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ABSTRACT

Human papillomavirus (HPV)-positive head and neck squamous cell carcinoma (HNSCC) represents a distinct and intriguing subset of HNSCCs.
This comprehensive review article explores the genetic and clinical aspects of HPV-positive HNSCC, shedding light on its unique characteristics and
clinical implications and its difference from HPV-negative HNSCC.

We delve into the etiological factors underlying HPV infection in HNSCC, emphasizing the role of high-risk HPV types, especially HPV-16. HPV-driven
tumorigenesis through the E6 and E7 oncoproteins and their impact on key tumor suppressor genes, such as p53 and Rb, is discussed, highlighting
the relatively lower mutation burden in these tumors compared to HPV-negative HNSCC.

This article also explores ongoing research efforts, genomic profiling, and emerging targeted therapies tailored specifically for HPV-positive HNSCC. A
deeper understanding of the unique genetic landscape of these tumors offers promising prospects for personalized treatment strategies and improved
outcomes.

This review provides a comprehensive overview of the genetic mutations, clinical features, and potential therapeutic avenues in the realm of HPV-
positive HNSCC, emphasizing the need for continued research to advance our knowledge and treatment options in this distinctive subset of head

and neck cancers.
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Introduction

For the last decade, a shift has been observed regarding the
causes of head and neck squamous cell carcinomas (HNSCC).
Oncogenic Human Papilloma Viruses (HPV) have been found to
be a growing trigger in head and neck tumors. Nevertheless, its
recurrency has allowed scientists to study its molecular aspects
in order to find new ways of treatments for HPV-induced tumors.
It includes comprehending the differences between HPV-related
and non-related squamous cell carcinomas, as well as studying the
different oncogenic pathways that lead to the creation of tumorous
cells. Indeed, HPV-related and non-related HNSCC can be treated
differently, as the two diseases appear to have more differences
than it was originally thought. HPV-related HNSCC call for a less
aggressive chemo- and radiotherapy and may be eligible to the
use of specific or not specific immunotherapy.

This article will focus on describing Human Papilloma Viruses,
its impact on the formation of a tumor, and the current ways of
treatment that exist to this day as well as the curative molecules
that are still understudy.

Quick Description of the Human Papilloma Virus

The Human Papillomavirus is a DNA virus that infects the
mucous membranes and the skin. HPV is best known as a sexually
transmitted virus. Indeed, most of the time it is transmitted by a
sexual contact, making it the most common sexually transmitted
infection [1]. Yet, other ways of transmission exist like deep
open-mouthed kissing, self-inoculation or autoinoculation, vertical
transmission from infected mother to her child, or horizontal
transmission from breast to mouth [2] Many types of HPV exist,
yet only high-risk HPV are linked to cervical cancer, or other types
of cancers such as anal, vaginal, oropharyngeal cancers and so
on. In fact, most of the time the virus is naturally eliminated by
the body, making the infection temporary.

Many classifications exist regarding Human Papillomavirus. There
are classifications according to its genome, its tropism, or its
oncological risk. HPV are classified in two groups : the ones that
have cutaneous tropism, and the ones that have mucous tropism.
The last one is itself divided in two subgroups : HPV at low
cancerous risk, and HPV at high cancerous risk [3]. Regarding
HPV at high cancerous risk, the best known in that category would
be HPV 16 and 18. Small lesions could be provoked by it and
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grow for years before leading to cancer.

Statistically, 80% of the sexually active population is at risk of
being contaminated with a Human Papillomavirus at least once
in their life [4].

If this virus is mostly implicated in cervical cancer, the second
most important cancer that is caused by it is oropharyngeal. In
France, HPV, mostly the HPV 16, is the cause of 1/3 oropharyngeal
cancer [5]. In 2015 in France, HPV was the cause of 4 to 34%
of head and neck cancers, 91% of anus cancers, 23% of vulval
and vaginal cancers, 27% of penial cancers and 100% of cervical
cancers [5].

Epidermoid Carcinomas HPV-Inducted

The epidemiology of the head and neck squamous cell carcinoma
(HNSCC) has changed over the last fifteen years. The increase
of some kinds of HNSCC has been observed, like oropharyngeal
carcinomas [6]. Moreover, even if head and neck cancers are
often related to alcohol or tobacco, HPV-induced carcinomas
usually occur in younger patients with less exposure to this
kind of substances and overall, a better diet than HPV-positive
patients. Clinically speaking, HPV-positive HNSCC tend to be
less differentiated and are more likely to be related to a positive
lymph node status [7].

