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ARTICLE INFO ABSTRACT

Keywords: Human Papilloma Virus (HPV) is considered one of the most common sexually transmitted in-
Human papilloma virus fections and has been shown to play an important role in the pathogenesis of squamous cell
Oral cell carcinomas (SCC) of the cervix and head and neck. Manifestations of HPV infections can be
Oral mucosa . . L. . . . . .
Periodontitis manifold, ranging from asymptomatic infections to benign or potentially malignant lesions to

intraepithelial neoplasms and invasive carcinomas. The heterogeneity of clinical manifestations
from HPV infection depends on the interactions between the viral agent and the host, a direct
consequence of the ability on the part of HPV is to remain silent and to evade and convey the
action of the host immune system. The oral mucosa represents one of the tissues for which HPV
has a distinct tropism and is frequently affected by infection. While much information is available
on the role that HPV infection plays in the development of SCC in the oral cavity, there is less
information on asymptomatic infections and benign HPV-induced oral lesions. Therefore, the
purpose of this review is to analyze, in light of current knowledge, the early clinical and bio-
humoral prognostic features related to the risk of HPV malignant transformation, focusing on
subclinical conditions, benign lesions, and the correlation between oral infection and infection in
other districts. The data show that the main risk associated with HPV infection is related to
malignant transformation of lesions. Although HPV-driven OPSCC is associated with a better
prognosis than non-HPV-driven OPSCC, primary prevention and early detection of the infection
and affected genotype are essential to reduce the risk of malignant neoplastic complications and
improve the prognosis.

Prognostic markers
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1. Introduction

Human Papilloma virus (HPV) is one of the most common sexually transmitted infections for both males and females [1,2]. It is
often asymptomatic, underrated and underestimated. It can cause oropharyngeal and cervical cancers even after a long time of latent
infection [3]. According to the American Center for Disease Control and Prevention (CDC), sexually active individuals go through HPV
infection at least once during their lifetime, but it is not always symptomatic so they are not often aware about their condition [4].
Beside the asymptomatic variant, the manifestations of HPV infection are variable, in fact, there can be benign and potential malignant
lesions or neoplastic lesions up to invasive carcinoma. The several manifestations of HPV’s infections depend on the interaction be-
tween the host and the virus depends on the interaction between the host and the virus. HPV has been widely investigated in genital
infections and it is considered the main etiological factor of uterine cervix cancer [5-8]. Differently from uterine cervix cancer, HPV is
involved in a small percentage of oral cancers [9,10]; instead, the main percentage of oral cancers are normally associated with
smoking and alcohol abuse [11]; other suggested causes are related to the persistent traumas of lesions [12,13] and poor dental care
[14]. The oral premalignant lesions caused by HPV infections include the following: verruca vulgaris (common wart) (VV), squamous
papilloma (SP), condyloma acuminatum (CA), and multifocal epithelial hyperplasia (MEH) [15]. Other oral lesions have been asso-
ciated with HPV infection too, including erythroplakia (HPV-16), proliferative verrucous leukoplakia (HPV-16), candidal leukoplakia,
oral squamous cell carcinoma (HPV-16 and HPV-19) and lichen planus (HPV-6, HPV-11 and HPV-16). However, in a recent study it
was observed that the prevalence of HR-HPV and that HR-HPV in OL does not appear to be a driver of oncogenesis [16]. Importantly,
some types of HPV are associated with benignity and others with malignity lesions, in particular HPV types 2, 4, 6, 11, 13 and 32 have
been associated with benign oral lesions, on the other hand, types 16 and 18 have been associated with malignant lesions [11].

In some cases, benign lesions may evolve into malignant lesions and such evolution is most related to the expression of two proteins
of HPV (E6 and E7), defined oncogene proteins [17,18]. They are capable of inactivating two onco-suppressor proteins, called p53 and
the retinoblastoma protein (pRb) [19-22].

The aim of this review is to analyze the early prognostic clinical and bio humoral features linked with the epigenetic risk of ma-
lignant transformation of HPV, focusing on subclinical conditions, benign lesions, and the correlation between the HPV oral infection
and the HPV infection affecting other anatomical districts.

2. Materials and methods

This review employed a comprehensive search strategy performed by two reviewers to identify relevant articles on HPV oral lesions
and HPV infection. Major search engines such as PubMed and Google Scholar were utilized, using specific keywords related to the
topic: “HPV oral lesions” and “HPV infection”. The search encompassed a wide timeframe from 1945 to 2024, with a focus on recent
publications. The selection criteria included English papers designed as Randomized Clinical Trials (RCTs), cohort studies, case-control
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Fig. 1. The structure of human papillomavirus (HPV) and its function. HPV genome is composed of 8k base pairs and divided into early and late
gene. The early genome encodes E1, E2, E4, E5, E6, and E7 and the late genome encodes L1 and L2. Oncoprotein E6 and E7 degrade tumor
suppressor p53 and pRb, respectively. L1 and L2 build the structure of HPV capsid protein. LCR, long control region.
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studies, case series, meta-analyses, and systematic reviews. Only articles that provided relevant and reliable evidence on HPV oral
lesions and HPV infection have been considered for the discussion of the topic.

The inclusion of various study designs and involvement of multiple researchers enhanced the robustness and reliability of the
review’s findings.

