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Most head and neck squamous cell carcinoma (HNSCC) 
patients present with advanced-stage disease often with 
significant rates of local failure and distant metastases (1). 
Over the past two decades, the survival rates of HNSCC 
patients have not been altered significantly by standard 
therapy (2). Immune dysfunction has been demonstrated 
in patients with HNSCC and this was correlated with 
either a defect of their antitumor immune responses and/or  
tumor progression and relapse (3). Immunotherapy has 
emerged as a promising treatment approach to improve 
such immune dysfunction. Interventions at immune 
checkpoints like CTLA-4, PD-1 and others are aimed at 
reconstituting immunosurveillance or T-cell mediated 
elimination of malignant cells. The effector and regulatory 
T cell compartments are targeted to resurrect an efficient 
T cells function. The assumption is that specific antigens 
are targeted and much debate is ongoing on what the most 
important target antigens may be mutated neo-antigens or 
constitutive cellular antigens like the cancer testis family of 
antigens (CTA) which are expressed preferentially in cancer 
cells like the MAGE family of antigens, NY-ESO-1 and 
others (4). 

The PD-1 pathway, an important immune checkpoint, 
has been demonstrated to be an effective target in HNSCC 
(5-8). Pembrolizumab is an anti-PD-1 antibody that 
was approved for patients with HNSCC (recurrent or 

metastatic) with disease progression on or after platinum-
containing chemotherapy (9). The efficacy and safety 
outcomes from a phase Ib multi-cohort KEYNOTE-012 
trial (ClinicalTrials.gov, NCT01848834) were the basis 
of approval of pembrolizumab in advanced solid tumors. 
In this trial study, Tahara et al. (9) recently reported 
their results from a subset of 26 patients with recurrent/
metastatic HNSCC from the Asia-Pacific region. In these 
patients, durable anti-tumor response was observed with 
limited side effects. Five patients achieved a confirmed 
partial response (PR) with an overall response rate (ORR) 
of 19%; another 8 (31%) patients achieved stable disease 
(SD); and 12 (46%) patients had progressive disease (PD). 
No patients achieved a complete response. It is important 
to mention here that most of these patients (73%) had 
a history of smoking which is a main cause of somatic 
mutations in cancer (10) since cigarette smoke has over 60 
carcinogens (11). In addition, 92% of the patients received 
prior platinum treatment such as cisplatin an alkylating 
agent also known to be a mutagenic compound (12).

Head and neck cancer has a high prevalence of 
somatic mutations like other cancers such as lung cancer  
(see Figure 1) (10). “The genetic damage that on the one hand 
leads to oncogenic outgrowth can also be targeted by the immune 
system to control malignancies” (13). Today technical advances 
allow the analysis of patient specific neoantigens generated 
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Figure 1 The prevalence of somatic mutations across human cancer types. Figure reprinted by permission from Springer Nature: Nature. 
Signatures of mutational processes in human cancer. Alexandrov LB, Nik-Zainal S, Wedge DC, et al. August 14, 2013 (reference 10). 
Every dot represents a sample whereas the red horizontal lines are the median numbers of mutations in the respective cancer types. The 
vertical axis (log scaled) shows the number of mutations per megabase whereas the different cancer types are ordered on the horizontal axis 
based on their median numbers of somatic mutations. ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; CLL, chronic 
lymphocytic leukaemia.

due to tumor-specific mutations. On the other hand, 
immune response against these neoantigens can provide an 
extensive insight into the immune landscape of each patient. 
Recent studies have evidenced that neoantigen-specific 
cytotoxic T cells form the major dynamic element of a 
successful cancer immunotherapy. Therefore, strategies to 
target the patient tumor-specific neoantigens repertoire have 
been recently suggested (13). In this, (I) immunotherapy, 
using checkpoint blockade such as pembrolizumab, 
may be given in combination with radiotherapy to 
induce tumor cell destruction and enhance expression of  
neoantigens (14); (II) potential neoantigens should be 
identified, and a patient-specific vaccine is produced to be 
given together with an adjuvant and a checkpoint blockade 
antibody; (III) or neoantigens-specific T cells should be 
generated and expanded in vitro and given together with a 
checkpoint blockade antibody. 

