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Abstract: Head and neck squamous-cell carcinoma (HNSCC) has long been associated
with tobacco and alcohol use. In the last two decades, however, human papillomavirus
(HPV) infection has emerged as an important driver of these cancers, particularly in
the oropharynx. The eighth edition of the American Joint Committee on Cancer (AJCC)
staging system now defines HPV+ and HPV— OPSCC as separate entities. Although our
understanding of HPV+ HNSCC continues to improve, it can be challenging to keep up to
date with the growing body of evidence. In this context, the present narrative review was
carried out to provide an overview of HPV-driven head and neck cancer, with an emphasis
on Europe. We review the latest evidence on epidemiology, diagnosis, and treatment,
including recent trends towards treatment de-intensification and future directions.
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1. Introduction

Malignant tumours of the hypopharynx, nasopharynx, oral cavity, oropharynx, and
larynx are commonly grouped under the term head and neck squamous-cell carcinoma
(HNSCC) [1]. Although these tumours have long been mainly linked to alcohol and tobacco
use, human papillomavirus (HPV) infection plays an important role in the development of
some HNSCCs, particularly in the oropharynx.

In the last two decades, the incidence of oropharyngeal squamous-cell carcinoma
(OPSCC) has increased due to the growing prevalence of HPV infection, which now
accounts for approximately 30% of all cases worldwide but with marked geographic
differences [2]. In some regions of the world such as North America and northern Europe,
most cases of OPSCC are HPV-related [3], probably due to societal changes in sexual
practices (i.e., more sexual partners and an increase in oral sex). In many European
countries, more than 50% of oropharyngeal cancers are HPV+ [4].

Given the markedly better prognosis for HPV+ OPSCC, HPV infection has important
treatment implications [3] as indicated in the most recent edition (eighth) of the Amer-
ican Joint Committee on Cancer (AJCC) staging system, which now defines HPV+ and
HPV— OPSCC as separate entities with different characteristics and molecular profiles and
distinct outcomes [5]. Although our understanding of HPV+ HNSCC continues to grow as
new studies are continually published, it is crucial to keep abreast of the latest evidence.

In this context, the present narrative review provides a comprehensive overview of
HPV-driven head and neck cancer, with an emphasis on the current situation in Europe.
We review the latest evidence on epidemiology, diagnosis, and treatment, including recent
trends towards treatment de-intensification and future directions.
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2. Epidemiology

HNSCC has long been associated with lifestyle factors, mainly heavy alcohol use,
smoking, and chewing tobacco [6]. Most (=75%) squamous cell carcinomas are caused
by alcohol and tobacco use, with the remaining 25% largely attributed to HPV [6]. Most
cancers of the head and neck region arise from squamous epithelial cells lining the pharynx,
larynx, oral cavity, and/or nasal cavity and these cancers are typically grouped according to
their location. HNSCCs are commonly divided into oropharyngeal and non-oropharyngeal
carcinomas due to the important role of HPV infection in oropharyngeal cancers [1].

Early studies found that HPV+ OPSCCs were mainly concentrated in younger pa-
tients, but more recent data suggest that, in fact, HPV-driven OPSCCs are detected in
patients at all ages [4,7-11], with some studies showing that the mean age is comparable
between HPV+ and HPV— tumours [12]. Crucially, HPV+ OPSCC has a better progno-
sis, is more responsive to radiation therapy, and has better overall survival rates than
HPV— disease [13-15].

In recent years, the incidence of HPV+ OPSCC has increased more rapidly than most
other types of cancer in high-income countries, particularly in Europe and the United
States [4]. According to Global Cancer Observatory (GLOBOCAN) 2020 data, the incidence
of oropharyngeal cancer in Europe was among the highest in the world [16].

2.1. Incidence and Prevalence of HNSCC

Figure 1 shows the estimated age-standardised rate (ASR) per 100,000 in 2022 for
HNSSC in adults of both sexes in Europe [17]. As that figure shows, the highest rates were
observed in Romania, Hungary, and Slovakia, while the lowest rates were observed in
Cyprus and Iceland.
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Figure 1. Estimated age-standardised incidence of HNSCC in Europe in 2022. Age-standardised rate.
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As Figure 2 shows [17], the highest mortality rates for HNSCC in Europe in the year
2022 were in Central and Eastern Europe (Moldavia, Romania, Belarus, Hungary) and
the lowest rates were in the Nordic countries (Norway, Sweden, Finland) and in Cyprus,
Iceland, and Luxembourg.
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Figure 2. Estimated age-standardised mortality rates for HNSCC in Europe in 2022.

2.1.1. Oropharynx

According to GLOBOCAN 2022 data [17], an estimated 29,800 new cases of oropharyn-
geal cancer were diagnosed in 2022 in Europe (ASR = 2.2 per 100,000), with an estimated
13,027 deaths.

HPYV positive and negative OPSCC differ in many ways [4,12]. Men make up a larger
% of HPV+ OPSCC, accounting for 86.9% of cases versus 76.8% of cases in HPV— disease.
Similarly, the mean number of sexual partners is greater in HPV+ disease. Interestingly,
despite what was initially thought, HPV+ OPSCC can occur in patients at any age [4,7-11],
and some studies suggest that that the median age at diagnosis is similar (59 vs. 60
years) [12].

Stjernstrem et al. [18] reviewed data from seven studies (2075 patients) conducted
in different European countries, finding large differences between countries in terms of
the prevalence of HPV+ OPSCC, which ranged from 18% to 65%. The lowest rates were
observed in central and southern Europe and the highest in Nordic countries (Sweden and
Denmark). These data are largely in line with GLOBOCAN 2022 [16,17].

A recent (2023) systematic review and metanalysis by Fonséca et al. assessed the
global prevalence of HPV in oral cavity and oropharyngeal cancer [19], finding a pooled
prevalence of HPV+ disease in 10% and 42%, respectively. The highest prevalence rates for
HPV+ OPSCC were observed in northern Europe (Finland and Sweden), a finding that is
consistent with aforementioned study by Stjernstrem et al. [18] and with GLOBOCAN 2020
data [17]. A systematic review by Carlander et al. [20] found an increase in HPV prevalence
over time in many European countries, including Germany, the Netherlands, and Italy.



Viruses 2025, 17, 662

40f 15

2.1.2. Oral Cancer

The overall prevalence of oral HPV in healthy populations ranges from 1.2% to 11.6%,
with high-risk HPV present in 2.2% to 7.2% of individuals and HPV-16 in 0.2% to 2.9% [21].
Although some studies have found that HPV-positive oral cancers have a better prognosis
than HPV-negative tumours, other studies have not been able to confirm any association
between HPV and longer survival in this patient population [22]. As a result, this question
remains unresolved.

2.1.3. Laryngeal Cancer

Although HPV is strongly associated with oropharyngeal cancer, the association
with oral and laryngeal cancer is uncertain [23]. However, it is believed that a similar
mechanism—pb53 inactivation and pRb degradation—drives the proliferation of malignant
cells [24].

The epidemiological data on HPV infection in laryngeal cancer vary widely, depending
on the region and the study [23,24]. Although HPV infection has been associated with
laryngeal cancer, the mechanism of action has not been fully elucidated and the impact
of HPV status on survival in these patients remains unclear [23,24]. Evidence to support
better survival outcomes in HPV+ laryngeal cancer is lacking. Consequently, the factors
that have the greatest impact on survival outcomes in these patients are tumour stage and
nicotine exposure.

