI: 0.13-0.71, P=0.006 for DFS; Fig. 3A and B; Table I1].

As a categorical variable, PD-L1 was also used to divide
the patients into low and high expression groups. Kaplan-Meier
survival analysis demonstrated that high PD-L1 expression
was significantly associated with unfavorable OS and DFS
(P=0.024 and P=0.025, respectively; Fig. 3C and D), compared
with low PD-L1 expression. Univariate Cox regression anal-
ysis revealed significant differences between the high and low
expression groups, [HR=2.47, 95% confidence interval (CI):
1.12-5.46, P=0.024 for OS; and HR=2.57, 95% CI: 1.17-5.66,
P=0.015 for DFS (Table II).

Furthermore, multivariate analysis using the Cox propor-
tional hazards model indicated that CD4 and PD-L1 were
significantly associated with OS and DFS after adjusting for
age (for OS, CD4: HR=0.35, 95% CI: 0.15-0.86 and P=0.006;
and PD-L1: HR=2.29, 95% CI: 0.89-5.86, P=0.025; for DFS,
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Figure 2. Evaluation of PD-L1 mRNA expression in patients with HNSCC. (A) Bar plot representing the relative fold change of PD-L1 mRNA levels in HNSCC
compared with adjacent normal tissues. (B) Correlation analysis of PD-L1 protein levels with PD-L1 mRNA levels (P<0.001). R, Spearman correlation coef-
ficient; HNSCC, head and neck squamous cell carcinoma; PD-L1, programmed death ligand 1.

CD4: HR=0.33, 95% CI: 0.14-0.80 and P=0.009; and PD-L1:  associations of patient sex and tumor stage with CD4 or PD-L1
HR=2.24,95% CI: 0.90-5.57 and P=0.051; Table II). However,  expression were observed.

CD3 expression was not indicated to be significantly associ- To elucidate the correlation between PD-L1 expression
ated with disease outcome. Furthermore, no significant and CD3* or CD4* TILs, a Pearson's correlation coefficient
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Figure 3. Prognostic significance of CD4* TILs and PD-L1 protein expression in patients with head and neck squamous cell carcinoma. (A and B) Kaplan-Meier
curves indicated that the number of CD4* TILs was associated with (A) OS (P=0.0042) and (B) DFS (P=0.0037). (C and D) Association of PD-L1 expression
with (C) OS and (D) DFS. The P-value was calculated by using the log-rank test. PD-LI, programmed death ligand 1; OS, overall survival; DFS, disease-free

survival; TIL, tumor-infiltrating lymphocyte.

analysis was performed. The scatter plot demonstrated that
the expression of CD4* TILs had a negative, if insignificant,
correlation with the PD-L1 score (R=-0.22, P=0.08). No
significant correlation between CD3* TILs and PD-L1 expres-
sion was obtained (Fig. S1). Overall, these results indicated that
CD4* TILs and PD-L1 have a role as independent prognostic
factors for patients with HNSCC.

Discussion

The infiltration of the tumor parenchyma by a large number
of TILs has been associated with clinical outcomes in various
types of cancer. Tumor immune checkpoint-targeted thera-
pies have achieved responses in multiple cancer types (23),
including HNSCC (16). However, the clinical response rates
vary widely and the reasons for this have yet to be fully
elucidated. In the present study, the distribution of TILs and
the expression of PD-L1 were quantitatively analyzed in a

population of patients with HNSCC. Both PD-L1 protein
and mRNA levels were analyzed. The clinical significance
of these immune parameters and the clinical characteristics
of the patients were assessed. It was demonstrated that CD3*
and CD4* TILs were present in 100% of the samples. Patients
whose tumors were infiltrated by high numbers of CD4* T
cells exhibited significantly improved OS and DFS compared
with patients exhibiting poor tumor infiltration. In addition,
when a score of >1 of tumor cells was considered positive,
PD-L1 expression was detected in 86% of the samples and
when a score of >5 of cells was considered positive, PD-L1
expression was observed in 45% of the samples. Of note,
PD-L1 mRNA levels were indicated to be significantly associ-
ated with PD-L1 protein levels (R=0.461; P<0.001). It is worth
noting that high PD-L1 expression was significantly associated
with unfavorable OS and DFS. These results were independent
of clinicopathological characteristics and were of predictive
value for disease outcome.



Table II. Univariate and multivariate analyses of factors associated with survival in patients with head and neck squamous cell carcinoma.

Disease-free survival

Overall survival

Multivariate analysis Univariate analysis Multivariate analysis

Univariate analysis

P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

HR (95% CI)

Variable

132 (0.53-3.27) 0.004

0.05
0.667
0.548
0.193
0.223

2.29 (0.98-5.27)
0.83 (0.36-1.91)
0.66 (0.17-2.53)

145 (0.56-3.71) 0.003

0.03
0.357

2.62 (1.09-6.27)
0.67 (0.28-1.56)
0.76 (0.20-2.93)
1.94 (0.86-4.37)
1.65 (0.73-3.71)
0.59 (0.27-1.29)
0.31 (1.13-0.72)
2.47 (1.12-5.46)

Age (> vs. <64.6 years)

Sex (female vs. male)

0.698

T classification (T1/2 vs. T3/4)
N classification (NO/1 vs. N2/3)

Clinical stage (I/IT vs. III/IV)

171 (0.76-3.87)
1.65 (0.74-3.69)
0.56 (0.27-1.26)
0.30 (0.13-0.71)
2.57 (1.17-5.66)

0.11
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0.229

0.175
0.006
0.015

0.183
0.004
0.024

CD3 expression (score > vs. <26.8)

0.009

0.33 (0.14-0.80)
2.24 (0.90-5.57)

0.006

0.35 (0.15-0.86)
2.29 (0.89-5.86)

CD4 expression (score > vs. <17.3)

0.051

0.025

PD-L1 expression (score > vs. <5)

HR, hazard ratio; PD-L1, programmed death ligand 1.

