
O R I G I N A L  R E S E A R C H

Anti-PD-1 Therapy is Beneficial for the Survival 
of Patients with Oral Squamous Cell Carcinoma
Liang Feng1, Ke Yin2, Suxin Zhang3, Zhong Chen3, Yang Bao3, Tianke Li 3

1Department of Stomatology, Baoding First Central Hospital, Baoding, Hebei, People’s Republic of China; 2Department of Stomatology, Xingtai 
People’s Hospital, Xingtai, Hebei, People’s Republic of China; 3Department of Stomatology, The Fourth Hospital of Hebei Medical University, 
Shijiazhuang, Hebei, People’s Republic of China

Correspondence: Tianke Li, Department of Stomatology, The Fourth Hospital of Hebei Medical University, No. 12 Jiankang Road, Shijiazhuang, Hebei, 
050000, People’s Republic of China, Email litianb112@163.com 

Background: Oral squamous cell carcinoma (OSCC) is one of the most common malignant tumors of the head and neck. Programmed 
cell death protein 1 (PD-1), and programmed cell death 1 ligand 1 (PD-L1) are often overexpressed in OSCC patients, and their 
expression level is closely related to tumor prognosis. The objectives of this study were: 1) to evaluate the impact of anti-PD-1 treatment 
on the immune system and prognosis of OSCC patients and 2) to find possible associations between T-cell immunity and anti-PD-1 
therapy.
Methods: A total of 120 patients (divided into two equal groups: “non-anti-PD1 therapy” and “anti-PD1 therapy”) with pathologically 
diagnosed OSCC participated in the study. Fresh peripheral blood samples (1 mL) were collected 2 days before and 20 days after the 
treatment. Heparin was used as an anticoagulant. Kaplan–Meier curves were plotted to compare the non-anti-PD-1 therapy and anti- 
PD-1 therapy groups.
Results: Based on the Spearman-rho test, we found a significant correlation between anti-PD-1 treatment and survival time (P<0.001). 
Univariate/multivariate Cox regression analysis revealed that anti-PD-1 therapy is a significant independent risk factor of 5-year overall 
survival (OS) in OSCC patients (HR: 0.110, 95% CI: 0.062–0.195, P<0.001). One-way ANOVA showed that the mean levels of IFN-γ and 
IL-2 and numbers of CD4+ T cells were significantly increased in the anti-PD-1 therapy group compared with the non-anti PD-1 therapy 
group (control). The was no change in the number of CD8+ cells between the two groups. Kaplan–Meier curve results showed that the OS 
of patients in the anti-PD-1 therapy group was significantly longer than that in the non-anti-PD-1 therapy group.
Conclusion: Anti-PD-1 therapy is beneficial to the survival and prognosis of patients with OSCC, improves T-cell immunity, and 
enhances tumor regression.
Keywords: OSCC, oral cancer, PD-1, PD-L1, targeted therapy, Squamous cell carcinoma

Introduction
Oral cancer, originating from the oral mucosal epithelium, is one of the most common malignant tumors of the head and 
neck. Oral squamous cell carcinoma (OSCC) accounts for more than 90% of oral cancers, and a recent rise in its 
incidence has been observed, particularly among the young. The incidence of OSCC in patients aged <45 years accounts 
for approximately 1% to 6% of cases.1 OSCC causes oro-facial destruction, with cervical lymph node metastasis, and 
ultimately blood-borne dissemination.2 At present, the treatment of OSCC is mainly based on surgery, radiotherapy, and 
chemotherapy and the prognosis of OSCC is poor due to lymph node metastasis and a high rate of recurrence.3 More than 
50% of OSCC patients experience tumor recurrence or metastasis within 3 years, and the 5-year survival rate is about 
50%.4–6 With rapid developments in biomedicine in recent years and the attainment of a good understanding of the links 
between immunity and tumors, immunotherapy has emerged as an important mode of cancer therapy. Some studies have 
found that molecules such as programmed cell death protein 1 (PD-1) and programmed cell death 1 ligand 1 (PD-L1) are 
often overexpressed in OSCC patients, and the level of expression of these molecules is closely related to tumor 
prognosis.7–9
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PD-1, a member of the CD28 superfamily, belongs to the immunoglobulin superfamily Type I transmembrane 
glycoproteins and is mainly expressed on the surface of activated T lymphocytes, natural killer (NK) cells, monocytes, 
and B lymphocytes. Furthermore, as an important immune checkpoint for immunosuppression of tumor-infiltrating 
T cells, PD-1 is upregulated in various tumor microenvironments, such as in liver, lung, colorectal cancers and 
hematologic malignancies.10–12 The major ligand of PD-1 binds to negatively regulated T-cell receptor signaling. 
Tumors may silence the immune system via the PD-1/PD-L1 inhibitory pathway. Thus, blocking this interaction could 
improve the ability of T cells to attack tumor cells.

