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Abstract

Head and neck cancer is disfiguring and deadly, and contemporary treatment has fallen short in 

terms of morbidity and mortality. The rich immune infiltrate within these tumors designates them 

as prime candidates for immunotherapy and success with these drugs has been documented for 

recurrent and metastatic head and neck cancer. Still, single-agent immunotherapy has generated 

either only transient responses or durable response in only a minority subset of patients. Mapping 

the immune escape mechanisms enacted by head and neck cancer within the tumor 

microenvironment allows for rational design of strategies to overcome this tolerance. We outline 

the immune pathway derangements within the head and neck cancer microenvironment and 

discuss combination treatment strategies to overcome the limitations of immunologic 

monotherapy.

Changing Paradigms in Head and Neck Cancer

Head and neck squamous cell carcinoma (HNSCC), which includes cancers of the oral 

cavity, oropharynx, and larynx/hypopharynx, is the sixth most incident cancer worldwide, 

with an estimated 700 000 new cases in 2018, and portends a grave prognosis with 350 000 

of these predicted to be fatal [1]. Treatment of head and neck cancer has evolved 

significantly over the past half century with improvements in surgical technique as well as 

advancements in the fields of medical and radiation oncology. Recently, a more detailed 
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understanding of the molecular pathogenesis of HNSCC was made possible with whole 

genome sequencing of these tumors [2], invigorating the field of targeted chemotherapeutics. 

Despite these substantial technological advances, significant impact on the survival of 

patients afflicted by these cancers has not been observed. For example, the 5-year survival 

rate of patients with larynx cancer was 66% from 1975 to 1977 and 63% from 2007 to 

2013i.

Much of the difficulty in studying and treating HNSCC lies in the fact that they are a 

heterogeneous group of cancers arising from distinct anatomic subsites, associated with 

varied risk factors and possessing diverse molecular pathology. Classically, tobacco and 

alcohol consumption were the primary risk factors associated with HNSCC and these factors 

demonstrate independent, synergistic, and dose-response increases in relative risk [3]. 

Chronic exposure to tobacco and alcohol is thought to promote diffuse and progressive 

molecular alterations in grossly normal epithelium. Additionally, as in other solid tumors, 

HNSCC has been associated with dysregulation of various oncogenes and tumor suppressor 

genes; the molecular disruption in HNSCC was eloquently reviewed recently [4].

The current paradigm for diagnosis and treatment of HNSCC is complicated by the varied 

roles of surgery, radiation, and chemotherapy that are dependent on anatomic subsite, stage, 

and tumor pathology (Box 1). Further complicating the picture was the rise in rates of 

oropharyngeal cancer over the past two decades, despite decreases in smoking and a decline 

in smoking-related HNSCC. Human papilloma virus (HPV; see Glossary) infection was 

eventually identified as the key risk factor for this aberration and HPV-related oropharyngeal 

cancer has since demarcated itself as a distinct clinical entity among HNSCC that has 

reached epidemic levels [5].

Despite state-of-the-art therapeutic approaches to HNSCC, recurrence rates remain 

unacceptably high. Indeed, nearly half of oral cavity cancers in patients will recur [6-8] and 

5-year survival in this scenario is a dismal 35%–45% [6,9]. In an attempt to quell these poor 

outcomes, and recognizing that HNSCC demonstrates one of the most inflamed tumor 
microenvironments (TME) among all solid tumors, the treatment of head and neck cancer 

has begun to shift towards a prominent role for immunotherapy. A detailed understanding of 

the host antitumor immune response and the abundant immune evasion strategies employed 

by these tumors is imperative as we move into the era of immunotherapy for head and neck 

cancer. As this understanding has evolved, foundations for rationally designed combination 

treatment strategies incorporating immunotherapy have emerged.

Immunity to Head and Neck Cancer

The past decade has seen great advances in the burgeoning fields of cancer 

immunogenomics and immunotherapy. In many cancers, preclinical and clinical data 

continue to mount in support of a more prominent (largely) T cell-mediated antitumor 

response than was previously thought. The T cell compartment delineates cancer antigen 

from host antigen in one of two ways: recognition of overexpressed but nonmutated native 

ihttps://seer.cancer.gov/archive/csr/1975_2014/
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proteins that have escaped central tolerance (due to decreased tissue expression) or 

recognition of mutated, tumor-specific epitopes [10]. The latter is posited to play a more 

prominent role, as these ‘neoantigens’ should elicit a more robust T cell pool in the absence 

of regulation by tolerance mechanisms. The ability of the native host immune system to 

mount a response to tumor neoantigens is key to the development of effective 

immunotherapies for head and neck cancer.

Due to their inherent genetic instability and high mutagenic rate, HNSCCs routinely 

transcribe high levels of cancer-specific neoantigens [11]. In a mouse model of oral cavity 

cancer with high fidelity to human oral cavity cancer, a higher rate of unique tumor 

neoantigens was associated with responsiveness to immunotherapy [12]. Moreover, the 

tumors that were responsive to immunotherapy demonstrated more profound antigen-

specific lymphocyte responses than the tumors with lower neoantigen load. Higher rates of 

nonsynonymous mutations and the corresponding neoantigenic load in other tumors 

correlate with a more pronounced immune response that portends better clinical outcomes in 

patients [13]. Additionally, HPV-related HNSCC express viral antigens, including the 

oncogenic drivers E6 and E7 and the transcriptional regulatory protein E2 [14]. High serum 

levels of antibodies to E2, E6, and E7 have been demonstrated in HPV+ HNSCC [15,16].

This neoantigenic catalog in both HPV− and HPV+ HNSCC elicits an antitumor immune 

response, the effector function of which is enacted by tumor infiltrating lymphocytes 
(TILs). Analysis of RNA sequencing data from a cohort of HNSCC from The Cancer 

Genome Atlas tumor bank revealed that both HPV– and HPV+ HNSCC demonstrate 

immune infiltrate that is among the most robust [CD8+ TILs as well as natural killer (NK) 

cells] compared with ten of the most highly immunogenic cancer types [17]. Higher levels 

of CD8+ TIL and CD56dim (activated) NK cell infiltration conferred a survival advantage 

compared with those with decreased immune infiltrate (Figure 1).

The prognostic value of distinct populations of TILs was evaluated in a recent meta-analysis 

[18]. CD3+ TILs conferred a statistically significant overall survival advantage in the pooled 

analysis for both HPV– and HPV+ HNSCC [18]. Higher levels of CD4+ TILs demonstrated 

improved overall survival in HPV– tumors but the only two studies in HPV+ tumors yielded 

contradictory results [18]. As expected, increased infiltration with CD8+ TILs was most 

strongly associated with increased survival, disease free survival, and locoregional tumor 

control in both HPV– and HPV+ HNSCC [18]. Surprisingly, increasing infiltration with 

FoxP3+ T cells was also associated with improved survival [18]. While FoxP3 is classically 

associated with regulatory T cells (Tregs), it is not known whether these cells were truly 

Tregs as CD25 and CD127 levels were not characterized. It is plausible that this signal is an 

artifact of an overall increased immunoreactive TME, as FoxP3+ is also a marker of immune 

activation [19],

Immune Evasion by Head and Neck Cancer

Despite the rich immunogenicity of the TME, HNSCC have developed a diverse panel of 

strategies to thwart antitumor immunity. Many signaling molecules and cell types play a role 

in tumor-driven immune tolerance, from cytokines to both the innate and adaptive arms of 
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the cellular immune system (Figure 2). It is the final balance of these immunopermissive and 

immunosuppressive mechanisms that determine the net immune response within these 

tumors and, consequently, their aggressiveness. Next, we will discuss four key mechanisms 

enacted by head and neck cancer to evade immunity, spanning direct T cell inhibition with 

soluble or surface inhibitory factors to the recruitment of suppressive immune cell 

populations, thereby permitting tumor outgrowth.