2.1.4. Cancer of Unknown Primary (CUP)

A recent systematic review by Escobar and colleagues assessed the role of HPV in
head and neck cancer of unknown primary (HNCUP) [25]. That review found that HPV
is present in a high percentage of cases but with a wide range of reported prevalence
rates (from 15.5% to 100%, depending on the study). The role of HPV in HNCUP remains
unclear due to conflicting data, with some studies showing an association between HPV
positivity and improved survival—such as the study by Axelsson et al., who found that
p16 positivity was associated with longer survival and a lower risk of recurrence [26]—and
other studies reporting no association [25]. Given the uncertain role of HPV on clinical
outcomes in HNCUP, most authors believe that patients diagnosed with HNCUP should
all receive the same standard treatment—regardless of HPV status—until more conclusive
data become available [27]. Interestingly, the findings of the Head and Neck 5000 study, a
large prospective clinical cohort study carried out in the United Kingdom, suggested that
most cases of HPV+ HNCUP are likely to be due to HPV-driven OPSCC [28]. However,
this finding is controversial and more data will be needed to confirm this hypothesis.

A review by Golusinski et al. [29] on the diagnostic evaluation of cervical node metas-
tases from HNCUP concluded that a complete diagnostic workup consisting of clinical
assessment, conventional imaging, FDG positron-emission tomography (PET)/computed
tomography (CT) and tonsillectomy/panendoscopy can detect the primary site in more
than 50% of cases, which in turn is associated with significantly better survival. Those au-
thors developed a novel, evidence-based protocol designed to identify the primary tumour
and determine the disease stage.

2.2. The Role of HPV in Carcinogenesis

The molecular and clinical characteristics of tobacco and/or alcohol-induced squa-
mous cell carcinomas differ greatly from HPV-induced OPSCC [5,30]. The carcinogenesis of
HPV+ OPSCC involves specific molecular pathways and biological changes characterised
by degradation of p53, inactivation of the Rb pathway, and increased p16INK4a (p16)
expression. The molecular landscape of HPV-induced OPSCC involves interactions with
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host cells, particularly through the viral oncoproteins E6 and E7, which target the tumour
suppressor proteins (p53 and Rb), leading to uncontrolled cell growth and genomic insta-
bility. Other pathways such as PI3K/AKT/mTOR, Notch signalling, and Wnt/ 3-catenin
have also been implicated in the development of HPV+ OPSCC [31-33].

The exact mechanisms of HPV infection in the development of HNSCC are not entirely
clear [34]. Additionally, the clinical significance of active viral oncogenesis in other non-
oropharyngeal locations has not been confirmed. Factors that influence viral susceptibility
to tonsillar epithelial crypt is still under research, but it may be due to the fact that HPV
virus needs the access to basal cells in squamous epithelium which is much easier in
tonsillar crypts. What is more, the microenviroment of tonsillar tissue, which is rich in
immune cells, may play a role [35].

Leemans et al., in their article describing the molecular landscape in HNSCC, sug-
gested that productive HPV infections in the oral cavity or larynx rarely change into trans-
forming (i.e., oncogenic) infections. By contrast, transforming infections in the oropharynx
typically involve the deregulation of HPV E6 and E7 oncoprotein expression in rapidly di-
viding cells. In turn, these deregulated oncoproteins inactivate RB and p53, thus supporting
progression towards cancer [35].

3. Diagnosis
3.1. Clinical Presentation

HNSCC mainly affects older adults—particularly men—with a median age at diag-
nosis of 53 years for HPV+ disease and 66 years for HPV— HNSCC [36]. The signs and
symptoms of HNSCC vary widely depending on the primary tumour site and aetiology.

The initial assessment typically involves a physical examination with close study
of the head and neck region, including all nodal levels and mucosal surfaces. It is also
important to palpate the base of tongue and tonsils. Flexible nasolaryngoscopy is an
essential component of the examination [11].

Imaging plays a key role in the diagnostic work-up of patients with suspected HNSCC.
In most cases, this consists of CT and magnetic resonance imaging (MRI) followed by a
positron-emission tomography (PET)-CT to check for occult metastatic lesions.

3.2. Biopsy in HNSCC

The gold standard for the diagnosis of HNSCC is biopsy of the primary tumour
followed by determination of HPV status [37]. In some cases, the biopsy can be performed
in the clinic with local anaesthesia. If not feasible, then a biopsy must be performed under
general anaesthesia. Alternatively, in cases in which the local biopsy was unsuccessful
and the patient is not a candidate for open biopsy with general anaesthesia, fine-needle
aspiration (FNA) of the cervical lymph nodes may be performed. In these cases, the
diagnosis is usually made by a multidisciplinary tumour board based on the cytological
results of the tissues obtained via FNA, the clinical presentation, and the results of the
imaging studies [37].

3.3. Oral Cavity

Cancers of the oral cavity classically present with a persistent oral ulcer. At diagnosis,
most oral cancers are late stage, which explains the high mortality rates associated with this
type of HNSCC [36,38]. The co-occurrence of risk factors, including tobacco or alcohol use,
poor dentition, and use of areca nut and betel quid, should increase diagnostic suspicion. To
date, no effective screening strategies have been identified, which is why clinical examina-
tion is the primary approach to early detection [36]. The presence of pre-malignant lesions
in the oral cavity—leukoplakia, erythroplakia, and submucosal fibrosis—may indicate
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early-stage disease. However, these often remain undetected and most patients presenting
with advanced disease.

While early-stage oral cavity cancers are generally treated with surgery alone, more
advanced oral cavity tumours require a multimodal approach consisting of surgical re-
section followed by adjuvant radiotherapy or chemoradiotherapy (CRT), as appropriate
(based on the stage).

3.4. Oropharyngeal and Hypopharyngeal Tumours

The signs and symptoms of oro- and hypopharyngeal tumours may include hoarse-
ness, persistent sore throat, a neck mass, dysphagia, odynophagia, or otalgia. Because
HPV+ OPSCC is more likely to present with nodal involvement, these patients are also
more likely to have a neck mass. Non-specific symptoms (e.g., otalgia) are common, which
is why the presence of persistent symptoms is indicative of a need for early referral to
specialists [39].

In many cases, primary tumours of the oropharynx do not become symptomatic until
the disease is well advanced. However, the presence of non-specific pharyngeal symptoms
in patients with a history of tobacco and alcohol use should increase the level of suspicion.

Patients with HPV+ OPSCC typically present with a painless level II neck mass and
a primary tumour that is asymptomatic. In these cases, the traditional risk factors for
HPV— disease are frequently not present. The two primary risk factors for HPV+ HNSCC
are multiple lifetime sexual partners and male sex.

3.5. Laryngeal Tumours

Patients with laryngeal cancer often exhibit voice changes or hoarseness, which allows
for early diagnosis. However, some individuals may overlook these symptoms and go on
to develop dyspnoea and, potentially, obstruction of the airways. Tobacco and alcohol use,
which are significant behavioural risk factors, can have a particularly strong impact on the
larynx and other HPV-negative sites due to their synergistic effects.

3.6. Role and Determination of HPV Status

Given the important differences between HPV+ and HPV— OPSCC in terms of
the biological behaviour of the disease, accurate determination of HPV status is essen-
tial [5]. HPV-negative tumors frequently exhibit mutations or deletions in the CDKN2A
gene, which encodes p16, a protein that normally inhibits cyclin-dependent kinases and
restricts cell cycle progression. In HPV-positive cancers, p16 is paradoxically overex-
pressed as a compensatory response to E7-mediated Rb degradation, making it a useful
biomarker for distinguishing HPV-driven tumors [40]. Interestingly, p16 only has prog-
nostic value for OPSCC but not tumours of the hypopharynx, larynx, or oral cavity, which
is why determination of p16 status is not considered obligatory in non-OPSCC head and
neck cancers [41]. Once the primary disease has been identified and HPV status deter-
mined, most cases are presented to a multidisciplinary tumour board to select the optimal
therapeutic strategy.

Table 1 summarises the clinical role of p16 according to the tumour localisation. As
that figure shows, the role of p16 in laryngeal and oral cancer remains unclear. By contrast,
it plays an important role in other locations.