These personalized/precised cancer immunotherapies 
have been recently explored with promising clinical 
outcomes (Figure 2). Ott et al. (15) investigated whether 
vaccination with neoantigens of melanoma patients, will 
expand pre-existing neoantigen-specific T cells and also 
induce a repertoire of new T cell populations. They had 

shown that a vaccine targeting up to 20 personal tumour 
neoantigens was able to induce polyfunctional CD4+ and 
CD8+ T cells that discriminated wild-type from mutated 
antigens and were able to recognize autologous tumour. 
Importantly, of the 6 vaccinated patients, 4 had no recurrence 
at 25 months after vaccination, while 2 with recurrent 
disease were subsequently treated with pembrolizumab 
and showed complete tumor regression and this was 
associated with the expansion of the neoantigen-specific 
T cells repertoire in such patients. Zacharakis et al. (16)  
have recently reported a patient with metastatic breast 
cancer who was treated with tumor-infiltrating lymphocytes 
expanded against mutant versions of 4 proteins (SLC3A2, 
KIAA0368, CADPS2 and CTSB). They have shown 
that adoptive transfer of these TILs along with IL-2 and 
pembrolizumab was able to mediate a complete durable 
regression of metastatic breast cancer for >22 months and 
indicating a novel approach for the treatment of metastatic 
breast cancer patients via immunotherapy.

Tahara et al. (9) reported that 8% of the patients included 
in their trial had human papillomavirus (HPV)-associated 
disease. It has been demonstrated that comparison of head 
and neck cancer patients; HPV-positive tumors vs. HPV-
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negative showed higher response rates (84% vs. 57%) as well 
as two-year overall survival rates (95% vs. 62%) after chemo-
radiation therapy (17). In this setting, the chemo-radiation 
therapy may induce tumor cell destruction that enhanced 
exposure to HPV-derived antigens to be recognized by the 
patients’ immune system. Theoretically, the viral HPV E6 
and E7 oncoproteins, constitutively expressed by cancer 
cells are candidates of tumor regression antigens due to 

their immunologically foreign status. However, targeting 
such antigens using therapeutic vaccines have not been 
effective (18). Nevertheless, incorporating chemotherapy 
with therapeutic vaccines was able to reduce myeloid-
derived suppressor cells and to boost immunogenicity (19). 
Moreover, the response rates to pembrolizumab appeared 
to be similar in patients with HPV-positive and HPV-
negative HNSCC (5). Indeed, a recent study by Stevanovic 

Figure 2 Potential immunotherapeutic strategies to treat metastatic/recurrent HNSCC. Suggested possible strategies to improve the 
immune response of these patients. In HPV and/or EBV-positive HNSCC tumors, new approaches targeting immunogenic viral antigens, 
as therapeutic vaccines as well as expansion of existing viral antigen-specific T cells (e.g., anti-LMP specific T cells) for adoptive transfer 
in combination with immune checkpoint inhibitors blockade (anti-PD-1/PD-L-1 or anti-CTLA-4). HNSCC is associated with somatic 
mutations and therefore whole genome sequencing would allow prediction of mutated peptides and development of patients-personalized 
vaccines that can be used in combination with standard chemo/radiotherapy protocols. Specific tumor-associated neoantigens such as NY-
ESO-1 and PD-L1 can also be used as immunotherapeutic targets. Clinical protocols should be developed to expand existing anti-NY-ESO1 
or anti-PD-L1-specific T cells for adoptive transfer in combination with other immune checkpoint inhibitors blockade. HNSCC, head 
and neck squamous cell carcinoma; HPV, human papilloma virus; EBV, Epstein-Barr virus; LMP, latent membrane protein; EBNA, EBV-
induced nuclear antigen; PD-1, programmed cell death protein 1; PD-L1, programmed cell death protein 1 ligand; PBMCs, peripheral 
blood mononuclear cells; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; NY-ESO-1, New York esophageal squamous cell 
carcinoma 1; IL 4/7, interleukins 4 and 7; CTL, cytotoxic T lymphocytes.
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et al. (20) revealed that targeting of both viral and non-viral 
tumor antigens by adoptive transfer of expanded tumor 
infiltrating lymphocytes led to complete regression of 
metastatic HPV+ cervical cancer patients. They have shown 
that instead of viral antigens, the immunodominant T cell 
responses were directed against cancer germline antigens or 
mutated neoantigens. Moreover, the T cells that targeted 
the HPV antigens did not exhibit superior in vivo expansion. 
Interestingly, they have shown that both viral and non-viral 
antigen–specific T cells predominantly located in the PD-1–
expressing T cell compartment. This suggests that PD-1 
blockade may unleash diverse antitumor T cell responses. 
However, it has been shown that most HNSCC patients did 
not respond to PD-1 blockade monotherapy which aimed 
to boost pre-existing anti-tumor immune responses (6,9). 
Therefore, a new approach of targeting both viral and non-
viral antigens may be suggested as a therapeutic vaccine in 
combination with immune checkpoint inhibitors blockade in 
HNSCC patient (Figure 2). 