T cells can be divided into CD4+ and CD8+ T cells according to differences in their surface antigens, and the balance 
of these two types of T cells enables the body to maintain a stable immune function. Increasing the CD4+/CD8+ ratio may 
improve immune function. A study found that the levels of PD-1 and PD-L1 expression on the surface of CD4+ and 
CD8+ T cells of OSCC patients were significantly higher than those of the control group, and the level of PD-1 in plasma 
was also significantly higher than that in the control group.13 Interferon-gamma (IFN-γ), a pro-inflammatory cytokine, is 
an important immune response regulator produced by activated T cells. IFN-γ can modulate the immune system by 
affecting multiple processes including the regulation of the cell cycle, promotion of cell apoptosis, and inhibition of 
angiogenesis. Numerous studies have demonstrated that IFN-γ can enhance the regression of oral malignancy via several 
different mechanisms.16,17 Interleukin-2 (IL-2) can restore the activity of FBXO38 and return PD-1 to normal levels, thus 
improving the antitumor function of T cells. IL-2 is already a useful drug for melanoma and kidney cancer.14,15

Therefore, the main objective of this study was to evaluate and verify the impact of anti-PD-1 treatment on the 
immune status and prognosis of patients with OSCC. Another objective was to look for possible associations between 
IFN-γ and IL-2 levels, numbers of CD4+ T and CD8+ T cells, and anti-PD-1 therapy. This study will provide new ideas 
for the targeted therapy of OSCC.

Methods
Patients and Informed Consent
A total of 120 OSCC patients with diagnoses confirmed by pathological analysis were enrolled for this prospective study. The 
patients were seen at the Fourth Hospital of Hebei Medical University, China, between March 2017 and February 2018. Only 
those patients who had not received antitumor treatment before admission were included, and those with systemic diseases 
were excluded. Incidence locations included tongue, cheek, gingiva, and mouth floor. The clinical stage of the patients was 
determined according to the eighth edition of the American Joint Committee on Cancer (AJCC) Staging Manual, Head and 
Neck Section,18 and only those at clinical stages III and III were included in the study. The patients were divided into two 
groups: A non-anti-PD-1 therapy group (60 cases) and an anti-PD-1 therapy group (60 cases). The anti-PD-1 drug used was 
pembrolizumab, which was administered intravenously over a period of 30 minutes under the supervision of a physician 
experienced in the treatment of cancer. Palivizumab was administered in 200-mg doses every 3 weeks or 400-mg doses every 
6 weeks. Patients in the non-anti-PD-1 treatment group were treated with conventional chemotherapy with paclitaxel, 
administered intravenously at a dose of 135–175mg/ m2 over 3 hours, and repeated every 3 weeks. For the 60 patients 
who were treated with anti-PD-1 immunotherapy, 1 mL of fresh peripheral blood was taken 2 days before and 20 days after 
the treatment. Heparin was used as an anticoagulant. Heparin is composed of two polysaccharides alternately linked to form 
a polymer and exhibit in vivo and in vitro anticoagulant action. The most important anticoagulation effect depends on 
antithrombin III. After combining with antithrombin III, the configuration of antithrombin III changes, and it can no longer 
participate in the coagulation pathway. Heparin can also bind with various coagulation factors, inhibiting their action.

This study complied with the Declaration of Helsinki, and it was approved by the Human Ethics Committee of the Fourth 
Hospital of Hebei Medical University, and written informed consent was obtained from all patients and their families.