In many cancers of the head and neck—particularly OPSCC—the treatment ap-
proach may be influenced by HPV status. One of the downstream biological effects
of HPV infection is p16 overexpression. The two most common strains—HPV-16 and
HPV-18—account for up to 95% of oral cancers and 89% of oropharyngeal cancers [19,42].
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Table 1. Clinical role of p16 according to tumour location.
. p16 Overexpression as a Marker for
Cervix . .
the Oncologic Progression
Oropharynx pl6+ patients have much better prognosis

CUP Suggestion for primary tumour location
Larynx Role unknown

Oral Role unknown

Other strains of the virus include HPV-33, HPV-35, and others, but all together it is still
under 5% of cases. In other locations, including larynx and oral cancer in Europe, HPV-16
is still the most common one; others, like HPV-33, HPV-45, and HPV-58, are detected at
lower frequencies [43].

According to the clinical practice guidelines of the European Society for Radiotherapy
and Oncology (ESTRO), the European Head and Neck Society (EHNS), and the European
Society for Medical Oncology (ESMO), all newly diagnosed OPSCC patients should un-
dergo p16 immunohistochemistry (IHC) for HPV. The eighth edition of the AJCC also
recommends p16 IHC for HPV determination in OPSCC [44].

P16 IHC is a quick and inexpensive assay and widely considered to be a dependable
surrogate marker of HPV positivity in the oropharynx [45]. However, due to the high false
positive (10-15%) and false negative rates [34], clinical guidelines recommend performing
another specific HPV test such as in situ hybridisation (ISH) targeting DNA or RNA to
confirm HPV status. In a study by Mehanna et al., the authors assessed nearly 8000 patients
with oropharyngeal cancer; 3805 were pl6-positive, of whom over 10% were actually
HPV negative [34]. This proportion differed significantly worldwide, with the greatest
discordance in Spain (around 30%) [34].

Genetic tests are more reliable than p16 IHC, and they are also more expensive and
time-consuming, which is why most clinical guidelines recommend p16 IHC as the first-line
test. If the test is positive, then further testing is recommended only if HPV status is likely
to influence treatment [46].

Determining the HPV status of patients with OPSCC is crucial for guiding treatment,
predicting prognosis, and designing clinical trials [1]. HPV status can be assessed using
various methods, including the detection of HPV-related genes or the more commonly
used pl6 marker detected through immunohistochemistry [45,47]. Overexpression of
pl6 may indirectly indicate the expression of E6 and E7 proteins, leading to cell-cycle
upregulation, and serve as a diagnostic tool for prognosis stratification in oropharyngeal
cancer patients. High p16 expression levels are associated with a significant survival
benefit [1,48]. Another method of estimating the HPV status in HNSCC tissues is detecting
HPV DNA using PCR, detecting the mRNA encoding viral oncogenes E6 and E7 by RT-
PCR, or using in situ hybridisation targeting viral DNA (DNA ISH) or RNA (RNA ISH) [1].
Ideally, biomarkers should possess high sensitivity and specificity and be cost-effective and
suitable for standardised protocols across different laboratories [48]. One of the promising
new methods of confirming the HPV status is detecting the circulating HPV tumoural DNA
(ctDNA) in patient plasma using ultrasensitive ddPCR (droplet-based digital PCR) [1].

Importantly, there is a need to assess the two-tiered HPV status determination in order
to avoid the undertreatment of p16+/HPV— patients [49]. Table 2 summarises the main
tests for determination of HPV status and their advantages and disadvantages.
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Table 2. Determination of HPV status: available assays and their advantages and disadvantages.

Detection Technique Advantages Disadvantages

e  High sensitivity

e  Data on HPV genotype No data on viral transcription

HPV PCR e  FFPE manageable High risk of contamination
e  Easy and inexpensive
. e e Slow processing

e High sensitivity and specificity Non-FFPE manageable (fresh or

E6/E7 mRNA RT-PCR e  Detects active viral infection

frozen tissue only)

Gold standard for research . RNA fragile

E6/E7 mRNA in situ hybrid

e  High specificity and
good sensitivity
In situ detection
FFPE manageable

RNA degradation over time

isation Expensive

In situ detection e  Reduced sensitivity (needs a

HPV DNA in situ hybridisation High specificity ini
y FFPE manageable minimum DNA copy number)
High sen.smVlty Moderate specificity
P16 immunohistochemistry Inexpensive Surrogate marker of HPV infection
FFPE manageable

Serology for antibodies against E6 protein

° Present in more than 90% of patients
with OPSCC related to HPV16
e  [Easy toset up

More clinical data needed to
support.

HPV circulating tumoral DNA by ddPCR

Correlation with clinical outcome

Easy detection of recurrences in
posttreatment monitoring )
High sensitivity and specificity
Inexpensive

Not validated in large cohorts

Abbreviations: RT-PCR, real-time polymerase chain reaction; ddPCR, droplet digital PCR; HPV, human papilloma
virus; FFPE, formalin-fixed paraffin-embedded; OPSCC, oropharyngeal squamous-cell carcinoma.

3.7. Prognosis and Staging

The two major determinants of prognosis in HNSCC are tumour stage and HPV status.
Prior to the publication of the eighth edition of the AJCC manual in 2017, HNSCC was
staged according to the TNM system and HPV status was not considered. The eighth
edition made several modifications to improve risk discrimination and the predictive
accuracy of the system. Probably the most notable change was the new system to stage
HPV-positive OPSCC, which greatly improved prognostic differentiation.

Following histopathological confirmation, staging consists of a comprehensive ex-
amination of the head and neck regions (especially the oral cavity) with fibreoptic naso-
laryngoscopy when appropriate. Other tests include MRI and/or CT scans to determine
locoregional involvement and thoracic CT to check for distant metastases. PET-CT is
recommended in patients with locally advanced disease and/or nodal involvement.

For any given stage, patients with HPV+ OPSCC have a better prognosis than those
with HPV— disease. However, p16 and HPV status frequently conflict in patients with
OPSCC and this discordance has prognostic implications. Patients with discordant test
results (i.e., pl6—/HPV+ or pl6+/HPV—) have a significantly worse prognosis than
patients with confirmed (p16+/HPV+) OPSCC [5].
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Under the recently revised AJCC staging criteria [5], HPV+ patients are now more
likely to be classified as early stage, reflecting the better prognosis of HPV-related OPSCC.
Table 3 compares the seventh and eighth editions of the staging system for HPV+ OPSCC.
As that table shows, patients with HPV+ disease are more likely to be assigned an earlier
stage, reflecting better prognosis.

Table 3. Comparison of AJCC 7th and 8th editions for staging HPV+ oropharyngeal cancer. Shaded
areas indicate changes.

AJCC 7th Edition, OPSCC
NO N1 N2a,b,c N3a,b
T1 I III IVa IVb
T2 11 111 IVa IVb
T3 it III IVa IVb
T4a Iva IVa IVa IVb
T4b IVb IVb IVa IVb
AJCC 8th Edition, OPSCC
NoO N1 N2 N3
T1 I I I III
T2 I I I III
T3 1I I 1I 111
T4 11T III 11T III

Abbreviations: AJCC, American Joint Committee on Cancer; OPSCC, oropharyngeal squamous-cell carcinoma.

4. Treatment

In general, treatment of HNSCC requires a multimodal approach consisting of a
combination of surgery, radiotherapy, and chemotherapy in different sequences based
on location.

Treatment of oral cavity cancers generally involves surgery alone for early-stage
disease or surgery plus adjuvant radiotherapy or CRT for more advanced disease. For
cancers of the pharynx or larynx, the primary approach is CRT. However, laryngeal cancers
can often be treated with surgery or radiotherapy alone.