A study conducted by Kunak S. Jain et al. exposed the fact that in
the last decades, the etiologic causes of oropharyngeal HNSCC
has shifted [8]. Indeed, the biggest cause of this type of cancer
went from been primarily tobacco-associated, to primarily due to
oncogenic human papillomavirus.

HPV-positive HNSCC in the oropharynx area are most of the time
due to HPV-16. However, WHO classifies 14 mucosal HPV types
as high carcinogenic risk (HPV-16, 18, 31, 33, 35, 39,

45,51, 52, 56,58, 59, 66, 68) [9]. This HPV situation often leads
to an overexpression of p16, a decreased expression of the p53 and
Rb genes, a decreased expression of EGFR and overall, a different
expression pattern of the genes than patients with HNSCC that are
HPV- negative [10]. All of those differences set the HPV-positive
HNSCC apart. Moreover, patient with HPV-positive HNSCC
usually have a better prognosis that could lead to a decrease of
the treatment’s intensity.

HPV-related HNSCC tend to be described as nonkeratinizing
squamous cell carcinomas. Nowadays HPV-related HNSCC has
even become itself a separate disease with its own prognosis and
treatments [11].

It is also interesting to describe the virus-induced tumor regarding
its oligoclonal aspect. The oligoclonal aspect of HPV-positive
tumors in the head and neck refers to the presence of multiple
distinct clones of cancer cells within the tumor mass. Oligoclonality
means that the tumor is composed of a limited number of different
cell populations, each with its own unique genetic and molecular
characteristics.

Studies have demonstrated that HPV-positive head and neck
tumors often display a more limited heterogeneity compared
to HPV-negative tumors [7]. This means that the genetic and
molecular profiles of the cancer cells within HPV-positive tumors
are more similar to each other than in HPV-negative tumors, where
there can be a greater diversity of cancer cell populations. HPV-

positive tumor often has fewer genetic mutations in comparison to
HPV- negative HNSCC. The E6 and E7 oncoproteins of HPV can
disrupt key tumor suppressor genes, like p53 and Rb, which play a
role in cell cycle regulation and DNA repair. As a result, mutations
in these genes are less common in HPV-positive HNSCC, whereas
HPV-negative HNSCC tend to have a higher frequency of genetic
mutations in genes associated with cell cycle control, DNA repair,
and tumor suppression. Common mutations may involve TP53
(p53 gene), NOTCHI1, PIK3CA, and others.

Understanding the genetic and clinical differences between HPV-
positive and HPV-negative HNSCC is important for tailoring
treatment approaches. For HPV-positive HNSCC, targeted therapies
and immunotherapies may be more effective, while conventional
therapies such as surgery, radiation, and chemotherapy are often
used for HPV-negative HNSCC. Additionally, ongoing research is
continually uncovering more about the molecular characteristics
of these cancers, which may lead to more personalized treatment
options in the future.

The oligoclonal nature of HPV-positive head and neck tumors is
thought to be related to the mechanism of tumorigenesis driven
by HPV infection. The integration of the HPV genome into the
host cell’s DNA results in the expression of viral oncoproteins E6
and E7, which disrupt normal cell cycle regulation and promote
cellular proliferation. These oncoproteins lead to the expansion
of a limited number of genetically related cell clones, giving rise
to the oligoclonal tumor structure.

Type of HNSCC
HPV-16-related -

Oligoclonality

Carcinogenesis due to viral genes E6
and E7

- Integration of hrHPV DNA into the
host genome

- Increased degradation of p53 and Rb

- — cancerous cells

- PIK3CA mutations (—improved
outcomes)

- Upregulation of the immune-
checkpoint protein PD-L1

- On average, a few dozen to a couple
of hundred mutations in their genomic
DNA[12]

- 2.8 mutations per megabase [13]

HPV-unrelated - Often TP53 mutations

- 9p21-22 deletion

- On average, hundreds to thousands
mutations in their genomic DNA

- 4.83 mutations per megabase [13]

