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Abstract

The recent success of immunotherapies has demonstrated the potency of tumor-specific immune 

cells in mediating tumor rejection and generating durable tumor immunity. Our understanding of 

the scientific basis of these responses results from the confluence of a better comprehension of the 

cancer immunoediting process and the revolution in next generation sequencing of cancer 

genomes. Recent evidence suggests that T cell specificity for cancer cell expressed mutant proteins 

– termed neoantigens – is an important component of immune mediated tumor rejection. Improved 

neoantigen prediction algorithms have made it possible to predict and monitor immune responses 

to checkpoint inhibitors and adoptively transferred autologous lymphocytes and have enabled the 

development of tumor-specific therapeutic vaccines. Herein, we review the current research on 

cancer neoantigens in immunotherapies and its implications for the future of head and neck cancer 

management.
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Introduction

“Further development in the area of specific immune responses may permit more 

meaningful measurements of tumor-specific reactions, thus yielding useful tools for 

immunodiagnosis as well as providing more effective and precise methods of 

immunotherapy.” From “Immunobiology of head and neck cancer: basic concepts”, 

HJ Wanebo (1979) [1]

Recent work on cancer exome based neoantigen identification promises to significantly 

contribute to the vision articulated in the above prescient quotation. There is now a body of 

literature showing that these “tumor-specific reactions” can be elicited, at least in part, by 

mutation-induced tumor neoantigens [2]. These tumor specific mutant antigens represent 

viable targets of the immune system underlying the recent successes in checkpoint based 

immunotherapies and have the potential for both greatly improved immune monitoring and 

the development of patient specific personalized vaccination [3]. The breakthrough of 

genomics-driven immunotherapies reflects the convergence of two major shifts in our 

thinking about neoplasia. First, basic studies in immunodeficient mouse cancer models, 

which led to the conceptualization of the “cancer immunoediting hypothesis” [4-6], have 

driven a renaissance in our understanding of the cancer-immune system interaction. Second, 

next generation sequencing technologies have revolutionized our understanding of the 

genomic complexities within cancer cells. In this review, we provide a historical context for 

antigenic specificity, review recent findings on cancer neoepitope identification, and discuss 

the implications for head and neck squamous cell carcinomas (HNSCC).

Historical Context - The Search for Specificity

“It would be as difficult to reject the right ear and leave the left ear intact as it is to 

immunize against cancer.” From “Immunity to transplantable tumors”, WH 

Woglom (1929)[7]

Our understanding of the host-tumor interaction has evolved significantly over the last 

several decades since the above quote on the prospects of cancer immunotherapy. Studies on 

specificity represent the critical milestones related to our progress in immunotherapy. 

Focusing on serologic responses, Lloyd Old and coworkers were among the first to 

concentrate on tumor specificity and the antitumoral immune response [8]. However, it was 
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the seminal finding by Boon and colleagues of a melanoma protein, MZ2-E, recognized by 

tumor specific CD8+ T cells that finally confirmed the long held belief in specificity [9]. 

This finding that the immune system can detect discreet differences between cancer and 

normal cells dramatically changed the way we view the tumor-host interaction. This spurred 

an entire field of research devoted to the identification and characterization of these tumor 

signposts and also provided the fundamental context for understanding how the immune 

system shapes cancer growth and evolution.

Cancer Immunoediting

The cancer immunoediting hypothesis integrates the spectrum of tumor and immune 

interactions from initial elimination, to cancer equilibrium states and finally to the clinically 

evident escape phase of tumor growth (reviewed in [4-6]). We now recognize the critical role 

of the immune system in suppressing tumor growth based on seminal studies demonstrating 

that mice lacking IFNγ (IFNG) responsiveness, perforin (PRF1), or the capacity for 

adaptive immunity were significantly more susceptible to carcinogen-induced tumor 

development [10-14]. Developing tumors in immunocompetent mice face immune pressure 

that acts on the heterogeneity of the tumor cell population, eliminating immunogenic cells 

from the tumor mass and thereby selecting for a subset of cells that are resistant to immune 

attack. This immune pressure results in an “edited” tumor that is less immunogenic and 

therefore more resistant to immune-mediated rejection. Schreiber and colleagues found that 

tumors derived from Rag2−/− mice (recombination activating gene 2) deficient of antigen 