It would be interesting to know whether EBV was 
associated with HNSCC in Tahara et al. (9) trial. EBV 
has been identified as a key player in the pathogenesis 
of HNSCC (reviewed in (21) and therefore should be 
considered as an immunotherapeutic target. In particular, 
EBV viral antigens; LMP1, LMP2, and EBNA1 have 
been documented as modulators of major factors that are 
involved in malignant transformation. Recently, Smith  
et al. (22) reported on the targeting of LMP1/2 and EBNA1 
antigens in HNSCC patients via adoptive T cell therapy. 
They documented on the strategy of expanding LMP/
EBNA1-specific T cells from low frequency precursors 
using adenovirus AdE1-LMP poly vector. Interesting 
results were observed with successful generation of 
autologous LMP/EBNA1-specific T cells exhibiting 
enhanced frequency/efficacy in EBV positive patients. 
Furthermore, diseases stabilization was observed in such 
patients indicating the importance of allogeneic “off-the-
shelf” LMP/EBNA1-specific T cells for their clinical use in 
the treatment of HNSCC. However, the expanded EBV-
specific T cells exhibited upregulation of PD-1 antigen. 
In studies on HNSCC tumor cells, PD-L1 expression has 
been associated with poor outcome and as such this is a 
critical factor that needs to be taken into consideration 
in adoptive T cell therapy as it may affect the anti-tumor 
activity of EBV specific T cells (23). Therefore, approaches 
to improve the antitumor activity of EBV-specific T cells 
such as combination therapies that include CTLA-4 or 
PD-1/PD-L1 blockade are being developed (Figure 2). 

Recently, vaccination has recently emerged as a promising 
and effective cancer immunotherapy modality to treat 
EBV-associated HNSCC, specifically for nasopharyngeal 
cancers (NPC). To this end, the role and efficacy of 
therapeutic vaccines against EBV-associated NPCs have 
been tested in a number of preclinical and clinical trials that 
showed promising results [reviewed in (21) and Figure 2].  
Interestingly,  EBNA1 and LMP2 EBV-associated 
proteins, due to their ability to cause latent infection and 
immunological competence, have been identified as the 
most attractive targets for vaccination strategies in NPC.