According to K. Kobayashi et al. when describing the pathological
molecular mechanism in carcinogenesis, HPV-free patients
will show p53 mutations, and deletion of 9p21-22 so the P16’s
function of tumor suppressing is stopped. This mechanism leads
to an inhibition of the Rb phosphorylation by the formation of a
complex between P16INK4a and CDK4/CDKG6. As a result, the
transcription factor E2F-related cell rotation is inhibited [11].
HPV-related HNSCC will have a more important effect on the
E6 and E7 oncogenes, that will improve the degradation of p53
and RB tumor suppressor genes. P. Goone et al. state that the
immortalization of oral keratinocytes and oral cells happen rapidly,
even in vitro. They farther state that HPV-positive HNSCC showed
mutations in the promoter/enhancer region that gave it growing
activity, leading to a bigger expression of E6 and E7 [14].
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Furthermore, the integration of the HPV DNA into genomic
DNA is not a rare thing. Usually, it is followed by the deletion
or disruption of HPV E1 or E2 open reading frame (ORF). Since
E2 plays the role of a repressor of E6 and E7, the discontinuity
of its activity leads to maintaining the immortalized phenotype
[15]. However, the molecular pathway seems very heterogenous.
Indeed, a study conducted by W. Koskinen et al. stated that out
of 23 HPV16- positive samples, 48% showed integrated DNA,
35% showed episomal DNA and 17% showed mixed forms of
DNA [16].

The oligoclonality of HPV-positive tumors has several implications
such as in therapeutic targeting. The limited heterogeneity within
HPV-positive tumors makes them potentially more amenable to
targeted therapies that specifically exploit the molecular alterations
caused by HPV infection. This could lead to more effective
treatment strategies.

The prognostic significance also depends on the oligoclonality of
the tumor. The presence of a dominant clone or a limited number
of clones with more favorable genetic features could be associated
with improved treatment responses and patient outcomes.

Oligoclonality could also lead to biomarkers development.
The identification of specific genetic alterations or biomarkers
associated with dominant clones in HPV-positive tumors could aid
in the development of novel diagnostic and prognostic markers.

However, it’s essential to remember that even though HPV-
positive tumors have a more limited heterogeneity compared
to HPV-negative tumors, they can still exhibit some degree of
clonal diversity. Additionally, tumor heterogeneity, even within
an oligoclonal tumor, can still influence treatment responses and
disease progression.

Research on the genetic landscape and clonal architecture of HPV-
positive head and neck tumors is an active area of investigation,
and ongoing studies may provide further insights into the clinical
implications and potential therapeutic opportunities related to
their oligoclonal nature.

Moreover, HPV-induced carcinogenesis is linked to a lower
number of DNA mutations as well as fewer chromosomal changes
yet shows a higher percentage of epigenetic changes.

Indeed, HPV-positive HNSCC are associated with a significantly
lower mutational rate next to HPV-negative HNSCC. All of that
leads to the creation of oligoclonal tumors which are more chemo-
and radiosensitive [6]. Regarding HPV-negative HNSCCs, which
involve mutations of both oncogenes and tumor suppressor genes
by substances like tobacco or alcohol, their mutation load is higher.

The number of mutations in HPV-positive head and neck
squamous cell carcinoma (HNSCC) can vary widely from one
tumor to another. However, in general, HPV-positive HNSCCs
tend to have a lower mutation burden compared to HPV-negative
HNSCCs [12].

On average, HPV-positive HNSCCs may have a few dozen to
a couple of hundred mutations in their genomic DNA. This is
relatively low compared to some other cancer types that can
have thousands of mutations, such as melanoma or lung cancer,
which are often associated with high levels of ultraviolet (UV)
or tobacco-related DNA damage. The lower mutation burden

in HPV-positive HNSCC is partially explained by the fact that
the oncogenic HPV virus contributes to the development of
these cancers by disrupting key regulatory pathways through
its viral oncoproteins (E6 and E7) rather than causing extensive
DNA damage. These oncoproteins interfere with the function of
tumor suppressor genes like p53 and Rb, leading to cell cycle
dysregulation and tumorigenesis [7].

It’s important to note that the exact number of mutations can vary
among individual cases of HPV-positive HNSCC, and ongoing
research may provide more precise data on the mutation profiles
of these tumors. Understanding the mutation landscape can be
important for tailoring treatment approaches, especially in the
context of emerging targeted therapies and immunotherapies.

In addition to that, it seems crucial to distinguish the difference
between HPV-positive HNSCC and HPV-related HNSCC. Indeed,
in HPV-related HNSCC it is the HPV-virus that initiates and
sustains the entire carcinogenesis process. HPV-related tumors
are defined by a low TMB, p16 overexpression, a wild-type p53
status, a wild-type status of the genes INK4, CCND1 and EGFR.
The other category of HPV-positive tumors shows p53 mutations,
INK4 mutations and CCND1 amplification as well yet they are
associated with a poor prognosis like the HPV-negative tumors [6].