3. HPV features

Papilloma virus belongs to the Papillomavirus family and together with Polyomaviruses form the species Papovaviridae. It is a DNA
virus with a circular double DNA strand of almost 7.9 kb, covered by a small capsid. Such capsid is about 55 nm in diameter, and it is
made of just two structural proteins. In the HPV genome all the putative open reading frames (ORFs) are contained in just one DNA
strand; meanwhile the short ORFs are localized in the second-probably- non-coding strand. The single frames are divided into “early”
(E) and late (L) genes according to the timing of action during the infection (Fig. 1). In fact, the early genes (E1-E8) are expressed
immediately after the start of the infection and before the DNA replication into the host cells. The products of such genes control the
DNA replication and the expression of the virus. When the infecting virus is oncogenic, its early genes and the related products cause
the malignant transformation of the host cell. On the other hand, the late genes (L1-L2) code for the proteins that make the capsid
structure, and they are activated during the late stages of the viral cycle [23].

It has been discovered that each HPV type occurs in the form of “variants”. Nowadays, more than 200 types of HPV are known
https://pave.niaid.nih.gov/search/search_database. Recently, the available data about the variants of HPV suggests that each variant
of the same type of HPV may induce different pathogenic risks [22,24-26] and important related psychological risks [27-29].

HPV viruses are epitheliotropic and they normally give rise to benign epithelial proliferation, but in some cases, they may cause
malignant transformation of benign lesions. The oncogenic potential is related to the type of the infecting HPV. They are divided into
low oncogenic risk HPV (LR- HPV) and high oncogenic risk HPV (HR-HPV) [30]. Both classes of HPV can induce the development of
unusual cells, but only the high oncogenic ones can cause cancer. In fact, the oncogenesis is influenced by the action of E7 protein,
which is set by high-risk HPVs and can eternalize human epithelial cells. Among the HPVs which are classified as high risk and sexually
transmitted there are: 16,18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 73 [31]. The HPVs are also classified in o group, with
tendency of infecting the mucosal epithelia and the  group, with the tendency of infecting the cutaneous epithelia [32].

3.1. Way of transmission

The transmission can be vertical, from mother to child or horizontal between individuals [33] (Fig. 2). In most cases the horizontal
transmission is sexually, but the virus can spread non sexually through skin-to-skin, skin-to mucosa, or mucosa to mucosa paths [33,
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Fig. 2. The way of transmission of HPV for oral lesions. Oral HPV infection may occur vertically, from mother to child and horizontally between
sexual partners.
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Table 1
The oral HPV related benign lesions. A summary of incidence most frequently interested zones of the oral cavity, clinical aspects and histological aspects of the benign lesions caused by the HPV in the
mouth.
Lesion Incidence Most frequent oral Clinical aspect Histological aspect HPV type Ref.
manifestations
Squamous Highest in adulthood, Palate, tongue, inner Sessile or pedunculated exophytic lesion, with ~ Multiple offshoots with a fibrovascular core and a HPV 6, 11 13, [50-52]
Papilloma between 30 and 70 years. surface of lips. a verrucous or papillary superficial aspect. keratinized squamous lining, acanthosis and basal 16 and 36.
cell hyperplasia.
Condyloma Adulthood, mostly between Vestibular mucosa, anterior Multiple lesions that coalesce to form big Papillary architecture with squat, anastomosed HPV 2, 6, 11, [53-56]
acuminatum 30 and 40 years. fornixes, labrum, palate. outgrows or isolated lesions with sessile or epithelial ridges converging to a broad base. 16, 18, 53 and
pedunculated aspect. Acanthosis. 54.
Verruca vulgaris Children and adolescents, Labial mucosa and palate. Exophytic, single or multiple lesions. Hyperplasia of epithelial ridges with acanthosis HPV 2, 4, 6 and [57]
mostly between 12 and 16 and intense keratinization. 40.
years.
Epithelial / Vestibular mucosa. Multiple popular or nodular lesions that tend Acanthosis of the epithelium with enlarged and HPV13 and 32. [15,58]
hyperplasia to converge. anastomosed net ridges. Mitosoid bodies.
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34]. The transmission from mother to child can occur not only by the birth canal but also through the placenta or amniotic fluid
[35-38]. Some scientists believe that oral infection, especially in children, may occur by autoinoculation from cutaneous lesions,
fomites, breast feeding, or bathing [35,39]. In adults the infections are mostly related to oral sex and open-mouthed kissing, the risk
augments proportionally with the increase of the number of sexual partners [40-42]. In addition, it has been demonstrated the as-
sociation between the use of crack-cocaine and the HPV infection [43].

3.2. HPV infection

Epithelial stem cells are target of HPV infection [44]. It infects specific epithelia, that are predisposed to its infection, including
tonsils, bulge region of the hair follicle and squamo-columnar junction of uterus cervix. It also gains access to non-predisposed
epithelia thanks to trauma, wounds, or micro-abrasion, through a solution of continuity [44,45]. HPV enters in the intracellular
compartment via endocytosis and viral episomal genome reaches the nucleus of the host cell, integrating into the host cell genome and
initiating viral transcription [45]. Therefore, replication of the cell and the viral genome occur parallel; originating new genome, that
receive the integration of the viral DNA to the mother cell DNA. The infection starts from the basilar cells, then, such cells differentiate
into keratinocytes, which are also infected with the virus genome that is amplified during the replications. Since the keratinocytes
exfoliates, several cell replications occur, which means that the cells are full of viruses and can infect other cells they come into contact
with [46].

The establishment of HPV infection is facilitated by the ability of the virus to evade the host immune system control [47] and it is
helped by the specific features of their target cells, keratinocytes. The first characteristic that represents an advantage for the action of
the virus is that the infection occurs in the intraepithelial compartment with minimal interaction with immune cells [48,49]. A second
advantageous factor is that it internalizes its genome into host cells and amplifies it using the host cell replication, which is not
controlled by the immune system (Table 1).

Moreover, the virus actively works to evade the immune system detection; in fact, it interferes with the modulation of interferons,
antigen processing and T cells and acts with other various strategies that differs among virus subtypes, since they are dependent on
their proteins [44,49].

