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ARTICLE INFO ABSTRACT

Keywords: Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer worldwide with an
HPV increasing trend of its incidence. Alcohol consumption, smoking, and viral infections, such as the mucosal high-
HNC risk (HR) human papillomaviruses (HPVs) are major risk factors for HNSCC development. In particular, HR HPVs
HNSCC inl iated with a subset of oroph 1 11 carci hile other head and
Biomarkers are mainly associated with a subset of oropharyngeal squamous cell carcinoma (OPSCC), while other head an
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neck sites are marginally affected by HPV infection. HPV16 is the most frequently HR HPV type associated with
HNSCC. In contrast to the cervix, no screening programs or identifiable pre-malignant lesions have been char-
acterized for HPV-related HNSCC. Therefore, identification of general diagnostic algorithms and HPV biomarkers
that could facilitate the early diagnosis, disease evolution and recurrence for HPV-driven HNSCCs are urgently

needed. We herein review the role of HPV in HNSCC with a focus on epidemiology, biology, applied diagnostic
algorithms and available biomarkers in body fluids as early diagnostic tools in HPV-driven HNSCCs.

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) includes several
malignancies which may arise in the oral cavity, oropharynx, larynx,
and hypopharynx. HNSCCs have been associated with well-established
risk factors like tobacco smoking, alcohol use [1,2] and viral in-
fections, such as human papillomaviruses (HPVs), referred to as mucosal
high-risk (HR) HPV types. This HR HPV group include 12 different types,
namely 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 [3] that have
been clearly associated with the anogenital cancers [3]. However, it is
now well demonstrated that they are also responsible for a subset of
oropharyngeal squamous cell carcinoma (OPSCC) [4,5] as well as for a
low proportion of oral and laryngeal tumors [6]. Among the mucosal HR
HPV types, HPV16 appears to be the most oncogenic type, being present
in approximately 50% of cervical cancers worldwide [7]. Interestingly,

HPV16 is responsible for more than 90% of virus-driven HNSCC, while
the other mucosal HR HPVs are seldom associated with this pathological
condition [8]. Many studies have clearly shown that HPV-driven HNSCC
incidence is increasing [9,10] in Europe and North America [8,11,12],
while the incidence of mucosal HR HPV-positive HNSCCs in low-income
countries is still low. This because tobacco and alcohol consumption
remain the principal risk factors in these countries [8,13]. Thus, HNSCCs
can be stratified in HPV-related and -unrelated cancers, of which those
HPV-related show different biological characteristics and a better clin-
ical outcome in comparison to the HPV-negative counterpart [14,15].
Differently from cervical cancer, no clear pre-cancerous lesions for
HNSCC have been identified yet. In addition, no screening protocols for
early-stage detection of these malignancies have been fully validated
[16].

Many studies have provided important insights on the mechanism of

Abbreviations: HNSCC, Head and neck squamous cell carcinoma; HNC, head and neck cancer; HR, high-risk; OPSCC, oropharyngeal squamous cell carcinoma;
HPV, human papillomavirus; cfDNA, circulating free DNA; ISH, in situ hybridization; IHC, immunohistochemistry; CC, cervical cancer; FFPE, Formalin Fixed Paraffin
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HPV-driven HNSCC (reviewed in Ref. [17]) and several biomarkers have
been identified and proposed as possible novel diagnostic and prog-
nostic tools [18-20]. Finally, a few findings highlighted the efficacy of
the HPV prophylactic vaccine in preventing oral infections, providing
indirect evidence for a positive impact of the vaccine on HPV-driven
carcinogenesis in head and neck [21-23]. In this review, we summa-
rize the HPV biology and epidemiology of HPV-positive HNSCC,
together with novel prophylactic and diagnostic strategies.

2. HNSCC risk factors and epidemiology
2.1. Risk factors

As with many types of cancer, the risk of developing HNSCC is higher
for patients exposed to certain environmental factors or who have a
history with specific lifestyle behaviors.

2.1.1. Tobacco and alcohol

Two main substances, tobacco and alcohol, greatly increase the risk
of developing HNSCC [24,25].