Weinberger et al. analyzed 80 oropharyngeal tumors regarding
mutations of biomarkers like p16, p53 and pRB. This led them to
classify the tumors in three groups. Class I was the HPV- negative
ones (HPV16-negative and p16 nonexpressors). Class II was the
HPV-positive ones (HPV16 positive/p16 nonexpressors). Class I11
was the HPV-related ones (HPV 16 positive/p16 expressors) [17].

Epidemiology

As written earlier, a shift has been observed over the last decades
regarding head and neck cancer around the world. Indeed,
oropharyngeal cancer linked to HPV has been increasing visibly,
especially in North America and northern Europe. This type of
cancer is more seen in men than women, and also more seen in
the younger men population in developed country; contrary to
oral cavity and lung squamous cell carcinomas that appeared
to decrease. On the other hand, oropharyngeal cancer, lung
squamous cell carcinomas, and oral cavity cancers have been
more and more common in women, been a direct consequence of
the higher smoking rates in this population [18]. HPV16 is even
more dominant in HPV-related HNSCC (from 85 to 95%) than
in cervical carcinomas (from 50 to 60%) [14].

A study conducted by M. Blomberg et al. chose to classify head
and neck tumor’s location by their likability to be HPV-related.
At the end of the study (which compared cases from 1978 to
2007), their conclusion was that incidence rates were increased
for tumor in the oral cavity, tonsils, oropharynx and hypopharynx
while lip cancer was decreasing. They also concluded that HPV-
associated locations were globally growing in terms of cancers
development whereas the locations that were unlikely HPV-related
were diminishing in men or stagnating in women. It was also
noted that the most present HPV-virus in head and neck cancers
was HPV16 [19].

However, such observations have positive outcomes since HPV-
positive cancers show improved outcomes according to A. K.
Chaturvedi. Indeed, apparently this type of cancer is linked to a
reduction of 28 to 80% of risks of death compared to HPV-negative
cancer [20]. It is believed that it is also related to the younger age
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and better lifestyle of HPV-positive patients.

Screening

Numerous techniques exist to detect viral DNA such as culture,
the search for cellular modification, detection of viral proteins or
nucleic acids (DNA, mRNA) in tissues, antibodies detection ...
However, papillomaviruses can unfortunately not be cultivated
in vitro [21].

For years the main technique used to detect this type of viruses
was the observation through a microscope. Scientists were looking
for cellular modifications linked to the presence of HPV like
the presence of koilocytosis, multinucleation, dyskeratosis and
parakeratosis. Such method is quite safe regarding the cervical area
yet not perfectly suited for the detection of HPV in the oral cavity.
Indeed, there are elements that can complicate the identification
of real koilocytosis like chronic mechanical irritations [21].
Moreover, the microscopic observation does not allow the medical
team to determine which type of HPV is present [22].

About the detection of antibodies directed against viral antigens
like anti-L 1, anti-E6, anti-E7, it is not a reliable technique because
of the inconsistent immune response [23]. Moreover, a positive
result with this technique does not indicate anything about the
location of the infection [24].

Molecular techniques based on the detection of viral protein
or nucleic acids soon became reference methods to detect the
presence of HPV in a lesion, allowing the medical team to
distinguish HPV-induced tumors from HPV-free tumors [25]. Such
analysis is performed on fresh tissue or tissue fixated with formol
and paraffine after a biopsy, after the pathologist has realized the
histopathological exam [26]. They can also be obtained after a
smear [21].

Nowadays, PCR and in situ hybridization are used. The chosen
technique is usually associated with the detection of the pl6
protein through immunohistochemistry in order to increase the
reliability of the results and so to improve the global medical
care for the patient [11]. However, several detection kits are
commercialized and there is a lack of standardization of protocols,
making the development of comparative studies more complicated
to realize [27].