Another tumor antigen that can be considered as 
immunotherapeutic target in HNSCC is the cancer testis 
antigen NY-ESO-1. This is a highly immunogenic antigen 
that induces both antigen specific antibody and T cell 
responses in HNSCC patients (24). As such, it may represent 
as an attractive target for immunotherapy in HNSCC, due 
to its high tumor-specificity and immunogenicity. We have 
recently shown the correlation of the clinical responsiveness 
to anti-PD-1 (nivolumab) treatment in a patient with 
recurrent HNSCC and an integrated immune response to 
the NY-ESO-1 antigen (25). In this, enhanced NY-ESO-
1-specific T cell response was observed after anti-PD-1 
treatment that declined dramatically after stopping anti-PD-1 
treatment. Interestingly, two cytokines/chemokines involved 
in immune activation (IL-10 and CX3CL) were upregulated 
after nivolumab treatment; and were reduced at progression. 
Whereas two other cytokines/chemokines contributing to 
immune inhibition (IL-6 and IL-8) were downregulated after 
nivolumab treatment and were increased at progression (25).  
It has been suggested that the NY-ESO-1 humoral and 
cellular responses as well as the cytokine/chemokine profile 
should be able to potentially identify favorable response 
to PD-1 blockade in HNSCC patients. Possibly, clinical 
protocols should be developed to expand existing anti-NY-
ESO-1-specific T cells to be used in combination with other 
immune checkpoint inhibitors blockade (Figure 2).

Tahara et al. (9) reported that 85% of the patients 
included in their trial had tumors that expressed the 
membrane bound PD-L1 (mPD-L1) molecules. It has been 
demonstrated that the expression of mPD-L1 was correlated 
with the soluble form of this marker (sPD-L1) (26).  
In addition, a recent meta-analysis study confirmed 
that a high level of sPD-L1 in the peripheral blood was 
significantly correlated with poor prognosis (27). The 
result of this study showed that cancer patients with high 
levels of sPD-L1 had a shorter overall survival than those 
with low levels of sPD-L1 and suggested that high levels 
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of sPD-L1 may serve as a prognostic biomarker for the 
identification of patients with worse prognosis. In another 
study, treatment with immune checkpoint blockade resulted 
in high frequency of circulating sPD-L1 levels (28). In this, 
patients with long term or delayed increase in sPD-L1 
correspond with clinically beneficial outcomes. It has been 
established that sPD-L1 is able to maintain its biological 
activity, and when binding to its PD-1 receptor, can still 
activate the PD-1/PD-L1 pathway and act as a stop signal 
for T cell activation. On the basis of such postulations, it 
has been considered that sPD-L1 in peripheral blood might 
be able to specifically bind to PD-1 on the tumoricidal 
cytotoxic T lymphocytes before they reach the tumor site 
and hence suppressing T cell activity and systemically damp 
the antitumor immune response (29). Therefore, designing 
novel strategies to block circulating sPD-L1 before anti-
PD-L1 antibody treatment, should preserve the anti-PD-1-
mediated immune response and improve the overall survival 
of cancer patients eligible for such treatment. Recently, 
Chen et al. (30) reported on the expression level of PD-L1 
on circulating extracellular vesicles in melanoma patients 
during pembroluzimab treatment. The results showed 
that circulating exosomal PD-L1 was significantly higher 
in patients who failed to respond to treatment. They have 
shown that stimulation with IFN-γ was able to increase the 
levels of PD-L1 on these vesicles that suppress the function 
of CD8 T cells and facilitate tumour growth (30). Their 
study offers a foundation for development of circulating 
exosomal PD-L1 to predict the clinical outcomes of anti-
PD-1 therapy and also highlights potential causes for the 
failure of anti-PD-1 therapy by many patients. Another 
strategy is to use PD-L1-specific T cells to eliminate PD-
L1-expressing tumors. Indeed, it is well documented that 
PD-L1-specific T cell responses occur at higher frequencies 
in peripheral blood in cancer patients as compared to 
healthy donors and to lyse PD-L1-expressing cancer  
cells (31). Therefore, targeting immune regulation to 
enhance the immunogenicity of immunotherapeutic agents 
via expansion of by PD-L1-specific T cells is an attractive 
approach for therapeutics (32). Furthermore, combined 
therapy that includes vaccination with PD-1 pathway 
blockade should be easily implementable and synergistic 
(Figure 2). In this, antibody blocking of the PD-L1 should 
make the PD-L1-expressing cancer cells more susceptible 
targets for vaccine-induced T cells.

Future clinical trials should be explored to compare 
responders versus non-responders cohort with respect to 
preexisting humoral and/or cellular immune responses to 

antigens expressed in tumors.
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