Immune-checkpoint inhibitors (e.g., nivolumab, pembrolizumab) are used to treat
metastatic or recurrent HNSCC, with pembrolizumab being the main treatment for non-
resectable tumours [36]. Cetuximab, a radiosensitiser, is often used for the treatment of
metastatic or recurrent HNSCC, mainly in patients who are not eligible for cisplatin.

Definitive CRT is generally indicated in patients with advanced disease (>stage T3)
with nodal involvement of the neck or to preserve function. The standard chemotherapy
regimen is cisplatin (100 mg/m?) administered every 3 weeks. Although cetuximab can
be used as alternative to cisplatin as a radiosensitiser, survival outcomes are lower in
HPV+ OPSCC patients who receive cetuximab [50]. Although CRT has been proven to
improve survival, its association with important adverse effects explains the growing
interest in treatment de-escalation strategies.

4.1. Role of Minimally Invasive Surgery

The significant treatment-related morbidity associated with conventional approaches in
HNSCC—surgery plus adjuvant CRT—has stimulated interest in treatment de-intensification,
mainly to reduce the long-term toxicity of CRT. While most de-intensification efforts have
focused on reducing chemotherapy and/or radiotherapy, there has been a growing interest
in minimally invasive surgery to improve functional outcomes with less morbidity [36,51].

In recent years, major advances have been made in transoral robotic surgery (TORS)
and transoral laser microsurgery (TLM). In the context of the severe toxicities associated
with CRT, this has prompted many researchers and clinicians to evaluate whether transoral
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surgery could help to avoid or at least reduce the need for radiotherapy and/or chemother-
apy [52]. Upfront surgery offers the advantage of histopathologic staging and several
authors have reported better quality of life in patients treated with primary surgery [53-55].
Other studies have shown that transoral robotic surgery and TLM can achieve comparable
cure rates to open surgery when used in conjunction with postoperative, risk-adapted
radiotherapy [56]. Peng et al. recently compared survival outcomes in patients with OP-
SCC treated with upfront surgery versus definitive radiotherapy, finding that upfront
surgery resulted in better mortality outcomes, irrespective of HPV status [56]. Several
recent retrospective studies have also found that primary transoral surgery (TOS) im-
proves functional outcomes [51,57]. However, these findings will need to be confirmed in
prospective clinical trials.

4.2. Immunotherapy

In recent years, the development of anti-PD1 checkpoint inhibitors has improved
outcomes in patients with advanced-stage HNSCC, regardless of HPV status. A pooled
analysis of prospective clinical trials conducted to evaluate the role of PD-1/PD-L1 in-
hibitors showed that overall survival (OS) and objective response rates (ORR) were better
in HPV+ patients than in HPV — patients [58].

4.3. Treatment De-Intensification

Patients with HPV+ OPSCC tend to present with fewer comorbidities and other risk
factors and have a better prognosis and longer life expectancy than their HPV — counter-
parts [30,59]. However, treatment-related morbidity is a major concern, which is why there
has been a major effort in recent years to reduce the morbidity associated with highly aggres-
sive treatments, an approach widely known as treatment de-intensification. Conceivably; it
may be possible to achieve similar oncological outcomes with less toxicity [44].

Patients with HPV+ OPSCC tend to be younger and have fewer comorbidities than
their HPV — counterparts, with a better prognosis. Not surprisingly, this situation has
prompted efforts to de-intensify treatment to minimise the severe morbidity associated
with cisplatin and radiation [60]. However, the first three randomised trials carried out
to evaluate treatment de-escalation found that omitting or replacing cisplatin had a clear
negative impact on survival [60]. As Mehanna et al. [61] observed, more data are needed
from phase II trials to better understand the feasibility of de-escalation before we can
conduct phase IlI trials. In other words, more robust evidence is needed before we consider
implementing these strategies in the clinic.

Numerous trials have been performed or are currently underway to identify the
optimal de-intensification strategy in HPV-related OPSCC [15]. Sung et al. [62] recently
reviewed the prospective de-intensification trials. Those trials evaluated a variety of
different de-escalation strategies, including reduction in the radiation dose in definitive
treatment, substitution of platinum-based chemotherapy with cetuximab, personalised
dose prescriptions based on response to induction chemotherapy, and decrease in adju-
vant radiation doses after transoral surgery. Kang et al. recently (2023) reviewed the
prospective HPV-positive OPSCC de-escalation trials, finding that chemotherapy atten-
uation negatively impacts clinical outcomes but does not reduce toxicity [15]. Although
there is some evidence to support a benefit for de-escalating adjuvant treatment after TORS,
the treatment indications remain poorly defined. Although some studies have reported
promising results with radiation de-intensification strategies, robust data are lacking [15].
Based on their findings, Kang and colleagues concluded that tumour stage and HPV status
may not be enough to guide the de-intensification strategy. Rather, they suggest that



Viruses 2025, 17, 662

11 0f 15

de-intensification strategies may need to focus on assessing intra-treatment response and
real-time surveillance.

Molteni et al. recently reviewed the role of TORS for de-escalation in HPV-related
OPSCC [63]. The findings of that comprehensive review underscored the potential role
for TORS to reduce the need for adjuvant therapy and thus the side effects of those treat-
ments. Several notable trials are currently underway in Europe to evaluate the value of
TORS for de-intensification, including the PATHOS trial [64] and the EORTC Best Of trial
(NCT02984410) [65]. In the EORTC trial, patients with T1-T2NO-N1 OPSCC (any HPV
status) or supraglottic larynx cancer or TINO hypopharynx cancer will be randomised
to receive TORS or standard radiotherapy. The PATHOS trial is an ongoing phase II/11I
risk-stratified trial involving reduced-intensity adjuvant treatment to assess the impact of
risk-adapted adjuvant treatment on functional outcomes and survival. That trial seeks to
determine whether de-intensification of adjuvant therapy can reduce chronic dysphagia
without negatively influencing clinical results. O’Hara et al. recently compared patients
included in the PATHOS trial who underwent TLM or TORS, finding that TORS was associ-
ated with significantly higher rates of nasogastric tube NGT use, worse swallowing scores
(H&N35), and worse MDADI (MD Anderson Dysphagia Inventory) scores at 4 weeks
post-surgery [66].

As Molteni and colleagues conclude in their review, TORS is a feasible upfront treatment
option for well-selected patients with HPV+ OPSCC. Nevertheless, patient selection is essential
to select the most suitable candidates for TORS-based de-intensification approaches.

Despite the growing interest in treatment de-intensification, as evidenced by the large
number ongoing trials, the NCCN (National Comprehensive Cancer Network) and other
professional associations have stated that this approach should be limited to clinical trials
until more evidence from phase III randomised controlled trials is available [44].

4.4. Future Directions

Numerous trials are currently underway to assess the potential for treatment de-
escalation, as evidenced by the large number of trials registered at Clinicaltrials.gov. A
search of that database (24 May 2024) using the key words “head OR neck AND cancer”
and “de-escalation” yields a total of 157 studies.

In addition, intense research efforts are underway to identify targeted therapies and
novel immunotherapies [67]. Since many head and neck cancers, particularly HPV-positive
ones, are only detected at an advanced stage, there is a clear, urgent need to identify
biomarkers for early detection [31]. While recent systematic reviews and meta-analyses
have identified several promising biomarkers that could be used for early detection [68],
more data are needed to determine the most reliable of these potential biomarkers.

We also need to further improve our understanding of the molecular basis of these
cancers and to focus more on early detection and precision care, which should help to
improve patient outcomes [4]. In addition, further research is needed to elucidate the
process by which oral HPV infection progresses to cancer [31-33].