Tobacco use includes smoking cigarettes, cigars, or pipes; chewing
tobacco; and using snuff. It is the single largest risk factor for HNSCC [1],
and prognosis may be influenced by the intensity of tobacco use and the
duration [24,25]. Smoking tobacco increases the risk of developing
many types of cancer that affect the head and neck area. In UK, smoking
is associated with 64% of laryngeal cancer, 37% pharyngeal cancer, 25%
nasopharyngeal cancer and 17% oral cavity cancers [26]. In addition,
passive smoking may also increase the risk of HNSCC development [1].

Frequent and heavy alcohol consumption strongly impact on the
HNSCC establishment, specifically in the oral cavity, pharynx, larynx, as
well as in the upper degistive tract, suh as eophagus [27].

Studies have shown that people who use tobacco and alcohol
together have a substantially greater risk of oral cancer than people who
only smoke or drink. At least 75% of head and neck cancers are caused
by the combined use of tobacco and alcohol [24].

2.1.2. Human papillomaviruses

In recent years, tumors that arise in the oropharynx, especially
cancers at the back of the tongue and in the tonsils, are linked to prior
infection with mucosal HR HPVs, primarily HPV16, and, to a lesser
extent, HPV18 and other HR HPV types [28,29]. Specifically, in OPSCCs
it was reported a 93% prevalence of HPV16, with a lowest prevalence of
other high-risk types belonging to alpha-9 species, such as HPV33
(1.4%), HPV35 (0.5%) or alpha-7 species, like HPV18 (1.3%). Thus,
differently from cervical cancer, HPV-positive HNSCCs are mainly
attributable to HPV16, with an underrepresentation of HPV18 and other
HR-HPVs commonly seen in cervical cancer.

HPV-related HNSCCs tend to occur in younger age groups with little
exposure to tobacco and alcohol and differ from HPV-unrelated HNSCCs
with respect to the molecular mechanisms underlying their oncogenic
processes [9,30]. HPV-related OPSCC are reported to have a better
response to treatment as compared with HPV-unrelated OPSCC [31-34].
Therefore, it became more important to accurately discriminate be-
tween HPV-related and HPV-unrelated OPSCCs.

2.1.3. Age, sex, gender, genetic background, oral hygiene

Other factors that can impact on HPV-positive HNSCC development
are age, sex, gender, genetic background, and poor oral and dental hy-
giene [35].

An increase in the median age was observed in HPV-positive OPSCC
patients classified by p16™¥*2 positivity and diagnosed between 1995
and 2000 or 2001-2013, changing from 53 to 58 years, respectively
[36].

HPV is sexually acquired, and early sexual debut as well as a high
number of sexual partners, including oral sex partners, and previous
genital warts, correlate with an increased risk for HPV-positive
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oropharyngeal squamous cell carcinoma (OPSCC) [37].

In addition, there is a higher prevalence of HPV-positive OPSCC in
men compared with women, and white populations compared with
black populations and Asians [17]. In general, men are at 2-4-fold
higher risk than women for developing HNSCC [38].

2.1.4. Pre-existing diseases, pre-cancerous conditions and genetic
syndromes

On top, certain diseases, such as gastroesophageal reflux disease
(GERD) [39] or laryngopharyngeal reflux disease (LPRD) [40,41], can
increase the risk on head and neck cancer, as well as a weakened im-
mune system [16], and especially a previous history of head and neck
cancer.

People with certain syndromes - such as Fanconi Anemia, Dysker-
atosis Congenita and Plummer-Vinson syndrome - caused by inherited
defects in certain genes, have a very high risk of developing HNSCC
(primarily cancers of the oral cavity) at substantially younger ages than
the general population [42-45].

2.2. HNSCC epidemiology

According to estimates of the International Agency for Research on
Cancer, approximately 504,000 men and 157,000 women developed
cancer originating from oral, oropharyngeal or laryngeal sites in 2020
[46]. Approximately 31% of the oropharyngeal cancers and 2% percent
of oral cavity or laryngeal cancers can be etiologically attributed to HPV
infection [47].