Clinical Implications for HPV-Positive Head and Neck
Squamous Carcinomas for Treatments

Regarding the increasing number of HPV-positive HNSCC in
the population and the change of its prognosis, it is starting to be
recognized as a different disease. The clinical aspect, biological
aspect, and epidemiological aspect all seem different from other
cancers. Even if HPV-positive HNSCC are often associated with
locoregionally advanced tumors, the prognosis stays brighter than
HPV-negative HNSCC. Indeed, they have an 80% or higher rate
of three- year survival [22]. However, the HPV status was not
incorporated yet in the staging classification of the cancer. The
TNM classification had become unfaithful to the real prognosis of
HPV-positive HNSCC cancers, studies like the one conducted by
S. Hui Huang et al. suggesting that the American Joint Committee
on Cancer/Union for International Cancer control TNM stage and
prognostic groups for human papillomavirus-related oropharyngeal
carcinomas should be reviewed and adapted [28]. Incorporating
data like smoking history and HPV-status would allow a better
understanding of the patient’s prognosis. Since recently, the 8th
Edition of TNM Classification for Head and Neck Cancer has

been changed and updates in order to include data like HPV-linked
cancer and soft tissue sarcoma of the head and neck [29].

As we described before, where HPV- HNSCC show mutations in
P53 and in pRB, HPV+ HNSCC do not. These genes are intact,
just inhibited by E6 and E7 from HPV. This observation means
that the apoptosis could be restored if HPV E6 and E7 are removed
from expression, making this tumor more likely to respond to
chemotherapy [17].

Since HPV-positive tumor respond so well to chemo and
radiotherapy, many studies are directed around the de-escalation
of the treatments.

Ferris et al. conducted a study based on the use of neoadjuvant
nivolumab for patients with resectable HPV-positive and HPV-
negative squamous cell carcinomas of the head and neck in the
CheckMate 358 trial [30]. It focused on patients with previously
untreated resectable HNSCC who received, during the study,
240 mg of nivolumab on day | and 15 with the surgery planned
on the 29th day. Results showed that even if they were more
treatment- related adverse el Jects in patients with HPV-positive
tumors (73.1% in the HPV-positive group against 53.8% in the
HPV-free group), the radiographic response rate was of 12.0% in
the HPV-positive group and 8.3% in the HPV-negative cohorts.
The final conclusion of the study was that neoadjuvant nivolumab
was generally safe and induces pathogenic regressions in HPV-
positive (23.5% and HPV-negative (5.9%) tumors.

Woody et al. directed a study about the preservation of the regional
control after dose de-escalating radiotherapy to involved lymph
nodes in HPV-positive oropharyngeal cancer [31].

They retrospectively identified patients with HPV-positive
oropharyngeal squamous cell carcinomas treated with definitive
chemo- and radiotherapy (70-74.4 Gy) to the primary site and
since a post-radiation neck dissection was planned, 54 Gy to the
involved nodal areas.

The authors observed a five-years locoregional control, disease-
free survival and overall survival of 96%, 81%, and 86%
respectively. The conclusion was that regional lymph node control
in HPV positive oropharyngeal cancer was not compromised
by dose de-escalated radiotherapy to involved nodes in the
setting of concurrent cisplatin-based chemotherapy. The goal of
another study conducted by Palma et al. was to evaluate the toxic
effects and survival in treatment de-escalation with radiotherapy
compared with transoral surgery for HPV-associated oropharyngeal
squamous cell carcinoma as primary approaches [32]. The study
occurred on 61 patients that were randomized in 2 groups (30 in
radiotherapy and 31 in transoral surgery) between 2018 and 2020.
However, the results are not conclusive since the study’s end is
planned only in 2028 [33]. Like the studies described earlier, their
results suffer of being only phase II or unfinished studies.

Current HPV-Inducted Epidermoid Carcinomas Treatments
Since HPV-positive patients are younger and usually have better
chances of survival, long- term treatment outcomes have become
an issue. In order to respond to this problem, ways of de-escalation
of treatments are explored like lower the give dose or targeted
therapeutics. Nowadays, patients are usually treated with single
modality treatment like chemotherapy or radiation, or surgery
alone. The choice of the treatment usually lies in the overall state
of the patient and in the clinical outcomes. Regarding the surgery,
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radiations could be added depending on the positivity of the
margins, the positivity of the lymph nodes, or bone erosion [14].

A study from 2014 was able to prove that lower dose induction
chemotherapy could have better results on HPV-positive patients
with oropharyngeal squamous cell carcinoma. The study was
designed with cetuximab-IMRT and various doses were given to
patients. In the end the conclusion was that lower dose were able
to produce high tumor control rates with minimal late toxicities,
as well as 95% of 2-year survival rate [34]. Such study calls for
a deeper knowledge of dose management.