There is growing interest in evaluating TILs in solid
tumors. It has been demonstrated that the immune attack or
immune escape of tumor cells induces the immune response
in the tumor microenvironment and serves an important role
in the response to cancer therapy (1). However, as different
subsets of lymphocytes have different functions in the tumor
microenvironment, there is currently no standardized method
for evaluating TILs. Previous studies analyzed the peritumoral
stroma and tumor core area separately, and evaluated the
numbers and percentage of TILs in solid tumors with different
results. In many cancers, CD3* or CD8* TILs is positively
correlated with favorable clinical outcomes (6,24,25), whereas
others suggest that CD4* or CD8* TILs is associated with
better prognosis (26) or has no directly correlation with patient
survival, independent of HPV status (27). Therefore, the focus
of the present study was to assess the numbers of CD3* and
CD4* TILs in the tumor parenchyma and determine their
association with the clinical variables of the patients.

It has been indicated that CD3* T cells are the major
subtype of TILs in gastric cancer (28). In laryngeal squamous
cell carcinoma, a high density of CD3" cells in the tumor
core area was associated with a lower risk of metastasis (29).
CD3* and CD8" T cells were observed to be associated with
improved disease outcome in patients with head and neck
cancer treated with chemoradiotherapy (30). The results of the
present study consistently demonstrated that CD3* cells were
the predominant TIL subtype in the present HNSCC cohort,
although the results did not exhibit any clinical significance,
possibly due to the small sample size.

The complexity of the CD4* T cell response has led to
ambiguous results. CD4* T cells are able to promote antitumor
immunity through Thl and Th2 cells (31). Other subtypes,
such as Th17 cells, are mainly characterized by the produc-
tion of high cytokine IL-17A levels, which has been linked to
antitumor immunity in mouse models (32). However, CD4*
forkhead box (Fox)p3* Tregs contribute to the inhibition of
autoimmunity and prevent excessive immune response to
pathogens (33). CD4* TIL infiltration has been evaluated in
several studies on HNSCCs. RT-qPCR analysis indicated that
CD4 mRNA expression levels were significantly correlated
with the CD4* cell infiltration score in cancer epithelium and
cancer stroma (8). Higher CD4* TIL numbers in patients with
HNSCC are associated with improved OS and relapse-free
survival (26,34). This phenomenon was also observed in the
present study. The present results indicated that patients whose
tumors were infiltrated by high numbers of CD4* T cells had
superior OS and DFS compared with patients exhibiting lower
tumor infiltration. By contrast, another study demonstrated
that neither CD4 nor Foxp3 expression intratumoral or in the
stroma area showed significance for the clinical outcome (6).

Immunotherapy by using PD-1 and PD-L1 immune
checkpoint blockade has been used in different cancer
clinical trials with certain success. With regard to HNSCC,
Schneider et al (35) reported that PD-L1 expression was
present in 36% of primary carcinomas and the presence of
lymph node metastasis further indicated that PD-L1 expres-
sion may be associated with reduced OS and DFS. However,
in a meta-analysis of 3,105 patients from 23 studies, no
significant difference between patients with PD-L1-positive
and -negative HNSCC was obtained in terms of OS and
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DFS (36), while a recently reported randomized phase III
clinical study (KEYNOTE-048) (18) demonstrated that
pembrolizumab (anti-PD-L1) plus platinum treatment is suit-
able for PD-L1-positive recurrent or metastatic HNSCC. The
results of the present study supported this evidence, as it was
demonstrated that >80% of tumors have a PD-L1 score =1 and
indicated that increased PD-L1 expression may be associated
with unfavorable OS and DFS in HNSCC.

PD-1/PD-L1 immune checkpoint therapy has revolution-
ized the traditional cytotoxic anticancer treatments in recent
years and has achieved a long-lasting therapeutic response in
various types of cancer (37). However, these therapies still pose
significant clinical challenges for patients with HNSCC. In
order to further understand the mechanism of the PD-1/PD-L1
pathway, the associations between PD-L1, CD3 and CD4 were
investigated, but there were limitations in detecting PD-1
expression due to the availability of samples; hence, a new
cohort of patients may be required for further study.

In conclusion, the data of the present study demonstrated
that the numbers of CD4* TILs as detected by THC were
associated with the clinical outcome of patients with HNSCC.
PD-L1 is commonly expressed in HNSCC at the protein and
mRNA levels. In particular, high expression of PD-L1 on THC
examination may reflect the deterioration of OS and DFS and
indicate the opportunity for immune checkpoint blocking
therapy in patients with HNSCC.
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