Molecular Escape Mechanisms

Tumor-Derived Factors—HNSCC tumor cells directly evade immune responses through 

secretion of soluble factors to suppress T cell-mediated rejection as well as corruption of 

antigen presentation, thereby avoiding both T and NK cell detection. Production of 

immunosuppressive cytokines, including transforming growth factor (TGF)-β, interleukin 

(IL)-6, and IL-10 inhibit T cell proliferation and effector functions [20-22]. Tumor cells also 

deplete local micronutrients and overexpress indoleamine 2,3-dioxygenase (IDO), an 

enzyme responsible for depletion of tryptophan, which hinders T cell proliferation and 

activation [22]. It has also been shown that exosomes secreted by HNSCC are enriched for 

suppressive compounds [including cyclooxygenase-2 (COX2), TGF-β, programmed death 
1 (PD-1), and cytotoxic T lymphocyte antigen 4 (CTLA-4)] that promote CD8+ T cell 

apoptosis, inhibit CD4+ T cell proliferation, upregulate Tregs, and impair NK cell function 

[23,24].

Beyond secreted cytokines and metabolites, HNSCC have developed mechanisms of human 

leukocyte antigen (HLA) modulation for immune escape. Complete loss of HLA signaling 

would be a potent stimulating signal for NK cell tumor killing [25]; therefore, tumor-

mediated HLA dysfunction must be more nuanced to maintain immune evasion. Instead, 

HNSCC provoke genetic alterations in key genes associated with processing and 

presentation of neoantigens, including signal transducer and activator of signal (STAT) 1 

deficiency and downregulated transporter for antigen processing, without significantly 

affecting HLA expression itself [26-30].

Immune Checkpoints—In the healthy state, effector functions of the immune system 

must be held in check to prevent damage to self (autoimmunity) or prolonged activation. The 

‘rev limiters’ of the native immune system are the checkpoint molecules. Primarily surface 

molecules on immune cells, this class of receptors respond to binding of their ligands by 

quelling the activity of local effector immune cell populations. Characteristics of the local 

inflammatory environment, including cytokine profile and crosstalk between various 

immune cell subsets, can promote upregulation of these receptors or ligands on 

hematopoietic cells, lymphoidal cells, and nonimmune cells such as epithelia (including 

tumor cells). Coaptation of these checkpoint pathways is an important route of immune 

escape in HNSCC. Mapping of the complicated checkpoint highways within the TME yields 

many therapeutic targets and logic follows that intervening at multiple intersections on this 

highway simultaneously with combination therapy has the potential for improved treatment 

efficacy compared with monotherapy.
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Multiple immune checkpoint receptors have been described and expression patterns and cell 

distribution are varied, giving these molecules diverse and tunable contributions to 

immunomodulation, as depicted in Figure 3 [31,32]. Checkpoint molecules are generally 

thought of as primarily immunosuppressive and the key inhibitory checkpoint receptors are 

PD-1 and CTLA-4. Lymphocyte activating gene 3 (LAG-3), T cell immunoglobulin and 

mucin domain-containing 3 (TIM-3), T cell Ig and ITIM domain (TIGIT), V-domain Ig 

suppressor of T cell activation (VISTA), glucocorticoid-induced TNFR-related protein 

(GITR), and killer immunoglobulin-like receptor (KIR) are more novel co-inhibitory 

checkpoints and will be discussed in turn below.

PD-1 is primarily expressed on the surface of T cells [33] and interacts with two ligands: 

PD-L1 and PD-L2. PD-1 signaling supports immune tolerance and eventual exhaustion 

through reduced T cell receptor (TCR) signaling, reduced cytokine production, reduced 

target cell lysis, altered lymphocyte motility, and metabolic reprogramming in addition to 

inducing differentiation to a Treg phenotype. PD-L1 is the more constitutively expressed of 

the two and is present on lymphocytes, macrophages, and dendritic cells (DCs) [34] in 

addition to epithelia, including tumor cells. PD-1/PD-L1 interaction promotes tolerance by 

inhibiting effector T cell mechanisms, including cytokine production, proliferation, and 

cytotoxicity, and eventually leads to T cell exhaustion [35]. PD-L2 exhibits more restricted 

expression but elicits similar functional effects upon interaction with PD-1 [36]. In addition 

to decreased effector T cell functions, PD-1 signaling has also been shown to induce 

differentiation to a Treg phenotype [37]. Up to 60% of HNSCC demonstrate increased 

expression of PD-1 within the TME [38-41], highlighting this key mechanism for immune 

escape in HSNCC. PD-L1 is also upregulated in HNSCC, both in TILs and on the tumor 

surface [42-44], and expression of both PD-1 and PD-L1 is preferential for TILs relative to 

peripheral blood lymphocytes [45].

CTLA-4 expression on the surface of T cells is stimulated by TCR activation. CTLA-4 is the 

inhibitory counterpart to the stimulatory CD28 signal [46,47]. CTLA-4 has only transient 

expression patterns on CD8+ T cells, where it regulates memory/effector function [48]. The 

more predominant role of this checkpoint receptor is regulation of naïve CD4+ T cell 

differentiation upon antigen-specific priming by DCs. CTLA-4, when expressed, interacts 

with CD80/CD86 on DCs and out-competes CD28 co-stimulatory signaling and inhibits T 

cell activation [49]. Therefore, blockade of this receptor has obvious mechanistic rationale 

for treatment of HNSCC, with the goal being to restore DC priming of naïve T cells with 

neoantigenic specificity. CTLA-4 expression is upregulated in HNSCC tumor cells [50] and 

preferentially on TILs compared with peripheral lymphocytes [45,51]. CTLA-4 expression 

is also enriched on Treg TILs [52].

Among the more novel checkpoint molecules, LAG-3 and TIM-3 are the most well studied. 

LAG-3 is expressed on activated CD4+ and CD8+ T cells, NK cells, B cells, and DCs and 

functions as a co-inhibitory checkpoint molecule in HNSCC [53]. LAG-3 binds with major 
histocompatibility complex class II (MHCII) and is highly expressed on Tregs, and its 

blockade decreases both the inhibitory function of these cells as well as their overall quantity 

[53,54] . TIM-3 binds with galectin-9 and is expressed on both T cells and NK cells and, 

when specifically coexpressed with PD-1, signifies an exhausted T cell phenotype in 
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HNSCC [51,55]. Blockade of TIM-3 in a mouse model of HNSCC produced a specific 

antitumor T cell response [56].

A number of other interesting co-inhibitory checkpoint molecules have come under 

investigation recently. TIGIT competes with the stimulatory molecule CD226 for binding 

with the poliovirus receptor (PVR) and exerts immunosuppressive effects by inhibiting T 

cell activation and decreasing DC cytokine production [57]. TIGIT is expressed on Tregs as 

well as memory and activated T cells [57]. B- and T-lymphocyte attenuator 4 (BTLA-4) 

binds herpes virus entry mediator (HVEM) and has T cell inhibitory functions similar to 

PD-1 and CTLA-4 [58]. VISTA is expressed on antigen-presenting cells and T cells and 

inhibits T cell proliferation and cytokine production upon interaction with its receptor 

(VISTA-R) [59]. GITR is expressed on T cells and modulates TCR-mediated apoptosis upon 

binding with its ligand (GITRL) [60].

Co-inhibitory checkpoint control is not limited to the adaptive arm of the immune system. 

KIR is expressed on NK cells, recognizes HLA, and is an important regulator of NK cell-

mediated cytotoxicity [61]. There are activating and inhibitory KIRs, though inhibitory 

receptors bind with more affinity and dominate signaling when both are present. Upon 

binding an autologous HLA, inhibitory KIRs suppress NK cell-activating signals [62] and 

thus impair NK cell killing. Simultaneous checkpoint inhibition targeting both the adaptive 

and innate arms of the antitumor immune response has potential to be a powerful 

combination strategy and is discussed below.

Co-Stimulatory Pathways—In addition to upregulation of immune inhibitory pathways, 

perturbation of multiple co-stimulatory pathways is also seen in HNSCC and is summarized 

in Figure 3. Checkpoint inhibition combined with co-stimulatory pathway agonists is 

predicted to have synergistic effects in terms of promoting potent tumor clearance. One 

promising co-stimulatory molecule is Ox40, which is expressed on the surface of T cells and 

promotes proliferation, IFNγ production, and memory formation [63]. Expression of Ox40 

has been demonstrated on the surface of HNSCC tumor cells and in draining lymph nodes 

[64], but expression of its ligand (Ox40L) is reduced in the tumor and thus this pathway is 

rendered ineffective at generating an antitumor immune response [65,66]. Therefore, 

potential exists to augment the Ox40 pathway in HNSCC with receptor agonists, which are 

currently being tested in this setting in clinical trials (discussed below).