4. HPV related oral lesions

The HPV infection of oral mucosa may cause the following benign lesions: squamous papilloma, condyloma acuminatum, verruca
vulgaris and multifocal epithelial hyperplasia [15]. These lesions have common histologic and clinical features with each other and
with other diseases of inflammatory or malignant origin [53].

4.1. Squamous papilloma

Squamous Papilloma (SP) is the most frequent form of benign oral lesion induced by HPV infection in both children and adults [59,
60] and has been found to be the second most commonly encountered disease entity overall [50]. The highest incidence is in
adulthood; however, it can also occur in childhood. The age of most common occurrence is between 30 and 70 years of age without
gender predilection [50]. The palate, tongue, and inner surface of the lips are the sites most prone to SP development, but other sites in
the oral cavity may also be involved. The HPV types isolated, by molecular in situ hybridization, are HPV 6, 11 13. 16 and 36. The most
frequent are types 6 and 11 [50,51]. Viral infections are also slightly related to periodontitis and gingival diseases [61,62].

Clinically, SP is a benign, sessile or pedunculated exophytic neoformation [50,51]. The superficial appearance may be verrucous or
more commonly papillary. In the latter case, it takes on a "cauliflower-like" appearance, characterized by digitiform, white/reddish
colored extroversions [50,51]. They are rarely larger than 5 mm in size and are usually solitary [63].

Histologically, there are multiple offshoots that possess a fibrovascular core and a keratinized squamous lining. The epithelium
shows marked hyper- or orthokeratosis, acanthosis and basal cell hyperplasia. Coilocytes, with clear cytoplasm and small nuclei, are
found visible in the spinous layer [50,52,64,65].

4.2. Condyloma acuminatum

Condyloma acuminatum (CA) is the most common HPV-induced lesion at the anogenital level and, therefore, is the most reported
sexually transmitted infection in both the United Kingdom and the United States [54]. These lesions are uncommon in the oral cavity
[53] and usually occur in adults with a higher incidence between the third and fourth decades of life. The HPV types involved are HPV
2, 6,11, 16, 18, 53 and 54 [54].

Clinically, CA presents as multiple lesions that may coalesce to form voluminous outgrowths, more rarely, CA presents as a solitary
lesion [66].

The lesions have a sessile, or more rarely pedunculated, appearance, with a smooth, pointed surface and white/pinkish color or a
cauliflower-like surface appearance [54,67-69].

.The most affected sites are the vestibular mucosa of the anterior fornixes, labrum, palate, and [56,70].

Microscopically, the lesions show an exophytic, papillary architecture with squat, anastomosed epithelial ridges converging to a
broad base [53,55]. The epithelium appears acanthotic with marked parakeratosis and invaginations filling the crypts between the
papillae [53,55]. Coilcites are appreciated in the superior spinous layer [53,67].
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4.3. Verruca vulgaris

Verruca vulgaris (VV) is the most common clinical form of HPV skin infection, constituting more than 70 % of warts [71,72]. It
predominantly affects children and adolescents with a higher peak incidence between 12 and 16 years of age. The most encountered
site is represented by periungual area of the hands and the associated HPV types are HPV 2, 4, 6 and 40 [57].

VV rarely affects the oral mucosa and autoinoculation is the main route of transmission [57,73]. Clinically, mucosal lesions appear
like their cutaneous counterparts [57,73]. They appear pinkish/white in color, exophytic, single or, more rarely in groups [74]. The
size is usually no more than 1 cm. The intraoral areas most prone to VV development are the labial mucosa and palate.

Histologically, the cutaneous and mucosal lesions also have no differences [57], hyperplasia of epithelial ridges with acanthosis and
intense keratinization. Thick keratinization gives a chevron or "church spire" appearance [57]. At the margins of the lesion, the vertical
axis of epithelial ridges takes on a cupped appearance that converges toward the center of the lesion. Coilcytes are cells exhibiting the
characteristics of cytopathic alteration by HPV viral infection: shrunken and elongated nucleus, eccentrically positioned with a
vacuolated cytoplasmic halo [57]. These cells are observed in the upper and proximal epithelial layers or within the granular cell layer
[571.

4.4. Epithelial hyperplasia

Focal epithelial hyperplasia (FEH), defined as Heck’s disease or multifocal epithelial hyperplasia (MEH) is a benign oral condition
induced by infection with HPV13, HPV32, or both [75,76]. Clinically, the condition is characterized by multiple 0.2-3 cm, papular or
nodular, which tend to converge, white-pink in color [58].The most affected sites are the anterior vestibular mucosa and the tongue. In
the most serious cases, the lesions can spread over the entire vestibular mucosa, which takes on a cobblestone appearance [77]. The
lesions tend to disappear when the mucosa is stretched [78]. Histological examination reveals exophytic areas with nodular or
papillary surface features, characterized by an acanthotic epithelium with enlarged and anastomosed net ridges. Mitosoid bodies can
be identified, present in enlarged epithelial cells, which present degenerated chromatin filaments that can mimic mitotic figures. These
mitosoid bodies, in combination with koilocytosis, represent the outcomes of viral cytopathic effects [15].

5. Diagnosis of HPV-related oral benign lesions

The diagnosis of HPV-related oral benign lesions is based on the histopathologic exam, which represents the gold standard test.

Typical histological features of oral and periodontal [79] benign lesions caused by HPV infection include koilocytosis, acanthosis
and papillomatosis which, coupled to the clinical appearance, suggest the existence of the infection [80,81].

There is also the possibility to perform cytologic exam of the lesion, that, on the contrary, allows studying just the cell morphology,
intercepting any cellular atypia induced by HPV infection, which has the advantage of being less invasive [82].

