
https://doi.org/10.1007/s40136-021-00384-0

HEAD AND NECK: HUMAN PAPILLOMA VIRUS ASSOCIATED HEAD AND NECK 
SQUAMOUS CELL CARCINOMA (WK MYDLARZ AND C FAKHRY, SECTION EDITORS)

Immune Landscape and Role of Immunotherapy in Treatment 
of HPV‑Associated Head and Neck Squamous Cell Carcinoma (HNSCC)

Hannah R. Turbeville1 · Tiffany A. Toni2 · Clint Allen2 

Accepted: 26 November 2021 
This is a U.S. government work and not under copyright protection in the U.S.; foreign copyright protection may apply 2022

Abstract
Purpose of Review  To review and summarize recent findings on the immune system constituents relevant to the development, 
proliferation, and treatment of human papillomavirus (HPV)-associated head and neck squamous cell carcinoma (HNSCC), 
focusing on experimental therapies currently in testing or development.
Recent Findings  HPV-associated HNSCC exhibits an inflamed phenotype targeted at HPV-specific antigens that may con-
tribute to improved survival over HPV-negative HNSCC. Combinations of immunotherapy such as immune checkpoint 
inhibition and therapeutic vaccination take advantage of the underlying potential for T cell recognition of HPV-specific 
antigens to improve overall and progression-free survival.
Summary  Understanding the interaction between immune cell populations and cancer cells in the tumor microenvironment 
of HPV-associated squamous cell carcinoma allows for the development of novel immunotherapy options for this disease. 
Experimental therapies currently being studied include immune checkpoint inhibition, therapeutic vaccines, and adoptive cell 
transfer. A combination of immunotherapies or immunotherapy with conventional chemotherapy may be the most effective 
option to induce clinical response and improve overall survival.

Keywords  Human papillomavirus · Head and neck squamous cell carcinoma · Immune checkpoint blockade · Therapeutic 
vaccine · Cell therapy · Immunotherapy

Introduction

Head and neck squamous cell carcinoma (HNSCC) 
include a diverse collection of malignancies at multi-
ple anatomic sites including the oral cavity, pharynx, 

and larynx. High-risk human papillomavirus (HPV), 
particularly HPV type 16, is epidemiologically and bio-
logically linked to the development of cancer, primarily 
in the oropharynx. The specific reason underlying the 
ability of HPV to induce chronic infection and malig-
nant transformation in the mucosa overlying tonsillar 
tissue to a greater extent than the mucosa from other 
head and neck sites is incompletely understood. Eighty 
percent (80%) or more of all oropharyngeal squamous 
cell carcinoma (OPSCC) appears to be HPV driven [1, 
2]. OPSCC is now the most common HPV-associated 
malignancy in the USA, surpassing the incidence of 
HPV-associated cervical cancer [3]. HPV association 
confers a favorable prognosis in OPSCC. Recent stud-
ies demonstrated a three-fold reduction in cancer associ-
ated mortality [4] and a 51% risk reduction in relapse or 
death [5] leading to superior 5-year locoregional control 
and overall survival for patients with HPV-associated 
as compared to HPV-negative OPSCC (Table 1). Given 
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the differing prognosis between HPV-associated and 
HPV-negative oropharyngeal cancer, the American 
Joint Committee on Cancer (AJCC) 8th edition stag-
ing system differentiates HPV-associated OPSCC as a 
separate entity [6••]. HPV infection may be detected at 
lower frequencies in HNSCCs outside the oropharynx, 
but HPV-positivity does not predict effective treatment 
nor confer a survival advantage in these settings [7] 
suggesting that the low-level positivity may represent 
“passenger infections.” The underlying reasons contrib-
uting to an enhanced response to standard anti-cancer 
treatment and survival observed in HPV-associated 
OPSCC remain under investigation but may involve dif-
fering mutation profiles between HPV-associated and 
HPV-negative OPSCC. HPV-associated OPSCC rarely 
harbors mutated TP53, and functional TP53 is critically 
important for cell death following exposure to chemo-
therapy and radiation. Another possibility is that tumor 
cells within HPV-associated OPSCC are more antigenic 
on account of expression of HPV viral antigens [8, 9]. 
Given the possibility of enhanced tumor cell antigenicity 
and immunogenicity, there is substantial clinical inter-
est in immunotherapy as a treatment option for HPV-
associated OPSCC. Understanding the different forms 
of immunotherapy being studied for HPV-associated 
OPSCC necessitates a foundational understanding of 
the immune cell populations involved in the detection 
and elimination of virally infected malignant cells. This 
review will summarize the function of immune cell pop-
ulations in the context of the tumor microenvironment 

and examine recent literature on immunotherapy-based 
interventions for HPV-associated OPSCC.

