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Abstract 

The use of onco-biomarkers such as programmed death 1 (PD-1) and its ligand, PD-L1, present a new 
opportunity for the diagnosis and treatment of head and neck squamous cell carcinomas (HNSCC). These 
molecules modulate the immune response of the host and aid the tumor cells to escape immune 
surveillance. The overexpression of PD-1/PD-L1 in some HNSCC is a predictive biomarker to the response 
of checkpoint inhibitor immunotherapeutic drugs. 
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Background 
  
Oral squamous cell carcinoma is one of the most common malignancies affecting the head and neck region. 
The incidence of head and neck squamous cell carcinoma (HNSCC) has gradually increased over the past 
decades, they are the 6th most common malignancy with 600,000 new cases annually. (1)  HNSCC 
encompasses a heterogenous group of tumors that arise from the squamous epithelium of the oral cavity, 
oropharyngs, larynx and hypopharynx. HNSCC are sometimes referred to as treatment resistant tumors, 
with unfavorable patient outcomes and survival rates. (2) Smoking and alcohol are regarded as the classical 
etiological factors of HNSCC, however, a clinically, genomically and immunologically separate subcategory 
of tumors arise from the epithelium of the tonsils and the base of tongue as a result of infection with Human 
Papilloma Virus (HPV). The prognosis and treatment modalities differ pointedly in HPV(+)and HPV(-) 
HNSCC tumors. (3) 
Surgery is the conventional treatment for HNSCC despite the swift developments in treatment variants such 
as chemotherapy, radiotherapy and target therapy, while some patients with advanced cases are 
administered palliative-intent therapy. Immune evasion remains one of the leading challenges affecting the 
successful treatment of cancer. Numerous biomarkers have been linked with the diagnosis and prognosis 
of HNSCC. Immunohistochemical staining of tumor cells reveal PD-1 and its ligand, programmed death-
ligand 1 (PD-L1), as a diagnostic biomarker and a potential treatment method for HNSCC. (4,5) PD-L1 is 
an immune co-stimulatory molecule that belongs to the B7-H gene family. It is expressed on countless tumor 
cell types and the surface of immune cells, comprising B cells, T cells, myeloid dendritic cells and 
macrophages. (6) PD-L1 is expressed in approximately 79% of patients with HNSCC. PD-L1 plays an 
imperative role in modifying cellular immunity, its expression stimulates glycolytic metabolism through 
metabolic competition between tumor cells and tumor-infiltrating lymphocytes within the tumor 
microenvironment. PD-L1 is regulated by a close interrelation between tumor and stromal cells within the 
tumor micro-environment. PD-L1 is a critical inhibitor of immune activation and plays a critical role in tumor 
evasion of anti-tumor immune responses by modulating the host immune system. (7,8) PD-1 gene 
polymorphisms are associated with autoimmune diseases, including lupus erythematosus and rheumatoid 
arthritis. It is responsible for the initiation and preservation of immune suppression within the tumor micro-
environment (TME). The expression of PD-L1 gradually escalates together along with the increase in tumor 
grades. (9) 
PD-L1 is located in the cell membrane and cytoplasm of tumor cells and infiltrating lymphocytes, as well as 
physiologically in the placenta, pancreatic islet cells and mesenchymal stem cells. (10) High PD-L1 
expression is associated with poor differentiation of tumor, nodal metastasis, advanced stage, and distant 
metastasis. PD-L1 expression is affected by the surrounding microenvironment. Some inflammatory 
conditions, hypoxia or metabolic activity within the tumor microenvironment have been shown to change 
PD-L1 expression in tumor cells. PD-1 expression is upregulated in response to pro-inflammatory cytokines 
IFN-γ, TNF- α, and IL-1β.  IFN-γ produced by T-cells and IL-1β upregulates, induces and enhances PD-L1 
expression in tumor cells. (11-13) There exists an inverse association between PD-L1 expression and 
vascular invasion with the TME. Characteristics of vascular invasion include intratumoral angiogenesis and 
release of vascular endothelial growth factor. Regarding the prognostic value of PD-L1 in tumor cells, PD-