Immunological Detection
The percentages of CD4+ and CD8+ T lymphocytes were measured by flow cytometry, and the ratio of CD4+/CD8+ T cells was 
calculated. The flow cytometer used was an EPICS XL (Beckman-Coulter Corp., USA) with its supporting data processing 
system, SZ-1 rapid mixer, and clean bench (BIOLOGICAL Safety Cabinets ClassII, USA). Mouse anti-human CD4-FITC 
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monoclonal antibody and mouse anti-human CD8-PE monoclonal antibody were used for the detection of CD4+ and CD8+ 

T lymphocytes, respectively.
The excitation source was a 15 mW argon ion laser with an excitation wavelength of 488 nm. Immunofluorescence 

analysis was performed using Expo32ADC software. Flow-checkTM Flourpheres (10 µm) fluorescent microspheres (REF 
6605359 Beckman-Coulter, Inc. Fullerton, CA92835) were used to verify the instrument optical alignment and fluidics; 
CV was adjusted to less than 2%.

Measurement of IFN-γ and IL-2 Levels
The human IFN-γ ELISA kit (ab174443, abcam) and human IL-2 ELISA kit (PD2050, Bio-Techne China Co. Ltd.) were 
used according to the manufacturer’s instructions. The OD values of samples were substituted into the curve to calculate 
the concentrations, and the results were exported as Microsoft Excel files.

Recording of Clinical Indicators
Sex, age, tumor size, lymphatic metastasis, and other basic demographic and clinical characteristics of patients with 
OSCC were recorded. Tpatients were divided into stage III or IV based on the clinical stage of the tumor. Methods for 
determining lymphatic metastasis included physical, imaging, and pathological examinations. Lymph node metastasis 
results in a noticeable increase in lymphoid tissue or lymph node morphogenesis abnormalities. When deemed appro-
priate, a lymphatic puncture biopsy was performed to clarify the nature of the cancer. Lymphatic puncture biopsy can 
help in the preliminary assessment of lymph node hyperplasia and enlargement. Lymphatic puncture biopsy is generally 
the gold standard for the diagnosis of various diseases, including malignant tumors. It has the advantages of being rapid, 
simple, economical, minimally invasive, and has a low false positive rate. The lymph node biopsies were sent for 
pathological analysis to obtain the histopathological diagnosis of the tumor. The results of the histopathological 
examination can be used to determine the treatment plan of the patient. Clinical experience shows that the pathological 
analysis results are quite accurate and can be used to clarify the nature of the disease and determine the treatment. Two 
senior doctors confirmed the diagnosis based on the results of the lymphatic puncture biopsy and pathological examina-
tion combined with the clinical symptoms and the results of CEA, SCC, Sifra, and other examinations. We analyzed these 
clinical data to explore the effect of PD-1 immunotherapy on the survival time of patients.

Statistical Analysis
The data were expressed as percentages. Pearson’s chi-squared test was used to determine the associations between the 
clinical parameters and gene expression levels. Spearman correlation test was used to study the correlation between the 
clinical data and anti-PD-1 therapy. Univariate and multivariate Cox regression analysis was used to calculate the hazard 
ratio (HR) of survival time for potential correlation factors. All statistical analyses were performed using SPSS software, 
version 21.0 (IBM Corp., Armonk, NY, USA). A p-value <0.05 was considered significant.

Results
Associations Between Baseline Information and Anti-PD-1 Therapy Based on χ2 Test 
results
Table 1 summarizes the possible relationship between various clinical and demographic factors and anti-PD-1 therapy, as 
determined by Pearson’s chi-square test. A higher survival time (P<0.001) was seen in the anti-PD-1 therapy group. No 
correlation was found between the survival time and sex (P=0.714), age (P=0.144), tumor size (P=0.680), TNM 
classification (P=0.831), and lymphatic metastasis (P=0.705).

Effect of Anti-PD1 Therapy on the Expression of IFN-γ, IL-2, and CD4+ and CD8+ 

Lymphocytes
The data on the expression of IFN-γ, IL-2, and numbers of CD4+T and CD8+ T cells in the two groups are presented in 
Table 2. The mean levels of IFN-γ and IL-2 and the number of CD4+ T cells were significantly increased in the anti-PD-1 
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group compared with the control group. However, the mean number of CD8+ T cells was decreased in the anti-PD-1 
therapy group (Table 2).

Associations Between Patient Characteristics and Anti-PD-1 Therapy by Spearman 
Correlation Test
Spearman correlation coefficient analysis was also performed to determine the factors that have a significant impact on 
the survival time in the two groups. The results show that there was a significant correlation between PD-1 and OS 
(ρ=0.735, P<0.001). However, sex (ρ=0.034, P=0.716), age (ρ=−0.133, P=0.147), tumor size (ρ=−0.038, P=0.683), TNM 
classification (ρ=0.019, P=0.833), and lymphatic metastasis (ρ=0.035, P=0.708) showed no correlations with the OS in 
the patients undergoing anti-PD-1 therapy (Table 3).

