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Abstract

Human papillomavirus (HPV) plays a major role in the development of head and neck cancers
(HNGs), particularly oropharyngeal squamous cell carcinoma. This review highlights the key
molecular mechanisms of HPV-driven carcinogenesis, focusing on the oncogenic E6 and E7 proteins
and their disruption of tumor suppressor pathways and epigenetic regulation. We discuss the rising
prevalence of HPV-related HNCs, their distinct clinical features, and diagnostic approaches such as
pl6 immunohistochemistry and HPV DNA/RNA detection. HPV-positive tumors show better
prognosis and response to treatment, prompting interest in therapy de-escalation. Emerging
strategies including immune checkpoint inhibitors, therapeutic vaccines, CRISPR-based gene editing,
and ctDNA monitoring are advancing precision oncology in this field. We also examine the
preventive potential of HPV vaccination and ongoing research into its role across various HNC
subtypes. A deeper understanding of HPV’s molecular impact may guide more effective, targeted,
and less toxic interventions.

Keywords: human papillomavirus; HPV; Head and neck squamous cell carcinoma; HNSCC; E6/E7
oncoproteins; Biomarkers

1. Introduction

Head and neck cancers (HNCs) ranks among the top 10 most common cancers worldwide. This
type of cancer, which affects the upper respiratory and digestive tracts [1], includes various
histological types, primarily squamous cell carcinomas [2]. Risk factors for this cancer include tobacco
use, excessive alcohol consumption, and Human Papillomavirus (HPV). In the United States and
some regions of Europe, 60-70% of diagnosed cases are reported to be HPV related [3,4]. Given the
role of oncogenic viruses such as HPV, a multidisciplinary approach is required for the management
of this cancer type [5].

Epidemiological data indicate that head and neck cancers are increasing globally, with more
than 660,000 new cases reported each year [4]. The proportion of HPV related oropharyngeal cancers
is rapidly rising, and it is projected that by 2030, the majority of these cancers will be associated with
HPV [e].

HPYV is a common viral infection known to cause various cancers, including those of the cervix,
anus, and oropharynx [7]. Its role in oncogenesis has been extensively studied, and HPV is now
recognized as a significant contributor to the global cancer burden [8]. HPV is a DNA virus known
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for its role in causing various cancers, particularly cervical cancer, and more recently, head and neck
squamous cell carcinomas (HNSCCs) [9].

The oncogenic potential of HPV lies in its high-risk types, primarily HPV16 and HPV18, which
have been implicated in the development of these cancers through the expression of viral
oncoproteins E6 and E7 [10]. These proteins disrupt normal cell cycle regulation by inactivating
tumor suppressor proteins p53 and retinoblastoma protein (pRb), leading to uncontrolled cell
proliferation and the potential for malignant transformation [11].

Recent research has increasingly linked HPV to a subset of head and neck cancers, particularly
oropharyngeal cancers, raising concerns about its broader impact on public health.

Given the virus's ability to integrate into the host genome and disrupt normal cellular processes,
HPV has been investigated not only as a causative agent but also as a potential biomarker in cancer
diagnosis and prognosis [12]. Understanding the mechanisms by which HPV contributes to the
pathogenesis of HNCs could be crucial in developing more effective strategies for prevention, early
detection, and treatment.

This review aims to comprehensively examine the impact of HPV on head and neck cancers,
exploring its epidemiology, virology, clinical presentation, and the current state of research in this
rapidly evolving field.

2. Epidemiology, Prevalence and Demographic Trends of HPV Related HNCs

The epidemiology of HNCs has undergone significant changes in recent years due to the
increasing prevalence of HPV related subtypes. Traditionally, tobacco and alcohol use have been
considered the primary risk factors for HNCs [13]. However, the growing recognition of HPV as an
etiological factor, particularly in oropharyngeal cancers, has led to a notable shift in the
epidemiological profile of HNCs [14].

HPYV related HNCs exhibit regional variations globally, with a particularly significant upward
trend observed in developed countries. This increase is largely attributed to the rising rates of HPV
transmission through sexual activity. For instance, in North America and Europe, a substantial
proportion of oropharyngeal cancers are now identified as HPV related, contributing to an overall
increase in HNC incidence [15]. In contrast, the incidence of HPV nonrelated HNCs, traditionally
linked to tobacco and alcohol use, has shown a decreasing trend. Between 1988 and 2004, the
prevalence of HPV related oropharyngeal carcinoma increased by 225%, while HPV nonrelated cases
decreased by 50% [16].

HPV related head and neck cancers frequently develop in specific regions such as the
oropharynx, tonsils, and base of the tongue. This association highlights risk factors that facilitate viral
transmission, including having multiple sexual partners and engaging in oral sex [17].

HPV related HNCs affect a different patient population compared to HPV nonrelated HNCs.
HPV related HNCs are more commonly observed in younger age groups, predominantly in males
rather than females, and are more prevalent among individuals of Caucasian descent [17].
Particularly in oropharyngeal cancers, HPV related patients have been observed among individuals
who do not smoke and do not consume alcohol (Table 1) [18]. Additionally, these patients tend to
have higher overall survival rates compared to HPV nonrelated patients, indicating that HPV related
HNCs are associated with a better prognosis [19].

Among HPV subtypes, HPV16 is the most prevalent cause of head and neck cancers. Studies
have shown that more than 90% of head and neck cancers are associated with HPV16 [20]. This
subtype's higher oncogenic potential compared to other HPV types plays a determining role in the
epidemiology of HNCs. Conversely, HPV18 and low-risk HPV types are less frequently detected in
HNCGCs [21].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1765.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 July 2025

d0i:10.20944/preprints202507.1765.v1

3 of 32

Table 1. Comparative Clinical and Clinicopathological Features of HPV Positive and HPV Negative HNSCC

[18,22].

Clinical and

Clinicopathological Features

HPYV Positive HNSCC

HPV Negative HNSCC

Age

Sex

Anatomic Location

Risk Factors

Exposures

Presenting Signs and

Symptoms

Primary Tumor and Lymph

Node Involvement

Distant Organ Metastasis
Histopathological Features
Tumor Differentiation

Sensitivity to

Chemoradiotherapy

Prognosis (Survival)

Younger and older patients
(typically younger)

Male > Female (4:1)

Oropharynx (tonsil, base of
tongue, soft palate); rarely

nasopharynx

HPV, higher number of oral sex
partners, low tobacco and

alcohol use, marijuana

Increased number of sexual
partners and frequency of oral

sex

Asymptomatic neck masses;
typically lack symptoms like
odynophagia or otalgia

Smaller primary tumors, but
high risk of advanced cervical

lymphadenopathy

Unusual sites: skin, brain
Non-keratinizing or basaloid
Undifferentiated

Better response

Better prognosis

Older patients (median 61 years)

Male > Female (3:1)

Oral cavity, oropharynx, larynx,
hypopharynx

Tobacco, alcohol

Smoking, smokeless tobacco

(e.g., chewing tobacco), alcohol

Dysphagia, hoarseness,
odynophagia, otalgia, neck pain,

weight loss

Larger primary tumors,
widespread cervical

lymphadenopathy
Lung

Keratinizing
Differentiated

Worse response

Worse prognosis

3. Virology and Mechanism of HPV in HNCs

Human papillomaviruses are non-enveloped viruses belonging to the Papillomaviridae family
[23]. They possess a circular double-stranded DNA genome consisting of approximately 8,000 base
pairs [24]. The HPV genome is divided into three main regions (Figure 1): the early (E) region, the
late (L) region, and the long control region (LCR) or upstream regulatory region (URR). The early
region encodes proteins essential for viral replication and transcription regulation, including E1, E2,
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E4, E5, E6, and E7. The late region encodes the structural proteins L1 and L2, which constitute the
viral capsid [25].

v

Figure 1. Structure of HPV [26-28].