From the HPV attributed fractions and 2020 IARC cancer burden
reports, we updated previous estimates [48] of the burden of head and
neck cancer for the year 2020. The most frequent HPV-related malig-
nancy was oropharyngeal cancer affecting 79,000 men and 19,000
women. An estimated 7900 patients developed oral cavity cancer (5400
men and 2500 women) whereas 4400 patients developed laryngeal
cancer (3800 men and 600 women), all driven by HPV infection
(Table 1).

3. Human papillomaviruses biology

Human Papillomaviruses (HPVs) are non-enveloped viruses belong
to the Papillomaviridae family with circular double-stranded DNA
(dsDNA) genome of approximately 8000 base pairs (bp). Over 200 HPVs
have been identified so far and classified into five genera, namely alpha

Table 1
World-wide burden of head and neck cancers attributable to high-risk HPV
infection (estimates for 2020).

New Proportion New cases

ICD Cancer site cases” Attributed to HPV"  due to HPV
Male
C00-06 Oral cavity cancer 264,211 2.1% 5400
C09-10  Oropharyngeal cancer 79,045 30.9% 24,400
C32 Laryngeal cancer 160,265  2.4% 3800

Total 503,521  6.7% 33,600
Female
C00-06 Oral cavity cancer 113,502 2.2% 2500
C09-10 Oropharyngeal cancer 19,367 31.2% 6000
C32 Laryngeal cancer 24,350 2.3% 600

Total 157,219  5.8% 9100
Both Sexes
C00-06 Oral cavity cancer 377,713 2.1% 7900
C09-10  Oropharyngeal cancer 98,412 31.0% 30,400
C32 Laryngeal cancer 184,615  2.4% 4400

Total 660,740  6.5% 42,700

& Number of cases derived from GLOBOCAN 2020 [46].
b Attributable fractions derived from de Martel et al. [47].
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beta, gamma, mu and nu (www.hpvcenter.se) [49]. A large number of
biological and epidemiological studies in the last forty years have clearly
highlighted the oncogenic nature of the mucosal alpha HR-HPV types.
Their genome contains three functional regions, (i) the early region (E)
encodes regulatory proteins, namely E1, E2, E4, E5, E6 and E7 [50,51],
(ii) the late region (L) encodes the structural viral capsid proteins L1 and
L2, and (iii) the long control region (LCR) or upstream regulatory region
(URR), contains a regulatory region important for viral replication and
transcription. The products of the early E6 and E7 genes are the major
oncoproteins of the mucosal HR HPV types, being able to alter the
regulation of fundamental cellular events, such as cell cycle, apoptosis,
and DNA repair. They induce proliferation of basal and parabasal layers
of the epithelium. As a consequence they facilitate the accumulation of
DNA damage and the progression toward malignancy. However, estab-
lishment of a persistent infection is an essential event for the develop-
ment of HR HPV-associated malignant lesions. Indeed, if the
HPV-infected cells are rapidly eliminated by the immune system, the
viral oncoproteins do not have sufficient time to promote accumulation
of chromosomal abnormalities and cellular transformation.

HR HPV E6 and E7 exert their oncogenic function by interacting and
inactivating several cellular proteins, including the products of several
tumor suppressor genes.

Specifically, E6 induces the degradation of the tumor suppressor p53
that plays a fundamental role in preventing cancer establishment
through induction of DNA damage response (DDR), cell cycle arrest
and/or apoptosis [52]. In normal cells, DNA damage leads to p53
accumulation and cell cycle arrest before the S phase, allowing DNA
repair before DNA duplication [53]. Alternatively, if the damage is too
large and unrepairable, p53 activates the apoptotic events, preventing
the generation of potentially transformed progeny [53]. In HPV-infected
cells, E6-mediated p53 degradation inhibits cell cycle arrest and
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apoptosis, causing chromosomal instability and leading to carcinogen-
esis [54,55]. The key event for E6-induced p53 degradation is the for-
mation of a ternary complex containing E6, the ubiquitin E3 ligase
E6-associated protein (E6AP) and p53 (Fig. 1A). Importantly,
E6AP/p53 interaction can only occur in presence of E6 that acts as a
bridge between the two cellular proteins [56]. Upon formation of this
ternary complex, p53 is rapidly ubiquitinated by E6AP and degraded by
the proteasome pathway (Fig. 1A). In the genus alpha, the mucosal HR
HPV types are the only ones able to induce p53 degradation [57,58].
Indeed, the E6 form of the LR HPV types binds p53 without inducing its
degradation [59,60], however they are still able to alter some tran-
scriptional p53 functions [61,62].