Clinical Significance of HPV Status in HNSCC

Given the favorable prognosis following standard anti-cancer 
treatment observed with HPV-associated OPSCC, recent 
clinical studies have focused on either de-intensification of 
chemotherapy and radiation regimens or replacement with 
less toxic treatments in an attempt to avoid short- and long-
term toxicity while maintaining equivalent oncologic control 
[10]. A randomized phase III study of subjects with HPV-
associated OPSCC who did not smoke compared treatment 
with cisplatin or the EGFR monoclonal antibody cetuximab 
combined with radiation. Cetuximab plus radiation treatment 
did not significantly improve toxicity and was associated 
with worse oncologic control of disease [11]. Thus, based 
on current clinical data, systemic cisplatin should not be 
replaced with cetuximab for the treatment of HPV-associated 
HNSCC. Other approaches aimed at deintensification of radia-
tion are being clinically studied, with the aims of reducing 
long-term tissue fibrosis and dysphagia. Initial results from 
the ECOG 3311 study exploring the utility of dose-reduced 
post-operative radiotherapy indicate that similar oncologic 
control and reduced toxicity was observed in patients that 
received 50 Gy compared to 60 Gy[12]. These encourag-
ing results are being further explored in additional studies; 
DART-HPV (NCT02908477) and DELPHI (NCT03396718) 
are examples of ongoing clinical studies where investigators 

Table 1   Comparison of HPV-positive and HPV-negative OPSCC

HPV-associated OPSCC HPV-negative OPSCC

Patient population Highest in white males < 55 yoa, nonsmokers Highest in nonwhite males > 55 yoa with tobacco/
alcohol use

Treatments used Standard of care chemoradiation, immunotherapy for 
relapses

Standard of care chemoradiation

Prognosis Higher overall and progression free survival Lower overall and progression free survival
Incidence Increasing Decreasing
Stage at diagnosis T1–2 with nodal metastases Variable
Tumor location Base of tongue, tonsil All sites
Histological morphology Nonkeratinizing, basaloid, lymphoepithelial, or poorly 

differentiated
Moderately differentiated keratinization

TP53 Status Wild-type TP53 targeted by HPV E6 Mutated TP53
Overall immune cell infiltration Higher Lower
T cell population High total T cell/Treg ratio Low total T cell/Treg ratio
Myeloid derived suppressor cells Similar Similar
Dendritic cells Higher Lower
Macrophages More pro-inflammatory M1 macrophages More uncommitted (M0) and anti-inflammatory M2 

macrophages
Neutrophils Lower Higher
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aim to determine if lower radiation doses can be used to treat 
HPV-associated OPSCC. The hypothesis that HPV-associated 
OPSCC harbors strong T cell viral antigens and thus is highly 
antigenic raises the possibility that immunotherapy could be 
used in lieu of or as an adjuvant to de-intensified standard of 
care treatment.

Role of the Immune System in Oncogenesis 
and Tumor Proliferation

As the genotype of cancer cells gradually diverges from 
those of the surrounding normal cells through accumulation 
of genomic alterations via genomic instability or APOBEC 
mutagenesis, antigens are created that can be recognized by 
the immune system [13, 14]. In HPV-associated malignan-
cies, mutations may arise due to genomic instability inherent 
to malignant cells, or though activity of an endogenous anti-
viral cellular response that introduces mutations into HPV 
and host DNA and RNA called apolipoprotein B mRNA edit-
ing enzyme, catalytic polypeptide-like, or APOBEC. These 
immune system targets include tumor-specific neoantigens 
and tumor-associated antigens comprised of differentiation, 
cancer testes, and overexpressed normal antigens [15, 16]. 
Tumor antigens, if naturally processed and presented on cell 
surface HLA molecules by the tumor cell’s antigen presenta-
tion machinery, can be detected by cytotoxic T cells (CTLs) 
[17]. CTLs can then kill virally infected tumor cells through 
T cell receptor (TCR) detection of tumor cell surface HLA-
antigen complexes. A positive correlation exists between an 
increased number of predicted neoantigens, tumor homoge-
neity, and progression-free survival (PFS) in several cancer 
types [18]. This indicates that tumors which harbor more 
neoantigens expressed across all tumor cell subpopulations 
respond best to immunotherapy. The ability of the immune 
system to recognize antigens and eliminate the corresponding 
malignant cells through antigen presentation, priming and 
infiltration of T cells, and cell death (leading to additional 
antigen release, perpetuating this process) has been termed 
the cancer-immunity cycle [19].