Human papillomavirus is a central factor in the etiology of various malignancies, including head
and neck cancers. The oncogenic potential of HPV primarily stems from its ability to disrupt critical
tumor suppressor pathways within host cells [29].

3.1. Oncogenic Mechanism of HPV

HPV is categorized into high-risk and low-risk types based on its association with cancer. Low-
risk HPVs, such as HPV6 and HPV11, are primarily associated with benign conditions such as genital
warts and recurrent respiratory papillomatosis. These types have low malignant potential and rarely
lead to cancer [30].

In contrast, high-risk HPVs, including HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66,
68, 70, 73, and 82 are known to cause precancerous lesions and play a role in cancers globally. High-
risk HPVs are responsible for over 90% of cervical cancers, the majority of anal cancers, and a
significant portion of vaginal, vulvar, penile, and head and neck cancers [31].

A critical difference between high-risk and low-risk HPVs is the manner in which their genomes
integrate into host cells [32]. In benign lesions, such as genital warts, the HPV genome typically exists
in an episomal form, remaining separate from the host cell's genome. However, the integration of
HPV DNA into the host genome is a pivotal event in the transformation of normal epithelial cells into
malignant cells [33]. This integration disrupts the normal cellular machinery, leading to persistent
expression of E6 and E7 oncoproteins and interference with crucial tumor suppressor pathways. The
continuous expression of these viral proteins drives the uncontrolled cell proliferation and survival
characteristic of malignancies [34].

The papillomavirus E5 protein localizes to the endoplasmic reticulum and Golgi apparatus,
where it inhibits the transport of major histocompatibility complex class I molecules to the cell
surface, thereby impairing the recognition of infected cells by cytotoxic T lymphocytes. Studies have
demonstrated that E5 proteins from both bovine papillomavirus and HPV types 16 and 6 similarly
downregulate surface expression of MHC I molecules. This mechanism facilitates immune evasion,
enabling persistent HPV infection and potentially contributing to the development of cancer [35].

Role of E6 and E7 Oncoproteins (Figure 2):

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The oncogenic potential of high-risk HPV types is largely mediated by two viral proteins: E6
and E7. These oncoproteins interfere with key tumor suppressor proteins, leading to uncontrolled
cell proliferation and evasion of apoptosis [36-41].

E6 Oncoprotein:

e Interaction with p53 (Figure 2.A): E6 binds to the p53 tumor suppressor protein, a critical regulator
of the cell cycle and apoptosis. The binding of E6 to p53 leads to its ubiquitination and subsequent
degradation, thus eliminating its growth-inhibitory effects.

e Impact on Apoptosis (Figure 2.B): E6 also facilitates the degradation of Bax, a pro-apoptotic protein
that promotes apoptosis. By targeting Bax for degradation, E6 inhibits the apoptotic response,
allowing cells with damaged DNA to survive and proliferate.

E7 Oncoprotein:

o Interaction with Rb Protein (Figure 2.C): E7 binds to pRb, another pivotal tumor suppressor. Rb
normally functions by sequestering the E2F transcription factor, thereby preventing it from activating
genes required for cell cycle progression. E7’s binding to Rb releases E2F, which then promotes the
transcription of genes necessary for cell cycle progression, such as those involved in DNA replication
and mitosis.

e Inactivation of Cyclin — Dependent Kinase (CDK) Inhibitors (Figure 2.D): E7 also inhibits CDK
inhibitors like p21 and p27. Normally, these inhibitors prevent the activation of cyclin D and CDK4,
which are critical for progression through the G1 phase of the cell cycle. By inhibiting these inhibitors,
E7 promotes the activation of cyclin D and CDK4, further facilitating cell cycle progression and

malignancy.
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Figure 2. Role of E6 and E7 Oncoproteins [41].

In conclusion, the virological mechanisms of HPV related head and neck cancers involve a
sophisticated interplay between viral oncoproteins and host cellular regulatory pathways. The
integration of HPV DNA into the host genome and the subsequent disruption of tumor suppressor
proteins, particularly p53 and Rb, are central to the malignant transformation process. Understanding
these mechanisms is crucial for developing targeted therapies and preventive strategies for HPV
related cancers [42,43].
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3.2. HPV Mechanism Affected by Epigenetic Regulation

The mechanism by which HPV genes become active is largely influenced by epigenetic
regulation, which involves chemical and structural modifications to DNA. Specifically, the p97
promoter, located within LCR of the HPV genome, is regulated by epigenetic marks and transcription
factors, determining which HPV genes are expressed [43]. Transcription factors are proteins that
control the activation and repression of genes. For instance, the transcription factor Yin Yang 1 (YY1)
plays a crucial role in suppressing the expression of the oncogenes E6 and E7, which are associated
with cancer development. However, as epithelial tissues mature, the repressive effect of YY1
diminishes, leading to the activation of the E6 and E7 genes, both of which are critical in promoting
carcinogenesis (Figure 3.A) [24].

In addition, the CCCTC-binding factor (CTCF) protein forms a repressive chromatin structure
within the HPV genome, thereby restricting gene expression. However, during cellular
differentiation, this repressive structure is disrupted, allowing for the expression of the E6 and E7
genes [44]. Proteins such as Sirtuinl (SIRT1) and Werner Syndrome Protein (WRN) are also involved
in controlling HPV replication and modulating the epigenetic modifications of the viral genome. The
way in which these epigenetic mechanisms function determines the level of HPV gene activity and,
consequently, the virus's oncogenic potential (Figure 3.B) [45].

Interestingly, HPV31’s E7 protein has been observed to increase the levels of SET-domain
containing protein 2 (SETD2), a protein that introduces the epigenetic mark H3K36me3 on viral DNA.
This mark facilitates the activation of certain viral genes and plays a critical role in the viral life cycle.
Notably, this epigenetic mark is absent from the E6 and E7 oncogenes, indicating that these genes
remain epigenetically unsuppressed and thus potentially active. As a result, this lack of repression
may increase the risk of cancer development, as E6 and E7 continue to function unchecked (Figure
3.C) [46,47].
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Figure 3. Epigenetic regulation of HPV oncogene expression in different cellular and chromatin contexts. A) In
young epithelial cells, the transcription factor YY1 binds to the LCR and represses the p97 promoter, preventing
expression of the E6 and E7 oncogenes. In aged cells, YY1 binding is lost, leading to derepression and expression
of E6/E7. B) The chromatin architectural protein CTCF forms a repressive chromatin loop in undifferentiated
cells, preventing RNA polymerase access and E6/E7 expression. During differentiation, the chromatin loop is
disrupted, RNA polymerase gains access, and E6/E7 are transcribed. C) SETD2, a histone methyltransferase,
deposits the active epigenetic mark H3K36me3 on viral chromatin. While this mark enhances transcription of

some HPV genes, it is absent from E6/E7 loci, allowing them to evade repression and remain highly expressed.
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These epigenetic mechanisms play a key role in determining the extent of HPV's pathogenicity
within the host, contributing to its potential to induce malignancy.