In addition to p53 functions, E6 also activates the transcription of the
telomerase reverse transcriptase (hTERT), which is a ribonucleoprotein
responsible for telomeres elongation. hTERT is usually overexpressed in
cancer cells, but not or at low levels in normal somatic cells. In somatic
cells, the very low telomerase activity results in telomere shortening
after each cellular division to finally reach a critical size, leading to
fusion among neighbour chromosomes and replicative senescence [63].
In contrast, in HPV16-infected cells the high level of telomerase activity
results in telomere length maintenance and indefinite proliferation. It
appears that the viruses have multiple mechanisms to activate hTERT
transcription. The expression of hTERT is negatively regulated by the
transcriptional repressor NFX1-91. HPV16, via E6/E6AP interaction,
induces the degradation of NFX1-91 with consequent activation of
hTERT transcription [64]. In addition, HPV16 can activate hTERT
expression through the induction of Myc, which is recruited to the
hTERT promoter [65].

Other important targets of the HR HPV E6 oncoprotein are the
cellular proteins containing the PSD-90/Dlg/Z0O-1 homology (PDZ)
domain [66]. The HR HPV E6s bind several PDZ proteins via a motif of 4
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Fig. 1. E6 and E7 HPV oncoproteins degrade p53 and pRb, respectively.
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A. E6-induced p53 degradation through the formation of a ternary complex. Binding of E6 to p53 induces its ubiquitylation and proteasomal-mediated degradation,
via the ubiquitin E3 ligase E6-associated protein (E6AP). B. Degradation of pRb, overexpression of CDKs and inactivation of CDK inhibitors all contribute to E2F
overexpression and uncontrolled cell-cycle progression in cancers. Whereas hypo-phosphorylation of pRb prevents effects of E2F and renders cells quiescent, CDK/D-
cyclin association causes its phosphorylation and release from E2F. Binding of E7 also causes release of E2F through ubiquitylation and proteasomal degradation of

pRb [163-167].
Created with BioRender.com.
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amino acid located at the C-terminus. An alignment of the HR HPV E6
protein sequences resulted in the identification of a canonical
X-S/T-X-®cooy consensus site and highlighted some amino acid
sequence variability that can impact on the E6 affinity for binding the
different PDZ proteins [67]. The mucosal LR HPV type E6 proteins do
not contain the C-terminus PDZ-binding motif, highlighting the impor-
tance of this interaction in the transformation processes induced by the
HR HPV types. Indeed, many PDZ proteins are involved in the regulation
of cell-cell contact and cell polarity events that are heavily altered in
cancer cells.

The oncoprotein E7 contains at the N-terminus the LXCXE motif that
mediates the binding of the tumour suppressor gene product retino-
blastoma (pRb1) and its related proteins p107 and p130. In normal cells,
pRb1 acts as negative regulator of the E2F transcription factors
(E2F1-3), preventing the expression of pro-proliferation factors, such as
cyclins, and maintaining the cell in a quiescent state (reviewed in
Ref. [68]). When cells are exposed to mitogenic factors, signaling
pathways are activated and pRbl is rapidly phosphorylated with
consequent release of active E2F and cell cycle progression. In HR
HPV-infected cells, E7/pRb1 interaction leads to degradation of the
tumor suppressor via proteasomal pathways [69,70], with consequent
activation of E2F and deregulation of cellular proliferation indepen-
dently of external stimuli (Fig. 1B).