Constitutive expression of HPV16 E6, E7, and possible 
expression of other early oncogenic genes, depending on 
the status of HPV integration into the host genome, may 
make it more antigenic than its HPV-negative counter-
part [8]. Naturally processed and presented T cell anti-
gens restricted to HLA-A*02 have been identified for both 
HPV16 E6 and E7, and it is likely that other T cell anti-
gens restricted to other HLA alleles exist [20]. Expression 
of these antigens known to be naturally processed and pre-
sented suggests that strong viral antigens may be present 
in every HPV-associated HNSCC. Yet clearly these tumors 
escape anti-tumor immunity and progress in many cases. 

Multiple mechanisms have been described that facilitate 
immune evasion. One process termed “immunoediting” 
describes the selection of tumor cells clones best able to 
escape T cell detection and elimination through loss of 
one or more components of interferon response or anti-
gen expression, processing, or presentation [21, 22]. In a 
progressing tumor, the tumor subclones remaining have 
escaped T cells through genetic or epigenetic mechanisms 
and are able to progress. Loss of function mutations or 
epigenetic loss of expression in JAK and STAT proteins, 
interferon receptors, and loss of heterozygosity of HLA 
molecules have all been described as mechanisms that 
contribute to T cell escape [23–25].

Independent of the selection of tumor cell clones more 
resistant to immune detection, several mechanisms of 
immune escape driven by the tumor microenvironment 
(TME) exist. Physical barriers to effective T cell immu-
nity exist within the TME including hypoxia, low pH, 
high interstitial pressure, and a lack of nutrients needed 
for immune cell function [26, 27]. Additionally, adap-
tive immune resistance refers to the interferon inducible 
expression of programmed death-ligand 1 (PD-L1) on 
tumor and stromal cells, which in turn binds programmed 
death receptor-1 (PD-1) expressed on activated T cells. PD-
pathway activation is an inhibitory signal for activated T 
cells. Thus, activated IFN producing T cells can self-induce 
anergy through PD-1 expression. Tumors take advantage 
of this negative feedback loop designed to help prevent 
uncontrolled immune activation. Expression of cytotoxic 
T-lymphocyte antigen-4 (CTLA-4) on tumor infiltrating 
immune cells can occur independently of adaptive immune 
resistance, but also contributes to an exhausted T cell phe-
notype unable to exert effective anti-tumor immunity [17, 
28]. Monoclonal antibodies that block the binding and 
function of PD-1, PD-L1, and CTLA-4 are the basis of 
Food and Drug Administration–approved immune check-
point blockade (ICB) immunotherapy [29••, 30, 31]. Yet 
best current laboratory and clinical evidence suggests that 
ICB can only unleash pre-existing antigen-specific T cells 
that are being functionally suppressed by the interaction 
of immune checkpoint proteins. There is no evidence that 
ICB activates new antigen-specific immune responses. This 
explains why the subset of patients most likely to respond 
beneficially to ICB immunotherapy harbors tumors that 
are already immune inflamed at baseline [32]. However, 
more than half of all relapsed HNSCC demonstrate evi-
dence of immune inflammation and clinical responses rates 
for ICB are 25% or less in most studies. There are clearly 
diverse mechanisms of immune escape beyond expression 
of immune checkpoints that likely contribute to therapeutic 
resistance observed with ICB. Enhancement of anti-tumor 
immunity “beyond immune checkpoint blockade” is now a 
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major research focus, with utilization of novel therapeutic 
approaches designed to expand or replace HPV-specific T 
cell immunity.