Univariate Cox Regression for Analysis of Factors Correlated with 5-Year Overall 
Survival in Patients with OSCC
Table 4 shows the HRs and 95% confidence intervals (95% CI) between the clinically relevant factors and OS in patients 
with OSCC. The OS of patients who were not treated with anti-PD-1 therapy was significantly lower than those receiving 
anti-PD-1 therapy, with an HR of 0.114 (95% CI, 0.066–0.196, P<0.001). However, sex (HR=1.159, 95% CI, 0.781– 
1.721, P=0.464), age (HR=1.475, 95% CI: 0.994–2.190, P=0.054), tumor size (HR=1.283, 95% CI: 0.824–1.995, 

Table 1 Relevant Clinical Characteristics of Oral Squamous Cell Carcinoma

Characteristics PD-1 P

No (%) Yes (%)

Sex Male 66 34(28.3%) 32(26.7%) 0.714

Female 54 26(21.7%) 28(23.3%)
Age <65 60 26(21.7%) 34(28.3%) 0.144

≥65 60 34(28.3%) 26(21.7%)

Tumor size <2cm 88 43(35.8%) 45(37.5%) 0.680
≥2cm 32 17(14.2%) 15(12.5%)

TNM Classification III 29 15(12.5%) 14(11.7%) 0.831

IV 91 45(37.5%) 46(38.3%)
Lymphatic metastasis No 76 39(32.5%) 37(30.8%) 0.705

Yes 44 21(17.5%) 23(19.2%)

Survival time <30 months 64 54(45.0%) 10(8.3%) <0.001*
≥30 months 56 6(5.0%) 50(41.7%)

Notes: Pearson’s chi-squared test was used. *P<0.05. 
Abbreviation: PD-1, Programmed cell death protein 1.

Table 2 Changes in Immune Function of 120 Oral Cancer Patients 
Before and After Treatment

Immunity Index P-value PD-1

No (Mean±SD) Yes (Mean±SD)

IFN-γ (μg/L) <0.001 0.343±0.113 1.046±0.113

IL-2 (KU/L) <0.001 1.910±0.654 3.931±0.555

CD4+T (ul) <0.001 9.880±1.940 23.720±3.873
CD8+T (ul) <0.001 50.596±2.999 13.095±2.871

CD4+/CD8+T <0.001 0.194±0.040 1.895±0.552

Abbreviation: PD-1, Programmed cell death protein 1.
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P=0.270), TNM classification (HR=0.870, 95% CI: 0.553–1.370, P=0.848), and lymphatic metastasis (HR=0.968, 95% 
CI: 0.647–1.450, P=0.876) showed no significant correlation with the OS in patients with oral cancer.

Multivariate Cox Regression for Analysis of Factors Correlated with 5-Year Overall 
Survival in Patients with OSCC
All risk factors were incorporated into a multivariate Cox regression model to effectively control for the influence of 
confounding factors, which could also be used to predict independent risk characteristics. Table 5 shows the results of the 
multivariate Cox proportional regression analysis. The OS of patients with OSCC was significantly associated with anti- 
PD-1 therapy, with an HR of 0.110 (95% CI: 0.062–0.195; P<0.001) (Table 5).

Survival Time Analysis
Kaplan–Meier curve analysis showed that the survival time of the anti-PD-1 group was significantly higher than that of 
the non-anti-PD-1 group (HR=0.114, P<0.001) (Figure 1).

Table 3 The Relationship Between Characteristics of 
Patients and PD-1 Therapy

Characteristics PD-1

ρ P

Sex 0.034 0.716
Age −0.133 0.147

Tumor size −0.038 0.683

TNM Classification 0.019 0.833
Lymphatic metastasis 0.035 0.708

Survival time* 0.735 <0.001*

Notes: Spearman correlation test was used. *P<0.05. 
Abbreviation: PD-1, Programmed cell death protein 1.