3.3. The Role of DNA Methylation in the HPV Mechanism

HPV's DNA methylation profiles play a crucial role in the virus’s life cycle, cellular
differentiation, and oncogenic processes (Figure 4) [48]. Specifically, methylation changes in certain
genomic regions, such as the long control region and the E6 gene, vary significantly depending on
the HPV genotype and viral integration status. In the case of HPV16, E2 binding regions remain
demethylated in low-grade lesions, while in high-grade lesions, methylation levels increase, which is
associated with early promoter activation and viral integration. Methylation of viral DNA,
particularly in the L1 region, has been strongly correlated with high-grade lesions and cervical cancer
[49].

Methylation profiles have also been reported to differ based on the viral integration status, with
HPV18 exhibiting more frequent integration than HPV16. However, viral integration is not
necessarily required for malignant transformation; rather, DNA methylation at E2 binding sites
(E2BS) may contribute to cancer development by dysregulating the expression of the E6 and E7
oncogenes [50]. Additionally, micronutrients such as folate and vitamin B12 have been shown to
enhance methylation in the E6 gene region, providing a protective effect against low-risk CIN2+
lesions [43,51].

Figure 4. Schematic illustration of DNA methylation-mediated regulation of HPV genome regions and its
oncogenic consequences. The circular HPV genome is shown with key regulatory and coding regions including
LCR, early genes (E6, E7, E1, E2, E4, E5), and late genes (L1, L2). DNA methylation (me) in specific regions such
as the LCR, E2, E6, and L1 modulates transcriptional activity.

These findings suggest that HPV methylation profiles are not only critical in regulating viral
replication and gene expression but also play a key role in determining cancer risk. Understanding
DNA methylation and its consequences in HPV related cancers, including not only cervical cancer

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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but also head and neck cancers, provides valuable insights for the development of diagnostic and
therapeutic approaches.

3.4. Long Non-Coding RNAs

HPV has the capacity to produce specific molecules that play a role in cancer development.
These molecules are referred to as non-coding RNAs (ncRNAs) because, unlike classical RNAs
involved in protein synthesis, they do not code for proteins. Instead, they perform various regulatory
functions within the cell [52]. It is known that HPV synthesizes small RNAs, such as microRNAs
(miRNAs) and circular RNAs (circRNAs), which influence cellular processes. Furthermore, it is
believed that the expression of certain long non-coding RNAs (IncRNAs) increases in response to the
oncogenic E6 and E7 proteins produced by HPV [53].

LncRNAs are RNA molecules longer than 200 nucleotides that lack the capacity to code for
proteins. Oncogenic long non-coding RN As play a significant role in head and neck cancers. The HPV
E6 and E7 oncoproteins can alter the expression of IncRNAs, disrupting the genetic balance within
the cell. These alterations can lead to impaired cellular function and contribute to the development
of a cancerous phenotype [54-56]. Among various IncRNAs, CCEPR and FAMS83H-AS1 stand out
[43].

CCEPR is particularly localized in both the nucleus and cytoplasm of oral squamous cell
carcinoma (OSCC) cells and acts as an oncogene by competitively binding to miR-922, thereby
enhancing the expression of PAK2, which promotes OSCC progression. This finding highlights the
importance of evaluating whether this expression is associated with the presence of viral
oncoproteins in OSCC [57].

On the other hand, the IncRNA FAMS83H-ASI is highly expressed in both cervical cancer cells
and HPV16-positive head and neck cancer cell lines, compared to HPV16 negative cells. This IncRNA
is associated with elevated levels in the early stages of carcinogenesis, and it is known that HPV
regulates this molecule via a p53-independent mechanism involving the presence of p300. The
suppression of FAM83H-AS1 expression may inhibit cell proliferation, migration, and apoptosis,
potentially serving as a barrier to cancer progression [58].

In addition to oncogenic IncRNAs, PRINS is particularly noteworthy among the suppressing
IncRNAs. PRINS is highly expressed in HPV related HNSCC patients and is correlated with antiviral
response genes. The expression of this IncRNA modulates the gene expression of inflammatory
responses, growth factors, pro-inflammatory genes, chemokines, and immune stimulators. A greater
number of immune cells have been observed in tumors of HPV positive HNSCC patients, which may
explain why these patients respond better to treatment compared to HPV negative patients [59].

Furthermore, studies have shown that in HPV positive patients, IncRNAs such as PRINS,
CDKN2B-AS1, TTTY14, TTTY15, MEG3, and H19 are expressed differently compared to HPV
negative patients. These findings contribute to a better understanding of the molecular mechanisms
underlying HPV related head and neck cancers and may play a crucial role in explaining factors that
influence treatment response [43,56].

3.5. Epigenetic Alterations and Their Potential as Biomarker

Various studies have identified distinct methylation profiles in specific genomic regions of HPV
positive cancers [43,60]. These methylation profiles are used to distinguish between healthy and
cancerous tissues, as well as to predict the risk of disease recurrence. Additionally, certain epigenetic
signatures play a crucial role in determining the biological behavior and prognosis of tumors
associated with different HPV genotypes. Methylation levels increase with the severity of the lesions,
and this increase is directly related to tumor aggressiveness and patient survival rates [60,61].

The detection of these epigenetic changes in HPV positive cancers has emerged as a more
sensitive and effective biomarker for diagnosis and prognosis than traditional methods. In this
context, further investigation of epigenetic profiles in HPV related neoplasms could significantly
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contribute to the development of personalized treatment approaches and the implementation of more
targeted strategies in cancer management.

4. Clinical Presentation and Diagnosis

4.1. Symptoms and Presentation

HNCs present a diverse spectrum of clinical symptoms depending on their etiology, particularly
when distinguishing between HPV related and HPV nonrelated tumors. The clinical manifestations
of HPV related HNCs often contrast starkly with those of HPV nonrelated HNCs, reflecting
underlying differences in tumor biology and pathogenesis [62].

HPV related HNCs, predominantly arising in the oropharyngeal region, are frequently
characterized by a subtle and insidious onset. These tumors are known for their asymptomatic
progression in the early stages, which often leads to delayed clinical detection [63]. Patients with HPV
related HNCs typically present with painless cervical lymphadenopathy, which may be the first and
only sign of the disease. This is often accompanied by a persistent sore throat, dysphagia (difficulty
swallowing), otalgia (ear pain), and unexplained weight loss. In cases where the larynx is involved,
patients may experience hoarseness or other vocal changes. The predilection of HPV related tumors
for lymphoid-rich areas, such as the tonsils and the base of the tongue, often results in localized
symptoms reflective of the tumor’s anatomical origin [21,64].

Despite the relatively small size of HPV related tumors at presentation, they are frequently
associated with advanced lymph node metastasis. The presence of poorly differentiated cells and the
propensity for early nodal involvement can complicate the clinical course, although distant
metastases occur at rates comparable to HPV nonrelated tumors. Notably, when distant metastases
do occur, they tend to exhibit a more aggressive pattern of spread in HPV related cancers [65].

In contrast, HPV nonrelated HNCs generally present with more pronounced and diverse
symptoms, often reflecting the more aggressive nature of these tumors. HPV nonrelated tumors are
typically found in patients with a significant history of tobacco and alcohol use, which are well-
established risk factors [66]. Clinically, these patients may report more severe throat pain,
pronounced dysphagia, persistent otalgia, and significant vocal changes, such as hoarseness. HPV
nonrelated HNCs are more likely to be detected at a later stage, given their association with extensive
local invasion and symptomatic burden at the time of diagnosis [67].