receptor rearranged B and T cells did not face this pressure as illustrated by the rejection of 

about half of these tumors upon re-transplantion into naïve immunocompetent mice. This is 

in contrast to “edited” tumors derived in wild type mice which all grow progressively upon 

re-transplantation into naïve mice. Thus, the immune system selects for tumor cells that are 

able to avoid immune recognition and elimination. Complementing these murine 

experiments, evidence that the immune system plays a crucial role in human cancer 

development arose from the finding that immunosuppressed patients were at significantly 

increased risk for developing malignancies, including HNSCCs (reviewed in [15]). Further, 

studies have found that immune infiltration and expression signatures of an adaptive immune 

response correlate with clinical outcomes in melanoma, colorectal cancer and other 

malignancies [16]. Thus, data from murine models and human cancer settings together 

support a role for ongoing immune responses to developing tumors.

Tumor Antigen Classification

Implicit in the immunoediting hypothesis is the idea that components of the immune system 

recognize the tumor as non-self. Four major categories of tumor antigens have been 

described: tumor-specific mutant antigens (TSMAs), tumor-associated antigens (TAAs), 

cancer-testis antigens (CTAs), and viral antigens. TSMAs are the byproduct of cancer-

specific genomic alterations that result in protein changes and, independent of protein 

function, persist during tumor clonal expansion. As these neoantigens are not expressed in 

non-neoplastic tissue, they represent potent targets for immunotherapy because there is 

likely the least immunological tolerance to this class [17, 18]. An overview of TSMA 

processing and presentation is provided in Figure 1. TAAs are normal proteins, which have 

undergone posttranslational modification including phosphorylation and glycosylation, or 
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are aberrantly expressed on cancer cells [19]. Because these are nonmutated proteins, T cells 

will frequently display partial tolerance to them, rendering these antigens less immunogenic 

than those that are absent entirely from the human genome [2]. CTAs are nonmutated 

proteins whose expression is typically restricted to germ cells but may become reactivated in 

cancer cells [20]. Finally, in virus-associated tumors such as HPV-associated oropharyngeal 

squamous cell carcinoma, circulating and tumor-infiltrating T cells may develop specificity 

for viral antigens presented on the tumor cell surface [21].

Classical Antigen Identification

Evidence identifying tumor specific antigens was for many years shown by indirect methods 

such as serologic responses and generation of tumor specific cytotoxic T cells (CTL). Early 

studies demonstrated that transplantation of a tumor cell line into immunocompetent mice 

could protect against re-challenge from the same cell line indicating a cell-line specific 

antigenicity [22]. This was further confirmed in the 1970s and 1980s with isolation of 

tumor-specific CTLs [23]. However, characterization of the actual tumor antigens remained 

largely elusive. The earliest techniques for antigen discovery involved the immunization of 

human cancer cells into rabbits and other animals and subsequent isolation of tumor-specific 

antibodies from the sera using complement fixation and agar gel immunoprecipitation [24]. 

This technique paved the way for human serological studies known as autologous typing but 

was limited both by the difficulty of routinely culturing tumor cells and by the lack of 

information it provided on the tumor antigens [24]. This deficiency was overcome by a 

technique known as serological analysis of recombinant cDNA expression libraries 

(SEREX) that used patient serum to screen cDNA expression libraries for immune targets 

[25]. The key steps entailed transfecting a library of tumor cDNA into a recipient cell line 

competent for antigen presentation, and evaluating patient sera for specificity to the 

transfected cells [26]. Positive “hits” were further delineated by transfecting fragments of 

the identified gene to further isolate the coding region responsible for the antigenic peptide. 

These approaches characterized a number of tumor antigens, but were mostly limited to 

epitopes resulting from activation of germline genes or from posttranscriptional or 

posttranslational alterations rather than mutation-derived antigens [27]

Numerous studies have looked in HNSCC to define the landscape of available immune 

targets. These studies have identified a number of CTAs and TAAs prevalent in HNSCCs by 

SEREX or using tumor infiltrating lymphocyte (TIL)-derived CTLs. These include CTAs 

from the MAGE family, SSX family, BAGE, SCP1 (SYCP1), PRAME and ENO1 [28-32]. 