To assess the presence of the HPV in such lesions, both histological and cytological samples of the lesions are effective to perform
polymerase-chain reaction and detect HPV DNA. Detecting the genotype of the infecting HPV is important to identify HPV genotypes in
LR-HPVs and HR-HPVs, allowing to foresee the possible evolution and prognosis of the existing lesion [70,83-86].

5.1. Different methods of diagnosis and their effectiveness

HPV may be detected also in normal mucosa, but in general, according to the used detection method the viral load is variable [83,
87-91]. It is important and challenging to clarify the importance of viral load in oral mucosa to possible interact variation into
dysplastic and/or neoplastic tissues. In the study of Pierangeli et al. [82], the group investigated the difference of frequency of HPV
infection in 62 patients with benign oral lesions (e.g. fibromas, papillomatosis, ulcers) or oral potentially premalignant disorders
(OPMDs) (e.g. lichen, leukoplakia) compared with 54 controls performing cytobrushing and PCR. The results showed that the HPV
detection rate was significantly higher in patients affected by benign oral lesion compared to patient with OPMDs and the percentage
of high-risk HPVs (HR HPVs) was also higher in the first group than in the second group. HPV-DNA loads, particularly HPV16 and
HPV18, were significantly higher in patients with benign HPV lesion compared to OPMDs’ lesion. Unexpectedly the study observed
high rates of HPV infection in cells of the oral mucosa, emphasizing the prevalence of HPV in oral tissues. The elevated HR HPV loads
found in oral potentially malignant disorders (OPMD) suggest that quantitative polymerase chain reaction (PCR) is effective in testing
and quantifying HPV presence in oral lesions. The study raises the possibility that elevated viral loads of high-risk HPVs could serve as a
marker for the risk of malignant progression in oral lesions. However, prospective studies are needed to confirm whether these
elevated viral loads can indeed predict the likelihood of the development of malignancy. To early detect precancerous lesions of tonsils,
in the study by Franceschi et al. [92] deep brushing of the tonsils was tested. It was revealed the inapplicability of this method for early
detection of HPV driven lesions of the tonsils in vivo since the results were unsatisfactory. However, cytobrushing has been assessed as
valid option of detecting HPV infection in oral lesions, especially when it comes to malignant lesions and it’s the most valid method of
screening for uterine cervical cancer [34,93-96].

There is also the possibility to use other diagnostic methods, based on the use of light, that help in clinical evaluation of oral lesions.
The used methods, including autoflourescence and chemiluminescence help in differentiating benign lesions from malignant lesions
already at the clinical exam. Of these, autoflourescence device has shown to be superior to chemiluminescence and to the simple
clinical examination of the lesion in detecting premalignant lesions and early malignant transformation, even though it remains
undoubtable the superiority of biopsy and histological exam in diagnosis [97-100].
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6. Relationship between HPV oral lesions and uterine cervix lesions

Being HPV a sexual transmitted agent it involves primarily the lesions of genitals and, as said before, it is the main cause of uterine
cervix cancer [5]. However considering the fact that it an induce benign and/or malignant lesions in both anatomical districts, an
analyses of their similarities is required.

The histological similarities between oropharyngeal mucosa and cervix mucosa indicate an augmented susceptibility of the tissues
for the HPV infection [101]. Both mucosae comprise a transition zone between the squamous epithelium and the cylindric epithelium,
such zone allows the access of the viral particles up to the basal membrane [22,37,102]. This selective trophism may find an expli-
cation also in the reticular aspect of the epithelium of the crypts of the tonsils that imitate the microlesion of the cervix epithelium and
allow the access of the virus to the basal membrane [103]. The HPV infection of uterine cervix and the oral mucosa may be associated
to sexual behaviors, high number of sexual partners and compromission of immune system [104-107], but it should be clarified if and
in which way infections of both anatomical sites are related to each other. In a study [108] it was investigated the relationship between
the prevalence of HPV in oral cavity of women with oral sex practices and cervical lesions. 46 patients with a previous CIN diagnosis
were enrolled. They answered to a questionnaire about their sexual practices, then it was taken a swab of the check’s mucosa and
another one from palate/gums. The samples underwent though PR to detect the presence of HPV and its genotype. The results showed
that the 72 % of the patients that affirmed to have oral sex practices were positive to HPV in oral mucosa, palate/gum. 35 % of them
had HPV16 and among them the 26 % had regular oral sex practices, meanwhile the 9 % didn’t. This data demonstrates that there is a
high association between the detection of HPV in oral mucosa with oral sex behavior, but the 9 % of the population suggests that there
may have other factors that favor the infection, maybe the autoinoculation, considering that such patients had HPV driven lesions in
the uterine cervix. It was found an association between oral HPV16 positivity and progression of cervical CIN advanced lesions,
suggesting that the dentist and the oral pathologist should be aware of CIN diagnosis of their patients. In fact, as already mentioned, the
HPV 16 is associated with the high-risk group of the HPV family. The possibility to interact its presence in oral mucosa, when still
asymptomatic, allows to monitor it. In this way, possible HPV 16 related oral lesions can be intercepted at a very early stage [109].

7. From the infection to cancer

The HPV infection is often cleared within 2 years, so it can also be silent and don’t evolve into the aforementioned lesions; but
sometimes it persists and may lead to the evolution of precancerous lesions, and if such lesions don’t regress, they can transform into
invasive oropharyngeal squamous cell carcinoma (OPSCC); moreover, persistent infections may evolve into cancer within 10 years
[110,111]. The cancer onset is mostly related to two types of HPV: 16 and 18 [112,113]. The HPV-16 has been demonstrated to be
present in almost 15 % of oral cavity tumors (OSCC) and in about 41 % of oropharyngeal tumors (OPSCC); HPV-18 type has been
detected in about 6 % of OSCCs and 0.2 % of OPSCCs [114].