Another co-stimulatory molecule expressed on the surface of activated T cells, NK cells, and 

DCs [67] is 4-1BB (CD137), which is downregulated in HNSCC [66]. In HNSCC treated 

with neoadjuvant cetuximab, 4-1BB expression was enhanced on TILs as well as 

intratumoral NK cells and DCs [68]. CD40 is also expressed on multiple cell types within 

the TME and has many downstream effects which sum to an increased adaptive immune 

response. In HNSCC, CD40 signaling promotes tumoricidal macrophages and is associated 

with lower stage of disease [69,70]. Finally, inducible T cell co-stimulator (ICOS) is 

expressed on activated T cells [71], promotes a Th2 response, and is enriched on the surface 

of CD4+ T cells in HSNCC [66].
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Suppressive Cellular Tumor Infiltrate

The complex interplay of the various immune checkpoint and stimulatory pathways within 

the HNSCC TME occurs in the context of a diverse cellular milieu, a significant component 

of which are immunosuppressive cell populations [22]. Outside of direct effector cell 

suppression, HNSCC regulate and recruit other immune populations capable of modulating 

T and NK cell responses, including Tregs, myeloid-derived suppressor cells (MDSCs), 
tumor-associated macrophages (TAMs), and cancer-associated fibroblasts (CAFs), 
which are discussed below (Figures 1 and 2). Immunomodulation enacted by these various 

cell populations contributes to a tumor-promoted microenvironment. As such, inhibiting the 

recruitment or function of these cellular populations concurrently with other immune or 

nonimmune therapies may have additive effects.

Tregs—Immunosuppressive Tregs (CD4+CD25+FoxP3+) have been discussed in several 

contexts above, demonstrating their salient and ubiquitous role in immune evasion in 

HNSCC. A distinction must be made between natural Tregs, which develop in the thymus 

and are drawn to the TME subsequently, and inducible Tregs, which are naive tumor-

resident T cells that are driven to regulatory status by the cytokine profile within the TME 

[72]. Recruitment of Tregs to the TME occurs via binding of CCR4 on the T cell surface by 

CCL22 produced by the tumor [73] . Interestingly, in melanoma, CCR4 expression is 

preferential for TIL Tregs as compared with peripheral circulating Tregs, supporting the 

importance of this receptor in Treg recruitment [74] . Data from other immunogenic solid 

cancers suggests that Tregs then expand within the TME in an apparently antigen-dependent 

[75] manner with support from IL-2 [76]. Tregs inhibit effector immune cell functions 

primarily through IL-10 and TGF-β [77]. Moreover, Tregs have demonstrated direct NK cell 

and CD8+T cell cytotoxicity through granzyme-B and perforin [78].

MDSCs—MDSCs are a CD11b+CD14+CD33+HLADR− immature myeloid cell population 

with potent immunosuppressive effects in HNSCC [79]. Recruitment of MDSCs to the TME 

occurs through chemotactic stimulus from multiple factors, including granulocyte 

macrophage-colony stimulating factor (GM-CSF), IL-6, IL-10, COX2, IL-1β, IDO, and 

vascular endothelial growth factor (VEGF) [22]. In vitro in HNSCC cell lines, constitutive 

expression of GM-CSF and IL-6 due to upstream genetic mutations have been shown to 

directly promote differentiation of peripheral blood mononuclear cells (PBMCs) into 

MDSCs [80]. Classic mechanisms of MDSC immunosuppression are at play within the 

HNSCC TME, including L-arginine, tryptophan, and cysteine depletion and production of T 

cell inhibitory reactive oxygen species such as peroxynitrate [22]. MDSC production of the 

enzymes arginase 1 (Arg-1) and nitric oxide synthase (iNOS), as well as IDO-mediated 

transformation of tryptophan to kynurenine metabolites, represent key MDSC 

immunosuppressive techniques [22]. The TME is a hostile, hypoxic environment with 

resultant upregulation of hypoxia-inducible factor 1alpha (HIF-1α), which in turn increases 

expression of PD-L1 on other TME-resident immune cells [81]. Another fascinating 

mechanism of MDSC-mediated immunosuppression involves presentation of neoantigen to 

experienced T cells, which results in nitration of the TCR and subsequent inability to be 

stimulated by antigen presenting cells (APCs) [82]. Finally, MDSCs also promote 

activation and expansion of Tregs [73].
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TAMs—TAMs are a prominent member of the TME and their phenotype falls on a spectrum 

from antitumor (M1) to immunosuppressive and thus tumor supporting (M2). M1 TAMs are 

tumoricidal and M2 TAMs secrete tumor growth supporting cytokines [83,84]. In response 

to regulation by HNSCC, M2 TAMs dominate the TME and are associated with poor 

prognosis [85]. Mechanisms of TAM-mediated immunosuppression are similar to that of 

MDSCs [22], including depletion of local nutrients required for T cell function, secretion of 

immunosuppressive cytokines, expression of PD-L1 [44], and recruitment of Tregs [86].

CAFs—Beyond tumor and immune cells, the TME is composed of other supportive stromal 

cells, including fibroblasts. These TME stromal cells, namely CAFs, have distinct tumor-

supporting properties compared with their normal tissue counterparts, by promoting 

angiogenesis, invasion, and metastasis through cytokine and growth factor production 

[87,88]. In HNSCC, CAFs were recently shown to inhibit T cell proliferation via the 

PD-1:PD-L1/2 axis, induce effector T cell apoptosis, and promote differentiation to a Treg 

phenotype [89].

Immunologics as Monotherapy: A Losing Battle?

We have described above a model in which the HNSCC TME is inherently immunogenic 

and provokes an antitumor infiltrate that is ‘primed’ to effectively clear the cancer, but that 

has been effectively subverted by the myriad tumor-mediated immune evasion mechanisms 

as summarized in Figures 1-3. By targeting key immunomodulatory pathways within this 

paradigm, the field of immunotherapy aims to unleash this primed immune response to 

invoke complete rejection of tumor and generate durable responses in patients. It has now 

been nearly 8 years since the first checkpoint inhibitor, ipilimumab (anti-CTLA-4 

monoclonal antibody), demonstrated improved survival in late-stage melanoma patients 

[90]. Since then, checkpoint blockade has demonstrated repeated efficacy as a therapeutic 

option in subsets of patients with a number of solid cancers and has received FDAii approval 

in certain settings for metastatic melanoma, non-small cell lung cancer, renal cell carcinoma, 

Hodgkin lymphoma, urothelial cancer, colorectal cancer, gastroesophageal cancer, 

hepatocellular carcinoma, cervical cancer, and HNSCC [91]. Blockade of the PD-1/PD-L1 

axis has thus far proved most promising for HNSCC, with two FDA approved drugs for 

recurrent/metastatic (r/m) disease and more in the pipeline.

Limited Efficacy of Single-Agent Immunotherapy

Pembrolizumab is a humanized IgG4 monoclonal antibody to the PD-1 receptor. 

Keynote-012 was an open-label, multicenter, Phase Ib trial of pembrolizumab for r/m 

HNSCC [43] that demonstrated an overall response rate of 18% (25% in HPV+ and 14% in 

HPV–). As a result of this study, FDA approval was expedited and pembrolizumab was 

approved as second line for r/m platinum-refractory HNSCC in August 2016. However, 

results of follow-up Phase III trials of pembrolizumab have been mixed, though a clinically 

meaningful benefit was observed [92,93]. Later in 2016, nivolumab was approved by the 

FDA for r/m HNSCC. Nivolumab is another humanized IgG4 anti-PD-1 monoclonal 

iiwww.fda.gov
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antibody, which had previously demonstrated efficacy in multiple tumor types. In the 

landmark open-label, Phase III Checkmate 141 trial, patients with platinum-refractory r/m 

HNSCC were randomized to either receive nivolumab or single-agent, investigator’s choice 

chemotherapy [94] and overall survival was significantly longer with nivolumab at 7.5 

months compared with 5.1 months in the investigator’s choice arm. More recent 

investigation has turned to immune monotherapy as first-line treatment for head and neck 

cancer, and early results are promisingiii.