Other HNSCC TAAs capable of inciting a lymphocytic response include art-4, and proteins 

from the Wnt, Frizzled and Kruppel families [33-36]. Detailed reviews of CTAs and TAAs 

in HNSCC have been published elsewhere [37, 38].

Although the above studies identified CTAs and TAAs, identification of TSMAs was more 

elusive. One exception to this was a study that used the CTL method and successfully 

identified a TSMA derived from a mutation in the CASP8 gene in a human oral cavity 

squamous cell carcinoma (OCSCC) [39]. As mutations in the CASP8 gene have been 

suggested to be driver mutations in HNSCCs [40, 41], this finding represents an example of 
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an ideal immunotherapy target—a protein critical for tumorigenesis that can be targeted by 

directed immunotherapy.

The Next Generation - Enabling Technologies

The past decade has borne witness to a revolution in our understanding of the molecular 

basis of cancers due to the advent of next generation sequencing technologies. High 

throughput identification of tumor neoantigens has arisen as an extension of developments in 

cancer genome next-generation sequencing technologies. The seminal work of Vogelstein 

and Allison described a blueprint for defining TSMAs using next generation technologies 

and reordered the conventional passenger and driver mutation understanding of cancer 

genomes into a new hierarchy [18]. Whereas conventional thinking about cancer genomic 

changes focused on driver mutations that contribute to the hallmarks of cancer, Vogelstein 

and Allison instead proposed that all mutations are relevant for a given cancer depending on 

their respective affinity for HLA binding [18]. In this study, tumor neoantigens in breast and 

colorectal cancers were predicted from exome sequencing data [18]. Based on this in silico 
analysis, the authors proposed that neoantigens could be used to vaccinate patients, 

combined with immune stimulant therapy or represent targets of conventional targeted 

therapy, chemotherapy or radiation.

The actual steps involved in TSMA prediction start with next generation sequencing data to 

identify somatic mutations that generate a change in the amino acid sequence and verifying 

expression of the mutant gene at the RNA level. Following identification of mutation-

encoded peptide regions of 8-11 amino acids in length, the next challenge is to filter these 

epitopes by affinity of binding to the major histocompatibility complex (MHC) molecule. 

Several tools are available to predict binding of an epitope to MHC including SYFPEITHI, 

the Immune Epitope Database and Analysis Resource (IEDB), and NetMHC [19]. 

Additionally, a recently described pipeline, Personalized Variant Antigens by Cancer 

Sequencing (pVac-Seq), is an automated workflow approach that integrates exome and 

RNA-sequence data to assemble and prioritize a list of candidate antigens [42]. Although 

most studies prioritize candidate epitopes based on the predicted binding affinity to the 

MHC molecule, others have proposed that addition of other features such as a change in the 

relative binding of mutant epitope to the wild-type epitope as well as the conformational 

stability of the peptide-MHC interaction can improve prediction [43-45]. Additionally, a 

variant allele frequency (VAF) cutoff is frequently applied since a recent study demonstrated 

that TIL reactivity to dominant (founding) clonal antigens are associated with a greater 

benefit from checkpoint blockade than does reactivity to sub-clonal neoantigens [46].

Determining MHC alleles is straightforward in inbred mouse strains but is more complex in 

humans due to the polymorphic nature of the human leukocyte antigen (HLA) resulting in 

over 6,500 unique HLA alleles [47]. Any given patient has at least 6 alleles that each may 

require different algorithms for predicting peptide binding. Although existing algorithms try 

to predict affinity for different alleles, they are still constrained by bias to certain alleles. An 

additional benefit of NGS approaches is that conventional HLA typing can be avoided and 

predicted from NGS data [47]. Rosenberg and colleagues described an in vitro approach to 

bypass the need to define HLA by generating tandem mini gene (TMG) constructs capable 
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of screening candidate antigens [48]. DNA encoding each mutated amino acid and flanking 

amino acids are linked together and cloned into an expression vector [49]. Introduction of 

the TMG construct in vitro into a patient’s autologous antigen presenting cells (APCs) then 

results in expression on their native MHC molecule. Autologous TIL can then be incubated 

with these transfected APCs and screened for reactivity to candidate epitopes [49]. Although 

less commonly utilized due to poor variant calling results, another approach used to further 

focus and improve sequence data is to capture RNA from tumor specimens and use this to 

construct a cDNA library for sequencing [50].This technique focuses only on those 

mutations in coding exons and eliminates the need for further RNA-sequencing to eliminate 

non-expressed mutations [19].

