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Purpose: Immunotherapy may be a potential alternative for patients with sinonasal squa-

mous cell carcinoma (SNSCC). Data regarding potential immunotherapy targets, such as

programmed death-ligand 1 (PD-L1) and tumor-infiltrating lymphocytes (TILs), in SNSCC

are limited. In this study, we assessed the prevalence and prognostic value of PD-L1

expression and TILs in p16-negative and p16-positive SNSCC.

Patients and methods: Tissues from 96 patients with SNSCC were stained using immu-

nohistochemistry against PD-L1, CD8, and Foxp3 to assess the immune environment. The

correlations between PD-L1 expression, TILs, and p16 status were analyzed. Additionally,

PD-L1, CD8, and Foxp3 expressions, as well as p16 status, were analyzed in relation to

patient clinicopathological variables and prognosis.

Results: Twenty-nine (30.2%) patients with SNSCC showed PD-L1 expression in >5% of

tumor cells. PD-L1 expression was significantly correlated with poor differentiation and a high

level of TILs. PD-L1 expression and the CD8+ and Foxp3+ T-cell infiltrates in p16-negative

patients (n=78, 81.2%) and p16-positive patients (n=18, 18.8%) were not significantly differ-

ent. PD-L1 expression and p16 status were not associated with overall survival (OS) and

disease-free survival (DFS). Patients with high CD8+ or Foxp3+ cell infiltration had better

clinical outcomes. A multivariate analysis confirmed that CD8 TILs were a significant inde-

pendent and favorable prognostic factor for OS (p=0.023) and DFS (p=0.008).

Conclusion: TILs can play a prognostic role in SNSCC. We did not find differences in

immune marker expression between p16-positive and p16-negative SNSCC tissues. The high

correlation between PD-L1 expression and TILs indicates that the PD-1/PD-L1 pathway is

a promising immunotherapeutic target for SNSCC.

Keywords: immunotherapy, squamous cell carcinoma, sinonasal cancer, prognosis,

biomarker

Introduction
Sinonasal squamous cell carcinoma (SNSCC) is a rare malignant epithelial neo-

plasm originating from the nasal cavities or paranasal sinuses. It accounts for fewer

than 1% of all malignant tumors and approximately 3% of head and neck cancers.1

Because of the lack of specific symptoms in the early stages of the disease,

a majority of SNSCC patients are diagnosed at an advanced stage.2 The main

treatment modality for SNSCC is surgery combined with radiotherapy, with some
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multimodal approaches also including chemotherapy.3,4

Despite improvements in surgery, radiotherapy, and sys-

temic therapy, the prognosis for SNSCC remains poor,

with a 5-year survival rate of approximately 30–50%.5,6

Moreover, SNSCC tumors often invade adjacent structures

such as the orbits, oral cavity, and skull base. Radical

treatments often result in severe functional and esthetic

defects.7 Thus, there is a considerable need for new ther-

apeutic options for SNSCC treatment.

Immunotherapy, especially immune checkpoint inhibi-

tors, may be an option for SNSCC treatment. Tumor cells

can be recognized and attacked by activated T-cells.

However, tumors can express programmed death-ligand 1

(PD-L1), a co-inhibitory molecule that binds to its receptor,

programmed cell death protein 1 (PD-1), on T lymphocytes,

resulting in escape from T-cell attack.8 Specific monoclonal

antibodies (mAb) can block the PD-1/PD-L1 axis and

enhance the antitumor activity of the immune system.8 In

2016, the Food and Drug Administration (FDA) approved

the use of nivolumab and pembrolizumab (an anti-PD-1

mAb) for recurrent or metastatic head and neck squamous

cell carcinoma (HNSCC). The effect of PD-1 checkpoint

inhibitors on locally advanced HNSCC is currently being

explored in several clinical trials, and preliminary results

have shown good efficacy and tolerance of anti-PD-1 or

anti-PD-L1 antibodies.9 However, only a portion of patients

respond to the treatment; the response rate of recurrent or

metastatic HNSCC was found to be 13.3–22% in previous

clinical trials.10 Previous studies have shown that PD-L1

expression and tumor-infiltrating lymphocytes (TILs) are

vital biomarkers for predicting the clinical efficacy of

immunotherapy.11 However, few studies have investigated

PD-L1 expression and its relation to TILs in SNSCC.