Immune Cell Populations, Distribution, 
and Activity Profiles in HPV‑Associated 
OPSCC

Components of the local tumor microenvironment (TME) 
include stromal cells, infiltrating immune cells, extracellular 
matrix (ECM) proteins, and physical/chemical parameters. 
The interaction between these components creates a unique 
environment that contributes to tumor proliferation and resist-
ance to treatment strategies [27]. Overall, HPV-associated 

OPSCC harbors more immune infiltration than HPV-negative 
HNSCC (Table 1; Fig. 1A) [33]. Recently, Cillo et al. dem-
onstrated that populations of CD8 + T cells and regulatory 
T cells (Tregs) in both HPV-associated and HPV-negative 
HNSCC have many shared characteristics, whereas other 
immune cell populations (conventional CD4 + T cells, B 
cells, and myeloid cells) are more divergent [34]. It is pos-
sible that the presence of viral antigens priming differential 
immune responses through antigen presenting cells is a core 
mechanism underlying these differences [34, 35].

T‑lymphocytes

T cells are the major effector cell type for anti-tumor immune 
responses. Many clinical studies use quantification of T cell 

Fig. 1   Immunotherapy approaches under investigation to harness the 
immune inflamed phenotype of HPV-associated head and neck can-
cer. HPV-associated HNSCC has a relatively immune-inflamed phe-
notype. A HPV-associated HNSCC has a larger proportion of den-
dritic cells, T cells, and M1 macrophages present within the tumor 
microenvironment as compared to HPV-negative HNSCC, which 
harbors larger numbers of neutrophils and uncommitted or M2 mac-
rophages. B Novel immunotherapy approaches for the treatment 
of HPV-associated HNSCC include immune checkpoint blockade, 

therapeutic cancer vaccines, and cellular therapy. Immune checkpoint 
blockade utilizes antibodies that inhibit T cell suppressive signal-
ing. Therapeutic cancer vaccines introduce antigens to prime T cells 
against the tumor and can be peptide, live vector, nucleotide, or cell-
based. Finally, cellular therapy introduces autologous T cells with or 
without an engineered T cell receptor or chimeric antigen receptor 
that are reinfused back into the patient after expansion. Created with 
BioRender.com
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infiltration and effector function as an endpoint for demon-
strating therapeutic efficacy. This typically includes histo-
logic evaluation of T cell localization as well as functional 
assays such as production of cytokines including interferon-γ 
(IFN-γ) and tumor necrosis factor-α (TNF-α). Overall, more 
CD3 + T cells are found in HPV-associated tumors compared 
to HPV-negative tumors, including increases in CD4 + T 
cells, CD8 + T cells, and FoxP3 + Tregs [33, 35–37].

Numerous studies have demonstrated that increases in 
CD8 + tumor infiltrating lymphocytes (TIL) are associated with 
better prognosis in HPV-associated HNSCC [38, 39]. There 
is also evidence that CD8 + T cells are more active in HPV-
associated HNSCC as measured by an increase in CD137, a 
costimulatory molecule expressed on activation, and effector 
cytokines such as IFN-γ [35, 37]. When T cells become acti-
vated, they also express negative regulatory surface receptors 
to modulate their activity, including PD-1 and LAG3. HPV-
associated HNSCC demonstrates increased expression of these 
“exhaustion” markers, supporting the presence of a more active 
T cell phenotype and a mechanism that could be exploited to 
ensure prolonged T cell activation (i.e., immune checkpoint 
inhibitors) [33–35]. Similarly, CD39 is an immunosuppressive 
surface receptor that is expressed on antigen-specific T cells 
in colon and lung cancers and is highly expressed in HPV-
associated HNSCC. Increased expression of CD39 correlated 
with increased overall survival in these patients reiterating the 
clinical importance of an active T cell phenotype [35].

The ratio of total T cells to Tregs is much higher in HPV-
positive tumors compared to HPV-negative tumor [39]. Infiltra-
tion of Tregs is driven in part by HPV E7 and increases with 
tumor progression [36, 40]. Multiple studies have demonstrated 
positive or negative correlation with treatment outcomes and 
survival based upon Treg localization within the TME [36, 39, 
41–43]. The discrepancy in prognostic value may be explained 
by the presence of two subpopulations of Tregs, determined by 
the cytokine profile of the surrounding TME [44]. Treg infiltra-
tion also correlated with CTLA-4 expression in HPV-associated 
HNSCC, suggesting an immunoregulatory role that could be 
exploited by immunotherapy [33].