With the absence of biomarker, it seems hard to define a precise
treatment which progress can be followed and studied. That is
why scientists chose to work on this topic, and it was discovered
that tumor DNA could be detected and studied not only in the
blood of patients with head and neck cancer, but also in their
saliva regarding those with oral cavity cancer. In the study, it was
observed that tumor DNA from the oral cavity appears most likely
in the saliva, and this DNA was detected post surgically before
clinical diagnosis of recurrence in three patients. This observation
makes the detection of tumoral DNA in the saliva a promising
biomarker for head and neck squamous cell carcinomas [35].

Immunotherapy

Immunotherapy is a type of cancer treatment that harnesses the
body’s own immune system to recognize, target, and destroy cancer
cells. The immune system is a complex network of cells, tissues,
and organs designed to protect the body from foreign invaders,
including viruses, bacteria, and abnormal cells like cancer cells.
However, cancer cells can sometimes evade the immune system’s
detection and continue to grow unchecked. Immunotherapy
works by enhancing or restoring the immune system’s ability to
recognize and attack cancer cells. Immunotherapy in cancer find
its use in the existence of “tumor-associated antigens” (TAAs),
allowing an immune response to occur. In the clinical field, several
immunotherapy strategies are available. HPV-driven HNSCC are
often T-cells rich, showing the presence of HPV antigens which
are very immunogenic.

PD-1/PD-L1 Based Therapies

One of the many possibilities of immunotherapy is to target
immune checkpoint inhibitors. These drugs block certain proteins
on the surface of immune cells or cancer cells, known as immune
checkpoints, which regulate the immune response. By blocking
these checkpoints, the immune system is unleashed, allowing
it to mount a stronger and more el lective attack against cancer
cells. That is why the immunomodulation of the PD-1/PD-L1
immune checkpoint is a promising cure. A study conducted by T.
Seiwert et al. tried treating HPV- positive HNSCC patients with
pembrolizumab and analyzed their RNA expression profiling and
survival data. Their conclusion was that pembrolizumab was a great
therapy for patients with “inflamed phenotype” signature, meaning
high level of tumor-infiltrating lymphocytes and expression of
immune checkpoints [36]. To this day, 2 anti-PD-1 antibodies
are approved for recurrent and metastatic HNSCC : nivolumab
and pembrolizumab [37, 38]. While it seems like an interesting
option for the patient, this treatment is useful only for less than
20% of the patients after the failure of classic chemotherapy [39].

Indoleamine 2,3-Dioxygenase Inhibitors

Other immunotherapy drugs have been studied such as
indoleamine 2,3-dioxygenase (IDO1) inhibitors navoximod and
epacadostat. IDO1 has an immunosuppressive role in tumor

immune microenvironments. According to some studies, the
upregulation of IDO1 inhibited the function of antitumor T-cells
and a high expression of IDO1 was linked to a poor prognosis.
That explains why IDO1 inhibitors are able to restore the T-cell
function and by doing so, resulting in the tumor microenvironment
immunogenicity [40]. According to the beginning of a phase I
clinical trial, of the evaluable patients, 36% had stable disease
with navoximod [41]. Another study forms the ECHO-202/
KEYNOTE-037 trail stated that epacadostat in combination with
pembrolizumab was generally well tolerated and had encouraging
antitumor activity in multiple advanced solid tumors [42].

TLR-Agonist

Molecules like motolimod have also been studied. Motolimob
is a toll-like receptor 8 (TLRS8) agonist that may stimulate
innate and adaptative immunity. The Active8 study consisted
of the administration of combination treatment with platinum
(carboplatin or cisplatin), fluouracil, cetuximab, and either placebo
or motolimob, each administrated intravenously every 3 weeks for
a maximum of 6 chemotherapy cycles. Overall, the results of the
study were that the addition of motolimob into the chemotherapy
protocole was not useful for most of patients : it was well tolerated
yet no improvement of the progression-free survival (PFS) or
overall survival (OS) was noticed. However, regarding patients
with HPV-positive tumors, significant benefit was observed.
Indeed, the PFS was improved from 5.9 months for patients

who received a placebo to 7.8 months for patients who received
motolimob. The OS was also respectively of 12.6 months and 15.2
months, highlighting the benefits of motolimob [43].