Table 4 Characteristics and Their Effect on OS of Oral Squamous Cell Carcinoma 
Patients Based on Univariate Cox Proportional Regression Analysis

Characteristics OS p

HR 95% CI

Sex Male 1 0.464

Female 1.159 0.781–1.721
Age <65 1 0.054

≥65 1.475 0.994–2.190

Tumor size <2cm 1 0.270
≥2cm 1.283 0.824–1.995

TNM Classification III 1 0.848

IV 0.870 0.553–1.370
Lymphatic metastasis No 1 0.876

Yes 0.968 0.647–1.450

PD-1* No 1 <0.001*
Yes 0.114 0.066–0.196

Note: *P < 0.05. 
Abbreviations: OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval.
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Discussion
Epidemiologic and molecular biological studies have shown that inflammation significantly increases the risk of OSCC.2 

The regulation of the inflammatory response is closely related to the activation of T cells. In recent years, immunotherapy 
has been increasingly used for the treatment of various cancers, with PD-1/PD-L1 inhibitors among the most widely used 
treatments. PD-1 and PD-L1 are located on the surface of activated T lymphocytes and tumor cells, respectively. Once 
the PD-1 binds to PD-L1, T lymphocytes treat tumor cells as normal body cells, and do not attack them. Therefore, anti- 
PD-1 therapy is aimed at changing the inherent relationship between the immune cells and tumor cells, changing the 
microenvironment of tumor cells, and stimulating T cells to attack tumor cells. PD-L1 is not only overexpressed on the 
surface of tumor cells but also on the surface of immune cells in the tumor microenvironment, including regulatory 
T cells (Tregs) and NK cells.19–21 Activated Tregs play an immunosuppressive role and are one of the key factors 
determining tumor immune escape. Tregs can migrate to inflammatory sites and inhibit a wide range of effector 
lymphocytes, especially helper T (Th) cell subsets. Foxp3+ is the most specific marker found on Tregs, and Foxp3+ 
Tregs inhibit the activation, proliferation, and effector functions of many cell types, including CD4+ T cells, CD8+ 

T cells, dendritic cells (DCs), B cells, and NK cells.

Table 5 Characteristics and Their Effect on OS Based on Multivariate 
Cox Regression Analysis

Characteristics OS

HR 95% CI p

Sex 1.065 0.709–1.599 0.761
Age 1.150 0.757–1.745 0.513

Tumor size 1.184 0.754–1.861 0.463

TNM Classification 0.826 0.517–1.318 0.422
Lymphatic metastasis 1.292 0.845–1.976 0.237

PD-1* 0.110 0.062–0.195 <0.001*

Note: *P < 0.05. 
Abbreviations: OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval.

Figure 1 The effects of anti-PD-1 therapy and non-anti-PD-1 therapy on survival time were compared by plotting Kaplan–Meier curves.
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Studies have shown that PD-L1 expression in OSCC is significantly higher than that in the normal oral mucosa. The 
expression of PD-L1 in peripheral blood of OSCC patients with lymph node metastasis is significantly upregulated 
compared with that in patients without metastasis, suggesting that the expression of the immune checkpoints of the whole 
system should be considered in addition to the local tumor.22 Malaspina et al confirmed that PD-1 levels in the peripheral 
blood of OSCC patients and precancerous actinic cheilitis (AC) patients were significantly higher than those in healthy 
individuals, while the expression levels of PD-1 on the surface of CD4+ and CD8+T cells in OSCC patients were higher 
than those in AC patients.23

The results of our study showed that anti-PD-1 therapy was closely associated with survival time. Baseline 
information and Cox regression analysis showed that the survival time of patients in the anti-PD-1 group was 
significantly higher than that in the non-anti-PD-1 group, suggesting that PD-1 is an important risk factor for the survival 
and prognosis of OSCC patients. We also found that anti-PD-1 therapy can improve T-cell immunity and activate T-cell 
activity.24 Currently, blocking PD-1 and its ligand PD-L1 is one of the most promising ways to activate antitumor 
immunity, which has achieved great success in a variety of malignant tumors.25 PD-1 is expressed on the surface of 
activated T cells and inhibits the proliferation, survival, and effector functions of T cells by transmitting immunosup-
pressive signals, thus significantly inhibiting tumor-specific immune responses and tumor regression.26,27 It was also 
found that, with the exception of CD8+ T cells, all other indicators of immune system function increased following anti- 
PD-1 treatment compared with the control group.