Combining the sequencing data with prediction algorithms results in a list of candidate 

neoantigens that may be responsible for immune reactivity. Most studies that seek to validate 

these predictions further narrow the list of candidate neoantigens by in vitro autologous TIL 

reactivity assays, typically by enzyme-linked immunospot (ELISPOT), intracellular cytokine 

staining, or tetramer staining. Tetramers, MHC/peptide multimers bound to a fluorophore, 

have emerged as an extremely sensitive in vitro assay to identify antigen-specific T cell 

binding. Although tetramer production is labor intensive, Schumacher and colleagues have 

pioneered a high-throughput methodology involving UV-peptide exchange which enables a 

pre-made HLA molecule loaded with a photocleavable UV-sensitive peptide to exchange 

candidate epitopes in a matter of hours rather than weeks [51]. Large panels of patient 

specific neoepitope tetramers generated in this manner have been used to screen peripheral 

blood to identify reactive CD8+ T cells [52]. A pipeline for in vitro next-generation 

sequencing guided neoantigen discovery is provided in Figure 2. Ultimately, the only 

definitive evidence that a specific neoantigen is immunogenic and responsible for immune-

mediated tumor rejection is via vaccination in either the prophylactic or therapeutic setting.

After Vogelstein and Allison’s initial theoretical description, it took another four years 

before the first genomics and bioinformatics approach would definitively identify a TSMA 

recognized by T cells. Two groups led by Ugur Sahin [53] and Robert Schreiber [54] 

independently used sequencing data and in silico neoepitope modeling to identify and 

validate TSMAs in murine B16-F10 melanoma and methylcholanthrene (MCA)-induced 

sarcoma cells, respectively. In the former study, predicted neoantigens were formulated into 

synthetic long peptide vaccines used to immunize mice in the protective and therapeutic 

setting [53]. In the latter study, it was found that a cell line of “unedited” MCA sarcomas 

developed in Rag2−/− mice would reject upon transplantation into immunocompetent mice. 

Using cDNA capture and deep sequencing, it was discovered that a CD8+ T cell response 

specific for an antigen encoded by the mutant spectrin β-2 gene was responsible for this 

immune-mediated tumor rejection [54]. In these studies, only a small subset of mutations 

encoded immunogenic epitopes and this immunogenicity was not correlated with oncologic 

relevance, gene structure, or subcellular location of the encoded protein [53, 54].

Genome-guided antigen discovery in human patients

With recent advances in immunotherapeutics, exome-guided studies to identify neoantigens 

have extended to human patients. Improvements in sequencing and bioinformatics have 
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enabled the rapid identification of neoantigens and markedly reduced the time needed from 

tumor biopsy to screening of TIL and peripheral blood for neoantigen reactivity [44, 55]. 

Application of this neoantigen identification strategy to cancer patients has been performed 

either in the “standalone” setting or in the context of cell based or checkpoint inhibition 

therapies. Robbins, et al. were the first to use whole exome sequencing technology to 

identify neoantigen-specific TIL from patients with melanoma undergoing adoptive 

lymphocyte transfer [56]. Likewise, Schumacher and colleagues were the first to show that 

the high-throughput antigen discovery approach could be used to successfully detect T cell 

reactivity to a neoantigen in a patient following treatment with the anti-CTLA4 reagent 

ipilimumab [57]. Further, neoantigen specific CD8+ T cells were identified in patients with 

chronic lymphocytic leukemia who developed durable remission associated with antitumor 

immune responses following allogeneic hematopoietic stem cell transplantation [58]. 

Improvements in neoantigen identification techniques enabled Cohen et al. to show that 

CD8+ T cells specific for predicted neoantigens could be isolated from peripheral blood of 

melanoma patients who showed tumor responses to autologous TIL infusions [52].