HPV nonrelated tumors more commonly arise in the oral cavity, larynx, and hypopharynx,
regions less frequently affected by HPV related tumors. The larger size and more advanced stage of
HPV negative tumors at diagnosis are reflective of their aggressive clinical course and poorer
prognosis compared to their HPV related counterparts [67].

4.2. Diagnostic Methods and Challenges

The clinical presentation of HPV related HNCs often involves asymptomatic or minimally
symptomatic lymphadenopathy, which can delay the recognition and diagnosis of these cancers.
Additionally, HPV related tumors tend to have a better prognosis and a different response to
treatment, making accurate and early diagnosis crucial [68].

The diagnosis of HPV related HNCs presents unique challenges and opportunities compared to
HPV nonrelated HNCs. HPV related HNCs, predominantly affecting the oropharyngeal region, are
associated with distinct clinical and molecular features that necessitate specialized diagnostic
approaches [69].

4.2.1. Key Diagnostic Differences

1. Histopathology and p16 Immunohistochemistry:
e pl6 Overexpression: One of the hallmark features of HPV related HNCs is the overexpression of p16,
a cyclin-dependent kinase inhibitor. Immunohistochemistry (IHC) for p16 is widely used as a
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surrogate marker for HPV infection, particularly in oropharyngeal cancers. pl6 positivity, although
not entirely specific for HPV, correlates strongly with the presence of oncogenic HPV, especially
HPV16 [70-72].

e Morphological Features: HPV related tumors often exhibit a basaloid appearance, with less
keratinization and more poorly differentiated cells compared to HPV nonrelated tumors, which
typically have more pronounced keratinization and differentiation [73,74].

2. HPV DNA/RNA Testing:

e HPV DNA Detection: Polymerase chain reaction (PCR) and in situ hybridization (ISH) are common
methods for detecting HPV DNA within tumor tissue. PCR is particularly sensitive and can identify
specific high-risk HPV types, such as HPV16 and HPV18 [75,76].

e HPV RNA Testing: Testing for HPV E6/E7 mRNA provides direct evidence of active viral oncogene
expression, distinguishing between latent infection and active, transforming infection [77,78]. This
method is increasingly recognized for its diagnostic precision in HPV related HNCs [79].

3. Comparison with HPV Negative HNCs:

o HPV negative HNCs are less likely to show pl6 overexpression and typically do not harbor HPV
DNA/RNA. Instead, these cancers are more often associated with mutations in genes like TP53, which
are linked to tobacco exposure. The absence of HPV biomarkers in HPV nonrelated HNCs highlights
the importance of differentiating between these two subtypes for accurate diagnosis and appropriate
treatment planning [80-82].

4.2.2. Emerging Diagnostic Methods for HPV related HNCs

As the understanding of HPV related HNCs evolves, so do the diagnostic techniques used to
identify and characterize these cancers. Several emerging methods offer the potential to improve the
accuracy and specificity of HPV related HNC diagnosis [83].

e Next-Generation Sequencing (NGS): NGS allows for comprehensive genomic profiling of
tumors, providing insights into the genetic landscape of HPV related HNCs [84]. This technique
can identify viral integration sites, mutation signatures, and other molecular features unique to
HPYV related tumors. NGS also helps in distinguishing HPV related from HPV nonrelated tumors
by identifying characteristic mutations or the absence thereof [85].

e Liquid Biopsy: Liquid biopsy is an innovative, non-invasive diagnostic tool that analyzes
circulating tumor DNA (ctDNA) or HPV DNA in the bloodstream. This approach holds promise
for early detection, monitoring disease progression, and assessing treatment response in HPV
related HNC patients. Liquid biopsy could potentially overcome some of the limitations of tissue
biopsies, particularly in cases where tumor tissue is difficult to access [86].

¢ Circulating Biomarkers: Beyond ctDNA, circulating biomarkers such as antibodies against HPV
oncoproteins (E6 and E7) and miRNAs are being studied for their potential role in the diagnosis
and prognosis of HPV related HNCs. These biomarkers could offer a non-invasive method to
monitor disease status and guide therapeutic decisions [87,88].

4.2.3. Challenges in the Diagnosis of HPV Related HNCs

e Asymptomatic Presentation: The often asymptomatic nature of early-stage HPV related HNCs
presents a significant diagnostic challenge. Patients may only present with a painless cervical
lymph node, with little to no primary tumor symptoms, complicating early detection efforts
[63,64,68].

o False Positives and Negatives: While p16 IHC is a valuable tool, it is not infallible. False positives
can occur in HPV nonrelated tumors that exhibit p16 overexpression without the presence of
HPV DNA. Conversely, false negatives may arise in HPV related tumors with low p16
expression. Combining p16 IHC with HPV DNA/RNA testing is essential to mitigate these risks
[71].

e Tumor Heterogeneity: HPV related HNCs exhibit considerable heterogeneity, not only in terms
of HPV subtypes but also in their biological behavior and response to treatment. This
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heterogeneity complicates the diagnostic process, necessitating a multifaceted approach that
includes histopathology, molecular testing, and biomarker analysis [89,90].

4.2.3. Role of Biomarkers in Diagnosis

Biomarkers play a crucial role in the accurate diagnosis of HPV related HNCs, offering insights
into tumor biology, prognosis, and potential therapeutic targets. As previously discussed, pl6
remains the most widely used surrogate marker for HPV in oropharyngeal cancers [80]. However, its
use should be complemented by other diagnostic tests to confirm HPV status [91,92]. Detection of
E6/E7 mRNA provides strong evidence of active HPV infection and oncogenic activity, making it a
critical biomarker for confirming HPV-driven carcinogenesis in HNCs [87,88].

Research into additional biomarkers, such as specific miRNAs and proteins, is ongoing. These
biomarkers could help stratify patients based on their risk and guide personalized treatment
approaches. For example, lower expression of certain miRNAs may be associated with more
aggressive disease and poorer outcomes [93-95].

The diagnosis of HPV related head and neck cancers requires a nuanced approach that integrates
clinical evaluation, histopathological assessment, and advanced molecular testing. Emerging
diagnostic techniques and biomarkers hold the promise of improving diagnostic accuracy and
enabling earlier detection of these cancers. As research continues to unfold, the hope is that these
advancements will lead to more personalized and effective treatment strategies for patients with HPV
related HNCs.

5. Treatment and Prognosis

The management of head and neck cancers has evolved significantly with the recognition of
distinct subgroups based on HPV status [96]. HPV related HNCs, particularly those originating in
the oropharynx, display unique biological behaviors that influence both treatment strategies and
prognosis [97].

5.1. Standard Treatment Approaches for HPV Related HNCs

¢ Radiotherapy: Radiotherapy (RT) is often the cornerstone of treatment for HPV related
oropharyngeal cancers, particularly in patients with early-stage disease. HPV related tumors are
generally more radiosensitive compared to HPV nonrelated tumors, which allows for effective
tumor control with potentially lower doses of radiation. Given the favorable prognosis of HPV
related HNCs, there has been increasing interest in treatment de-escalation, aiming to reduce the
long-term toxicity associated with standard doses of radiation. Studies are exploring reduced
radiation doses and the omission of concurrent chemotherapy in selected patients with favorable
prognostic features [98-101].

e Chemoradiotherapy (CRT): For locally advanced HPV related HNCs, concurrent
chemoradiotherapy remains a standard approach. The combination of radiation with platinum-
based chemotherapy, such as cisplatin, enhances treatment efficacy by sensitizing tumor cells to
radiation. Given the high response rates observed in HPV related tumors, there is ongoing
research into reducing chemotherapy intensity or exploring alternative agents with fewer side
effects [102-105].

e Surgery: Minimally invasive surgical techniques, such as Transoral Robotic Surgery (TORS), are
increasingly being used for HPV related oropharyngeal cancers. TORS allows for precise tumor
resection with minimal morbidity and may be followed by adjuvant radiation or
chemoradiotherapy depending on the pathological findings [106,107].