Prevention is another area of need, particularly in the context of the ever-increasing
burden of HPV+ OPSCC. In this regard, an increase in HPV vaccination rates would reduce
infection rates more cancer screening would likely increase detection at earlier stages, thus
allowing for early interventions to reduce morbidity and mortality in these patients [31].
In terms of vaccination in Europe, most countries integrated HPV vaccination into their
national immunisation programs, but only 14 countries included boys. Vaccination cov-
erage varies significantly with high percentages in Belgium and Iceland (around 90%), a
moderate percentage in Norway and Finland (around 70%), and low percentages in France
and Poland (under 20%). Expanding vaccination programs to include all genders and en-
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hancing public education are essential steps toward mitigating the impact of HPV-positive
HNCSCC in Europe [69].

5. Conclusions

The present review provides an overview of the current status of HPV-driven HNSCC
in Europe. As this review demonstrates, the incidence of HPV+ HNSCC is still increasing,
posing a significant challenge to healthcare systems worldwide, but particularly in Europe
and other high-income regions.

Although it is clear that HPV positivity plays a key role in the development of HNSCC,
the biology of HPV-dependent cancer has not yet been fully elucidated and the biological
behaviour of these tumours differs depending on the location.

Numerous studies have been performed or are currently underway to determine
whether treatment de-escalation can be performed safely without compromising oncologi-
cal outcomes. However, more robust data are needed before treatment de-escalation can be
offered to patients outside of clinical trials. However, there are intense efforts underway
worldwide to identify reliable biomarkers for early detection, which would have a major
positive impact on treatment outcomes.

Author Contributions: Conceptualization, W.G. and M.S.; methodology, M.S.; software, E.G.-K;
validation, W.G., M.S. and PM,; formal analysis, E.G.-K.; investigation, PM.; resources, E.G.-K,;
data curation, PM.; writing—original draft preparation, W.G.; writing—review and editing, M.S.;
visualization, PM.; supervision, W.G.; project administration, W.G. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Augustin, ].G,; Lepine, C.; Morini, A.; Brunet, A.; Veyer, D.; Brochard, C.; Mirghani, H.; Péré, H.; Badoual, C. HPV detection in
head and neck squamous cell carcinomas: What is the issue? Front. Oncol. 2020, 10, 1751. [CrossRef]

2. de Martel, C.; Plummer, M.; Vignat, ].; Franceschi, S. Worldwide burden of cancer attributable to HPV by site, country and HPV
type. Int. |. Cancer 2017, 141, 664-670. [CrossRef]

3. Mena, M.; Frias-Gomez, J.; Taberna, M.; Quirés, B.; Marquez, S.; Clavero, O.; Baena, A.; Lloveras, B.; Alejo, M.; Leén, X.; et al.
Epidemiology of human papillomavirus-related oropharyngeal cancer in a classically low-burden region of southern Europe. Sci.
Rep. 2020, 10, 13219. [CrossRef]

4. Lechner, M,; Liu, J.; Masterson, L.; Fenton, T.R. HPV-associated oropharyngeal cancer: Epidemiology, molecular biology and
clinical management. Nat. Rev. Clin. Oncol. 2022, 19, 306-327. [CrossRef] [PubMed]

5. Machczynski, P; Majchrzak, E.; Niewinski, P.; Marchlewska, J.; Golusiniski, W. A review of the 8th edition of the AJCC staging
system for oropharyngeal cancer according to HPV status. Eur. Arch. Otorhinolaryngol. 2020, 277, 2407-2412. [CrossRef] [PubMed]

6. Tumban, E. A current update on human Papillomavirus-associated head and neck cancers. Viruses 2019, 11, 922. [CrossRef]
[PubMed]

7. Fakhry, C.; Waterboer, T.; Westra, W.H.; Rooper, L.M.; Windon, M.; Troy, T.; Koch, W.; Gourin, C.G.; Bender, N.; Yavvari, S.; et al.
Distinct biomarker and behavioral profiles of human papillomavirus-related oropharynx cancer patients by age. Oral Oncol. 2020,
101, 104522. [CrossRef]

8.  Badoual, C. Update from the 5th Edition of the World Health Organization Classification of Head and Neck Tumors: Oropharynx
and Nasopharynx. Head Neck Pathol. 2022, 16, 19-30. [CrossRef]

9.  Drake, V.E,; Fakhry, C.; Windon, M.].; Stewart, C.M.; Akst, L.; Hillel, A.; Chien, W.; Ha, P.; Miles, B.; Gourin, C.G.; et al. Timing,
number, and type of sexual partners associated with risk of oropharyngeal cancer. Cancer 2021, 127, 1029-1038. [CrossRef]

10. Del Mistro, A.; Frayle, H.; Menegaldo, A.; Favaretto, N.; Gori, S.; Nicolai, P; Spinato, G.; Romeo, S.; Tirelli, G.; da Mosto, M.C.;

et al. Age-independent increasing prevalence of Human Papillomavirus-driven oropharyngeal carcinomas in North-East Italy.
Sci. Rep. 2020, 10, 9320. [CrossRef]


https://doi.org/10.3389/fonc.2020.01751
https://doi.org/10.1002/ijc.30716
https://doi.org/10.1038/s41598-020-70118-7
https://doi.org/10.1038/s41571-022-00603-7
https://www.ncbi.nlm.nih.gov/pubmed/35105976
https://doi.org/10.1007/s00405-020-05979-9
https://www.ncbi.nlm.nih.gov/pubmed/32342197
https://doi.org/10.3390/v11100922
https://www.ncbi.nlm.nih.gov/pubmed/31600915
https://doi.org/10.1016/j.oraloncology.2019.104522
https://doi.org/10.1007/s12105-022-01449-2
https://doi.org/10.1002/cncr.33346
https://doi.org/10.1038/s41598-020-66323-z

Viruses 2025, 17, 662 13 of 15

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Rettig, E.M.; Zaidi, M.; Faraji, F.; Eisele, D.W.; El Asmar, M.; Fung, N.; D’Souza, G.; Fakhry, C. Oropharyngeal cancer is no longer a
disease of younger patients and the prognostic advantage of Human Papillomavirus is attenuated among older patients: Analysis
of the National Cancer Database. Oral Oncol. 2018, 83, 147-153. [CrossRef] [PubMed]

Mabhal, B.A.; Catalano, PJ.; Haddad, R.I.; Hanna, G.J.; Kass, J.I.; Schoenfeld, J.D.; Tishler, R.B.; Margalit, D.N. Incidence and
Demographic Burden of HPV-Associated Oropharyngeal Head and Neck Cancers in the United States. Cancer Epidemiol. Biomark.
Prev. 2019, 28, 1660-1667. [CrossRef]

Paver, E.C.; Currie, A.M.; Gupta, R.; Dahlstrom, ].E. Human papilloma virus related squamous cell carcinomas of the head and
neck: Diagnosis, clinical implications and detection of HPV. Pathology 2020, 52, 179-191. [CrossRef] [PubMed]

Lassen, P; Lacas, B.; Pignon, J.P; Trotti, A.; Zackrisson, B.; Zhang, Q.; Overgaard, J.; Blanchard, P. Prognostic impact of HPV-
associated pl6-expression and smoking status on outcomes following radiotherapy for oropharyngeal cancer: The MARCH-HPV
project. Radiother. Oncol. 2018, 126, 107-115. [CrossRef] [PubMed]

Kang, J.J.; Yu, Y.; Chen, L.; Zakeri, K.; Gelblum, D.Y.; McBride, S.M.; Riaz, N.; Tsai, C.J.; Kriplani, A.; Hung, TK.W.; et al. Consen-
suses, controversies, and future directions in treatment deintensification for human papillomavirus-associated oropharyngeal
cancer. CA Cancer J. Clin. 2023, 73, 164-197. [CrossRef]

Lorenzoni, V.; Chaturvedi, A.K; Vignat, J.; Laversanne, M.; Bray, F,; Vaccarella, S. The Current Burden of Oropharyngeal Cancer:
A Global Assessment Based on GLOBOCAN 2020. Cancer Epidemiol. Biomark. Prev. 2022, 31, 2054-2062. [CrossRef]
GLOBOCAN. World Health Organization. 2022. Available online: https://gco.iarc.fr/ (accessed on 26 April 2024).