Unlike PD-1, blockade of CTLA-4 has not proven as efficacious for HNSCC and there are 

no current FDA approvals for this therapy. PD-1 and CTLA-4 blockade in HNSCC were 

reviewed very nicely in a recent publication in this journal and we direct the reader to this 

review for a more thorough discussion [95].

While blockade of the receptor side of the PD-1/PD-L1 axis has been the most studied and 

most successful to this point, targeting the PD-1 binding partner PD-L1 has gained traction 

in recent years. Three anti-PD-L1 antibodies recently gained FDA approval for treatment of 

urothelial cancer [96,97] (atezolizumab, avelumab, durvalumab), non-small cell lung cancer 

(atezolizumab, durvalumab), and Merkel cell carcinoma [98] (avelumab) and are currently 

under investigation in r/m HNSCC. Preliminary analysis of a single arm, Phase II trial for 

durvalumab as monotherapy for r/m HNSCC with high levels of PD-L1 expression 

demonstrated objective response rate of 16.1%, overall survival 7.1 months, and 12-month 

survival rate of 33.6%iv. Similarly, atezolizumab as monotherapy in PD-L1 positive r/m 

HNSCC demonstrated objective response rate of 24%v.

Despite promising results with immunotherapy in HNSCC, there continues to be a majority 

of patients who do not respond to single-agent immunologic drugs and we must not be 

satisfied with improvements in overall survival on the order of months. The multitude of 

immune molecules, receptors, pathways, and cell types at play within the TME and the 

multiple mechanisms of immune escape employed by HNSCC suggest that targeting only 

one may be a losing battle. Rather, combination strategies targeting multiple elements within 

the immune TME simultaneously, with or without traditional treatment modalities, promises 

to be a more successful strategy and has become a recent focus of HNSCC clinical trial 

activity.

Combination Treatment Strategies

In the past, the search for novel cancer therapies sought a ‘silver bullet’, a drug with 

significant efficacy as monotherapy. As the complexity of the immunologic derangements at 

play within the HNSCC TME is elucidated, it has become clear that a multipronged 

approach carries a greater potential for a robust and durable response. By targeting multiple 

immunologic pathways or combining an immunotherapeutic drug with a traditional 

iiihttps://oncologypro.esmo.org/Meeting-Resources/ESMO-2018-Congress/KEYNOTE-048-Phase-3-study-of-first-line-
pembrolizumab-P-for-recurrent-metastatic-head-and-neck-squamous-cell-carcinoma-R-M-HNSCC
ivhttps://oncologypro.esmo.org/Meeting-Resources/ESMO-2017-Congress/Durvalumab-for-recurrent-metastatic-R-M-head-and-neck-
squamous-cell-carcinoma-HNSCC-preliminary-results-from-a-single-arm-phase-2-study
vhttps://oncologypro.esmo.org/Meeting-Resources/ESMO-2017-Congress/ Long-Term-Safety-and-Clinical-Outcomes-of-
Atezolizumab-in-Head-and-Neck-Cancer-Phase-Ia-Trial-Results
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https://oncologypro.esmo.org/Meeting-Resources/ESMO-2017-Congress/Durvalumab-for-recurrent-metastatic-R-M-head-and-neck-squamous-cell-carcinoma-HNSCC-preliminary-results-from-a-single-arm-phase-2-study
https://oncologypro.esmo.org/Meeting-Resources/ESMO-2017-Congress/


treatment strategy, synergistic effects are being observed with better outcomes compared 

with monotherapy. Of the nearly 200 clinical trials underway for HNSCC, the vast majority 

are investigating combination therapies, including combinations of immunologic drugs with 

one another or with other treatment strategies (Figure 4 and Table 1).

Combinations of Classic Checkpoint Inhibitors—The most well studied of these 

combination therapies is PD-1/PD-L1 axis blockade combined with CTLA-4 blockade, as 

this strategy is solidly based in the immune pathophysiology of the TME by targeting both 

cell priming and exhaustion post-chronic stimulation. Indeed, this therapy has demonstrated 

efficacy in melanoma and is currently being studied for r/m HNSCC (NCT02741570vi). 

Notably, immune-related side effects of this regimen are more significant than either therapy 

alone, which must be considered relative to its efficacy.

Combining checkpoint blockade, with its established efficacy and safety, with more novel 

immune-modulating drugs comprises a significant portion of the current clinical trials for 

HNSCC. Classic checkpoint inhibitors, typically PD-1 blockers, are being combined with 

nearly all other strategies, including alternative checkpoint inhibitors, co-stimulatory 

agonists, drugs targeting inhibitory immune cell populations (Tregs, MDSCs, TAMs), 

radiation, chemotherapy, and surgery.

Combinations with Alternative Checkpoint Inhibitors—Numerous monoclonal 

antibodies directed at immune inhibitory pathways outside of the PD-1 and CTLA-4 axes 

are under development. The LAG-3 inhibitor relatlimab (BMS-986016) recently entered 

clinical trials (NCT01968109vii) with or without nivolumab for solid tumors, including r/m 

HNSCC. In a mouse model of HNSCC, blockade of TIM-3 demonstrated promising 

preclinical efficacy [56], prompting two clinical trials evaluating novel TIM-3 inhibitors 

(TSR-022 and MBG43) with or without PD-1 blockade for r/m HNSCC (NCT02817633viii, 

NCT02608268ix). Inhibitors of the other novel inhibitory checkpoint molecules TIGIT, 

BTLA, VISTA, and KIR are also in development and at various points along the refinement 

and clinical trial pipeline in combination with classical checkpoint blockers.

Combinations with Co-stimulatory Agonists—Following treatment of HNSCC with 

cetuximab, 4-1BB is upregulated on NK cells, and stimulation of this pathway supported 

NK cell-mediated tumor cytotoxicity in preclinical models [68]. This has provoked clinical 

trial evaluation of urelumab, an agonistic 4-1BB monoclonal antibody, in combination with 

cetuximab (NCT02110082x) or tremelimumab (NCT02179918xi) for r/m HNSCC. Ox40 

agonists are also under clinical trial evaluation as monotherapy versus combination with a 

4-1BB agonist (NCT02315066xii) or as neoadjuvant presurgical therapy (NCT02274155xiii) 

for solid tumors, including r/m HNSCC.

vihttps://clinicaltrials.gov/ct2/show/NCT02741570
viihttps://clinicaltrials.gov/ct2/show/NCT01968109
viiihttps://clinicaltrials.gov/ct2/show/NCT02817633
ixhttps://clinicaltrials.gov/ct2/show/NCT02608268
xhttps://clinicaltrials.gov/ct2/show/NCT02110082
xihttps://clinicaltrials.gov/ct2/show/NCT02179918
xiihttps://clinicaltrials.gov/ct2/show/NCT02315066
xiiihttps://clinicaltrials.gov/ct2/show/NCT02274155
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CD40 agonistic antibodies and ligands have also been developed and showed some promise 

in melanoma [99], though they have yet to be evaluated in HNSCC clinical trials. Moreover, 

concerns of toxicity, including thromboembolism, cytokine storm, and tumor growth, have 

limited the excitement over this strategy [100]. ICOS agonists are also amidst clinical trial 

evaluation in combination with anti-PD-1, anti-CTLA-4, and classic chemotherapeutics 

(NCT03693612xiv, NCT02904226xv). GITR is expressed on the surface of APCs and CD4+ 

T cells and GITR signaling directly inhibits naïve Treg-mediated immunosuppression and 

demonstrated promising results in preclinical melanoma studies [101,102]. Two anti-GITR 

agonistic antibodies (TRX518 and MEDI1873) have reached clinical trials for solid tumors, 

including r/m HNSCC (NCT02628574xvi, NCT01239134xvii, NCT02583165xviii).

Targeting Tregs—As described above, Tregs exert a marked immunosuppressive effect 

within the TME of HNSCC and have emerged as an enticing target of immunotherapy. 

CD25, the alpha chain of the IL-2 receptor, is constitutively expressed at high levels on the 

surface of Tregs and is necessary for their inhibitory function. However, mixed results were 

observed in clinical studies of CD25 monoclonal antibodies in other cancers, potentially due 

to concomitant depletion of effector T cells in addition to Tregs [103,104].