The protein p16 is an important tumor-suppressor pro-

tein, which can be used as a surrogate marker for human

papillomavirus (HPV) infection.12 High p16 expression

has been found to be associated with better prognosis of

head and neck cancer, especially in oropharyngeal squa-

mous cell carcinoma (OPSCC).13,14 Several studies have

found that PD-L1 expression is associated with p16 status

in HNSCC.15,16 An association between p16 expression

and immune cell infiltrate has also been identified.17,18

However, the association between p16 status and the

tumor immune microenvironment in SNSCC is unclear.

The aim of this study was to evaluate the prevalence of

PD-L1 expression and TILs in p16-negative and p16-positive

SNSCC and to analyze their correlation with patient clinico-

pathological characteristics and prognosis.

Materials and methods
Patient cohort
We included 96 patients with SNSCC in this study, whose

diagnosis had been confirmed by pathological analysis.

Enrolled patients were those who underwent radical treat-

ment at the Eye and ENT Hospital of Fudan University,

Shanghai, China, between 2010 and 2016. Patients with

a second primary tumor or those without tumor blocks for

histopathological analyses were excluded. Written informed

consent was obtained from all patients. Ethical approval was

granted by the Institutional Review Committee of the Eye

and ENT Hospital of Fudan University, and experiments

were conducted in accordance with the Declaration of

Helsinki. The clinical and pathological characteristics of the

96 patients in this study are summarized in Table 1. All of the

tumors were staged according to the 7th edition of the

American Joint Committee on Cancer Staging Manual.

Immunohistochemistry
The primary tumor samples obtained from biopsy or surgery

were fixed with formalin and embedded in paraffin. The for-

malin-fixed paraffin-embedded tissue blocks were cut into 4

μm-thick sections for immunohistochemical staining. The pri-

mary antibodies used were as follows: anti-PD-L1 (rabbit

mAb, 13684, CST, Danvers, MA,, USA, 1:200), anti-Foxp3

(rabbit mAb, 98377, CST, Danvers, MA, USA, 1:200), anti-

CD8 (rabbit mAb, ab93278, Abcam, Cambridge, UK, 1:500),

and anti-p16 (rabbitmAb, ab108349,Abcam,Cambridge,UK,

1:100). The tissue sections were deparaffinized in xylene and

rehydrated in graded concentrations of ethanol. Antigen retrie-

valwas performed according to themanufacturers’ recommen-

dations for the respective antibodies. After serial blockade in

0.3% hydrogen peroxide and 10% normal serum, sections

were incubated with the primary antibody at 4°C overnight.

After washing, sections were incubated with anti-rabbit sec-

ondary antibodies (Dako EnVision, Copenheagen, Denmark)

at room temperature for 30mins. Finally, staining signals were

revealed using 3,3‘-diaminobenzidine staining followed by

hematoxylin counterstaining. Human tonsils were used as

positive controls for CD8, Foxp3, and PD-L1. A clinically

diagnosed HPV-associated tonsil squamous cell carcinoma

was used as a positive control in the p16 assay. Negative

control was performed by omitting the primary antibody.

Immunohistochemical analysis
PD-L1 staining was scored into four classes: 0%, 1–5%,

5–50%, and 50–100% membranous staining of tumor
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cells. The tumors were then classified as negative or posi-

tive using a 5% cutoff.19 The sample was considered

positive for p16 if strong and diffuse nuclear and cytoplas-

mic staining was detected in ≥75% of the tumor. The

levels of CD8 and Foxp3 lymphocyte infiltration were

evaluated by counting the number of cells in 10 randomly

selected images acquired at high magnification (400×)

from each sample, using ImageJ software (NIH, USA).

The average infiltration value was calculated for each

sample. Because there is no standardized cutoff point for

the quantification TILs, the median was used to divide the

patient cohort into two groups (low and high) of CD8 and

Foxp3 expression. All of the assessments were evaluated

independently by two pathologists (HL and SYW), who

were blinded to the clinical and follow-up data.

Discrepancies between the observers were resolved by

a consensus review.