Stjernstrom, K.D.; Jensen, J.S.; Jakobsen, K.K.; Gronhgj, C.; von Buchwald, C. Current status of human papillomavirus positivity
in oropharyngeal squamous cell carcinoma in Europe: A systematic review. Acta Otolaryngol. 2019, 139, 1112-1116. [CrossRef]
Fonséca, T.C.; Jural, L.A.; Marafién-Vasquez, G.A.; Magno, M.B.; Roza, A.L.O.C.; Ferreira, D.M.T.P.; Maia, L.C.; Romafiach,
M.].; Agostini, M.; Abrahao, A.C. Global prevalence of human papillomavirus-related oral and oropharyngeal squamous cell
carcinomas: A systematic review and meta-analysis. Clin. Oral Investig. 2023, 28, 62. [CrossRef]

Carlander, AF,; Jakobsen, K.K.; Bendtsen, S.K.; Garset-Zamani, M.; Lynggaard, C.D.; Jensen, ].S.; Grenhgj, C.; Buchwald, C.V. A
contemporary systematic review on repartition of HPV-positivity in oropharyngeal cancer worldwide. Viruses 2021, 13, 1326.
[CrossRef]

Simonidesovd, S.; Hamsikov4, E.; Klozar, J.; Tachezy, R. The prevalence of oral HPV infection in healthy populations: A systematic
review with a focus on European populations. Epidemiol. Mikrobiol. Imunol. 2018, 67, 175-183.

Lafaurie, G.I; Perdomo, S.J.; Buenahora, M.R.; Amaya, S.; Diaz-Béez, D. Human papilloma virus: An etiological and prognostic
factor for oral cancer? J. Investig. Clin. Dent. 2018, 9, e12313. [CrossRef] [PubMed]

Tsimplaki, E.; Argyri, E.; Sakellaridis, A.; Kyrodimos, E.; Xesfyngi, D.; Panotopoulou, E. Oropharyngeal and laryngeal but not
oral cancers are strongly associated with high-risk human papillomavirus in 172 Greek patients. J. Med. Virol. 2017, 89, 170-176.
[CrossRef] [PubMed]

Yang, D.; Shi, Y.; Tang, Y.; Yin, H.; Guo, Y.; Wen, S.; Wang, B.; An, C.; Wu, Y.; Gao, W. Effect of HPV infection on the occurrence
and development of laryngeal cancer: A review. J. Cancer 2019, 10, 4455-4462. [CrossRef] [PubMed]

Escobar Gil, T.; Henao Rincén, M.A.; Laverde, J.; Echavarria Cross, A.; Duque, C.S. Understanding the Role of Human
Papillomavirus in Head and Neck Cancer of Unknown Primary: A Systematic Review. Cureus 2023, 15, e39643. [CrossRef]
Axelsson, L.; Nyman, J.; Haugen-Cange, H.; Bove, M.; Johansson, L.; De Lara, S.; Kovacs, A.; Hammerlid, E. Prognostic factors for
head and neck cancer of unknown primary including the impact of human papilloma virus infection. J. Otolaryngol.—Head Neck
Surg. 2017, 46, 45. [CrossRef]

Rassy, E.; Nicolai, P; Pavlidis, N. Comprehensive management of HPV-related squamous cell carcinoma of the head and neck of
unknown primary. Head Neck 2019, 41, 3700-3711. [CrossRef]

Schroeder, L.; Pring, M.; Ingarfield, K.; Pawlita, M.; Leary, S.D.; Thomas, S.J.; Waylen, A.; Waterboer, T.; Ness, A.R. HPV driven
squamous cell head and neck cancer of unknown primary is likely to be HPV driven squamous cell oropharyngeal cancer. Oral
Oncol. 2020, 107, 104721. [CrossRef]

Golusinski, P; Di Maio, P; Pehlivan, B.; Colley, S.; Nankivell, P.; Kong, A.; Hartley, A.; Mehanna, H. Evidence for the approach to
the diagnostic evaluation of squamous cell carcinoma occult primary tumors of the head and neck. Oral Oncol. 2019, 88, 145-152.
[CrossRef]

Machiels, J.P.; René Leemans, C.; Golusinski, W.; Grau, C.; Licitra, L.; Gregoire, V. Squamous cell carcinoma of the oral cavity,
larynx, oropharynx and hypopharynx: EHNS-ESMO-ESTRO Clinical Practice Guidelines for diagnosis, treatment and follow-up.
Ann. Oncol. 2020, 31, 1462-1475. [CrossRef]

Lim, Y.X;; D’Silva, N.J. HPV-associated oropharyngeal cancer: In search of surrogate biomarkers for early lesions. Oncogene 2024,
43, 543-554. [CrossRef]

Elrefaey, S.; Massaro, M.A.; Chiocca, S.; Chiesa, F.; Ansarin, M. HPV in oropharyngeal cancer: The basics to know in clinical
practice. Acta Otorhinolaryngol. Ital. 2014, 34, 299-309. [PubMed]


https://doi.org/10.1016/j.oraloncology.2018.06.013
https://www.ncbi.nlm.nih.gov/pubmed/30098771
https://doi.org/10.1158/1055-9965.EPI-19-0038
https://doi.org/10.1016/j.pathol.2019.10.008
https://www.ncbi.nlm.nih.gov/pubmed/31889547
https://doi.org/10.1016/j.radonc.2017.10.018
https://www.ncbi.nlm.nih.gov/pubmed/29100700
https://doi.org/10.3322/caac.21758
https://doi.org/10.1158/1055-9965.EPI-22-0642
https://gco.iarc.fr/
https://doi.org/10.1080/00016489.2019.1669820
https://doi.org/10.1007/s00784-023-05425-0
https://doi.org/10.3390/v13071326
https://doi.org/10.1111/jicd.12313
https://www.ncbi.nlm.nih.gov/pubmed/29322686
https://doi.org/10.1002/jmv.24614
https://www.ncbi.nlm.nih.gov/pubmed/27335246
https://doi.org/10.7150/jca.34016
https://www.ncbi.nlm.nih.gov/pubmed/31528209
https://doi.org/10.7759/cureus.39643
https://doi.org/10.1186/s40463-017-0223-1
https://doi.org/10.1002/hed.25858
https://doi.org/10.1016/j.oraloncology.2020.104721
https://doi.org/10.1016/j.oraloncology.2018.11.020
https://doi.org/10.1016/j.annonc.2020.07.011
https://doi.org/10.1038/s41388-023-02927-9
https://www.ncbi.nlm.nih.gov/pubmed/25709145

Viruses 2025, 17, 662 14 of 15

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ullah, M.I,; Mikhailova, M.V.; Alkhathami, A.G.; Carbajal, N.C.; Zuta, M.E.C.; Rasulova, I.; Najm, M.A.A.; Abosoda, M.; Alsalamy,
A.; Deorari, M. Molecular pathways in the development of HPV-induced oropharyngeal cancer. Cell Commun. Signal. 2023,
21, 351. [CrossRef] [PubMed]

Mehanna, H.; Taberna, M.; Buchwald Cvon Tous, S.; Brooks, J.; Mena, M.; Morey, E; Grenhgj, C.; Rasmussen, ].H.; Garset-Zamani,
M.; Bruni, L.; et al. Prognostic implications of p16 and HPV discordance in oropharyngeal cancer (HNCIG-EPIC-OPC): A
multicentre, multinational, individual patient data analysis. Lancet Oncol. 2023, 24, 239-251. [CrossRef] [PubMed]