CCR4 is preferentially expressed on Tregs, making it a promising immunotherapy target as 

well, and support for this hypothesis was demonstrated in T cell leukemia/lymphoma [74] 

and lung/esophageal cancer patients [105] with the anti-CCR4 monoclonal antibody 

mogamulizumab. Clinical trials are underway evaluating mogamulizumab in combination 

with other immunotherapy approaches in solid tumors, including r/m HNSCC 

(NCT02281409xix, NCT02867007xx). CTLA-4, Ox40, and GITR play prominent roles in 

Treg signaling, and their blockade (CTLA-4) or agonism (Ox40, GITR) is also the subject of 

multiple clinical trials (see above).

Targeting MDSCs—Given their important immunosuppressive effects, 

immunotherapeutic strategies targeting MDSCs are the subject of investigation and 

approaches include stimulating differentiation, inhibiting chemotaxis, and metabolic 

inhibition with small molecules. Forcing MDSC differentiation into the mature, APC 

phenotype with 1,25-dihydroxyvitamin D3 (vitamin D) in peripheral blood mitigates their 

suppressive capacity [106]. In combination with celecoxib, vitamin D was shown to induce a 

favorable cytokine profile when given in the neoadjuvant presurgical setting for HNSCC 

(NCT00953849xxi). A majority of MDSCs express the chemotactic receptor CXCR2 and 

most HNSCC tumors express its ligand CXCL1; consequently, drugging this interaction 

reduces MDSC migration into the TME and suppresses tumor growth [107,108]. Small 

molecule inhibitors are being developed and a clinical trial of an anti-CXCR2 monoclonal 

antibody in r/m HNSCC is underway (NCT02499328xxii).

xivhttps://clinicaltrials.gov/ct2/show/NCT03693612
xvhttps://clinicaltrials.gov/ct2/show/NCT02904226
xvihttps://clinicaltrials.gov/ct2/show/NCT02628574
xviihttps://clinicaltrials.gov/ct2/show/NCT01239134
xviii: https://clinicaltrials.gov/ct2/show/NCT02583165
xixhttps://clinicaltrials.gov/ct2/show/NCT02281409
xxhttps://clinicaltrials.gov/ct2/show/NCT02867007
xxihttps://clinicaltrials.gov/ct2/show/NCT00953849
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IDO inhibitors, aimed at restoring tryptophan levels and removing suppressive kynurenine 

metabolites in the TME, are also under investigation (NCT02048709xxiii, 

NCT02327078xxiv, NCT02178722xxv, NCT02559492xxvi), as well as inhibition of STAT3, 

the upstream regulator of IDO (NCT02499328xxii). Disappointingly, IDO inhibitors have 

failed to meet early endpoint criteria and their role in the treatment of head and neck cancer 

may be in jeopardy. Finally, phosphodiesterase 5 inhibitors (e.g., tadalafil) impair MDSC 

functionality by interfering with production of Arg-1 and iNOS. Two placebo-controlled 

Phase II trials of neoadjuvant tadalafil in HNSCC demonstrated enhanced markers of 

antitumor immunity in the treatment groups [109,110], prompting further clinical trials of 

tadalafil in combination with other treatment approaches for HNSCC (NCT02544880xxvii, 

NCT01697800xxviii).

Targeting TAMs—As in MDSCs, targeting chemotaxis of TAMs to the TME is proving a 

promising strategy. TAMs rely on colony-stimulatory factor 1 receptor (CSF1R) binding 

with CSF1 for recruitment to the tumor. Antibody or small molecule blockade of this 

interaction depletes TAM from the TME [111,112] and promotes reprogramming to the 

antitumor M1 phenotype. Two trials combining CSF1R inhibition with PD-1 blockade are 

underway (NCT02452424xxix, NCT02526017xxx). Stimulator of interferon genes (STING) 

type I interferon signaling also provokes M2 TAM conversion to an M1 phenotype [113] and 

may represent an adjunct to other treatment modalities in the future.

Combinations with Radiation—Radiation therapy has been a mainstay as primary or 

adjuvant treatment of HNSCC for decades and is common as a partner with immunotherapy 

in clinical trials. Several local tissue effects of radiation make it an enticing combination 

with immunotherapy, including increasing production of tumor neoantigens due to 

mutagenic stimulation, increased rates of antigen presentation within the TME, increased 

CD8+ T cell killing, and improved cytokine profile due to induction of the inflammatory 

cascade [114]. The result is improved local control due to enhanced immune-mediated 

clearance and abscopal effect to improve immune-mediated control of distant disease. PD-

L1 is also upregulated upon treatment with radiation and it remains to be seen if this will 

dampen the effector immune response or enhance the efficacy of checkpoint blockade. For 

this reason, combination of anti-PD-L1 therapies with radiation is hypothesized to have 

great potential in the treatment of HNSCC. The multitude of ongoing trials combining 

radiation with various combinations of immunotherapy and chemotherapy have been nicely 

summarized recently [38,115].

Combinations with Chemotherapy—Platinum-based chemotherapy plus 5-fluorouracil 

and the targeted agent cetuximab is the standard of care for r/m head and neck cancer (Box 

xxiihttps://clinicaltrials.gov/ct2/show/NCT02499328
xxiii: https://clinicaltrials.gov/ct2/show/NCT02048709
xxivhttps://clinicaltrials.gov/ct2/show/NCT02327078
xxvhttps://clinicaltrials.gov/ct2/show/NCT02178722
xxvihttps://clinicaltrials.gov/ct2/show/NCT02559492
xxvii: https://clinicaltrials.gov/ct2/show/NCT02544880
xxviii: https://clinicaltrials.gov/ct2/show/NCT01697800
xxixhttps://clinicaltrials.gov/ct2/show/NCT02452424
xxxhttps://clinicaltrials.gov/ct2/show/NCT02526017
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1). As such, combining immunologic therapies with these strategies is enticing and often 

necessary for safe and meaningful clinical trial design. The most notable of these currently 

underway is Keynote-048 (NCT02358031iii), which recently reported promising results with 

pembrolizumab included with chemotherapy as first line therapy for r/m HNSCC. Figure 4 

and Table 1 outline the numerous other combination approaches of this type currently under 

investigation.

Combination with Surgery—Surgical resection remains the standard of care for many 

primary HNSCCs, especially of the oral cavity, and little is known about the most 

efficacious and safe method to incorporate immunotherapy with surgical resection. One 

approach is to add immunotherapy in the adjuvant setting following definitive surgical 

resection, analogous to how traditional cytotoxic chemotherapeutics are used. Clinical trials 

are underway comparing immune drugs with standard adjuvant chemotherapy regimens 

(Figure 4 and Table 1). Importantly, immunotherapy is often much more well tolerated than 

traditional cytotoxic chemotherapy and can be used after surgery for patients that cannot 

tolerate the toxic side effects.

Perhaps more promising is the incorporation of immune agents in the neoadjuvant setting 

before surgical resection, a strategy which has several potential benefits. First, tumor 

shrinkage prior to surgery will allow for a less extensive and less morbid procedure, thereby 

improving functional, cosmetic, and psychological patient outcomes. Second, provocation of 

memory antitumor immunity in the host by immunotherapy may improve clearance of 

remnant cancer cells following resection and thus decrease rates of recurrence and 

metastasis. Finally, exposing treatment-naive tumors to single-agent or combination 

immunotherapy drugs creates a unique opportunity to study biomarkers of response to these 

therapies [116]. Untreated biopsy specimens and pathologic surgical resection specimens 

post-immunotherapy would be available to interrogate the microenvironmental changes 

incurred and these studies would provide unparalleled insight into the molecular and cellular 

effects of this therapy. It will then be possible to identify markers or cell populations 

predictive of response. Trials are underway evaluating neoadjuvant presurgical 

immunotherapy (NCT03021993xxxi) and final results are pending, though preliminary 

findings are promisingxxxii,xxxiii.