In a recent study, it was observed that the persistence of HPV-16 infection in male subjects would be influenced by advanced age,
however, further studies are still needed [115].

The oncogenic risk of HPV is related to its proteins, in particular to E6 and E7, in fact, according to their features two groups can be
distinguished: the LR-HPVs and the HR-HPV. The first one is associated with benign lesions of skin and mucosa, meanwhile the second
one is associated with malignant lesions [116-118]. The oncogenic role of HR-HPV E6 has an impact in a lot of cellular functions, in
fact it binds and degrades tumor suppressor protein p53, blocks the apoptosis, the differentiation of keratinocytes and the interferon
responses [10,116,119]. On the other hand, HR-HPV E7 favors cell-cycle entry and progression, binds and degrades tumor suppressor
PRb, promotes the release of the E2F transcription factor and causes genome instability. This leads to the de-regulation of the G1/S cell
cycle check point and the activation of S-phase re-entry and viral replication. Because of E7 activation, pl6INK4a is overexpressed.
Normally, p16INK4a acts as a tumor suppressor by inhibiting the activity of cyclin-dependent kinases (CDKs) involved in cell cycle
progression. However, in the context of HPV-associated tumors, p16INK4a overexpression is linked to cell survival and escaping
oncogene-induced senescence [120-122]. About the other viral early proteins, E1, E2, E4 are not involved in the oncogenesis but are
important to guarantee the viral cycle; ES is not always expressed; when it is expressed, it impacts a lot of signaling pathways, such as
the epidermal growth factor receptor (EGFR), the immune recognition and the regulation of apoptosis [123].

8. Differences between HPV- related OPSCC and HPV non-related OPSCC

Several studies have demonstrated that the HPV status of OPSCC patients is associated with improved survival outcomes [70,
124-126]. One of the early studies conducted by Gillison and colleagues [127] showed a remarkable finding. Patients with
HPV-related OPSCC had a 74 % reduction in the risk of death from cancer compared to those with non-HPV-related OPSCC. The hazard
ratio (HR) was 0.26, and the 95 % confidence interval (CI) was 0.07-0. A subsequent meta-analysis [128] further confirmed the as-
sociation between HPV-related OPSCC and improved survival outcomes. It showed that patients with HPV-related OPSCC had a 28 %
reduced risk of death (meta HR: 0.72) compared to those with non-HPV-related OPSCC. The 95 % CI was 0.5-1. The studies establish
HPV status as an independent predictor of better overall and disease-free survival in OPSCC patients. Patients with HPV-related OPSCC
usually to have more favorable outcomes compared to those with non-HPV-related OPSCC.

The findings from these studies have had a significant impact in the management of OPSCC. HPV status has become a crucial factor
in determining treatment strategies and prognostic assessments for patients with OPSCC. Patients with HPV-related OPSCC are
generally considered to have a more favorable prognosis, and their treatment approaches may differ from those with non-HPV-related
OPSCC. It’s important to note that while HPV status is a powerful predictor of survival outcomes, other factors such as stage, grade, and



M. Amato et al. Heliyon 10 (2024) e31061

patient characteristics also play a role in determining treatment plans and overall prognosis.

The combination of HPV infection with other cancer etiological factors, such as tobacco smoking, has bad influence in the prognosis
of the malignant lesion [124].

From the clinical perspective the main difference between HPV-related and non-related OPSCC is that HPV-related OPSCC is often
diagnosed in advanced stages, characterized by high nodal dissemination (lymph node involvement), but with relatively smaller tumor
size (T). This implies that these cancers tend to spread to lymph nodes early in the disease course, even when the primary tumor size is
small [129,130].

HPV-related OPSCC tumors have distinct histopathological features, often appearing as non-keratinizing, undifferentiated, or
basaloid squamous cell carcinomas. These characteristics can be helpful in differentiating them from non-HPV-related OPSCC.
Moreover, HPV-related OPSCC cases show a lower incidence of second primary neoplasms compared to non-HPV-related cases. This
might be attributed to reduced exposure to other risk factors such as tobacco use or alcohol consumption, which are more commonly
associated with non-HPV-related OPSCC. HPV-related OPSCC tumors typically lack transcriptionally active HPV in the surrounding
mucosa. This suggests the absence of a cancerization field effect, where areas adjacent to the primary tumor may also have precan-
cerous changes. As a result, there are fewer second primary neoplasms and locoregional recurrences associated with HPV-related
OPSCC [38,127,129,131-135].

From a radiological standpoint, HPV-related OPSCC often presents with well-defined borders. Cystic nodal involvement is
frequently observed, and in some cases, the primary tumor can be small or even occult, making it challenging to detect using con-
ventional imaging techniques [136].

Understanding these distinct characteristics of HPV-related OPSCC is essential for accurate diagnosis, treatment planning, and
prognosis assessment. The unique features of these tumors also highlight the importance of personalized and tailored approaches in
managing patients with HPV-related OPSCC.

9. Prognostic factors of HPV induced cancer

In Literature it is largely assessed the positive prognostic value of HPV infection in OPSCC [70,125-127] and it is also known that
OPSCC is mainly associated with HPV infection, meanwhile oral cancer is primarily associated with tobacco and alcohol [137]. For this
reason, the role of HPV in oral cancer is unclear. Similar features have been noticed between OPSCC and oral cancer both induced by
HPV. For example, the non-keratinizing morphology was supposed to be related to the typical tissue structure of tonsils, but it has been
related to the HPV infection. In fact, it can be also found in HPV-induced non oropharyngeal cancers, even when such cancers emerge
in tissues that are keratinized in normal conditions [138,139]. Even if classical features of HPV induced cancers are shared by OPSCC
and non-OPSCCs, it has been demonstrated that there is a variant with different histological features. This variant has warty
morphology defined by exophytic growth, prominent surface keratosis and parakeratosis, koilocytosis, multinucleation and marked
nuclear pleomorphism and it is rare in head and neck area [140]. There are some data about the warty variant that suggest a better
clinical outcome. In particular, it has been shown that HPV- induced non- OPSCCs, including oral ones, are associated with better
clinical outcomes, short follow-up and sample size. Moreover, warty cancer lesions were associated with a lower stage disease, no
metastases and no tumor recurrences [138]. This data should be further investigated and assessed by other studies, in fact the limi-
tations are related to the short timelapse considered as follow-up (16 months) and the small sample size.