In HPV-positive lesions, HPV DNA is often integrated into the host
genome, or alternatively can be found as episomal DNA or in a mix of
both forms [71]. Interestingly in cervical lesions, viral DNA integration
increases with the severity of the disease, while in HNSCC this phe-
nomenon appears to be less frequent.

Many studies have shown that HPV DNA integration results in the
loss of the expression of several viral genes, including E2 that is inti-
mately involved in the regulation of E6 and E7 expression. Loss of E2
promotes high E6 and E7 expression, further stimulating the progression
of infected cells towards malignancy. In addition, other studies reported
that HPV16 E6/E7 mRNA stability is increased after integration and
specific alterations of host cell gene expression have been detected upon
HPV genome integration [72]. The HR HPV E6 and E7 expression in-
creases with neoplasia stage and greatly contributes to malignant pro-
gression [73,74]. Cells that express E6/E7 from integrated HR HPV
sequences have a selective growth advantage over cells with episomal
HPV genomes that still present HPV E2 expression [75]. In cancer cells
mainly containing the episomal viral DNA form, a key event in dereg-
ulation of E6 and E7 expression can occur by genetic and epigenetic
modifications at the early promotor region [76].

4. Diagnostic tools and applied algorithm in HNSCC
classification

4.1. HPV diagnostic tools

Several procedures/algorithms have been fully developed and vali-
dated for the screening of pre-malignant and malignant cervical lesions.
Regarding HPV-positive HNSCC, several assays have been proposed by
independent studies, however they remain to be validated in screening
programs. Classification of HPV-driven and -non driven HNSCC can be
based on the use of direct HPV markers, such as viral DNA detection by
PCR or by in situ hybridization (ISH), E6/E7 mRNA detection by RT-PCR
or RT-qPCR, and indirect/surrogate HPV markers, like p16™<*? stain-
ing. HPV DNA detection by PCR-based assays in cancer tissue has a high
sensitivity, but lower specificity, since the test positivity may be also due
to a transitory infection in the upper respiratory/digestive tracts [77].
HPV DNA detection by ISH provides information on viral localization
within the cells, however it is affected by a lower sensitivity when
compared with PCR-based assays [78,79]. The ‘gold standard’ labora-
tory method to establish the oncogenic role of HPV is the identification
of the full length E6/E7 mRNA in cancer tissue, which can also be per-
formed using FPPE material [80-87]. Alternatively to E6/E7 full length
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mRNA, the spliced version of E6 gene (E6*I mRNA) has been validated
in several studies as a good marker for the classification of HR
HPV-positive HNSCCs [87,88]. However, a possible limitation for the
use of HPV mRNA detection assays in clinical settings is that they require
more specialized laboratories.

Finally, the evaluation of pl over-expression by immunobhis-
tochemistry (IHC), which has been widely used in the cervix as HPV-
infection surrogate marker, represents the most common clinical
marker also applied to the classification of HPV-positive OPSCC.
Accordingly, evaluation of HPV-status based on p16™*? staining has
been incorporated into the latest TNM staging guidelines (TNMS).
However, lines of evidence indicate that p16™%*? positivity should be
confirmed with a HPV-specific test for a more accurate classification
[89]. p16INK4a accumulation in HPV-transformed cells is mainly linked
to the deregulation of the cell cycle mediated by the E7 oncoprotein.
However, several studies have also showed that p16™<*2 overexpression
can be detected in some HPV-negative HNSCC. Thus, as suggested for
HPV DNA tests, p16™%*? staining should be used in combination with
other HPV markers to have a precise classification of OPSCC.

Although, p16™¥42 detection appears to be a good assay for HPV-
positive OPSCC [90], some limitations on its use have been observed
for the classification of the other head and neck sites [91-93].