The immunologic landscape of head and neck cancer is multifaceted and complex. It follows 

that drugging an individual molecular or cellular immune target is destined to fail, as the 

cancer is poised to subvert single-agent approaches by employing one of a plethora of 

alternative immunosuppressive strategies. Therefore, the tumor must be outmaneuvered by 

predicting this failure and rationally designing synergistic therapeutic combinations as 

outlined above.

xxxihttps://clinicaltrials.gov/ct2/show/NCT03021993
xxxii: http://ascopubs.org/doi/abs/10.1200/JCO.2017.35.15_suppl.6012
xxxiii: http://ascopubs.org/doi/abs/10.1200/JCO.2017.35.15_suppl.5504
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Novel Immunologic Therapies for Head and Neck Cancer

We have discussed the great strides that have been made in head and neck cancer treatment 

by drugging the various immunologic pathways at play within the TME and have proposed 

the superiority of combination therapy over monotherapy. As these techniques mature, 

investigators have turned towards development and implementation of even more innovative 

approaches to treating these cancers. Oncolytic viral therapy, vaccine therapies, and 

adoptive cell transfer (ACT) are promising fields that have the potential to play a role in 

the future of HNSCC treatment. Still, each of these novel treatments is unlikely to be 

efficacious in isolation, but rather would benefit from strategic combination with other 

therapies.

Oncolytic Viral Therapy

With their innate ability to invade, replicate, and induce target cell death, viruses possess the 

machinery necessary to kill tumor cells. Oncolytic therapies have the potential to debulk 

large tumors through direct infection and lysis of tumor cells, while additionally stimulating 

an adaptive immune response to eliminate any remnant cancer cells. The onus of current 

research efforts is to engineer either naturally occurring or genetically altered viruses that 

selectively target cancer cells without harming the human host cells. Talimogene 

laherparepvec (TVEC) is derived from herpes simplex virus type 1 and has been engineered 

to selectively replicate in tumor cells and to produce GM-CSF to boost the antitumor 

immune response. In HNSCC, TVEC is the oncolytic viral therapy furthest along the clinical 

development spectrum and demonstrated promising results in the early stage trials 

(including 100% pathologic response in post-treatment neck dissection specimens) [117].

While oncolytic viral strategies often stimulate robust responses in the short term, their long-

term efficacy is limited by upregulation of the PD-1/PD-L1 pathway within the tumor. 

Preclinical melanoma models in which the oncolytic virus produces a soluble form of PD-1 

within the TME have enhanced efficacy over both mono-viral therapy as well as the 

combination of viral therapy with antibody-based PD-1 blockade [118]. For HNSCC, TVEC 

is now under investigation in combination with pembrolizumab in the Phase Ib/III 

MASTERKEY232/KEYNOTE-137 clinical trial (NCT02626000xxxiv). Other oncolytic 

viruses are currently being developed for HNSCC, including those based on re-engineered 

reovirus and adenovirus [119,120]. In the future, local viral production of soluble receptors 

to inhibitory ligands, including PD-1, TIM-3, or LAG-3 (among others) may augment 

efficacy to generate long-term responses for HNSCC patients.

Vaccine Therapy

The benefits of prophylactic vaccination against HPV has been well documented [121,122] 

and multiple vaccines have received FDA approval, including Gardasil® and Cervarix®. 

Current recommendations from the Center for Disease Control and Prevention are for 

routine vaccination of children at age 11 or 12 years (as early as 9) and for vaccination of 

females age 13–26 years and males 13–21 years who were not previously vaccinatedxxxv. 

xxxiv: https://clinicaltrials.gov/ct2/show/NCT02626000
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Additionally, a vaccination strategy targeting the HPV E6 and E7 viral proteins recently 

demonstrated safety and immunologic response [123].

For both HPV– and HPV+ head and neck cancers, therapeutic vaccines represent another 

promising avenue of research. This strategy is based on priming a specific antitumor 

immune response by administering a known tumor neoantigen with immunostimulatory 

support [124]. Multiple delivery methods have been devised, including transfection of the 

neoantigen within an expression plasmid (DNA vaccine), administration of the neoantigen 

itself (peptide vaccine), and cultured human or microbial cells engineered to express the 

neoantigen [125]. Multiple vaccine therapies are under clinical trial assessment for head and 

neck cancer, typically in combination with other immunotherapies [126].

Adoptive Cell Therapy

ACT is a treatment strategy in which tumor-specific T cells are expanded ex vivo and then 

returned to the patient to kill tumor cells and theoretically generate long-lasting memory 

against recurrence. Given the high recurrence rates in HNSCC, ACT is a highly promising 

modality for improving patient responses beyond the often transient effects of immunologic 

monotherapy. To generate tumor-specific T cell products, T cells with endogenous tumor-

specificity can be expanded from the tumor site (TILs), or peripheral blood T cells can be 

engineered with tumor-specificity ex vivo via a TCR or chimeric antigen receptor (CAR) 
[127]. This therapeutic modality has demonstrated marked success in several hematologic 

malignancies, yielding FDA approval for CD19-based CAR T cells in acute lymphocytic 

leukemia and diffuse large B cell lymphoma [128]. However, several significant road blocks 

remain as this technology is transitioned into solid tumors such as HNSCC, including 

overcoming the suppressive nature of the TME and augmenting the ability of the T cells to 

migrate to and invade the tumor [128]. Clinical trials are underway currently of autologous 

TIL therapy (NCT03083873xxxvi), TCR-engineered T-cells (NCT03247309xxxvii), and 

CAR T cell therapy (NCT01818323xxxviii) for HNSCC.

Early results with these revolutionary avenues of head and neck cancer treatment are 

exciting. However, these therapies are in their infancy and our enthusiasm must be tempered 

until safe, durable, and reproducible efficacy is documented.

Concluding Remarks

We are amidst a paradigm shift in the treatment of head and neck cancer. Despite state-of-

the-art comprehensive treatment approaches, including surgery, radiation, and chemotherapy, 

rates of recurrence and overall survival have not improved over the past several decades. 

Therefore, it is clear that novel treatment strategies for this cruel disease are desperately 

needed and immunotherapy has emerged as a promising alternative. Despite the ongoing 

enthusiasm, a significant proportion of patients are not responsive to single-agent 

xxxvwww.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hpv.html
xxxvi: https://clinicaltrials.gov/ct2/show/NCT03083873
xxxvii: https://clinicaltrials.gov/ct2/show/NCT03247309
xxxviii: https://clinicaltrials.gov/ct2/show/NCT01818323
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immunologics and we must be proactive to continue to identify mechanisms of treatment 

failure and devise strategies to overcome them.

Subverting immunologic tolerance in head and neck cancer by combination therapy has 

solid theoretical rationale, as outlined above, and has proven effective in early studies. 

However, a deeper understanding of immune evasion mechanisms is warranted to identify 

the most effective combinations. One can imagine that the future of immunotherapy for head 

and neck cancer will be personalized [129], wherein particular immunologic derangements 

are identified in biopsy or peripheral blood specimens for a given patient and combinations 

of therapy are chosen based on their tumor’s unique repertoire of immune escape tactics. It 

remains to be seen which approach will prove most fruitful (see Outstanding Questions), but 

what is certain is that the immune system will play a central role in the future of head and 

neck cancer treatment.

Glossary

Adoptive cell transfer (ACT):
a treatment strategy in which tumor-specific T cells are expanded ex vivo and then returned 

to the patient to kill tumor cells and generate long-lasting memory.

Antigen presenting cell (APC):
a cell that processes a protein antigen and presents it to T cells in the context of MHC 

molecules.

Cancer-associated fibroblast (CAF):
nonmalignant stromal cells within the tumor microenvironment with a largely tumor-

supporting phenotype.

Chimeric antigen receptor (CAR):
recombinant T cell receptor designed to recognize tumor antigen and rapidly generate 

tumor-targeted T cells.

CytotoxicT lymphocyte antigen 4 (CTLA-4):
classic immune checkpoint molecule which competes with CD28 for CD80/86 binding and 

causes immunosuppression; target of the monoclonal antibodies ipilimumab and 

tremelimumab.

Dendritic cells (DCs):
a subset of APCs that are uniquely suited for antigen presentation.

Human leukocyte antigen (HLA):
the gene complex encoding the MHC. HLAs DP, DM, DO, DQ, and DR encode MHC class 

II.

Human papilloma virus (HPV):
sexually transmitted virus with many subtypes, type 16 and 18 were recently associated with 

increasing rates of oropharyngeal cancer
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Major histocompatibility complex class II (MHCII):
molecules expressed on the surface of APCs that function to present extracellular antigen to 

target cells. They play a prominent role in presentation of tumor neoantigen to immune cells.