Another interesting information still coming from the study of Rooper et al. [138] is about the identification of a premalignant
aspect of oral cavity and larynx mucosae infected by HPV. It can be identified by the assessment of the presence of p16 and by some
typical histological characteristics. Premalignant lesions of oral cavity infected by HPV that may lead to HPV- induced cancer have the
following histological features: full-thickness proliferation of basaloid cells with prominent apoptosis and karyorrhexis and corrugated
surface parakeratosis. They have been associated with the developing of squamous cell carcinoma between the 15 % and the 70 % of
the cases [141-144]. So, intercepting this squamous dysplasia could be a good way to avoid future cancer developing. However, it
should be considered that histological aspect is essential to assess this squamous dysplasia. In fact, the interception of p16 positivity is
not sure. In fact, the presence of p16 suggests the presence of HPV infection, but the virus could be inactivated [145].

As already mentioned, the presence of HPV is related to a better prognosis of OPSCCs for sure. But there are some controversies
about the risk associated with HPV positive non- OPSCCs. In fact, there are studies that suggest the positive impact of HPV infection in
the prognosis [146-148], and others that affirm the opposite [139,149,150]. This incongruence may be related to the different his-
tological variants, since warty variants have not been considered separately. In sum, while the prognostic value of HPV in OPSCCs is
well known, it can be said the same for the oral cancer and other non- OPSCCs induced by HPV infection. There are limited data about
them and other studies with longer follow-ups, larger samples sizes about selected lesions should be performed.

10. Risks of malignant transformation related to the HPV infection

The development of oropharyngeal malignities is associated with the persistent infection of HPV, moreover OPSCC is now
becoming the most common cancer caused by HPV, surpassing the uterine cervix cancer [109,151,152]. The evidence coming from the
Literature suggests that there are some circumstances, behaviors and conditions that enhance the probability to go through HPV-
related OPSCC. First of all, as already mentioned, the viral types associated with carcinogenesis are HPV 16 and HPV 18 [51,53] and
the involvement of gingival tissue is related to a higher risk of malignant transformation [51]. People with associated increased risk of
developing HPV- related OPSCC are those with a lot of lifetime sexual partners and high-risk sexual behavior [153-155]. Moreover, it
has also been demonstrated that poor oral care is associated with HPV16 infection and that chronic periodontitis [186] seems to be
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associated with the status of HPV infection of head and neck squamous cells carcinomas [156,157]. Another important fact to highlight
is that immunocompromised subjects are exposed to higher risk of developing HPV-related cancers compared with general population
[158]. Smoke of tobacco has a synergic carcinogenic role with HPV infection, since it has immunosuppressive impact and facilitates the
integration of viral genome in HPV-infected cells [148]. After viral genome integration, HPV E6 inactivates p53 and HPV E7 eliminates
PRB-E2F complexes in the host cells [17]. The result is augmented chromosomal instability and cell cycle deregulation that led to
carcinogenesis.

11. A way to intercept malignant transformation

The specific role of HPV in malignant transformation of oral benign lesions is still controversial. Already in 2008 Acay et al. [159]
suggested the possible impact of HPV infection the carcinogenesis of oral benign lesions; in fact, they demonstrated that, even with
some limitations, HPV prevalence was higher in premalignant and malignant lesions and that the cases at highest risk were associated
with HPV infection. For this reason, detecting the persistent infection of HPV, especially the 16 type may be a good source to intercept
premalignant and malignant lesions. The challenge is to find the most accurate, safe and easy method to do that.

11.1. Salivary test

Saliva is arising as a promising tool that may give the possibility to early detect OPSCC driven by persistent HPV infection. Its
clinical significance has been at the center of a scientific debate. Using saliva as a screening test may enable to detect early stage
oropharynx cancer before development of clinical symptoms. Zhao et al. [160] investigated the feasibility and the efficacy of quan-
titative PCR-based saliva rinse screening of HPV 16 for head and neck cancer (HNSC); they tested the salivary rinses of 92 head and
neck cancer-affected patients and 604 healthy controls. The results showed that HPV was detected in 50 % of the samples coming from
patients with detectable HPV 16 in the tissue; HPV16 was detected in 18 % of saliva rinse samples from patients with HPV16-negative
primary HNSC; HPV16 was detected in 2.8 % of saliva rinse samples from normal controls, the statistical significance of these findings
isindicated by "p < 0.001." Using a cutoff of HPV16 > 0.001 copies/cell in saliva rinse samples yielded a sensitivity of 30.4 % (ability to
correctly identify true positives) and a specificity of 98.3 % (ability to correctly identify true negatives). In addition, nonsmokers had
significantly higher HPV16 levels in their saliva rinse samples compared to smokers among the cancer patients.

In conclusion, the presence of HPV16 DNA in saliva rinses was found to reflect the HPV16 status of primary HNSC. Quantitative
analysis of HPV16 DNA in salivary rinses allowed for the detection of HPV-related HNSC. Other salivary tests have demonstrated the
association between the detection of high expression of mucin 1 and oral potentially malignant lesions or oral cancer [161]. However,
there are limitations that prevent the application of this technique as a screening tool for a broad population. While the sensitivity and
specificity of the technique are provided, there are limitations to its broader application as a screening tool.