Adoptive T-cell Therapy

The transfusion of lymphocytes, also named as adoptive T-cell
therapy, is another immunotherapy tested for cancer treatment
[44]. Indeed, adoptive T cell therapy has the potential to enhance
antitumor immunity, augment vaccine efficacy and limit graft-
versus- host disease. T-cell therapy involve using a patient’s own
T-cells to treat cancer. These T-cells are collected from the patient’s
blood, modified or activated in the laboratory, and then infused
back into the patient to enhance their ability to recognize and
destroy cancer cells. However, adoptive T-cell therapy is still a
relatively new and complex treatment approach.

Tumor-Infiltrating Lymphocytes

A related approach is tumor-infiltrating lymphocytes (TIL). Most
recently, scientists have discovered a superior form of killer T-cell
in patients who have successfully cleared end stage solid cancer.
The researchers discovered that dominant, successful killer T-cells
could recognize multiple different cancer-associated targets at the
same time. This discovery occurred during their research regarding
patients with late-stage solid cancer who were given TIL (tumor-
infiltrating lymphocyte) therapy [45]. This study proves that the
belief that individual killer T-cells only saw a single target on
cancer cells is wrong.

CAR-T Cells

CAR-T cells is a denomination that stands for Chimeric Antigenic
Receptor-T. It is classified as an immunotherapy that aims at
curing cancer while using the patient’s own immune system.
CAR-T cells are modified T lymphocyte genetically modified in
order to recognize before terminating cancerous cells. They are
at the basis of a whole new approach of cancer treatment, which
consist of collecting T-cells from the patient before genetically
modifying them and reinjecting them to the patient. Since T-cells
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are part of the white blood cells, a part of the immune system, in
case of cancer occurring, their activation mechanism is altered by
the tumor leaving cancerous cells free to proliferate [46].

Indeed, tumor cells usually provoke an immune response from
the body. Yet, HPV-induced cancer can silence this response by
creating an immunosuppressing microenvironment based on the
interaction between the host and the tumor. Mechanisms to escape
the immune system are developed, including the direct obstruction
of T-cells through soluble or surface molecules leading to the
enrolment of suppressive cell populations [47].

The goal in modifying T lymphocytes, is to allow them to recognize
any tumorous cell thanks to a gene that is introduced into the
core, giving them a chimeric antigenic receptor. The genetical
modification also give the CAR-T cell the ability to activate itself
with a function of costimulation. Once created, the CAR-T cells
are duplicated and re-injected into the patient’s body. Before this
re-injection it seems important that the patient follows a three-
days long chemotherapy so that his immune system weakens,
allowing the CAR-T cells to have a better chance at replicating
themselves through the immune system. It reduces the chances of
a rejection occurring. Such therapy is especially used in case of
blood cancers but numerous studies are undergoing for a variety
of cancers since it is a promising technology [46].

In HPV-positive head and neck squamous cell carcinomas,
it has been noticed that the number of Treg is higher than in
HPV-negative HNSCC, as well as the number of Treg in tumor
infiltrating lymphocytes is higher than in peripheral blood
lymphocytes regarding HNSCC. Also, the number of Treg that
express inhibitory molecules T-cell immunoglobulin mucin-3
(TIM-3), PD-1 and CTLA-4 are higher in tumor infiltrating
lymphocytes compared to peripheral blood lymphocytes [48].

TCRs could be considered as a good way to target cancer
cells, nevertheless many tumors have resistance mechanisms
as described before, by using checkpoint blockade molecules
weakening immune recognition and attack. Immunotherapy
can reactivate T cells anyway to target tumor cells [49]. Few
immunotherapies have yet been approved in order to treat HNC
like immune checkpoint inhibitors [50].

Several studies have showed that HNSCC expresses specific
molecules that could correspond to good candidate in targeted
therapies like CAR-T cells. As an example, there are markers
like CD276, MICA, MAGE-A4, EGFR, FAP, MICB, EPCAM,
B4GALNT1, CD70 that could be potential targets [51]. According
to the same study, when CAR-T cells were created to target CD70
in tumor cells, the ones that did not express this gene remained
intact [51].

CAR-T cells that express HER2 receptors in order to direct the
T-cells response towards the cancer cells is another strategy.
HER?2 is a tyrosine kinase contained in most epithelial cell layers
and translates the cell dillerentiation. In a lot of cancers, HER2
is overexpressed leading to an over-replication of the cells, and
because of that represents a promising target for CAR-T cells.
A study conducted on HER2 CAR-T cells targeted therapy in
HNSCC proved that the tumor decreased of 56% in size [52].
The molecule MUCT is also a potential target since it is importantly
expressed in cancer tissues compared to the healthy tissues
around it. CAR-T cells that produce IL-22 are able to increase
the expression of MUCI in HNSCC and by doing so increase T
cell function [53].