Mehrad, M.; Dupont, W.D.; Plummer, W.D.,, Jr.; Lewis, ].S., Jr. Expression and Significance of Cytokeratin 7, a Squamocolumnar
Junction Marker, in Head and Neck Squamous Cell Carcinoma. Head Neck Pathol. 2018, 12, 448-454. [CrossRef] [PubMed]
[PubMed Central]

Johnson, D.E.; Burtness, B.; Leemans, C.R.; Lui, VW.Y.; Bauman, J.E.; Grandis, ].R. Head and neck squamous cell carcinoma. Nat.
Rev. Dis. Primers 2020, 6, 92. [CrossRef]

Mehanna, H.; Evans, M.; Beasley, M.; Chatterjee, S.; Dilkes, M.; Homer, J.; O’'Hara, J.; Robinson, M.; Shaw, R.; Sloan, P.
Oropharyngeal cancer: United Kingdom National Multidisciplinary Guidelines. J. Laryngol. Otol. 2016, 130, S90-S96. [CrossRef]
Chamoli, A.; Gosavi, A.S.; Shirwadkar, U.P.; Wangdale, K.V.; Behera, S.K.; Kurrey, N.K; Kalia, K.; Mandoli, A. Overview of oral
cavity squamous cell carcinoma: Risk factors, mechanisms, and diagnostics. Oral Oncol. 2021, 121, 105451. [CrossRef]

Alabi, O.; O'Neill, J.P. ‘Good cancer gone bad”: A narrative review of HPV oropharyngeal cancer and potential poor outcomes.
Eur. Arch. Otorhinolaryngol. 2020, 277,2185-2191. [CrossRef]

Farah, C.S. Molecular landscape of head and neck cancer and implications for therapy. Ann. Transl. Med. 2021, 9, 915. [CrossRef]
[PubMed] [PubMed Central]

Gillison, M.L. Current topics in the epidemiology of oral cavity and oropharyngeal cancers. Head Neck 2007, 29, 779-792.
[CrossRef] [PubMed]

Erkinovich, N.J.S. HPV—Relevance, Oncogenesis and Diagnosis (A Review). Eur. J. Innov. Nonform. Educ. 2023, 3, 129-134.

de Sanjosé, S.; Serrano, B.; Tous, S.; Alejo, M.; Lloveras, B.; Quirés, B.; Clavero, O.; Vidal, A ; Ferrandiz-Pulido, C.; Pavén, M.A.;
et al. Burden of Human Papillomavirus (HPV)-Related Cancers Attributable to HPVs 6/11/16/18/31/33/45/52 and 58. [NCI
Cancer Spectr. 2019, 2, pky045. [CrossRef] [PubMed] [PubMed Central]

Gallus, R.; Nauta, .H.; Marklund, L.; Rizzo, D.; Crescio, C.; Mureddu, L.; Tropiano, P; Delogu, G.; Bussu, F. Accuracy of p16 IHC
in Classifying HPV-Driven OPSCC in Different Populations. Cancers 2023, 15, 656. [CrossRef]

Golusinski, P.; Pazdrowski, J.; Szewczyk, M.; Misiotek, M.; Pietruszewska, W.; Klatka, J.; Okla, S.; Kazmierczak, H.; Marszalek, A,;
Filas, V; et al. Is immunohistochemical evaluation of p16 in oropharyngeal cancer enough to predict the HPV positivity? Rep.
Pract. Oncol. Radiother. 2017, 22, 237-242. [CrossRef]

Lu, X.J.D.; Liu, K.Y.P; Prisman, E.; Wu, J.; Zhu, Y.S.; Poh, C. Prognostic value and cost benefit of HPV testing for oropharyngeal
cancer patients. Oral Dis. 2023, 29, 483—490. [CrossRef] [PubMed]

Zhang, S.; Zheng, M.; Nie, D.; Xu, L.; Tian, H.; Wang, M.; Liu, W.; Feng, Z.; Han, F. Efficacy of cetuximab plus PD-1 inhibitor
differs by HPV status in head and neck squamous cell carcinoma: A systematic review and meta-analysis. J. Immunother. Cancer
2022, 10, €005158. [CrossRef] [PubMed]

Kiihn, J.P; Schmid, W.; Korner, S.; Bochen, E; Wemmert, S.; Rimbach, H.; Smola, S.; Radosa, J.C.; Wagner, M.; Morris, L.G.T; et al.
HPYV Status as Prognostic Biomarker in Head and Neck Cancer-Which Method Fits the Best for Outcome Prediction? Cancers
2021, 13, 4730. [CrossRef]

Craig, S.G.; Anderson, L.A.; Schache, A.G.; Moran, M.; Graham, L.; Currie, K.; Rooney, K.; Robinson, M.; Upile, N.S.; Brooker, R.;
et al. Recommendations for determining HPV status in patients with oropharyngeal cancers under TNMS8 guidelines: A two-tier
approach. Br. . Cancer 2019, 120, 827-833. [CrossRef]

Petrelli, F.; Nardone, M.; Trevisan, E,; Carioli, D.; Falasca, V.; De Stefani, A.; Capriotti, V.; Gurizzan, C.; Lorini, L.; Berruti, A.; et al.
Comparison of different treatments for HPV+ oropharyngeal carcinoma: A network meta-analysis. Eur. Arch. Otorhinolaryngol.
2023, 280, 963-971. [CrossRef]

Golusinski, W.; Golusiriska-Kardach, E. Current Role of Surgery in the Management of Oropharyngeal Cancer. Front. Oncol. 2019,
9, 388. [CrossRef]

Han, M.; Stanford-Moore, G.B.; Larson, A.R.; Schoppy, D.W.; Cognetti, D.M.; Joshi, A.S.; Houlton, J.].; Ryan, W.R. Predictors of
Mortality in HPV-Associated Oropharynx Carcinoma Treated With Surgery Alone. Laryngoscope 2020, 130, E423-E435. [CrossRef]
[PubMed]

Chen, A.M.; Daly, M.E,; Luu, Q.; Donald, PJ.; Farwell, D.G. Comparison of functional outcomes and quality of life between
transoral surgery and definitive chemoradiotherapy for oropharyngeal cancer. Head Neck 2015, 37, 381-385. [CrossRef] [PubMed]
Kaffenberger, T.M.; Patel, AK,; Lyu, L.; Li, ].; Wasserman-Wincko, T.; Zandberg, D.P.; Clump, D.A_; Johnson, J.T.; Nilsen, M.
Quality of life after radiation and transoral robotic surgery in advanced oropharyngeal cancer. Laryngoscope Investig. Otolaryngol.
2021, 6, 983-990. [CrossRef] [PubMed]


https://doi.org/10.1186/s12964-023-01365-0
https://www.ncbi.nlm.nih.gov/pubmed/38098017
https://doi.org/10.1016/S1470-2045(23)00013-X
https://www.ncbi.nlm.nih.gov/pubmed/36796393
https://doi.org/10.1007/s12105-017-0874-2
https://www.ncbi.nlm.nih.gov/pubmed/29235037
https://pmc.ncbi.nlm.nih.gov/articles/PMC6232215
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.1017/S0022215116000505
https://doi.org/10.1016/j.oraloncology.2021.105451
https://doi.org/10.1007/s00405-020-05991-z
https://doi.org/10.21037/atm-20-6264
https://www.ncbi.nlm.nih.gov/pubmed/34164549
https://pmc.ncbi.nlm.nih.gov/articles/PMC8184465
https://doi.org/10.1002/hed.20573
https://www.ncbi.nlm.nih.gov/pubmed/17230556
https://doi.org/10.1093/jncics/pky045
https://www.ncbi.nlm.nih.gov/pubmed/31360870
https://pmc.ncbi.nlm.nih.gov/articles/PMC6649711
https://doi.org/10.3390/cancers15030656
https://doi.org/10.1016/j.rpor.2017.01.003
https://doi.org/10.1111/odi.13938
https://www.ncbi.nlm.nih.gov/pubmed/34129700
https://doi.org/10.1136/jitc-2022-005158
https://www.ncbi.nlm.nih.gov/pubmed/36253001
https://doi.org/10.3390/cancers13184730
https://doi.org/10.1038/s41416-019-0414-9
https://doi.org/10.1007/s00405-022-07710-2
https://doi.org/10.3389/fonc.2019.00388
https://doi.org/10.1002/lary.28344
https://www.ncbi.nlm.nih.gov/pubmed/31675132
https://doi.org/10.1002/hed.23610
https://www.ncbi.nlm.nih.gov/pubmed/24431059
https://doi.org/10.1002/lio2.628
https://www.ncbi.nlm.nih.gov/pubmed/34667840