Myeloid Cells

Myeloid cells are critical mediators of innate immune activa-
tion and are required for development of an adaptive immune 
response but can also be polarized to display immunosuppres-
sive function. Myeloid derived suppressor cells (MDSCs) are 
a unique population of cells that promote tumor growth and 
perpetuate local immunosuppression [45]. MDSCs mediate 
suppression of effector immune cell function through mul-
tiple mechanisms including production of nutrient depleting 
arginase and suppressive cytokines such as TGF-β [46, 47]. 
Both HPV-associated and HPV-negative HNSCC are heav-
ily infiltrated with MDSCs [48]. Notably, chemoradiation and 

HPV-targeted vaccination treatment strategies may reduce 
intratumoral MDSC populations [49, 50]. Additionally, STAT3 
signaling within myeloid cells mediates some or most of their 
immunosuppressive function. Accordingly, therapeutic STAT3 
inhibition may improve responses to chemoradiation through 
inhibition of immunosuppressive myeloid cell function [51]. 
This approach is under clinical study.

Consistent with an immune-inflamed phenotype, the mac-
rophage profile of the HPV-associated HNSCC TME seems to 
be largely pro-inflammatory. HPV-associated OPSCC harbors 
increased pro-inflammatory M1 macrophages and decreased 
uncommitted (M0) and anti-inflammatory M2 macrophages 
[35, 52]. Increased M1 macrophages and an increased M1/M2 
ratio correlated with better prognosis among HPV-associated 
HSNCC patients [52]. This is consistent with prior studies show-
ing that immunosuppression is associated with M2 infiltration 
and reduction in patient survival [53]. Contrarily, another study 
demonstrated total infiltration of macrophages as measured by 
CD68 expression is increased in HPV-associated OPSCC and 
correlates with decreased recurrence-free and overall survival, 
likely due to promotion of tumor growth, production of immu-
nosuppressive cytokines, and receptor-mediated inhibition of T 
cell activity via PD-1 and CTLA-4 [54, 55].

Dendritic cells are key antigen presenting cells (APCs) 
for T cell activation. Samples from HPV-associated OPSCC 
show significantly increased infiltration of dendritic cells [37]. 
RNAseq data in HPV-associated OPSCC show increases in 
transcription of genes for dendritic cell marker CD103, as well 
as those for several of their effector cytokines including IL-12 
and IL-23, compared to HPV-negative tumors [35]. This is 
mechanistically consistent with data indicating increased cyto-
toxic T cell infiltration and activation.

Studies of granulocytic myeloid cells in HNSCC are 
limited despite demonstration that neutrophilic cells repre-
sent the most frequent tumor infiltrating immune cell type 
[56]. This is likely associated with the difficulty of studying 
neutrophilic cells as they do not survive cryopreservation 
and have relatively low numbers of RNA transcripts within 
each cell [57]. Infiltration of neutrophilic cells appears to 
be reduced in HPV-associated OPSCC compared to HPV-
negative HNSCC [52, 58, 59]. Histologically, tumor infil-
trating neutrophilic cell density correlates negatively with 
survival [52]. A recent study suggested that HPV E7 may 
partially inhibit neutrophil infiltration through downregula-
tion of IL-8, a potent neutrophil attracting chemokine [58].

Current Immunotherapy Strategies 
in HPV‑Associated OPSCC

Currently, standard-of-care treatment for newly diag-
nosed HPV-associated OPSCC includes surgical resection, 
radiation, and chemotherapy. Immunotherapy is not yet 
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incorporated into up-front definitive treatment. Immuno-
therapy strategies have been studied for HPV-associated 
OPSCC, along with HPV-negative HNSCC, in the setting 
of locoregional or distant disease relapse, and include ICB, 
therapeutic vaccines and cellular therapy (Fig. 1B).