Myeloid-derived suppressor cells (MDSC):
an immature subset of heterogeneous myeloid cells with potent immunosuppressive 

properties.

Natural killer (NK) cells:
cytotoxic immune cell of the innate immune system, the effector arm of antibody-dependent 

cell-mediated cytotoxicity

Neoantigen:
protein product expressed by tumor cells that is distinct from any host protein and serves as 

a unique target for the adaptive immune response to cancer.

Programmed death 1 (PD-1):
classic immune checkpoint molecule which binds with PD-L1/L2, causing 

immunosuppression via reduced TCR signaling, reduced cytokine production, reduced target 

cell lysis, altered lymphocyte motility, and metabolic reprogramming, in addition to 

inducing differentiation to Tregs; target of the monoclonal antibodies nivolumab and 

pembrolizumab.

Recurrent/metastatic (r/m):
reappearance of a previously treated cancer at the primary site, locoregional draining lymph 

nodes, or distant end-organs that requires new treatment.

RegulatoryT cells (Tregs):
subset of T cells with potent immunosuppressive properties, characterized by FoxP3 and 

CD25 expression.

Tumor-associated macrophages (TAM):
class of immune cells present in the microenvironment with variable antitumor (M1) or 

tumor-promoting (M2) phenotype.

T cell receptor (TCR):
surface molecule on T cells responsible for recognizing antigen in the context of MHC.

Tumor infiltrating lymphocytes (TIL):
lymphocytes that have migrated into the TME.

Tumor microenvironment (TME):
the physical milieu in which a tumor exists, including tumor cells, blood vessels, immune 

cells, stromal cells, extracellular matrix, and signaling molecules.
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Highlights

A central role for immunotherapy in the management of head and neck cancer is 

emerging as a result of the elevated inflammatory state of its microenvironment.

Head and neck cancer hijacks numerous molecular and cellular immunomodulatory 

pathways to evade recognition and eradication by host immunity.

To date, only transient responses to single-agent immune checkpoint blockade have been 

observed in head and neck cancer or durable response only in a minority of patient 

subsets.

Combination treatment strategies targeting multiple immunologic pathways in 

conjunction with traditional approaches such as radiation or surgery may induce more 

robust and durable responses to immunotherapy in head and neck cancer.
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Box 1.

Current Management of Head and Neck Cancer

Diagnosis

Radiographic imaging (to include primary tumor, nodal drainage pathways, and distant 

pulmonary sites) and tissue sampling for pathologic diagnosis are the initial steps taken 

when encountering a new head and neck tumor. As treatment varies based on location, 

identifying the specific subsite of origin is of utmost importance (Figure I). Clinical 

assessment of the primary tumor (T stage), nodal disease (N stage), and distance 

metastasis (M stage) based on American Joint Committee on Cancer guidelines follows 

and guides treatment decision-making and prognosis [130].

Primary Treatment

For tumors of the oral cavity, extirpative surgical resection with neck dissection when 

indicated is the treatment of choice, with the goal being complete surgical cure with 

negative margins. This is an anatomically complex region with obvious speech, 

swallowing, and airway morbidity; extensive reconstruction is often necessary. For cancer 

of the oropharynx, primary radiotherapy is the therapeutic modality of choice, with 

treatment of the neck as indicated. Alternatively, trans-oral surgical resection of the tumor 

also provides similar outcomes and this option is typically offered to patients. For larger 

tumors (T3 or T4), concurrent primary chemoradiation is employed if surgical resection 

is deferred. In primary laryngeal/hypopharyngeal cancer, the modus operandum is 

preservation of function (voice and swallowing). Though the treatment algorithms for 

these anatomic regions and their subsites are complex, in general, small early lesions can 

be treated with primary radiotherapy or minimally invasive surgical extirpation. For 

larger lesions, primary chemoradiation or more aggressive surgical resection are 

necessary, both of which sacrifice functional outcomes.

Adjuvant Treatment

Postoperative radiation therapy is frequently employed for high-risk cohorts, including 

those with large tumors (T3 or T4), positive surgical margin, presence of lympho-

vascular or perineural invasion, N2 or greater nodal disease, and gross extracapsular 

extension. Additionally, positive surgical margins or extracapsular extension are an 

indication for the addition of adjuvant chemotherapy in addition to radiation.

Recurrent/Metastatic Disease

Treatment options for recurrent HNSCC are often limited, as effects from previous 

treatments place patents at high risk for complications if salvage surgery or re-irradiation 

are attempted (e.g., life-threatening airway compromise or carotid-cutaneous fistula with 

exsanguination). Thus, systemic chemotherapeutic avenues are typically employed. In the 

case of distant metastasis, the disease is considered incurable and only chemotherapy is 

offered. The first line systemic chemotherapeutic protocol includes cisplatin or 

carboplatin plus 5-fluorouracil plus cetuximab [131].
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Outstanding Questions

Which subsets of patients are most suited for immunotherapy as part of combination 

treatment approaches (i. e., primary vs recurrent/metastatic, oral cavity vs oropharynx vs 

larynx/ hypopharynx, HPV positive vs HPV negative)?

Can biomarkers of response (tumor mutational burden, PD-L1 expression) be validated to 

better stratify patients into categories of potential response?

Which combinations of immunotherapy will prove the most efficacious?

What is the safety and adverse event profile of the various combinations of therapy?

What is the best strategy to combine immunotherapy with traditional treatments? Should 

immunotherapy be given in the neoadjuvant or adjuvant setting relative to surgery and/or 

radiation? Should immunotherapy be given concurrently with chemotherapy or targeted 

agents such as cetuximab?

How will more novel immune-based treatments such as oncolytic viruses, vaccines, and 

adoptive cell transfer be incorporated into the evolving treatment paradigm of head and 

neck cancer?
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Figure 1. Immune Tumor Microenvironment of Head and Neck Cancer.
The final balance of favorable and unfavorable immune elements within the tumor 

microenvironment of head and neck cancer determines the inflammatory state of the tumor. 

ADCC, antibody-dependent cell-mediated cytotoxicity; APC, antigen presenting cell; CAF, 

cancer-associated fibroblast; MDSC, myeloid-derived suppressor cell; MHC, major 

histocompatibility complex; NK, natural killer; ROS, reactive oxygen species; TAM, tumor-

associated macrophage; TCR, T cell receptor; TIL, tumor infiltrating lymphocyte; Treg, 

regulatory T cell.
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Figure 2. Immune Evasion by Head and Neck Cancer.
Head and neck cancer employs multiple mechanisms of immune escape, broadly divided 

into four categories. (A) Tumor-derived soluble factors emitted by cancer cells have direct 

immunosuppressive effects, including induction of T cell apoptosis. (B) Upregulation of 

inhibitory checkpoint molecules such as PD-1 and CTLA-4 impair memory T cell priming 

and promote exhaustion in the context of chronic stimulation. (C) Impaired co-stimulatory 

signaling prevents potent activation of antitumor immunity. (D) Recruitment of suppressive 

cell populations further establishes the immune inhibitory status of the microenvironment. 

APC, Antigen presenting cell; CTLA-4, cytotoxic T lymphocyte antigen 4; GM-CSF, 

granulocyte macrophage-colony stimulating factor; IL, interleukin; MDSC, myeloid-derived 

suppressor cell; PD-1, programmed death 1; TAM, tumor-associated macrophage; Treg, 

regulatory T cell.
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Figure 3. Targetable Immunomodulatory Pathways in Head and Neck Cancer.
Inhibitory and co-stimulatory immune axes are prominent within the head and neck cancer 

microenvironment and interactions between receptor and ligand represent therapeutic 

targets. Antagonistic drugs to inhibitory pathways and agonistic drugs to co-stimulatory 

pathways are the subject of numerous clinical trials and are listed near their target receptor 

where applicable. APC, Antigen presenting cell; GITR, glucocorticoid-induced TNFR-

related protein; HVEM, herpes virus entry mediator; ICOS, inducible T cell co-stimulator; 

LAG-3, lymphocyte activating gene 3; MHC, major histocompatibility complex; PD-1, 

programmed death 1; PVR, poliovirus receptor; TIGIT, T cell Ig and ITIM domain; TIM-3, 

T cell immunoglobulin and mucin domain-containing 3; VISTA, V-domain Ig suppressor of 

T cell activation; BTLA-4, B- and T-lymphocyte attenuator 4.