6INK4a

4.2. Applied algorithm in HNSCC classification

It appears that HPV-driven OPSCCs have a better prognosis than
HPV-negative OPSCCs [94,95]. Therefore, many studies have focused on
the establishment of algorithms that could result in a rapid classification
of HNSCC. As already mentioned above, the use of multiple HPV
markers considerably increases the specificity of a specific algorithm
without affecting the sensitivity [96]. Smeets and colleagues developed
an algorithm that is based on the combined use of p16™%*2 and HPV
DNA [82]. This algorithm resulted in 98-100% sensitivity and speci-
ficity in oral cavity and oropharynx FFPE samples [82,83]. Conversely,
the combined use of DNA ISH and p16™¥*? in HNSCCs reported a
p16NK4a sensitivity of 100% and a reduced specificity (85%) [97]. In a
meta-analysis by Prigge et al., comprising 24 studies [98], the combined
use of p16™¥4? and HPV DNA PCR resulted in a 93% sensitivity and 96%
specificity for viral mRNA-positive OPSCCs, which was not significantly
less sensitive but significantly more specific compared to the two tests
separately.

Although the use of p16™¥4? staining together with other HPV tests
[80,99-101] represent a valid algorithm for HNSCC classification, some
precautions should be taken for the correct interpretation of p16™7<43
staining. Indeed, p16™%43 expression can be altered by other risk factors
in some specific HNSCCs [17,102]. Accordingly, discrepancy in p16™¥42
and HPV DNA PCR positivity was reported [103,104].

HPV DNA PCR and p16™%42 have been evaluated together with E6/
E7 mRNA in some studies [105-107]. The combined detection of E6
mRNA, HPV DNA PCR and p16INK4a in FFPE specimens, resulted in a
lower HPV-attributable fraction than those previously reported [12]. In
an Indian study, about 60% of HNSCC specimens which tested HPV
DNA/mRNA double positive resulted p16™<*? negative, while about
18% of HPV mRNA negative HNSCC resulted p16™%*? positive, under-
ling the concept that other risk factors may impact on p16INK4a expres-
sion in this geographical region [105].

Thus, including triage with direct HPV markers, such as HR HPV
DNA detection complemented with mRNA and indirect cellular markers,
such as p16™¥? (Fig. 2) could improve the stratification of HPV-driven
HNSCC. Indeed, HPV DNA test can improve the specificity of p16™<2
staining, while the mRNA assay allows the identification of clinically
relevant HPV infections, especially in case of discordancy between HPV
markers (e.g. HPV DNA™/pl6+and vice-versa).
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Possible HPV biomarkers:

-ctHPV DNA (Plasma)
-E6/E7 Abs (Serum)
-HPV DNA (Saliva)

| K

HR HPV -
DNA
+ + ﬁ HPV drives carcinogenesis:
higher survival
- +
ﬁ Carcinogensis by HPV unclear:
+ - intermediate survival
- - ﬁ Carcinogensis not driven by HPV:

lower survival

5. HPV biomarkers in body fluids

In addition to available HPV markers described above, further bio-
markers released in body fluids are of increasing interest, since they
could be easily implemented into clinical practice (Fig. 2). Cancer cells
release several biomarkers, which have been investigated as diagnostic,
prognostic, and relapse markers in a large number of studies. Due to the
non-invasive methods for their collection, body fluids have become
possible cancer surrogate specimens for an easy and rapid diagnostic
tool at different anatomical sites [108-111]. Importantly, the use of
biomarkers could simplify and synergize with the diagnostic conven-
tional protocols to rapidly obtain key clinical information about the type
of cancer, outcome, treatment responses and cancer recurrence, without
requiring tumoral tissue specimens. In the context of precision medicine
the role of biomarkers, such as viral circulating-tumor DNA (ctDNA),
have high value, being indicated as a promising tool for HPV-associated
OPSCC [112-114]. The ctDNA represents a fraction of cfDNA (circu-
lating free DNA), which is released by cancer cells under necrosis,
apoptosis or through active secretion mechanisms in the bloodstream
compartment [115,116]. CfDNA detection in blood-derived samples,
such as serum or plasma, could provide a ‘liquid biopsy’ specimen which
can be used in early detection and/or cancer monitoring as an alterna-
tive to a solid tumor specimen, in the near future. The utility of ctHPV
DNA is emerging for early diagnosis, post-treatment surveillance and
recurrence, being efficiently increased in consecutively collected speci-
mens of patients with HPV-positive OPSCC [20,117]. In a recent pro-
spective study, it was reported that cfHPV DNA detection in plasma is
specific biomarkers with high sensitivity, representing a useful
non-invasive diagnostic approach to identify HPV-related HNSCCs
[118]. In addition, it was reported in a case-control study that in a subset
of patients, cfHPV16 DNA was detected 3 years before the clinical
diagnosis of HPV16-related HNSCC [119].