Statistical analysis
Statistical analyses were performed using IBM SPSS

Statistics for Windows, Version 19.0 (IBM Corp.,

Armonk, NY, USA). Categorical data were analyzed using

a Chi-square test. The differences in CD8 and Foxp3

expression levels between subgroups were analyzed using

a Mann–Whitney U test, as the variables had a non-normal

distribution. The relationship between the CD8 and Foxp3

lymphocyte infiltrates was assessed using a Pearson’s cor-

relation coefficient. Overall survival (OS) was calculated

from the date of the end of treatment to the date of death, or

the date of the last follow-up. Disease-free survival (DFS)

was defined as the period between the completion of pri-

mary treatment and the detection of residual disease, recur-

rent disease, or death. The survival rates were calculated

using the Kaplan–Meier method and compared using a log-

rank test. Univariate and multivariate analyses were per-

formed using the Cox proportional hazards model. All of

the statistical tests performed were two-tailed, with p-values

<0.05 considered statistically significant.

Results
Follow-up
The median follow-up period of the 96 patients was 45

months (range: 2–98 months). Local recurrence (n=26)

was the main cause of death, and distant metastases were

observed in 10 patients (10.4%). Regional recurrence was

observed in two patients (2.1%). The overall 3- and 5-year

survival rates of the cohort were 68.8% and 59.3%,

respectively.

PD-L1, p16, CD8, and Foxp3 expression
The membranous PD-L1 staining on tumor cells was

scored using the following cutoff values: >1% staining,

Table 1 Clinicopathologic characteristics of 96 patients with

sinonasal squamous cell carcinoma

Variables Number of
patients (%)

Age (years)

Median age at diagnosis (range) 58 (24–82)

Sex

Male 70 (72.9)

Female 26 (27.1)

Smoking history

No 50 (61.5)

Yes 37 (38.5)

Tumor site

Maxillary sinus 29 (30.2)

Nasal cavity 67 (69.8)

Histologic grade

Grade I + Grade II 71 (74.0)

Grade III 25 (26.0)

T stage

T2 6 (6.3)

T3 33 (34.4)

T4a 41 (42.7)

T4b 16 (16.7)

N stage

N0 83 (86.5)

N1 10 (10.4)

N2 3 (3.1)

M stage

M0 96 (100)

M1 0 (0)

TNM stage

II 4 (4.2)

III 35 (36.5)

IVA 41 (42.7)

IVB 16 (16.7)

Treatment

Surgery plus adjuvant radiotherapy 25 (26.1)

Surgery plus adjuvant chemoradiotherapy 36 (37.5)

Neoadjuvant therapy plus surgery 20 (20.8)

Definitive chemoradiotherapy 10 (10.4)

Radiotherapy alone 5 (5.2)
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found in 48 patients (50%); >5% staining, found in 29

(30.2%); and >50% staining, found in 16 (16.7%) patients.

PD-L1 staining in the tumor-infiltrating immune cells was

observed in 44 (45.8%) of SNSCC cases. Overall, positive

PD-L1 expression was observed in 29 (30.2%) patients.

PD-L1 expression was correlated with poor differentiation,

but was not associated with age, smoking status, primary

tumor site, or stage (Table 2).

Among the patient cohort, 18 (18.8%) were found to be

p16 positive. The average value of CD8+ T-cells at 400×

magnification was 2–132, with a median of 32. The num-

ber of Foxp3+ T-cells at 400× magnification was 0–123,

with a median of 8. High CD8+ T-cell infiltration was

associated with poor differentiation and lymph node

metastasis. High Foxp3+ T-cell infiltration was also asso-

ciated with poor differentiation (Table 2). Figure 1 shows

representative images of immunohistochemical staining

for PD-L1, p16, CD8, and Foxp3 in SNSCC tissue.

Correlation between PD-L1 expression,

p16 status, and TILs
Positive PD-L1 expression was strongly associated with

high lymphocytic CD8 (p<0.001) and Foxp3 (p<0.001)

expression (Figure 2A and B). PD-L1 expression was not

associated with p16 status. The CD8+ and Foxp3+ T-cell

infiltrates were not significantly different between p16-

negative and p16-positive patients (p=0.523 and p=0.903,

respectively; Figure 2C and D). Evaluation by Pearson’s

correlation coefficient indicated a strong and significant

correlation between CD8 and Foxp3 expression (r=0.518,

p<0.001; Figure 3).