5.2. Emerging and Investigational Treatment Modalities

Immune checkpoint inhibitors (ICIs) have revolutionized treatment for recurrent/metastatic
head and neck squamous cell carcinoma (R/M HNSCC), especially in HPV-related cases.
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Pembrolizumab and nivolumab, both anti-PD-1 agents, are standard treatments. In the KEYNOTE-
048 trial, pembrolizumab monotherapy or in combination with platinum/5-FU improved survival
over the EXTREME regimen, establishing its role as a first-line option—monotherapy for PD-L1 CPS
>] and in combination regardless of PD-L1 status [108].

In platinum-refractory disease, both agents are approved second-line therapies. Nivolumab
demonstrated a survival benefit in CheckMate-141 [109], and pembrolizumab showed durable
responses in KEYNOTE-012/055 trials, especially in PD-L1 positive patients [110,111].

Building on this immunotherapeutic backbone, novel strategies have emerged. Therapeutic
vaccines targeting HPV oncoproteins E6/E7 aim to enhance tumor-specific immunity and are under
evaluation for both adjuvant and recurrent settings [112-115]. CUE-101, an HPV16-specific
Immuno-STAT, achieved a 47% objective response rate (ORR) in HPV16+ R/M HNSCC and defined
a recommended Phase II dose of 4 mg/kg [116]. HB-200, an arenavirus-based vector therapy, showed
a 43% ORR with pembrolizumab, increasing to 59% in PD-L1 CPS >20 [117]. In the neoadjuvant
setting, HB-200 plus chemotherapy led to >50% tumor shrinkage in 81% of patients and a 93%
response rate at higher doses [118]. Similarly, neoadjuvant sintilimab plus platinum-based
chemotherapy yielded 100% partial response, 96% major pathological response, and 52% complete
response [119].

Dual checkpoint and EGFR blockade also shows promise. Nivolumab combined with cetuximab
resulted in a 66% one-year survival rate, benefiting both p16-negative and p16-positive patients [120].
ISA101b vaccine with cemiplimab improved ORR and median overall survival in patients with PD-
L1 CPS 220, underscoring the importance of biomarker-driven selection [121].

Targeted therapies have focused on molecular pathways activated by HPV. E6/E7 oncoproteins
upregulate PI3K/Akt/mTOR signaling. While mTOR inhibitor everolimus showed limited efficacy, a
Phase II trial is investigating its impact on progression-free survival (PFS) in the adjuvant setting
[122-124].

Given the favorable prognosis of HPV-positive oropharyngeal carcinoma, de-intensification
strategies have been extensively explored. Hypoxia-directed radiation de-escalation to 30 Gy
achieved a 2-year locoregional control rate of 95% and 99% overall survival with reduced toxicity
[125]. Transoral robotic surgery with pathology-driven adjuvant therapy produced a 54-month PFS
of 90.6% and OS of 95.3%, with comparable outcomes between 50 Gy and 60 Gy groups [126].
Moreover, intensity-modulated proton therapy (IMPT) was non-inferior to IMRT in a Phase III trial,
with lower gastrostomy tube dependence and treatment-related malnutrition [127].

Liquid biopsies, particularly circulating tumor HPV DNA, have emerged as a promising tool for
minimal residual disease (MRD) monitoring. The HPV-DeepSeek assay detected recurrence a median
of 207 days before clinical diagnosis and correlated with poorer 2-year PFS in patients with persistent
ctHPV DNA, supporting its role in risk-adapted strategies [128].

Gene-editing technologies targeting HPV oncogenes are also being explored. CRISPR/Cas9
targeting of E6/E7 in preclinical models induced apoptosis and growth arrest [129]. Combining
CRISPR-mediated gene silencing with PD-1 blockade enhanced immune responses [130].
Additionally, CRISPR/Cas13a successfully degraded E6/E7 transcripts and upregulated tumor
suppressors (p53, RB) in HPV-positive cell lines, offering a novel post-transcriptional therapeutic
strategy [131].

Cell-based therapies are advancing. TCR-engineered T cells targeting HPV16 E7 showed
responses in 6 of 12 patients, including PD-1 inhibitor-resistant cases [132]. CAR-T cells directed
against HPV16 E6 also demonstrated potent in vitro cytotoxicity [133].

In summary, the treatment paradigm in HPV-related HNSCC is shifting toward personalized,
immune- and biomarker-driven approaches. The integration of ICIs, vaccines, molecular targets, and
cell therapies is reshaping clinical trial designs, with radiation de-escalation and liquid biopsy
technologies further enabling risk-adapted strategies.

5.3. Prognosis and Survival Outcomes
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Patients with HPV related HNCs generally have a better prognosis compared to those with HPV
negative tumors. The improved survival rates are attributed to the tumor’s responsiveness to
treatment and the typically younger, healthier patient population [134]. Five-year survival rates for
HPYV related oropharyngeal cancers can exceed 80%, significantly higher than those for HPV negative
HNCs [135].

While HPV related status is a strong prognostic factor, the presence of concurrent smoking can
negatively impact outcomes. Smokers with HPV related HNCs may experience a prognosis more
akin to HPV negative cases, underscoring the importance of smoking cessation as part of the
treatment plan [136].

HPV negative HNCs, often associated with extensive tobacco and alcohol use, tend to present at
a more advanced stage with more aggressive biological behavior. These tumors are less responsive
to treatment, and five-year survival rates are typically lower, around 47% [137].

The more aggressive treatment required for HPV negative HNCs often results in higher rates of
acute and long-term toxicities. This contributes to a reduced quality of life and increased risk of
treatment-related morbidity and mortality [138].

Table 2. Comparison of HPV Related and HPV Nonrelated Head and Neck Cancers: Clinical Features and

Diagnostic Differences.

Key Features HPYV Related HNC HPV Nonrelated HNC
Symptoms and Presentation Subtle and insidious onset More pronounced and diverse
symptoms
Often asymptomatic in early Severe throat pain, dysphagia,
stages otalgia, vocal changes
Painless cervical Often detected at a later stage
lymphadenopathy
Localized symptoms Associated with tobacco and

alcohol use

Associated with lymphoid-rich

areas (e.g., tonsils, base of

tongue)

Methods pl6 overexpression used asa  More traditional diagnostic
surrogate marker approaches
HPV DNA/RNA testing Less reliance on p16 and HPV

biomarkers

Emerging techniques like NGS Diagnosis often based on clinical

and liquid biopsy presentation and histopathology
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Biomarkers in Diagnosis

Treatment

Prognosis and Survival

p16 immunohistochemistry

HPV DNA/RNA testing

Emerging biomarkers such as
circulating miRNAs and
antibodies against HPV

oncoproteins (E6/E7)