Viruses 2025, 17, 662 15 of 15

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Scott, S.I.; Kathrine & Madsen, A.; Rubek, N.; Charabi, B.W.; Wessel, I.; Fredslund Hadjt, S.; Jensen, C.V.; Stephen, S.; Patterson,
J.M.; Friborg, J.; et al. Long-term quality of life & functional outcomes after treatment of oropharyngeal cancer. Cancer Med. 2021,
10, 483-495.

Peng, L.; Zhan, G.Y.; Sun, W.; Wen, W.P,; Lei, W.B. Upfront surgery versus definitive radiotherapy: Competing risk analyses for
cancer-specific and noncancer mortality in oropharyngeal cancer. Eur. Arch. Otorhinolaryngol. 2024, 281, 3157-3166. [CrossRef]
Ferris, R.L.; Westra, W. Oropharyngeal Carcinoma with a Special Focus on HPV-Related Squamous Cell Carcinoma. Annu. Rev.
Pathol. Mech. Dis. 2023, 18, 515-535. [CrossRef]

Wang, J.; Sun, H.; Zeng, Q.; Guo, X.J.; Wang, H.; Liu, H.H.; Dong, Z.Y. HPV-positive status associated with inflamed immune
microenvironment and improved response to anti-PD-1 therapy in head and neck squamous cell carcinoma. Sci. Rep. 2019, 9,
13404. [CrossRef]

Bonomo, P.; Livi, L. De-intensification for HPV positive oropharyngeal cancer: And yet it moves!: 2019 in review. Clin. Transl.
Radiat. Oncol. 2020, 22, 40-43.

Golusinski, P.; Corry, J.; Poorten, V.V,; Simo, R.; Sjogren, E.; Makitie, A.; Kowalski, L.P.; Langendijk, J.; Braakhuis, B.].M.; Takes,
R.P; et al. De-escalation studies in HPV-positive oropharyngeal cancer: How should we proceed? Oral Oncol. 2021, 123, 105620.
[CrossRef]

Mehanna, H.; Rischin, D.; Wong, S.J.; Gregoire, V.; Ferris, R.; Waldron, J.; Le, Q.T.; Forster, M.; Gillison, M.; Laskar, S.; et al.
De-Escalation After DE-ESCALATE and RTOG 1016: A Head and Neck Cancer InterGroup Framework for Future De-Escalation
Studies. J. Clin. Oncol. 2020, 38, 2552-2557. [CrossRef]

Sung, S.Y.; Kim, Y.S.; Kim, S.H.; Lee, S.J.; Lee, S.W.; Kwak, Y.K. Current Evidence of a Deintensification Strategy for Patients with
HPV-Related Oropharyngeal Cancer. Cancers 2022, 14, 3969. [CrossRef] [PubMed]

Molteni, G.; Bassani, S.; Arsie, A.E.; Zampieri, E.; Mannelli, G.; Orlandi, E.; Bossi, P; De Virgilio, A. Role of TORS as De-Escalation
Strategy in HPV-Related Oropharyngeal Cancer, What We Need to Know. Healthcare 2024, 12, 1014. [CrossRef] [PubMed]
Owadally, W.; Hurt, C.; Timmins, H.; Parsons, E.; Townsend, S.; Patterson, J.; Hutcheson, K.; Powell, N.; Beasley, M.; Palaniappan,
N.; et al. PATHOS: A phase II/1II trial of risk-stratified, reduced intensity adjuvant treatment in patients undergoing transoral
surgery for Human papillomavirus (HPV) positive oropharyngeal cancer. BMC Cancer 2015, 15, 602. [CrossRef]

Simon, C.; Lefevre, C.E; Govaerts, A.S.; Raveloarivahy, T.; Bourhis, J.; Evans, M.; Klussmann, J.P.; Leemans, C.R.; Hunter, K.D.;
Singer, S.; et al. 706TiP Phase III study assessing the “best of” radiotherapy compared to the “best of” surgery (trans-oral surgery
(TOS)) in patients with T1-T2, NO-N1 oropharyngeal, supraglottic carcinoma and with T1, NO hypopharyngeal carcinoma. Ann.
Oncol. 2022, 33, S865. [CrossRef]

O'Hara, ].T.; Hurt, C.; Ingarfield, K.; Patterson, J.; Hutcheson, K.; Heiberg, C.; Johson, S.; Evans, M.; Jones, T.M. 121 Differential
functional outcomes following transoral surgery for oropharyngeal carcinoma -laser versus robot. Radiother. Oncol. 2024, 192,
528-529. [CrossRef]

Daste, A.; Larroquette, M.; Gibson, N.; Lasserre, M.; Domblides, C. Immunotherapy for Head and Neck Squamous Cell Carcinoma:
Current Status and Perspectives. Immunotherapy 2024, 16, 187-197. [CrossRef] [PubMed]

Khijmatgar, S.; Yong, J.; Riibsamen, N.; Lorusso, F.; Rai, P.; Cenzato, N.; Gaffuri, F; Del Fabbro, M.; Tartaglia, G.M. Salivary
biomarkers for early detection of oral squamous cell carcinoma (OSCC) and head /neck squamous cell carcinoma (HNSCC): A
systematic review and network meta-analysis. Jpn. Dent. Sci. Rev. 2024, 60, 32-39. [CrossRef]

Borowska, M.; Koczkodaj, P.; Mariczuk, M. HPV vaccination coverage in the European Region. Nowotw. |. Oncol. 2024, 74, 191-196.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00405-024-08578-0
https://doi.org/10.1146/annurev-pathmechdis-031521-041424
https://doi.org/10.1038/s41598-019-49771-0
https://doi.org/10.1016/j.oraloncology.2021.105620
https://doi.org/10.1200/JCO.20.00056
https://doi.org/10.3390/cancers14163969
https://www.ncbi.nlm.nih.gov/pubmed/36010959
https://doi.org/10.3390/healthcare12101014
https://www.ncbi.nlm.nih.gov/pubmed/38786424
https://doi.org/10.1186/s12885-015-1598-x
https://doi.org/10.1016/j.annonc.2022.07.830
https://doi.org/10.1016/S0167-8140(24)00439-0
https://doi.org/10.2217/imt-2023-0174
https://www.ncbi.nlm.nih.gov/pubmed/38126161
https://doi.org/10.1016/j.jdsr.2023.10.003
https://doi.org/10.5603/njo.99853

	Introduction 
	Epidemiology 
	Incidence and Prevalence of HNSCC 
	Oropharynx 
	Oral Cancer 
	Laryngeal Cancer 
	Cancer of Unknown Primary (CUP) 

	The Role of HPV in Carcinogenesis 

	Diagnosis 
	Clinical Presentation 
	Biopsy in HNSCC 
	Oral Cavity 
	Oropharyngeal and Hypopharyngeal Tumours 
	Laryngeal Tumours 
	Role and Determination of HPV Status 
	Prognosis and Staging 

	Treatment 
	Role of Minimally Invasive Surgery 
	Immunotherapy 
	Treatment De-Intensification 
	Future Directions 

	Conclusions 
	References