Although substantial evidence supports the role of CD4+ T cells in cancer surveillance, 

prediction of MHC class II (MHC II) neoantigens has proved to be more challenging than 

class I due to the open peptide binding groove in MHC II which leads to significant 

variability in epitope prediction [19]. Nevertheless, several groups have successfully 

identified class II antigens in both mice and human tumors [59-61]. The most direct 

evidence of the potency of a class II neoantigen-specific T cell response is from a patient 

with metastatic cholangiocarcinoma who was enrolled in a TIL-based adoptive cellular 

transfer study [62]. The patient was found to have CD4+ TIL specific to an epitope from a 

mutation in the erbb2 interacting protein gene (ERBB2IP). After an initial transfer 

containing about 25% mutation-specific T cells, the patient developed some decrease in 

tumor size and disease stabilization but ultimately her cancer progressed. The patient 

underwent a subsequent adoptive transfer containing >95% pure mutation-specific CD4+ T 

cells and developed tumor regression which persisted at least 6 months. A complete list of 

next-generation sequencing guided neoantigen discovery studies is provided in Table 1.

Neoantigen identification has taken on a more prominent role as recent studies have 

suggested that neoantigen-specific T cells are key mediators of the antitumoral effect of 

checkpoint blocking monoclonal antibodies (mAbs) targeting CTLA-4 (CTLA4), PD-1 

(PDCD1) or PDL-1 (CD274) [63, 64]. Additionally, numerous studies where genomics-

based antigen discovery was applied to samples from checkpoint therapy clinical trials have 

found that the clinical benefit of checkpoint blockade is associated with the presence of 

neoantigen-specific T cells [65-67].

Tumor neoantigen content and patient outcomes

The above neoantigen studies have shed significant light on classification of patients as 

either responders or non-responders with respect to checkpoint inhibition and other 

immunotherapeutic efforts. In one study of patients with non-small cell lung cancer 

(NSCLC) treated with pembrolizumab, an anti-PD-1 mAb, a high neoantigen load conferred 

an improved progression-free survival of 14.5 months compared to 3.5 months in the low 
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neoantigen load cohort [65]. A natural prediction from this finding is that the mutational 

burden of a given tumor will be directly correlated with immune responsiveness. In fact, 

studies have found that tumors with a greater number of nonsynonymous mutations are more 

likely to possess a higher load of mutation-derived neoepitopes and that immune responses 

to these epitopes correlate with clinical response [68]. Therefore, tumors with increased 

genomic instability, which are more likely to develop high numbers of mutations, should 

correspondingly express a greater number of neoantigens and be more likely to respond to 

checkpoint blockade. This was recently confirmed in a study of pembrolizumab in colorectal 

cancer patients with or without mismatch repair (MMR) deficiency, which results in a 

10-100 fold increase in the number of somatic mutations. Patients with MMR deficiency had 

an objective response rate to checkpoint blockade of 40% (4/10) and disease control rate of 

90% (9/10) whereas the MMR proficient group had an objective response rate of 0% (0/18) 

and a disease control rate of 11% (2/18) [69]. This finding was further corroborated by a 

study of patients with recurrent glioblastoma multiforme (GBM) with biallelic mismatch 

repair deficiency (bMMRD), which confers an average of 17,740 mutations per tumor [70]. 

Two siblings with GBM with bMMRD were treated with nivolumab, an anti PD-1 inhibitor, 

and demonstrated remarkable clinical and radiologic response [70]. However, studies to date 

suggest that the production of a neoantigen that elicits immune response is a stochastic event 

equivalent to a “neoantigen lottery” [2]. Therefore, high affinity neoepitopes can be 

identified in tumors with lower mutational loads. As HNSCCs frequently bear a high 

mutational burden, they should regularly contain neoantigens capable of immune recognition 

[2].

A role for personalized vaccine therapy

One of the ultimate goals of high throughput neoantigen identification is the development of 

patient-specific targeted vaccine therapies. Historically, outcomes with cancer vaccines have 

been disappointing due to poor vaccine design or an inability to overcome local 

immunosuppressive factors in the tumor microenvironment [17]. Several phase I and phase 

II clinical trials of cancer vaccines have demonstrated small improvements in disease-free 

survival, but overall they have been less effective in obtaining durable responses than other 

immunotherapies [71]. Studies of vaccines in HPV-negative HNSCC to date have focused on 

therapeutic vaccines using CTAs or TAAs linked to an adjuvant to facilitate APC uptake, 

antigen processing and presentation for antigen-specific responses [72]. Recently, a phase II 

clinical trial was conducted to evaluate the efficacy of a multipeptide vaccine containing the 

CTA and TAAs LY6K, CDCA1, and IMP3 in patients with locally advanced recurrent 

and/or metastatic HNSCC [73]. Relative to a control group receiving supportive care only, 

overall survival was improved (4.9 months to 3.5 months) and one patient demonstrated 

complete response. When patients had demonstrable CTL responses, the benefit was greater. 