Horton et al. Page 30

Trends Cancer. Author manuscript; available in PMC 2020 June 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. Combination Immunotherapy Clinical Trials in Head and Neck Cancer.
Of the nearly 200 clinical trials underway evaluating immunotherapy in head and neck 

cancer, the vast majority include combinations of therapy. Larger colored circles represent 

major treatment modalities in head and neck cancer. Smaller black circles at the nexus of 

multiple treatment modalities represent a unique combination treatment strategy under 

clinical trial evaluation. Numbers within the small black circles correspond to the numbers 

listed in the leftmost column of Table 1, where NCT numbers of active clinical trials (as of 

November 1, 2018) are listed. For example, number 45 in the upper left-most small black 

circle indicates the combination of CTLA-4 blockade with radiation and targeted 

chemotherapy and row 45 of Table 1 lists the corresponding clinical trials. ACT, Adoptive 

cell transfer; Alt CP, alternative checkpoint molecule; Chemo, chemotherapy; Co-stim, co-

stimulatory pathway agonist; CTLA-4, cytotoxic T lymphocyte antigen 4; MDSC, myeloid-

derived suppressor cell; Novel, novel immunologic treatment strategy; PD-1, programmed 

death 1; Targeted, target molecular therapy such as an epidermal growth factor receptor 

inhibitor; TAM, tumor-associated macrophage; Treg, regulatory T cell.
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Figure I. Head and Neck Cancer Subsitesxxxix (for the National Cancer Institute © 2019, Terese 
Winslow LLC, US Govt. has certain rights).

xxxix: www.teresewinslow.com
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Table 1.

Clinical Trials of Immunologics for Head and Neck Cancer

Immunotherapy
treatment strategy

Not yet recruiting Recruiting Active, not recruiting

1
a PD-1

NCT02841748 NCT02644369

NCT02769520

NCT02358031

NCT02255097

NCT02252042

NCT02207530

NCT02105636

2 PD-1 + surgery

NCT03021993

NCT03355560

NCT03565783

3 PD-1 + chemo

NCT03193931

NCT03058289

NCT02718820

4 PD-1 + radiation

NCT03715946 NCT03521570 NCT02707588

NCT03589339 NCT03511391 NCT02609503

NCT03546582

NCT03402737

NCT02318771

NCT03317327

NCT03313804

NCT03187314

NCT03085719

NCT03057613

NCT02289209

NCT03386357

NCT02684253

5 PD-1 + targeted therapy

NCT03695510 NCT03575598 NCT02538510

NCT03655444 NCT03468218

NCT02454179

NCT03652233 NCT03370276

NCT03650764 NCT03245489

NCT03646461

NCT03207867

NCT03082534

NCT03000257

NCT02834247

NCT02646748

NCT02637531

NCT02575404

6 PD-1 + CTLA-4 NCT03406247

NCT03620123

NCT02823574
NCT03517488

NCT02919683

NCT02741570

7 PD-1 + co-stimulatory agonist NCT02376699 NCT02335918
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Immunotherapy
treatment strategy

Not yet recruiting Recruiting Active, not recruiting

NCT02904226 NCT02179918

8 PD-1 + alternative checkpoint inhibitor NCT03625323

NCT02475213

NCT03341936

NCT02628574

NCT02608268

NCT01968109

9 PD-1 + MDSC pathway

NCT03463161 NCT02327078

NCT03463161
NCT02178722

NCT02903914

10 PD-1 + TAM pathway
NCT02526017

NCT02452424

11 PD-1 + novel immunologic strategy

NCT03690986

NCT02521870NCT03684785

NCT03593226

12 PD-1 + vaccine NCT03049618

13 PD-1 + oncolytic virus NCT02636036 NCT02626000

14 PD-1 + chemo + radiation

NCT03383094 NCT03576417

NCT02819752 NCT03532737

NCT03480672

NCT03040999

NCT02777385

NCT02759575

NCT02586207

15 PD-1 + chemo + MDSC pathway NCT03085914

16 PD-1 + CTLA-4 + radiation NCT03162731

17 PD-1 + surgery + chemo NCT03342911

18 PD-1 + surgery + radiation NCT03247712

19 PD-1 + surgery + MDSC pathway NCT03325465 NCT03238365

20 PD-1 + surgery + CTLA4
NCT03700905

NCT03003637

21 PD-1 + surgery + chemo + radiation NCT03721757
NCT02641093

NCT02296684

22 PD-L1

NCT03212404

NCT03452137

NCT02892201

23 PD-L1 + surgery NCT02827838

24 PD-L1 + chemotherapy NCT03723967 NCT02997332 NCT03409458

25 PD-L1 + targeted therapy NCT03618654

NCT03691714

NCT03498378

NCT03494322

NCT03170960
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Immunotherapy
treatment strategy

Not yet recruiting Recruiting Active, not recruiting

26 PD-L1 + CTLA-4

NCT02551159

NCT02369874

NCT02319044

27 PD-L1 + co-stimulatory agonist NCT02554812

28 PD-L1 + MDSC pathway
NCT02499328 NCT03358472

NCT03343613 NCT02318277

29 PD-L1 + TAM pathway NCT02554812

30 PD-L1 +vaccine

NCT03289962

NCT03260023

NCT03162224

31 PD-L1 + CTLA-4 + radiation

NCT03450967 NCT03529422

NCT03426657

NCT03522584

NCT03283605

NCT03212469

NCT03624231

32 PD-L1 + CTLA-4 + chemo
NCT03518606

NCT03019003

33 PD-L1 + CTLA-4 + novel immunologic strategy NCT03381183

34 PD-L1 + CTLA-4 + targeted therapy NCT02586987

35 PD-L1 + chemo + surgery NCT03174275

36 PD-L1 + chemo + radiation NCT03673735 NCT02952586

37 PD-L1 + surgery + radiation NCT03635164

38 PD-L1 + surgery + TAM pathway NCT03708224

39 PD-L1 +targeted therapy + vaccine + chemo NCT03169764

40 PD-L1 +targeted therapy + radiation NCT03051906
NCT02999087

NCT02938273

41 PD-L1 + chemo + radiation + CTLA-4 NCT03509012

42 CTLA-4 NCT02812524

43 CTLA-4 + co-stimulatory agonist NCT03693612 NCT02904226

44 CTLA-4 + targeted therapy NCT03098160

45 CTLA-4 + targeted + radiation
NCT01935921

NCT01860430

46 CTLA-4 + novel immunologic strategy NCT03690986

47 Alternative checkpoint inhibition NCT02583165

NCT02817633

NCT01391143

NCT02628574

NCT02608268

NCT01968109

NCT01239134

48 Alternative checkpoint inhibition + targeted 
therapy NCT02643550

49 Co-stimulatory agonist
NCT03329950 NCT02482168

NCT02315066 NCT02274155
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Immunotherapy
treatment strategy

Not yet recruiting Recruiting Active, not recruiting

NCT02904226

NCT02315066

50 Co-stimulatory agonist + surgery NCT03336606

51 Co-stimulatory agonist + targeted therapy NCT02110082

52 Novel immunologic strategy

NCT03665285 NCT02422979

NCT03515824
NCT01946789

NCT00967577

53 Novel immunologic strategy + targeted therapy NCT02627274 NCT01468896

54 MDSC pathway NCT01697800
NCT00953849

NCT02048709

55 MDSC pathway + targeted therapy NCT02559492

56 MDSC + targeting
Tregs NCT02867007

57 Targeting Tregs NCT03621982 NCT02281409

58 Vaccine NCT02624999

NCT02999646

NCT02960594

NCT02865135

NCT02573259

NCT02544880

NCT02423863

NCT03552718

59 Vaccine + surgery NCT02002182

60 Oncolytic virus
NCT02576665

NCT01846091

61 ACT

NCT03645928

NCT02366546

NCT03319459

NCT03247309

NCT03132922

NCT03083873

NCT02989064

NCT01818323

62 ACT + chemo NCT02096614

63 ACT + targeted therapy NCT02507154

a
Far left column number links to numbers in small black circles in Figure 4.
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