About the sensitivity and specificity of salivary rinses and oral swab samples the information coming from the review of Gibson
et al. [162] states that oral HPV detection has good specificity (92 %, 95 % CI = 82-97 %) and moderate sensitivity (72 %, 95 % CI =
45-89 %) for HPV-positive HNSCC tumor. While oral HPV detection has a low rate of false positives (few false-positives), it may miss a
significant proportion of HPV-related cases (false-negatives) in patients who already have head and neck squamous cell carcinoma
(HNSCC). This indicates that the sensitivity of oral HPV detection as a screening tool is limited when it comes to identifying
HPV-related HNSCC cases. A limitation of oral samples is the impossibility of reaching the non-keratinized strata of the epithelium,
that, on the contrary, is reached by using cytobrush [163].

12. Oral microbiome

Scientists have investigated the role of oral microbiome and its characteristics in health conditions versus HPV induced head and
neck cancers. In particular, there is evidence about the involvement of dysbiosis of oral microbiome in the pathogenesis OSCC and that
Fusobacterium is associated with better OPSCC patient outcomes [164]. Another study [165] has studied the transition of oral and gut
microbiome in patients affected by OPSCC up to the effect of the chemotherapy and discovered that chemotherapy induces changes
that make oral microbiome like the gut one. Identifying the specific stage-features may help in evaluating the prognosis of OPSCC
[166]. Saikia et al. [167] have underlined the importance of the microbiome in inducing cancer. According to their study specific oral
microbiota, such as HPV, PG, and FN, may enhance the inflammatory microenvironment of OSCC and induce stemness in oral cancer
cells. Additionally, these and other unidentified oral microbiota species may influence CSC niche defense by activating tumor stemness
pathways and modulating epigenetic mechanisms. Hence, there is a need to develop novel in vitro and in vivo models to study the
interaction between oral microbiota and oral cancer cells/CSCs, which leads to the enhancement of CSC stemness, including the in-
duction of a TSD phenotype. Overall, new approaches are necessary to investigate the complex interaction between oral microbiota
and cancer stemness in order to identify new targets against OSCC progression and relapse.

13. Prevention for HPV related lesions and cancer

An important role is given by the prevention that can be act at different levels. It can be primary when the subject is still in health
condition; secondary, when the subject has a persistent infection and/or a precancerous lesion and tertiary, when the subject has
developed malignant lesion. The best option is to act by a primary prevention, but it is not always possible, so dentists have to know
which tools we can use in every situation.
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13.1. Primary prevention

Primary prevention (Fig. 3) can be done through information about the risks of HPV infection and its way of transmission and
through vaccination.

It has been demonstrated that among adolescents there is a lack of knowledge about the HPV infection and its implications. In order
to avoid such ignorance and the related low adherence to vaccination it should be highlighted the importance of spreading information
through the framework of compulsory schooling, primary health care, and the development of informative interactive interventions
[168].

The HPV vaccines target the L1 capsid proteins of the virus, which are crucial for viral entry into host cells. By inducing an immune
response against these proteins, the vaccines aim to prevent HPV infection and the subsequent development of HPV-related cancers.
Controlled clinical trials have shown that prophylactic HPV vaccines are highly effective in preventing vaccine-type HPV infections
and associated anogenital precancerous lesions [169]. These vaccines have demonstrated 90 %-100 % efficacy in these trials. The use
of HPV vaccines has the potential to significantly reduce the burden of anogenital cancers worldwide [170]. Anogenital cancers
include cervical, anal, vaginal, vulvar, and penile cancers. Moreover, there is also evidence about the effectiveness of HPV vaccines
against OP cancers [171]. While the vaccines have been highly effective in preventing anogenital and head and neck HPV infections,
there is limited evidence regarding their impact on oral HPV infections specifically. Only one trial has shown a reduction in the
prevalence of oral HPV infection four years after vaccination compared to a placebo [172]. A study by Pinto et al. [173] demonstrated
that vaccination of males can induce HPV antibodies levels at the oral cavity, and these levels correlate with circulating levels of
antibodies in the blood. Despite limited data, there is evidence suggesting that HPV vaccination can provide protection against
vaccine-type oral HPV infection among both males and females in the general population [174].

It’s important to note that while HPV vaccines have been successful in preventing certain types of HPV infections, they are most
effective when administered before an individual becomes sexually active and exposed to the virus. Therefore, widespread vaccination
efforts targeting adolescents and young adults have been recommended to achieve maximum benefits [174]. There are different
formulations for the HPV vaccines: two-valent, four-valent, and nine-valent vaccines and there are also laws regulating their obligatory
or recommendatory administration around the world, especially for the adolescents. For example, according to the US Food and Drug
Administration (FDA) it recommended to vaccinate girls aged between 12 and 26 years and boys aged between 13 and 21 years old
[175]. In addition, the FDA introduced the administration of nine-valent vaccine for women and men from 27 to 45 years old too
[114]. In Italy, the access to this vaccination is free of charge and highly recommended for young people (both females and males)
during the 12th year of age [114]. In Denmark, the HPV vaccine is free of charge for boys and girls from 12 to 18 years old; moreover,
until 2021, men aged between 18 and 26 years, who had sexual relationships with other men could get the HPV vaccination for free
too. The vaccination program of Netherlands provides HPV vaccines for free for both genders at the age of nine. Moreover, in Denmark,
HPV vaccines are administered in the presence of precursor lesions in vaginal, vulvar, cervical and anal cancer, with the exception for
the oropharyngeal cancer. Such exception is due to the fact that there is still not a clear demonstrated causal relationship between the
administration of vaccine and the regression of premalignant and malignant oral lesions; even though the proven reduction of HPV oral
infection after HPV vaccine administration suggests that such correlation may become real [176,177]. In recent decades, several
preclinical and clinical studies have demonstrated the potential of genetically engineered lactic acid bacteria (LAB) to deliver re-
combinant antigens to induce mucosal, humoral, and cellular immunity in the host. This technique has also been applied to LAB-based
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Fig. 3. Three types of prevention. The use of vaccines represents primary prevention, which represents intervention in healthy oral mucosa.
Secondary prevention may be conducted during latent but persistent HPV infection and or in the presence of precancerous lesions. At the end, in the
advanced cases, that is to say the oncological cases, in which the oral lesions have been transformed in cancer the only chance of intervention is
represented by tertiary prevention and treatment.
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oral mucosal HPV vaccines, noting the ability to express inducible surface-anchored antigens, showing increased potential to induce
particularly specific systemic and mucosal cytotoxic cellular immune responses. However, they are still in the early stages of study and
therefore further study is needed, but from the current data, it is not excluded that HPV vaccines obtained by LAB may be developed in
the future [178].