However, as discussed above, partial tolerance to CTAs and TAAs may underly the relatively 

minor improvement in survival due to ineffective vaccination [74, 75].

Utilization of personalized cancer vaccines based on tumor-specific neoantigens has been 

proposed to surmount this tolerance barrier. In preclinical models, therapeutic vaccination 

with synthetic long peptides of predicted neoepitopes have induced tumor control and 

rejection in both the preventative and therapeutic settings [3, 53]. The decreased time 
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required to complete exome sequencing and in silico neoantigen prediction promises to 

make therapeutic patient-specific vaccination a reality in a clinically relevant time frame. 

Therapeutic neoantigen vaccines have begun entering phase I clinical trials in a small 

number of malignancies including glioblastoma (NCT02510950, NCT02287428), melanoma 

(NCT01970358), colon cancer (NCT01885702) and breast cancer (NCT02348320, 

NCT02427581). In these trials, patient biopsies are sequenced and analyzed for neoantigen 

prediction. The predicted neoantigen candidates with the highest affinity are then formulated 

into either a peptide, or dendritic cell vaccine and delivered as a patient specific vaccine for 

promotion of anti-tumor responses. Response monitoring is performed by detection of 

neoantigen-specific T cells in the peripheral blood. A single phase I trial to treat advanced 

metastatic melanoma in three patients with a therapeutic, tumor-specific neoantigen vaccine 

was recently completed [76]. In this trial, the top seven neoantigen candidates per tumor 

with detectable expression by cDNA-capture sequencing were formulated into a dendritic 

cell vaccine. Pre- and post- vaccine TIL reactivity assays demonstrated successful expansion 

of the neoantigen-specific T cell population, from one neoantigen per patient in the pre-

vaccinated TIL to three neoantigens per patient post-vaccination, thereby validating the 

feasibility of this approach [76]. This first attempt at patient specific vaccination shows that 

not all predicted neoantigens induce an immune response. Thus, one goal of effective 

prediction algorithms in the future is to allow for improved selection and prioritization of 

neoepitopes for inclusion in vaccines.

Vaccine Approaches in HPV-associated HNSCC

Although no neoantigen vaccine trials have begun in HNSCC, viral protein vaccines in HPV-

associated HNSCC provide a framework for the efficacy of tumor-specific vaccines. In 

contrast to TSMAs, viral proteins represent shared tumors antigens and can therefore be 

targeted by vaccines without requiring tumor sequencing. Note that the TSMA approach 

focuses on therapeutic vaccination whereas the commonly used HPV vaccines represent a 

preventative methodology. The latter public health approach relies on two independent FDA-

approved HPV vaccines, the bivalent HPV 16/18 (Cevarix®, Glaxo Smith Kline Biologicals) 

and the quadrivalent HPV 6/11/16/18 (Gardasil™, Merck Sharp and Dohme) that protect 

against the HPV strains responsible for the majority of HPV-related oropharyngeal 

squamous cell carcinoma. These vaccines target the L1 capsid protein using virus-like 

particles and prevent viral infection and subsequent cancer development. Given the dramatic 

efficacy of these vaccines in reducing cervical cancer (>95%) and other mucosal 

malignancies, there is an expectation that they will reduce the incidence of oropharyngeal 

squamous cell carcinoma although their efficacy is still unknown [77].

In addition to preventative vaccines, there are several ongoing therapeutic vaccine clinical 

trials for HPV-positive oropharyngeal squamous cell carcinoma. These trials build on earlier 

studies, which found that multiple HPV viral proteins including E2, E6, E7 and L1 are 

highly immunogenic antigens and that an HPV-specific immune response can be associated 

with disease clearance [78, 79]. One such approach involves using a natural adjuvant of live 

attenuated Listeria monocytogenes that secretes the listeriolysin protein fused to the HPV16 

E7 protein [80] (ADXS11-001, NCT02002182). A second trial utilizes a vaccine targeting 

the p16/Ink4a protein (NCT01462838). Unfortunately, most therapeutic vaccine trials to date 
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have been limited in efficacy due in part to an inability to overcome local 

immunosuppressive pathways [81]. Therefore, several current trials combine a therapeutic 

viral antigen vaccine with checkpoint inhibitors with the expectation that the two therapies 

will be synergistic [80].