Radiotherapy,
Chemoradiotherapy

Transoral Robotic Surgery

Ongoing research in treatment

de-escalation

Immunotherapy, targeted
therapies, and personalized

medicine

Generally favorable prognosis

Five-year survival rates can

exceed 80%

Better response to treatment

Prognosis negatively impacted

by concurrent smoking

Less reliance on HPV biomarkers

Often associated with mutations

in genes like TP53

Importance of differentiating
from HPV related HNCs for
accurate diagnosis and treatment

planning

More aggressive treatment

required

Often involves higher doses of
radiation and more intensive

chemotherapy

Higher rates of treatment-related

toxicities

Challenges in treating more

advanced disease

Poorer prognosis

Five-year survival rates typically

around 47%

Higher rates of acute and long-

term toxicities

Reduced quality of life

6. HPV Vaccines and Avoiding HPV Related HNCs

Vaccination against human papillomavirus has emerged as a significant step in preventing HPV
related diseases, particularly head and neck cancers [139]. Understanding the role and mechanisms

of these vaccines, as well as their potential to reduce the incidence of HPV related cancers, is crucial

in the global fight against such malignancies. The global implementation of HPV vaccines initially
aimed to reduce the incidence of cervical cancer, as it is directly linked to HPV infection [140,141].
However, as HPV was recognized as a cause of HNCs, particularly oropharyngeal cancers, the
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potential of vaccines to prevent these cancers expanded [142,143]. HPV vaccines have been shown to
be effective primarily against the most common high-risk HPV types responsible for HPV related
cancers, particularly HPV16 and HPV18 [144].

To date, three different HPV vaccines have been approved, each differing in their valency. The
first to be marketed was Gardasil, a quadrivalent vaccine, which provides protection against HPV
types 6, 11, 16, and 18. Cervarix is a bivalent vaccine that targets HPV16 and HPV18, while Gardasil9,
a nonavalent vaccine, offers protection against HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58 [145,146].
Research continues to develop vaccines that target a broader range of HPV subtypes.

Not all vaccine varieties are available worldwide. In the United States, the 9-valent vaccine is
available and is used with the aim of preventing HPV related cancers, including HNCs [147]. HPV
vaccines work by priming the immune system to recognize and combat the virus before it establishes
infection. These vaccines are prophylactic, not therapeutic, meaning they are designed to prevent
infection rather than treat existing HPV related diseases [41]. While the exact mechanism of the 9-
valent HPV vaccine (9vHPV) is not fully understood, researchers believe it activates humoral
immunity. The vaccine is formulated using virus-like particles (VLPs) derived from the L1 protein,
the major capsid protein of HPV serotypes 6, 11, 16, 18, 31, 45, 52, and 58. Additionally, studies have
shown that the level of antibodies produced in response to vaccination is 10 to 100 times higher than
that produced by natural infection [147].

6.1. Studies of Therapeutic Vaccines

Although prophylactic vaccines provide protection against HPV, they are insufficient for
treating existing infections or HPV related neoplasms. Therefore, the development of therapeutic
vaccines that offer more effective solutions for the treatment of HPV related diseases is of great
importance [148].

Clinical studies have shown that therapeutic vaccines targeting oncogenic proteins such as E6
and E7 hold the potential to treat HPV related cancers. However, these vaccines have yet to elicit a
durable and effective immune response in clinical practice. Currently, prophylactic vaccines targeting
the L1 protein are ineffective against existing lesions, and therapeutic vaccines targeting E6 and E7
have not been successful in generating long-lasting immune responses. This suggests that other viral
proteins, such as the L2 capsid protein, may induce more effective immunological responses
[149,150].

Additionally, research into the combination of therapeutic vaccines with immune checkpoint
inhibitors and other treatment options has shown promising results [151]. Ongoing studies are also
investigating the advantages and limitations of various platforms, such as DNA-based and vector-
based vaccines, which could lead to novel approaches in the treatment of HPV related cancers [152].

6.2. Effectiveness of HPV Vaccines in Preventing Head and Neck Cancers

Human papillomavirus vaccines have garnered substantial attention due to their potential to
prevent a wide range of HPV related cancers, including head and neck cancers, particularly
oropharyngeal cancers (OPC). While originally developed to prevent cervical and other anogenital
cancers, the expanding role of these vaccines in reducing the incidence of HPV related HNCs is
becoming more evident, especially in high-income countries where the prevalence of HPV related
oropharyngeal cancers is rising, primarily driven by HPV16 [153-155].

Several studies have demonstrated the efficacy of HPV vaccines in preventing oral HPV
infections, which are a significant precursor to HPV related oropharyngeal cancers. For example, a
meta-analysis revealed that individuals vaccinated against HPV were 46% less likely to acquire oral
HPV infections. Additionally, the vaccine’s efficacy against HPV16 and HPV18 — the types most
associated with oropharyngeal cancers — was as high as 93.3% in some studies. The World Health
Organization (WHO) and regulatory bodies like the U.S. FDA have also recognized the importance
of HPV vaccination in preventing head and neck cancers [156,157].
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The recent inclusion of head and neck squamous cell carcinoma among the conditions that can
be prevented by the 9-valent HPV vaccine highlights its broad protective potential [156,158,159].

6.3. HPV Vaccination Strategies and Challenges: A Critical Step in Cancer Prevention

Human Papillomavirus is one of the leading causes of several cancers, including cervical, vulvar,
vaginal, anal, and oropharyngeal cancers. HPV vaccines are a highly effective tool for preventing
these cancers. The primary vaccination strategies prioritize immunizing children between the ages of
9 and 15, as this age group can acquire immunity before becoming sexually active [160]. However,
the global implementation of HPV vaccination strategies faces several challenges [161-163].

In particular, the application of HPV vaccines is limited in low- and middle-income countries.
These vaccination programs are often impacted by resource constraints, inadequate healthcare
infrastructure, misconceptions, and vaccine hesitancy [160,163]. For instance, in Kenya, only 33% of
the targeted population received the first dose of the vaccine when the program was initiated in 2019,
and only 16% completed the second dose [162]. Similarly, vaccination programs in China are
restricted by regional limitations, resulting in low vaccination rates in some areas[161,164]. In Turkey,
HPV vaccination is not yet included in the national immunization schedule, leading to low
vaccination rates and limited public awareness [165,166]. In low- and middle-income countries,
vaccination programs targeting young girls are typically conducted in schools, posing significant
challenges in reaching girls who are not in school. This creates barriers to achieving target coverage
and expanding vaccine reach [160,163]. In Kenya, although vaccination programs for young girls are
conducted through schools, reaching those who are out of school or in remote areas is challenging
[162]. Similarly, in China and Senegal, efforts have been made to extend vaccination programs to
broader age groups; however, these initiatives are often limited by costs and supply constraints
[161,163].

HPV vaccines are generally administered before the onset of sexual activity, as they provide
immunity prior to exposure to the virus. WHO and other international health authorities identify
children between 9 and 14 as the ideal target population for vaccination. However, vaccine hesitancy
remains a significant obstacle to widespread vaccination in many countries [167]. Misinformation
about vaccine safety, cultural barriers, and social stigma are critical factors in some countries. To
address these concerns, countries should collaborate with healthcare providers, educators, and
community leaders to conduct education and awareness campaigns on the safety and efficacy of the
vaccine [168,169]. Emphasizing the importance of vaccinating boys is also crucial, as HPV can cause
cancer in men as well as women.

Studies in Latin America have shown that cultural barriers, misinformation, and safety concerns
negatively impact vaccine acceptance. A significant drop in second-dose vaccination rates has been
observed, limiting the vaccine’s overall effectiveness [170]. Similarly, public mistrust in vaccines and
access challenges contribute to lower vaccination rates in China [166]. As HPV vaccination is often
associated with sexual activity, some parents hesitate to vaccinate their children (Turkey). Studies in
Turkey have shown low awareness of the HPV vaccine, which is reflected in vaccination rates. In one
study, only 55.4% of participants had heard of the HPV vaccine, and only 3.6% had been vaccinated.
These figures demonstrate how lack of awareness and financial barriers directly affect vaccination
rates [166]. Furthermore, fear of side effects is common. Studies have reported that participants were
hesitant to get vaccinated due to a lack of information on the vaccine’s side effects [165,171].