Survival analysis
Results of the Kaplan–Meier analysis indicated that there

was no significant difference between the OS and DFS of

PD-L1-positive and PD-L1-negative patients (p=0.760 and

p=0.233, respectively; Figure 4A and B). An analysis using

multiple cutoff values of PD-L1 expression also showed no

significant differences in DFS and OS. Further analysis of the

prognostic value of PD-L1 expression for p16 status and

CD8 expression did not achieve statistical significance. The

OS and DFS of the p16-positive group were no better than

those of the p16-negative group (Figure 4C and D).

However, patients with high levels of CD8 or Foxp3 infiltra-

tion were associated with significantly higher rates of OS and

DFS. The accumulated 5-year OS and DFS of patients with

high levels of CD8 infiltration were 74.1% and 77.4%, vs

53.7% and 42.1% for those with low levels of CD8 infiltra-

tion (p=0.003 and p<0.001, respectively; Figure 4E and F).

The 5-year OS and DFS rates of patients with high levels of

Foxp3 infiltration were 76.2% and 75.3% vs 51.8% and

43.2% for those with low Foxp3 infiltration (p=0.013 and

p=0.001, respectively; Figure 4G and H). A univariate ana-

lysis revealed that OS was not significantly associated with

clinical variables, such as age, sex, smoking status, histolo-

gical grade, tumor site, tumor extent, and lymph node metas-

tasis. However, the univariate analysis indicated a significant

association between a high histological grade and favorable

DFS (Table 3).

A multivariate analysis for OS and DFS was performed

and included age, sex, histological grade, T classification,

N classification, smoking status, p16 status, PD-L1 expres-

sion, CD8 expression, and Foxp3 expression. Only CD8

TILs were found to be a significant independent favorable

prognostic factor for OS and DFS (Table 4).

Discussion
SNSCCs are aggressive tumors with a generally poor

prognosis. In cases of advanced or recurrent SNSCC,

treatment options are often limited. With their low toxicity

and encouraging efficacy, PD-1/PD-L1 immune check-

point inhibitors could be potential alternatives for the

treatment of SNSCC. To use these forms of immunother-

apy, it is essential to clarify the immune environment

present in SNSCC, in particular, the PD-L1 expression

profile and its relationship to TILs.

In this study, PD-L1 expression was evaluated in 96

SNSCC cases. Membranous PD-L1 staining in >5% of

tumor cells was observed in 29 patients (30.2%). A review of

the literature resulted in little data for comparison, with the

exception of a study by Riobello et al, which evaluated PD-L1

expression in 53 cases of SNSCC.19 The frequency of PD-L1

expression in our cohort was similar to that observed by

Riobello et al. We found that high PD-L1 expression was

associated with poor SNSCC differentiation, which suggested

that PD-L1 expression could be involved in SNSCC tumor

progression. Other studies have demonstrated an association

between high PD-L1 expression and lymph node metastasis in

head and neck cancers.20,21 In this study, PD-L1-positive

SNSCC cases tended to have a higher lymph node metastasis

rate than PD-L1 negative SNSCC (20.7%vs 10.4%); however,

no statistical difference was observed (p=0.178; Table 2). High

PD-L1 expression contributes to the process of immune eva-

sion, and it has been found be an indicator of poor survival in

many different types ofmalignancies.22However, we found no
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prognostic significance of PD-L1 in SNSCC in the present

study. In the study by Riobello et al, PD-L1 expression was

associated with lower DFS, although it lost statistical signifi-

cance following multivariate analysis.19 In the present study,

the PD-L1 positive cohort tended to have better DFS rates

(p=0.233). This discrepancy may be related to the treatment

modalities used. All patients in our study received radiother-

apy, and some studies have found that high PD-L1 expression

is associated with radiosensitivity.23–25 Even though

a relatively large cohort was analyzed in our study, the bias

arising from retrospective analysis may also confound the

finding of a prognostic value of PD-L1 expression. Thus, the

prognostic value of PD-L1 expression in SNSCC requires

further study.

TILs are a group of immune cells with higher specific

immunological reactivity in the tumor environment. They

are considered to have prognostic value, and play a vital role

in the therapeutic outcomes of immunotherapy.26 CD8+

cytotoxic T-cells and Foxp3+ regulatory T-cells (Tregs) are

the most important subsets of TILs. CD8+ lymphocytes are

the main effector T-cells that act against tumors, and they are

predictive of favorable outcomes in a variety of

Figure 1 Representative images of immunohistochemical staining of SNSCC tissue: (A) PD-L1-positive (100×); (B) p16-positive (100×); (C) low CD8 infiltration (400×);

(D) high CD8 infiltration (400×); (E) low Foxp3 infiltration (400×); (F) high Foxp3 infiltration (400×).