These vaccine studies above provide a framework for optimal immunotherapy combinations 

for patients with advanced HNSCC who frequently face a poor prognosis and are in need of 

novel approaches. The average mutation rate in HNSCC was found to be 15.2 and 14.4 

somatic exonic mutations among a panel of 617 cancer-associated genes in HPV negative 

and HPV positive tumors, respectively [82].This high mutational burden is likely to provide 

an array of potential antigenic targets for the immune system. Analysis of patient outcomes 

and correlative studies from preclinical and phase I trials with neoantigen and viral vaccines 

will hopefully provide insight into how to best utilize immunotherapeutics to approach these 

hard to treat patients.

Our institution is currently enrolling patients in a phase II window-of-opportunity plus post-

operative treatment intensification clinical trial with the anti-PD1 antibody pembrolizumab, 

in conjunction with surgery and adjuvant chemoradiation for patients with locally advanced 

HPV-negative HNSCC (NCT02296684). Patients with surgically resectable HPV-negative 

stage III or IV primary HNSCC are treated with a single neoadjuvant dose of 

pembrolizumab 14-21 days prior to surgical resection. If the patient’s tumor displays 

pathologic high-risk features (such as extracapsular extension or positive margins) they will 

receive up to 6 more doses of pembrolizumab following standard adjuvant chemoradiation. 

The primary endpoints are a reduction in the local regional recurrence and distant metastasis 

rate by 15 percent from the historical 35% rate at the one-year time point. Additionally, we 

will evaluate how the mutational landscape, neoantigen load, and immune cell infiltrate 

predicts responsiveness to checkpoint therapy. One aim of this correlative work is to better 

characterize those neoantigens which induce a T cell response with the goal of providing a 

framework for development of neoantigen vaccines in HNSCC.

Conclusion

It is now well established that the immune system can identify mutation-derived antigens on 

cancer cells and that these neoantigens represent viable targets for immunotherapies. These 

findings help to fulfill the long search for specificity in tumor-host interactions. The 

mutational landscape of HNSCC supports the potential for a range of immunotherapeutic 

targets for integration in the clinical setting. Although early results from checkpoint-based 

HNSCC therapeutics are encouraging, outstanding questions remain regarding the broad 

efficacy of these approaches in HNSCC and how they should be incorporated into the 

clinical treatment paradigm. Emerging correlative and clinical results from Phase II/III trials 

in both the primary and recurrent/metastatic setting will provide needed scientific knowledge 

and clinical direction for future approaches.
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Highlights

The search for specificity of immune responses to cancer has a long history 

extending from serologic testing, to expression based screening to identify tumor 

antigens and finally to next generation sequencing technologies to identify 

mutation-derived neoantigens.

The success of checkpoint immunotherapies has highlighted the integral role of 

tumor neoantigens in mediating therapeutic benefit and these data may lead to 

better stratification in future trials.

Tumor neoantigen prediction and validation is continuing to evolve and may 

ultimately translate to better vaccination protocols for head and neck cancers.
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Figure 1. 
Pathway of class I neoantigen presentation: Mutation-encoded proteins undergo proteolytic 

degradation in the cytosol and the mutation-derived peptide is loaded onto an MHC class I 

molecule in the ER with the assistance of TAP. This neoepitope-class I complex undergoes 

further processing and transport to the cell surface where it is accessible to neoantigen 

specific CD8+ T-cells (ER: endoplasmic reticulum. TAP: Transporter associated with 

antigen processing).

Zolkind et al. Page 17

Oral Oncol. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Pipeline for clinical neoantigen identification. (A) A tumor biopsy is used for (B) 

sequencing via WES, WGS or cDNA cap-seq and predicted neoantigens are prioritized 

based on class I affinity. (C) PBMCs and/or tumor infiltrating lymphocytes are isolated from 

a tumor biopsy. (D) Peptides and/or tetramers are synthesized and TIL specificity is 

demonstrated by ELISPOT or (E) tetramer staining.
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