Although HPV vaccination initially targeted children and adolescents, vaccination strategies
have expanded in recent years. Adult vaccination programs can also be effective, even among
individuals who are already sexually active. The United States Food and Drug Administration (FDA)
has approved the use of HPV vaccines for adults between the ages of 27 and 45. Vaccination in this
age group is essential for protecting individuals who have not yet been exposed to the virus [167,169].
However, catch-up vaccination programs are often limited due to access and cost issues [161]. Such
strategies are particularly important for adults who have missed the vaccination window or have
been outside the scope of vaccination programs. Further research is needed to better understand
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vaccine efficacy in adults, especially concerning age-related immune system decline and its impact
on vaccine effectiveness [167].

HPV vaccines provide an effective and safe method of protection against a virus that causes
cancer. Widespread vaccination can potentially prevent not only cervical cancer but also other HPV
related cancers, including HNC. However, the success of vaccination programs is directly related to
making the vaccine more accessible globally and overcoming vaccine hesitancy [169].

Moreover, even healthcare professionals lack sufficient knowledge about HPV. For example, one
study reported that only 44.1% of participants knew HPV could cause cervical cancer, while 63.4%
were unsure if the vaccine was effective against other cancer types [171]. This highlights the need for
more awareness among both the public and healthcare providers.

In conclusion, to ensure the success of vaccination strategies, governments and health
organizations must raise public awareness, expand target populations, and address financial and
logistical barriers to make vaccine protection sustainable. Increased financial support, public
awareness, and strengthened vaccination strategies are essential, especially in low-income countries.
Eliminating HPV related cancers is achievable through the effective implementation of global
vaccination programs, marking a significant milestone in public health [168-170].

7. Ongoing research HNCs - related to HPV

HPYV is a recognized driver of various head and neck cancers, with its role most clearly defined
in oropharyngeal cancer. However, ongoing research continues to investigate its impact on other
HNC subsites, including laryngeal, hypopharyngeal, and sinonasal cancers. These studies aim to
better understand the molecular mechanisms, clinical implications, and potential therapeutic
strategies associated with HPV in these less-explored cancer types.

7.1. Oropharyngeal Cancer

High-risk HPV is a leading cause of oropharyngeal squamous cell carcinoma (OPSCC), which
has surpassed cervical cancer in the United States to become the most common HPV related cancer
[172,173]. Particularly, HPV16 positivity has been reported in 40-80% of cases in North America.
Moderate to low rates of HPV positivity (5-20%) are also observed in non-oropharyngeal head and
neck cancers, though higher prevalence rates have been reported in certain regions [174,175]. For
instance, the incidence of HPV positive OPSCC has been increasing in Western countries, with
approximately 70% of HNSCC cases being associated with HPV [176]. The most widely accepted
hypothesis is that oral sexual behaviors have become increasingly prevalent and frequent,
particularly among younger age groups, over the past 50 year [173]. While HPV plays a more
prominent role in OPSCC, its oncogenic activity and etiological role in oral cavity cancers remain
subjects of debate. Detecting the transcriptional activity of HPV is critical for accurate diagnosis and
clinical management, as HPV positive OPSCC is associated with better prognosis and potential for
treatment de-intensification [177]. Kaplan-Meier estimates in one study indicate that patients with
HPYV positive tumors have better overall survival rates compared to those with HPV negative tumors
[175]. This finding suggests that HPV positive tumors are associated with better prognosis and
warrant consideration of alternative treatment options. For example, a study emphasized the
feasibility of treatment de-intensification strategies in HPV positive OPSCC patients while
highlighting the significant contribution of agents like cisplatin in maintaining local control. The
findings of this study provide a crucial foundation for future clinical trials aimed at reducing toxicity
and preserving cure rates while maintaining post-treatment quality of life [178]. Due to the strong
viral antigens associated with HPV positive HNSCC, another study investigating the efficacy of
neoadjuvant immunotherapy in these cancers concluded that this treatment has the potential to
reduce doses of surgery, radiation, and chemotherapy, offering promise for reducing treatment
toxicity while improving survival outcomes [179].

7.2. Laryngeal Cancer
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In a study investigating the prognostic role of HPV status and PD-L1 expression in patients with
laryngeal squamous cell carcinoma (LSCC), it was found that HPV positive and PD-L1-positive
patients had better overall survival, with higher PD-L1 positivity observed in non-smoking patients.
These findings highlight that HPV and PD-L1 status are independent favorable prognostic factors in
LSCC patients and suggest that immune checkpoint inhibitors may serve as an effective therapeutic
option [180].

In a study assessing the presence of viruses from different viral groups, including HPV, and the
reliability of p16 as an HPV marker in LSCC, tumor samples from 78 patients were analyzed using
PCR, in-situ hybridization, and immunohistochemistry methods. The findings revealed low HPV
positivity (9%) and concluded that p16 is not a reliable marker for HPV in LSCC. These results
emphasize the rarity of viral infections in LSCC and underscore the need for further investigation
into their oncogenic effects [91].

Another study examined the impact of p16 protein expression on survival in LSCC patients. In
this study, 74 patients were retrospectively analyzed, and pl6 expression was evaluated using
immunohistochemical methods. The analysis revealed that p16-positive patients had better survival
rates and that p16 expression was an independent prognostic factor for overall survival and disease-
specific survival. These findings suggest that pl6-positive patients may represent a distinct subgroup
with better prognosis [181].

Lastly, a study evaluating HPV related laryngeal infections reviewed 77 studies published
between 1923 and 2022 and analyzed cell cultures, animal models, and organotypic raft models.
However, the study emphasized the need for advanced models to specifically investigate high-risk
HPV types [182].

7.3. Hypopharyngeal Cancer

In a study investigating the association between HPV16 infection and the density of tumor-
infiltrating lymphocytes (TILs) in hypopharyngeal squamous cell carcinoma (HPSCC) patients, 108
cases were retrospectively analyzed. The presence of HPV DNA in tumor tissues was assessed using
real-time PCR, and TIL density was evaluated via immunohistochemistry. Higher TIL infiltration
was observed in HPV16-positive patients, and their three-year survival rates were significantly
higher compared to HPV negative patients. These findings suggest that HPV16 infection may play a
beneficial role in the prognosis of HPSCC and highlight the positive impact of immune cell infiltration
[183].

In a study evaluating the prognostic impact of HPV status and treatment modalities in
hypopharyngeal cancer, data from 9314 patients obtained from the National Cancer Database were
analyzed. It was found that surgery with adjuvant therapy and chemoradiotherapy achieved similar
outcomes in advanced-stage patients, but overall survival was better in HPV positive patients [184].
Another study investigating the prognostic significance of HPV in hypopharyngeal squamous cell
carcinomas analyzed cases from the National Cancer Database (NCDB) between 2010 and 2017. The
findings indicated that HPV positive tumors were associated with better survival rates [185].