HPYV Vaccination

Several vaccines against HPV exist to this day, like Gardasil I®,
which is a nonavalent vaccine, or Cervarix®, which is a bivalent
vaccine.

The first one is composed of fragments of Human Papillomaviruses.
It contains no alive germs. Studies have shown that antibodies were
successfully produced up until five years after the vaccination, and
precancerous lesions have been proven to be reduced concerning
papillomaviruses type 6, 11, 16, 18, 31, 33, 45, 52 and 58 in
vaccinated women [54]. Indeed, the vaccine is made out of virus-
like particles from HPV 11 and 6, and of oncogenic strains from
HPV16 and 18 [55]. The second one also contains no living germs
and shows a production of antibodies up until five years after the
vaccination. It prevents precancerous lesions from HPV type 16
and 18 in vaccinated women [56]. However, their el Ject on other
types of Human Papillomaviruses has not been observed.

Yet, those vaccines are no treatment but a preventive way of
limiting the spread of Human Papillomaviruses. Because of the
foreign nature of the virus, vaccines are easier to create. However,
at the end of 2021 in France only 45,8% of 15-year-old girls and
only 6% of boys of the same age received at least a single dose of
vaccine [57]. This numbers are one of the lowest in industrialized
countries. Men having homosexual relationships are the most
targeted by vaccination campaigns since they are the most at risk
of being contaminated by an HPV, it being a sexually transmitted
disease (by oral sexual activities in the case of head and neck
cancer).

Since the vaccines campaigns were mostly focused on cervical,
vaginal, anal and genital cancers, some studies have started
regarding its efficiency in HPV-positive head and neck cancers.
Results are suggesting that such therapeutics do have a prophylactic
effect on this type of HPV-induced cancers, showing that Gardasil
4® or Cervarix create the production of IgG antibodies in the
oral cavity and not only in the serum, even if their presence is
lower there (2). Only a few studies were focused on studying
their effect on oral infection. A recent study conducted from 2011
to 2014, related that the prevalence of the HPV was reduced of
approximately 88,2% in vaccinated folks, without looking at age,
sex or race [58]. Moreover, not enough studies were made in
order to reflect the effects of the vaccines in the male population.
The same study, happening from 2011 to 2014, observed that the
prevalence of oral type HPV infections preventable by vaccine
were reduced of 100% in men [58].

Recently, scientists have developed a mixed MS2-L2 based HPV
candidate vaccine. Such technology is based on bacteriophage
MS?2 virus-like particles (VLPs). It was tested on mice, making
them immune against six HPV types. It was reported that regarding
the genital area, mice were protected against HPV53, 56, 11 and
at the oral area they were protected against HPV 16, 35, 39, 52,
and 58, which confers them a shield against the HPV types that
are associated to head and neck cancer at approximately 99% [59].

A study conducted on mice recently showed also that a new type
of injection, of HPV16 E6/E7- expressing mEERL-95-cells, into
the submental space could reduce the tumor growth. Scientists
state that regarding HNSCC in mice, when NP-E7LP-vaccination
was performed after mEERL95-cell injection; but before resection
of primary tumors, no post-surgery relapse was encountered and
all of the mice survived through the experiment that was 70 days-
long [60]. It suggests that HPV-vaccine in case of HPV+HNSCC
could benefit the patient in reducing the risk of a relapse.
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Conclusion

As HPV-related HNSCC are becoming more and more detected
in the population, more adapted treatments must be found. The
first step is to de-escalate common chemo- and radiotherapy
protocols as these are tough treatment that come with lots of side
effects. Such tumors seem like good responders to immunotherapy,
depending on the oncogenic mutation that is involved. With the
knowledge of which mutation is occurring, scientists indeed have
the opportunity to adapt the patient’s treatment, giving more
positive outcomes.

Nevertheless, regarding the rise of the implication of HPV in
HNSCC, immune-based treatments are still at their beginning.
Targeted therapies like oncogenic pathways inhibitors are also
very much under development like alpelisib, a PI3K inhibitor
[22]. Future treatments for HNSCC may imply a combination
of both traditional therapy (chemo- or radiotherapy) as well as
immunotherapy.
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