Abbreviations: SNSCC, sinonasal squamous cell carcinoma; PD-L1, programmed death-ligand 1.
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malignancies. In contrast, Foxp3+ Tregs play a key role in

immune escape and are often associated with poor

prognosis.27,28 Consistent with the findings of previous stu-

dies, the level of CD8 infiltration was a significant indepen-

dent favorable prognostic factor for SNSCC in our patient

cohort. However, high Foxp3+ Treg infiltrates also seemed

to be associated with favorable OS and DFS in SNSCC.

A meta-analysis of 15,512 cancer cases suggested that the

prognostic role of Foxp3+ Tregs was highly influenced by

tumor site.29 The meta-analysis found that high Foxp3+ Treg

infiltration predicted worse survival rates in the majority of

solid tumors, but better outcomes in colorectal, head and

neck, and esophageal cancers. The discrepancy of prognos-

tic value of Foxp3+ Tregs may be related to their conven-

tional regulatory function.27 We also found that high levels

of CD8 infiltration were related to poor differentiation and

lymph node metastasis. The paradoxical coexistence of high

numbers of CD8+ TILs and tumor progression indicates the

existence of complex crosstalk between tumor and infiltrat-

ing inflammatory cells.30 A significant correlation between

CD8 and Foxp3 expression in SNSCC was observed in our

study, and it is known that the function of intratumoral CD8

T-cells is controlled by Foxp3 Tregs. Thus, the positive

correlation between CD8+ and Foxp3+ cells suggested that

deletion of Foxp3+ regulatory T-cells could be an effective

immunotherapy strategy for SNSCC.

It is well established that patients with p16-positive

OPSCC have a more favorable prognosis compared with
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those with p16-negative OPSCC.31 However, the prognos-

tic significance of p16 expression in nonoropharyngeal

HNSCC is less pronounced.14 In this study, we did not

find a survival advantage in the p16-positive SNSCC

group. Since the number of p16-positive SNSCC cases in

our study was small, more trials with a sufficient number

of patients are required to clarify the prognostic signifi-

cance of p16 expression in SNSCC. Chen et al found that

p16 positive was associated with high PD-L1 expression in

nonoropharyngeal HNSCC.15 Ryu et al found that p16

expression patterns were associated with immune cell

infiltration in HNSCC.17 In our study, no association was

found between PD-L1 expression and p16 status in

SNSCC cases. There was no significant difference in

CD8+ and Foxp3+ T-cell infiltrates between p16-negative

patients and p16-positive patients. The inconsistent result

between our study and previous studies may be related to

anatomical site and HPV status. Several studies demon-

strated that p16 as a clinical biomarker of HPV infection

seemed much less specific outside of the oropharynx.32,33

Based on our study, p16 expression is not a good marker to

identify immune phenotypes of SNSCC.

In this study, we found that PD-L1 expressionwas strongly

associated with the levels of CD8+ and Foxp3+ T-cell infiltra-

tion in SNSCC. The correlation between PD-L1 expression

and TILs in HNSCC is not definite. One study observed an

inverse correlation between PD-L1 and TILs in oral squamous

cell carcinoma, whereas another study found a positive

Table 3 Univariate analysis of clinicopathological features with overall survival, and disease-free survival in sinonasal squamous cell

carcinoma

Variables OS DFS

HR 95% CI P HR 95% CI P

Age, years (<58 vs≥58) 0.741 0.357–1.540 0.422 0.694 0.347–1.386 0.300

Sex (male vs female 0.769 0.351–1.681 0.510 0.516 0.258–1.031 0.061

Smoking history (no vs yes) 0.695 0.325–1.487 0.348 0.631 0.307–1.297 0.210

Tumor site (maxillary sinus vs nasal cavity) 0.977 0.435–2.197 0.955 1.095 0.511–2.346 0.816