CD4+ and CD8+ T are two subsets of T cells, and the balance between these two cell types enables the body to maintain 
a stable immune function. The normal value of the CD4+/CD8+ ratio is 1.4 to 2.0. If the ratio is greater than 2.0 or less than 1.4, 
this usually indicates cellular immune dysfunction. Low or high CD4+/CD8+ ratio is more common in immune deficiency 
diseases, such as AIDS, malignant tumors, systemic lupus erythematosus, and other immune diseases.28,29 It has been shown 
that the CD4+/CD8+ ratio is a key factor in many immunological diseases. Tsukamoto et al found that in melanoma mice, 
CD4+ T-cell infiltration in the tumor tissues, which promotes IFN-γ production in the tumor, can play a synergistic antitumor 
effect during anti-PD-1/PD-L1 therapy.30 Zhu et al observed that survival rates among breast cancer patients were correlated 
with a high frequency of CD8+ cytotoxic T cells among the lymphocytes, highlighting the role played by CD8+ T cells in 
controlling tumor growth and prolonging patient survival.31 Thompson et al found that the greater the density of CD8+ T cells 
in gastric cancer, the higher the expression of PD-L1, suggesting the possibility of an adaptive immune resistance 
mechanism.32 Lyford-pike et al used quantitative RT-PCR to study the expression of various immune system effector 
molecules. They found that compared with PD-L1, the expression of CD8 mRNA in PD-L1 (+) in oropharyngeal carcinoma 
significantly increased. Tokito et al33 reported that PD-L1 immunodeficiency accompanied by an increase in CD8+ T cells was 
significantly associated with favorable survival in non-small-cell lung cancer (NSCLC). The number of CD8+ cells increased 
in the OSCC group, and the number of PD-L1 and Foxp3+ cells lacked correlation. The number of CD8+ cells was negatively 
correlated with the immune expression of PD-L1, suggesting that tumor-infiltrating CD8+ cells may not have an inhibitory 
function.

IFN-γ is primarily produced by activated T cells and NK cells, and it interferes with the differentiation of some helper 
T-cell subtypes, including Th2, Th17, and in particular, Tregs, which are thought to be a key factor in the immune escape 
of tumor cells. Abnormal IFN-γ promoter methylation may be involved in the development of oral cancer.34 Interestingly, 
IFN-γ downregulates DSPP and MMP-20 and causes disturbance in endoplasmic reticulum (ER) homeostasis, leading to 
decreased viability, increased migration, and apoptosis of OSCC cells.

IL-2 can enhance the killing activity of T cells, induce the production of cytotoxic T cells (Tc) and, together with IL-4, 
IL-5, and IL-6, greatly enhance their killing activity, as well as promote the proliferation and maintenance of the long- 
term growth of NK cells. One study evaluated the therapeutic effect and mechanism of an engineered IL-2 cytokine 
prodrug, NKTR-214, combined with anti-PD-1 and anti-CTLA-4 checkpoint-blocking therapy or peptide-based immu-
nization in mice. It was found that NKTR-214 had better antitumor activity than IL-2, could expand antitumor CD8+ 

T cells throughout the body, and induce Treg consumption in the tumor tissues.35 In summary, IL-2 and IFN-γ do not 
have a direct anticancer effect but are closely associated with T-cell activity and PD-1 mediated signaling and stimulate 
the antitumor activity of T cells by regulating related immune mechanisms.
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The novelty of the present study lies in the fact that it found anti-PD-1 therapy to be safe, feasible, controllable, and 
well tolerated. Anti-PD-1 therapy is thus a novel treatment option with high efficiency and low toxicity. The toxicity of 
anti-PD-1 therapy is generally low. Many patients receiving immunotherapy experience fatigue, itching, rash, and other 
common drug-related adverse reactions. It can also lead to inflammation, rheumatoid arthritis, and colitis. However, 
toxicity from anti-PD1 therapy rarely reaches grade 3 to 4 toxicity.36 Patients with a low incidence of severe adverse 
reactions have a longer period of survival and could benefit considerably.

In conclusion, anti-PD-1 therapy is beneficial to the survival and prognosis of patients with OSCC, improves T-cell 
immunity, and enhances tumor regression.

Abbreviations
OSCC, Oral squamous cell carcinoma; PD-1, programmed cell death protein 1; PD-L1, programmed cell death 1 ligand 1; 
OS, overall survival; HR, hazard ratio, 95% CI, 95% confidence interval; NK, natural killer; IL-2, interleukin-2; AJCC, 
American Joint Committee on Cancer; DC, dendritic cell; AC, actinic cheilitis; ER, endoplasmic reticulum; NSCLC, non- 
small-cell lung cancer.
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