L1 expression in HNSCC as a prognostic significance is controversial. In some studies, it has been 
associated with poor prognosis, better prognosis or not associated with prognosis. (14) PD-1 levels are 
higher in tongue SCC than in lip SCC, with the latter having a better prognosis. This can be explained by 
the local lymphatic and blood supply of tongue, generating better nutrition and possibility of tumor 
invasiveness. Several studies show that PD-L1 overexpressing (PD-L1+) tumors may have a poorer 
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prognosis than PD-L1 negative (PD-L1-) tumors, though, PD-L1+ tumors are also more sensitive to anti-
PD-L1 immunotherapeutic agents. (15-18) 
Tumors can escape the host immune surveillance through numerous mechanisms, that is why combination 
therapy is the golden treatment option. PD1 and PD-L1 inhibit T-cell activation and downgrade antitumor 
response. PD-1 on antigen-specific T cells binds with PD-L1 on tumor cells, resulting in the exhaustion of 
antigen specific T cells and prompts apoptosis of antigen-specific T cells. PD-L1 binding to tumor cells and 
PD-1 on regulatory T cells, stimulates immune tolerance of immune system to cancer cells. (18-20) Modern 
targeted immunotherapeutic drugs on the market aim to reactivate immune surveillance and elicit antitumor 
activity.  
Checkpoint inhibitors as PD-L1 on tumour cells and PD-1 on T cells can help to keep the accurate immune 
system response.  Binding of PD-L1 to PD-1 didn’t allow T cells to kill the tumour cells and blocking that 
binding by immune checkpoints inhibitors (anti PD-1 and anti PDL-1) allows tumour cells to be killed by T 
cells.  
Anti- PD-L1 monoclonal antibodies (A PD-L1) are effective in oncotherapy, and anti-tumor immunity may 
be enhanced by inhibiting the expression of PD-L1. Pembrolizumab is a humanized monoclonal antibody 
that blocks the interaction of PD-1 with its ligand, PD-L1. PD-1/PD-L1 checkpoint blockade can extend the 
survival time of patients with recurrent-metastatic HNSCC by permitting the reinvigorated lymphocyte 
proliferation and effector function. Anti-PD1 antibody Nivelumab has been proven to increase overall 
survival of patients. These checkpoint blockades show outstanding clinical value, durable response and 
minimal toxicity. However, the effectiveness of PD-1-targeted-therapy is very low as a monotherapy, 
therefore, it must be used together in combination with other conventional therapies. (21) There exists 
synergistic activity between the checkpoint inhibitors and radiation. It is imperative to identify the most 
beneficial timing for combined radiotherapy and immunotherapy, albeit, the concurrent administration 
equals higher toxicity. Gene analysis can identify patients that will benefit from PD-1 and PD-L1 checkpoint 
blockades. It is important to find predictive biomarkers for the response to these drugs in order to avoid 
autoimmune adverse effects and mitigate the high cost of such immunotherapeutic agents. Studies show 
that elevated levels of PD-1 can be detected also in peripheral blood. Over-expression of PD-L1 is 
significantly associated with better response to PD-1 and PD-L1 blockade. (22,23)  PD-L1 expression was 
significantly higher among HPV+ nonsmokers. The HPV status is of prognostic importance; nonetheless, 
studies show the possibility of better prognosis in nonsmokers. (24) HPV + HNSCC is associated with 
improved prognosis as compared to HPV negative HNSCC. (25) Therefore, HPV + nonsmokers are a good 
candidate group for treatment of PD1 immunotherapeutic agents. Patients with PD-L1 negative tumors can 
still derive benefit from therapy pursuing this axis. Immunotherapeutic agents targeting PD-1/PD-L1 
molecule via checkpoint inhibition pathway can plausibly dramatically enhance tumor susceptibility to 
radiation therapy. 
 
Conclusion  
 
The heteregenous nature of HNSCC tumors add a level of complexity to isolate and strategize a simple 
treatment protocol and a single drug to the treatment of HNSCC patients. Further research is required in 
order to identify patients whom can benefit from the combined therapy and to recognize the prognostic 
significance of PD-L1 expression in the tumor microenvironment. PD-1 represents a promising biomarker 
that can significantly help in treatment choice amongst therapeutic alternatives. 
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