Differentiation (G1+G2 vs G3) 1.653 0.672–4.062 0.274 3.022 1.063–8.591 0.038*

T stage (T2+T3 vs T4) 0.921 0.443–1.914 0.825 0.877 0.439–1.751 0.709

N stage (N0 vs N+) 0.683 0.207–2.253 0.531 0.586 0.179–1.916 0.376

P16 (negative vs positive) 0.947 0.387–2.318 0.905 0.927 0.384–2.240 0.866

PD-L1 (negative vs positive) 1.129 0.515–2.476 0.761 1.623 0.734–3.587 0.231

CD8 (low vs high) 3.193 1.413–7.216 0.005* 4.047 1.827–8.962 0.001*

Foxp3 (low vs high) 2.524 1.178–5.408 0.017* 3.212 1.533–6.726 0.002*

Note: *p<0.05.

Table 4 Multivariate analysis of clinicopathological features with overall survival and disease-free survival in sinonasal squamous cell

carcinoma

Variables OS DFS

HR 95% CI P HR 95% CI P

Age, years (<58 vs≥58) 0.900 0.384–2.108 0.809 0.993 0.439–2.250 0.987

Sex (male vs female 1.010 0.377–2.706 0.984 0.543 0.215–1.368 0.195

Smoking history (no vs yes) 1.520 0.625–3.700 0.356 1.290 0.536–3.103 0.570

Tumor site (maxillary sinus vs nasal cavity) 0.985 0.388–2.499 0.973 0.933 0.403–2.163 0.872

Differentiation (G1+G2 vs G3) 1.375 0.465–4.067 0.565 2.664 0.819–8.663 0.103

T stage (T2+T3 vs T4) 1.085 0.487–2.421 0.841 1.114 0.521–2.384 0.780

N stage (N0 vs N+) 0.836 0.230–3.041 0.785 0.933 0.260–3.354 0.916

P16 (negative vs positive) 0.774 0.278–2.158 0.625 0.947 0.367–2.442 0.911

PD-L1 (negative vs positive) 0.559 0.222–1.408 0.217 0.653 0.264–1.615 0.358

CD8 (low vs high) 2.890 1.159–7.204 0.023* 3.270 1.354–7.898 0.008*

Foxp3 (low vs high) 2.114 0.827–5.404 0.118 1.873 0.787–4.457 0.156

Note: *p<0.05.
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correlation between PD-L1 and TILs in laryngeal cancer.34,35

PD-L1 expression in tumor cells is regulated by two major

mechanisms. First, tumor cells can overexpress PD-L1 through

an “intrinsic” mechanism, such as genetic alterations or aber-

rant oncogenic signaling pathways. Second, “extrinsic” regu-

latory mechanisms may be involved, such as the adaptive

upregulation of PD-L1 in tumor cells by the inflammatory

cytokines produced by TILs.36 In some cancers, such as lung

cancer, oncogenes may be the main drivers of tumor PD-L1

expression; however, in other cancers, such as melanoma, PD-

L1 expression is more likely to be induced by inflammatory

stimulation.37,38 The high correlation between PD-L1 expres-

sion and the TILs in SNSCC suggested that PD-L1 upregula-

tion in SNSCC may be primarily caused by a TIL-mediated

antitumor inflammatory response. The tumor microenviron-

ment has been proposed to be divided into four types according

to the presence or absence of TILs and PD-L1 expression.

A microenvironment that is PD-L1 positive with a high level

of TILs was found to be the group that responds most effec-

tively to treatment with a PD-1 checkpoint inhibitor.37 Given

that a large proportion of PD-L1 positive SNSCCs possess

high levels of TILs, the PD-1/PD-L1 pathway could be

a promising immunotherapeutic target for SNSCC.

This study has certain limitations. First, it was

a retrospective study with a potential selection bias. Second,

TILs consist of many subtypes of immune cells, and we have

not fully accounted for or analyzed the subtypes involved.

However, a review of the literature suggested that this study

is the first attempt to clarify SNSCC immune phenotypes in

a large patient cohort.

In summary, TILs play a prognostic role in SNSCC. In

particular, high CD8 infiltration is a favorable independent

prognostic indicator of SNSCC. In this study, we fail to

find a difference in immune marker expression between

p16-positive and p16-negative SNSCC. The high correla-

tion between PD-L1 expression and the TILs in SNSCC

indicated that the PD-1/PD-L1 pathway is a promising

immunotherapeutic target for SNSCC.
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