Non‑specific Activation: Immune Checkpoints

ICB, which reverses adaptive immune resistance, can lead 
to activation of existing T cell clones that are being “held 
back” by the expression of immune checkpoints. ICB leads 
to increased activity of many different T cell clones, some 
of which may target tumor antigens [60, 61]. This explains 
why patients that lack evidence of immune activation or 
PD-L1 expression in their tumors at baseline are less likely 
to clinically respond to ICB. Given the non-specific acti-
vation of T cell clones with ICB, immune overactivation 
and loss of self-tolerance to noncancerous tissue lead to 
a variety of immune-related adverse events [62]. Immune 
checkpoint blockade targeting PD-1 is currently the only 
FDA-approved immunotherapy for recurrent or metastatic 
HPV-associated OPSCC. FDA approval for PD-blockade 
was initially granted for second-line treatment of recurrent or 
metastatic HNSCC with pembrolizumab or nivolumab based 
upon the results of the KEYNOTE-012 and CheckMate 
141 clinical studies, respectively [63, 64]. Checkmate 141 
demonstrated superior survival with nivolumab treatment 
compared to investigators’ choice systemic chemotherapy. 
KEYNOTE-012 demonstrated greater survival with pem-
brolizumab compared to expected historical controls for the 
second-line setting [65]. This changed with completion of 
the KEYNOTE-048 trial that demonstrated superior survival 
and reduced treatment-related toxicity with pembrolizumab, 
alone or in combination with systemic chemotherapy, com-
pared to the EXTREME (cetuximab/platinum/fluorouracil) 
regimen for first-line therapy in patients with newly relapsed 
disease [29]. Positivity for p16, a surrogate marker for HPV-
association, was not a significant predictor of response to 
pembrolizumab alone or in combination with chemotherapy. 
In other words, response rates of about 20–30% and survival 
are similar between patients with relapsed HPV-associated 
OPSCC and HPV-negative HNSCC [66]. These data sug-
gest that the improved treatment responses to standard anti-
cancer treatments observed with HPV-associated OPSCC 
in the up-front definitive setting are lost in the setting of 
relapsed disease treatment with ICB-based immunotherapy. 
The reasons for this are poorly understood but may involve 
selection of tumor cells clones following chemotherapy and 
radiation with genetic or epigenetic changes that make them 
highly resistant to treatment.

Another immune checkpoint is CTLA-4, which leads to T 
cell inhibition when engaged. CTLA-4 is primarily located 
intracellularly in Tregs and activated T cells. It has two 

ligands expressed on APCs, which it shares with the stimu-
latory T cell receptor, CD28 [67]. The homology between 
CTLA-4 and CD28 leads to an immunomodulatory balance 
that can fine tune the T cell response [68]. CTLA-4 block-
ade has not gained FDA approval for treatment of HNSCC 
because of associated toxicity observed in trials, possibly 
due to autoimmunity generated by tipping the balance 
towards CD28 [69]. Tremelimumab is a CTLA-4 inhibitor 
that showed some early benefit in combination with PD-1 
blockade (durvalumab) for low PD-L1 expression tumors 
[70]. However, the larger, phase III EAGLE study demon-
strated no additional benefit of tremelimumab beyond that 
observed with duvalumab alone [71••].

This is where we stand as of the writing of this manu-
script: patients with newly diagnosed HPV-associated 
OPSCC are treated with standard anti-cancer treatments, 
albeit with greater chance of disease specific and overall 
survival compared to HPV-negative HNSCC. Patients with 
relapsed HPV-associated OPSCC are treated with pembroli-
zumab alone or in combination with chemotherapy (depend-
ing upon the combined positive PD-L1 score) with the hopes 
of unleashing the activity of one or more T cell clones spe-
cific for HPV. ICB certainly provides clinical benefit for a 
subset of patients, but there remain a significant proportion 
of patients that do not gain clinical benefit from these thera-
pies and/or experience intolerable side effects. Thus, current 
research is focusing on the study of more specific immuno-
therapies designed to specifically induce, expand, or replace 
HPV-specific T cells. These investigational treatments are 
broadly categorized as therapeutic anti-cancer vaccines or 
cellular therapies.