7.4. Sinonasal Cancer

A study analyzing research published since 2017 demonstrated that approximately 28% of
sinonasal cancers are associated with HPV [186]. Another study investigating the impact and
prognostic significance of HPV in sinonasal cancers systematically reviewed 57 original studies,
revealing that 30% of cases were HPV positive and that HPV positive sinonasal squamous cell
carcinoma (SNSCC) was associated with better survival rates [187]. In a study exploring the
prevalence, morphological diversity, and prognostic significance of high-risk HPV in sinonasal
cancers, 153 tumor samples were analyzed using pl6 immunohistochemistry and HR-HPV E6/E7
RNA in-situ hybridization tests. The findings revealed that 18% of HPV related tumors were non-
keratinizing or partially keratinizing squamous cell carcinomas. These findings indicate that HPV
related sinonasal tumors exhibit a wide morphological spectrum and, similar to other studies, have
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a positive impact on overall and progression-free survival [188]. Another study aimed at
understanding the prognosis and biological characteristics of HPV positive SNSCC compared the
prognoses of HPV related and nonrelated sinonasal tumors and assessed the reliability of p16 as an
HPV marker. The study found that HPV positive SNSCC patients had better prognoses and that p16
was not always a reliable marker for determining HPV status [92].

7.5. Nasopharyngeal Cancer

A study investigating the prevalence and geographic distribution of HPV related
nasopharyngeal carcinoma (HPV+NPC) systematically reviewed 46 studies published between 1990
and 2022 and conducted a meta-analysis of data from a total of 6314 patients. The results of this
analysis revealed that the global prevalence of HPV+NPC is 18%, with the highest prevalence in
North America (25%) and the lowest in Asia (13%). HPV 16 and HPV 18 were identified as the most
common genotypes, and HPV+NPC was predominantly classified as World Health Organization
Type I[189].

In a study evaluating circulating tumor HPV DNA (ctHPVDNA) in HPV related SNSCC and
nasopharyngeal carcinoma (NPC) during diagnosis, treatment, and monitoring, blood samples from
9 patients were analyzed using a custom droplet digital PCR method. The findings showed that
ctHPVDNA could be detected at diagnosis with 100% sensitivity. These findings highlight that
ctHPVDNA is an effective biomarker for disease monitoring and emphasize that the HPV genotype
distribution in SNSCC/NPC is not limited to HPV 16 but also involves other genotypes [190].

A study exploring the relationship between NPC and HPV infections conducted a national
population-based case-control analysis including 2747 NPC patients and 13,735 matched controls. It
found that individuals with a history of HPV infection had a statistically significant higher risk of
developing NPC compared to those without HPV infection. The findings demonstrated that HPV
infections are a significant risk factor for NPC [191].

A study investigating the efficacy of ctHPVDNA for disease monitoring in HPV related NPC
tracked ctHPVDNA levels in an HPV positive NPC patient throughout the treatment process,
utilizing PCR-based tests. This study found that ctHPVDNA was effective in detecting early disease
recurrence and correlated with disease burden [192].

7.6. Salivary Gland Cancer

A study investigating the association between salivary gland cancer and HPV infections
analyzed data from 416 patients diagnosed with salivary gland cancer and 2080 matched controls
between 2010 and 2019. The findings revealed that the prevalence of HPV infections was significantly
higher in cancer patients compared to the control group [193]. However, another study conducted in
2021 investigating the association between HPV16 and various cancer types in Sudan yielded
contrasting findings. The study observed high HPV16 prevalence in certain cancer types, such as
esophageal squamous cell carcinoma (35%) and laryngeal cancer (50%), while a low prevalence was
identified in salivary gland carcinomas. The study emphasized that these findings support previous
research suggesting that HPV16 is not associated with these tumors [194] A more recent study
investigating the role of HPV in salivary gland tumors systematically reviewed the existing literature.
It found that HPV might be associated with certain salivary gland tumors, such as mucoepidermoid
carcinoma, though this relationship is not definitive for all tumor types [195].

In conclusion, the impact of HPV on head and neck cancers varies across a wide spectrum of
subtypes, ranging from oropharyngeal cancers to laryngeal, hypopharyngeal, sinonasal,
nasopharyngeal, and salivary gland cancers. While its prominent role in oropharyngeal cancers has
been clearly defined, the impact of HPV on other subtypes remains controversial and requires further
investigation. The positive effect of HPV on prognosis, particularly in hypopharyngeal squamous cell
carcinomas, has been associated with mechanisms that trigger immune responses in certain subtypes,
while this relationship appears less pronounced in others. Understanding the role of HPV in these
subtypes will not only contribute to the development of more accurate diagnostic and prognostic
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markers but also to the creation of targeted and less toxic treatment strategies. Future studies should
focus on fully elucidating the molecular mechanisms of HPV and exploring how differences in tumor
biology can be integrated into optimized therapeutic approaches.

7. Conclusion and Future Directions

Human papillomavirus has emerged as a critical factor in the etiology, diagnosis, and treatment
of various head and neck cancers, particularly oropharyngeal squamous cell carcinoma. With the
rising global incidence of HPV related HNCs, understanding its role in tumorigenesis has become
essential in guiding research and clinical practice. This review highlights the complex interplay
between viral oncoproteins, host cellular pathways, and epigenetic regulation in driving cancer
development. The distinct epidemiological, clinical, and molecular features of HPV positive HNCs
underscore the need for tailored diagnostic and therapeutic approaches.

Current diagnostic methods for HPV related HNCs rely heavily on surrogate markers such as
pl6 immunohistochemistry and HPV DNA/RNA testing, while emerging techniques like liquid
biopsies and next-generation sequencing offer new opportunities for early detection and disease
monitoring. Despite these advancements, challenges remain, including tumor heterogeneity,
asymptomatic presentation, and the risk of diagnostic inaccuracies. Further research into circulating
biomarkers, such as tumor-derived HPV DNA and specific microRNAs, could enhance diagnostic
precision and improve patient outcomes.

Treatment strategies for HPV positive HNCs are evolving with a focus on treatment de-
escalation to minimize toxicity without compromising efficacy. HPV related tumors are more
responsive to radiotherapy and chemoradiotherapy, leading to higher survival rates and better
prognosis compared to HPV negative HNCs. Innovative approaches, including immunotherapy,
therapeutic vaccines targeting viral oncoproteins, and targeted therapies, show promise in enhancing
treatment effectiveness while reducing long-term adverse effects.

HPV vaccination programs have demonstrated significant success in preventing HPV related
cancers, yet the global uptake of these vaccines remains uneven. In regions where vaccination rates
are low, efforts must focus on addressing vaccine hesitancy, improving public awareness, and
expanding access. Achieving widespread vaccination coverage could lead to a substantial reduction
in HPV related HNCs, especially among future generations.

Future research should aim to elucidate the full spectrum of HPV’s role in less common HNC
subtypes, such as laryngeal, hypopharyngeal, sinonasal, nasopharyngeal, and salivary gland cancers.
Investigating the molecular and immune mechanisms underlying the differential behavior of HPV
related tumors in these sites will provide valuable insights for developing more targeted and
personalized therapeutic approaches. Additionally, studies exploring the integration of epigenetic
alterations and non-coding RNA profiles into clinical practice could offer new biomarkers for risk
stratification and prognosis.

In conclusion, continued advancements in the understanding of HPV related head and neck
cancers are essential for improving prevention, early diagnosis, and treatment strategies.
Collaborative efforts between researchers, healthcare providers, and policymakers are crucial to fully
realize the potential of HPV vaccines and innovative therapies in reducing the global burden of these
cancers. With sustained research and public health initiatives, there is hope for better clinical
outcomes and enhanced quality of life for patients affected by HPV related HNCs.
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