13.2. Secondary prevention

About secondary prevention (Fig. 3) transcervical ultrasonography is a technique that can be used to evaluate and visualize cancers
at the base of the tongue [179]. It may play a role in identifying high-risk individuals who are at risk of developing OPSCC. The
detection of HPV DNA in oral rinses is a potential screening tool for OPSCC too. However, there is currently very little data available on
its effectiveness as a screening tool. Detecting antibodies against HPV proteins, such as HPV16 E6, in blood samples (seropositivity) has
been studied as a potential screening marker for OPSCC [131,180]. HPV16 E6 seropositivity has been associated with a significantly
increased risk of OPSCC [131,181]. While there may be strong associations between HPV seropositivity and OPSCC risk, this does not
necessarily translate into a clinically useful screening tool. The prevalence of OPSCC is relatively low in the general population, so even
with a highly specific test (over 99 % specificity), the positive predictive value (PPV) may still be low [182]. Currently, there are no
well-established precancerous lesions of the oropharynx that can be reliably targeted for intervention. This further complicates the
development of an effective preventive screening tool. As of now, there is no validated preventive screening tool for OPSCC in the
general population. More research and investigation are needed to develop and validate effective screening approaches.

It should be highlighted that developing effective screening tools for OPSCC presents significant challenges due to the relatively low
prevalence of the disease and the lack of clearly identifiable precancerous lesions. Until more data and research are available, primary
prevention efforts through HPV vaccination remain crucial for reducing the incidence of HPV-related cancers, including OPSCC [183].

13.3. Tertiary prevention

After completing definitive therapy for OPSCC, some patients may still have persistent HPV infection. A preliminary study eval-
uated oral HPV-DNA detection using oral rinses at different time points (9, 12, 18, and 24 months) after treatment [184]. The study
found that patients with persistent HPV16 infection had worse survival outcomes. Specifically, 5 out of 6 patients with persistent
HPV-DNA detection showed disease progression, whereas only 9 out of 62 patients without persistent HPV-DNA detection progressed.
The study suggests that persistent HPV infection may serve as a potential marker for disease progression and recurrence after treat-
ment, making it a candidate for use in tertiary prevention strategies. Despite its potential utility, the test for oral HPV-DNA detection
has some limitations in terms of its operating characteristics. The test showed a relatively low sensitivity (prevalence of a positive oral
rinse at diagnosis was only 54 %), which means it may miss some cases of persistent infection. Additionally, the positive predictive
value of the test may not be highly reliable, and the number needed to treat (to intervene based on the test results) might be high. Due
to the limitations mentioned above, the test for oral HPV-DNA detection is not ready for immediate clinical adoption. Further research
and validation are needed to improve its sensitivity, specificity, and predictive value before considering its routine clinical use [185].
In the treatment of OPSCC, important new findings show how the use of immunotherapy could change prognosis and long-term disease
outcome in these patients, especially in relapsed forms. However, there is still little information in this context about the prognostic
role played by HPV [81].

It’s important to note that tertiary prevention strategies (Fig. 3) are still in the early stages of investigation, and more research is
required to identify effective methods for detecting and managing persistent HPV infection post-treatment. As the field of HPV-related
cancers continues to evolve, ongoing research may lead to the development of more reliable and clinically useful tools for tertiary
prevention [185].

14. Conclusions

The main risk of HPV infection is its potential to cause malignant transformation, particularly in the context of oropharyngeal
squamous cell carcinoma (OPSCC). HPV testing is crucial for diagnosis and prognosis, with early detection and genotyping essential for
reducing the risk of cancer development. Primary prevention through education, screening, and vaccination is the key to minimize
HPV transmission. However, current diagnostic tools have limitations, necessitating the development of more sensitive techniques like
salivary tests. The suggestion for the ordinary practice is to appeal to multidisciplinary management, with dentists playing a role in
monitoring oral health to intercept HPV-related lesions early, improving prognosis. Frequent visits to the dentist and accurate exam of
oral tissues can help to reach this purpose. The present review tried to fill the existing gaps in the current research by giving a
panoramic view of oral and oropharyngeal lesions HPV-induced, their malignant transformation, the possibility of prevention and, last
but not least, the ways to diagnosticate them and to early intercept malignant transformation. Interesting is the role of oral micro-
biome, but the current data are still insufficient to clarify its role. In conclusion, the future research should focus on finding the most
accurate ways to early diagnosticate HPV infection and the specific role of microbiome in oral cancer in order to reduce incidence of
HPV driven oral cancers.
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