Therapeutic Vaccines

If there is no pre-existing population of T cells capable of 
targeting HPV and recognizing cancer cells, immune check-
point blockade is unlikely to be successful [72]. Vaccines 
may be a treatment approach to induce new or expand exist-
ing HPV-specific T cells. Preventive vaccines focus primar-
ily on stimulating production of circulating antibody, thereby 
preventing initial oncogenic viral infection. Alternatively, 
therapeutic vaccines act to eliminate HPV infected cells by 
delivering antigen to APCs for stimulation of a specific T 
cell response. While no therapeutic vaccines have yet gained 
FDA approval, there are numerous ongoing clinical studies 
evaluating the ability of therapeutic vaccines to induce HPV-
specific T cells and clinical responses, largely in patients 
with relapsed HPV-associated SCC. A portion of these 
studies highlighting the different vaccine types are summa-
rized in Table 2. These vaccines can incorporate peptide, 
nucleic acid, whole cell, or live vectors. The most crucial 
step of these vaccines is antigen processing. In general, vac-
cines that stimulate antigen presentation that most closely 
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approximates natural processing and presentation of tumor 
antigen may result in an enhanced T cell response. Although 
complete, unprocessed tumor-associated proteins are diffi-
cult to transport into APCs, they undergo natural processing 
and presentation ensuring that the same antigen is presented 
on both the vaccine stimulated APCs and tumor stimulated 
APCs. Conversely, vaccines based on minimal epitopes, 
such as a small peptide fragment, allow for easier production 
and delivery of the peptide payload but are restricted by the 
patient’s HLA type. Nucleic acid–based vaccines must be 
taken up by APCs and translated into protein before presen-
tation, producing the most natural response. However, they 
have lower immunogenicity than protein-based vaccines 
and in the case of RNA-based vaccines, are unstable and 
can be difficult to mass-produce [73]. Dendritic cell vac-
cines require preparation of personalized clones of DCs that 
present a specific antigen through RNA electroporation or 
pulsation with whole tumor cells [74].

Live vector vaccines use a live virus or bacteria to deliver 
nucleic acid or protein antigen to APCs for natural process-
ing and presentation. Safety is a concern with live vector 
vaccines due to their innate pathogenicity. Another concern 
with administration of these vaccines is the existence of nat-
ural host immunity to the vector, leading to rapid elimination 
before the vaccine can induce antigen-specific T cell immu-
nity. This also results in the inability to design vaccines with 
multiple doses, in contrast to protein or nucleic acid-based 
vaccines. To circumvent these issues, many live vector vac-
cines are engineered from non-human viruses with genomic 
edits to eliminate their ability to replicate [73].

Although therapeutic vaccines can induce a robust, HPV-
specific T cell response, this has not always translated into 
clinical responses. Data from one clinical study in patients 
with advanced cervical cancer demonstrated that clinical 
response may be limited by local immunosuppression within 
the tumor microenvironment [75]. Since the PD-1/L1 path-
way has been previously established as one of the mecha-
nisms by which these tumors evade T cell immunity, it is 
reasonable to consider combining the priming and activation 
of T cells following therapeutic vaccination with the rever-
sal of adaptive immune resistance achieved with ICB. Pre-
clinical and clinical studies have also demonstrated that ICB 
and therapeutic vaccines act in synergy with conventional 
chemotherapy. Animal studies demonstrate increased APC 
expression of T cell stimulatory ligands after cisplatin ther-
apy with improvements in responses generated by the addi-
tion of either CTLA-4 blockade or the therapeutic vaccine 
ISA101 [76]. In a clinical study of patients with advanced 
cervical cancer, those with a stronger immune response 
stimulated by ISA101 in combination with carboplatin/
paclitaxel lived significantly longer (16.8 months) compared 
to those with a weaker immune response (11.2 months). 
This study characterized a reduction in the population of 

myeloid-derived suppressor cells, which is a potential expla-
nation for the ability of chemotherapy to reduce immunosup-
pression [77]. Overall, therapeutic vaccines are being stud-
ied in several combination therapy regimens, as an adjunct to 
surgical resection, chemoradiation, and immune checkpoint 
inhibition that are currently in various phases of completion.

Cellular Therapies

In some scenarios, it may not be possible to activate existing 
HPV-specific T cells with ICB or therapeutic vaccination 
and it may be necessary to replace the patient’s immune 
system with one better able to exert anti-tumor immunity 
using cell therapy technology. Cell therapy is the provision 
of a pre-stimulated, autologous, reactive clone of T cells 
that recognize one or multiple tumor-specific antigens and 
can be broken down into “TIL therapy” or “TCR-engineered 
cell therapy.” In the first method, TILs can be cultured from 
a tumor fragment, expanded ex vivo, and reinfused into the 
same patient following treatment with a conditioning chem-
otherapy consisting of fludarabine and cyclophosphamide 
[78]. Alternatively, if a T cell receptor (TCR) with known 
antigen-specificity and known HLA restriction is avail-
able, autologous T cells can be engineered to express such 
a TCR and reinfused back into the same patient following 
a similar chemotherapy conditioning regimen [79]. A third 
option exists, which includes engineering autologous T cell 
to express a chimeric antigen receptor (CAR) instead of a 
TCR. CARs recognize cell surface epitopes similar to an 
antibody and are useful treatment approaches for malignan-
cies that are highly clonal and consistently express targetable 
cell surface molecules, such as hematopoietic cancers [80]. 
CAR-engineered cell therapy is less useful for epithelial 
malignancies where the tumor specific antigens are intra-
cellular, and antigens are presented on the surface of tumor 
cells via HLA for TCR detection. Furthermore, many of the 
cell surface antigens expressed on carcinomas are widely 
expressed on other tissues, raising concerns about treatment-
related toxicity and tumor specificity of CAR-engineered 
cell therapy [81].

TIL therapy approaches have now been expanded 
into large clinical studies for multiple tumor types [82]. 
A phase II trial using TIL therapy in cervical and non-
cervical HPV-associated SCC yielded an overall clinical 
response rate of 24% that correlated with the frequency 
of detected HPV-reactive T cells and included one patient 
with HPV-associated OPSCC that remained disease free 
up to 51 months post-treatment [83]. However, specificity 
of TILs was modest, at 30%, lending support for the move-
ment to therapy involving highly specific TCRs.

Early clinical study of HPV16 E6 or E7-specific TCR-
engineered cell therapy has yielded promising results [84]. 
A recent study that treated patients with metastatic vaginal, 
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head and neck, anal, and vulvar HPV-associated cancers 
with an HPV 16 E7-specific, HLA-A*02:01-restricted TCR 
demonstrated objective responses in 50% of patients and 
persistence of engineered T cells in the recipient over time. 
Some metastatic tumors completely regressed and did not 
reappear for the duration of study follow-up [85••]. Inter-
estingly, several tumors that did not respond to the TCR-
engineered cell therapy displayed resistance through one or 
more genetic defects in components of antigen processing 
and presentation or IFN response. Although genetic mecha-
nisms of resistance to T cell detection and killing remain a 
concern, these initial promising results indicate a promis-
ing future for cellular therapies in the treatment of HPV-
associated HNSCC.

Conclusions

Preventative HPV vaccination will hopefully reduce the 
overall incidence of HPV-associated carcinoma, but signifi-
cant impact of preventative vaccination in the short term is 
in question due to disparity between the current vaccination 
strategy and associated risk factors for HPV infection [86]. 
Until the incidence of HPV-associated disease is reduced by 
wider early vaccination rates in both genders, development 
of oropharyngeal malignancy secondary to chronic infection 
with high-risk HPV will remain a dominant clinical entity. 
The presence of strong viral T cell antigens in these cancers 
makes T cell-based immunotherapy an attractive alternative 
therapeutic strategy to toxic standard anti-cancer therapies. 
Non-specific immunotherapy in the form of PD-based ICB 
is currently FDA-approved for relapsed HPV-associated dis-
ease, but novel, highly HPV-specific therapeutic vaccines 
and cell therapies are poised to provide safe and effective 
treatment options in the future. Clinical study is now under-
way for many of these exciting new immunotherapies in the 
setting of relapsed disease both as singular regimens or in 
combination with other immune targeted strategies. As the 
safety and efficacy of new HPV-specific immunotherapies 
are established in the relapsed disease setting, continued 
clinical study in the upfront treatment setting in combina-
tion with standard anti-cancer treatments, such as surgery or 
radiation, may yield new treatment options with equivalent 
oncologic control of disease but with less risk of long-term 
treatment-related toxicity.
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