As additional HPV blood-based markers, previous studies focused
also on serum antibodies against early and late HPV proteins, such as E6,
E7, E1, E2, and L1 [120,121] The presence of antibodies against the
major capsid L1 protein is mainly indicative of HPV exposure
[122-124], while those against early regulatory proteins E1 and E2 have
been associated with OPSCCs [125,126]. Seropositivity for HPV16 E6
and E7 are specific markers of HPV-related anogenital cancers, such as
anal and cervical, however seroconversion does not occur in all cancer
cases [124,127,128]. In addition, HPV16 E6 antibodies are more
frequently detected than E7 antibodies [129], but their use is rather
limited for their low diagnostic sensitivity in CC [129]. By contrast, in
OPSCCs antibodies against HPV16 E6 and E7 are more clinically rele-
vant [5], since HPV16 E6 antibodies are detectable even a decade before
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Fig. 2. Diagnostic assays and viral bio-
markers in HPV-related HNSCCs identifi-
cation

Concepts for possible diagnostic algorithms
to identify HPV-driven HNSCC using a com-
bination of direct (HPVDNA + E6*I mRNA/
E6-E7 mRNA) and surrogate cellular
markers (plGINMa) of oncogenic HPV infec-
tion in fresh and FFPE tissues (lower panel).
HPV-biomarkers in body fluids used in
combination with diagnostic algorithm for
early diagnosis and follow-up of HNSCCs
(upper panel).

ﬁ E6/ETmRNA-
E6*l mMRNA

the appearance of the lesions and clinical diagnosis [125,130-132]. In
contrast, they are rarely detected in healthy individuals [133,134]. A
recent meta-analysis highlighted that HPV16 E6 antibodies are sensitive
and specific biomarkers for the diagnosis of HPV-related OPSCCs [135],
while not predictive of recurrence [136].

In addition to HPV biomarkers in blood-derived specimens, some
studies have proposed the use of saliva for identification of specific HPV
markers in HNC patients [137,138]. Saliva represents an easy-to-collect
body fluid in respect to blood. However, its use could be hampered by
the low biomarker concentration in comparison with blood. In several
independent studies, it has been observed that positivity for any HPV
type in the oral cavity could range from 3.5% to about 10% in healthy
population [139-141]. While in HPV-related HNSCC patients, high
prevalence of HPV DNA positivity in saliva and gargles was detected [5,
19,142,143]. In HNSCC patients, oral HPV prevalence and viral load
tends to decrease after treatment, while its persistency was associated
with recurrence [144]. In addition to HPV DNA, detection of oral HPV
mRNA reported a sensitivity ranging from 23% up to 82% in detecting
HPV-related OPSCCs [19,145,146]. In some studies, a combined anal-
ysis of oral HPV mRNA with ctHPV16 DNA in plasma improved the
sensitivity for HPV16-positive OPSCCs detection [19]. In addition, a
double-positivity for HPV16 DNA in saliva and plasma resulted in an
increased sensitivity and early detection of HPV16-positive OPSCC
recurrence [147].

Beside the HPV biomarkers, the characterization of HPV-positive
OPSCC could be improved if host deregulated genes could be also
considered. A recent study suggests that the host SYCP2 gene is up-
regulated in HPV-positive premalignant tissue [148].

Validation of HPV and host biomarkers in body fluids may results in
useful diagnostic, prognostic, and progression/recurrence tools, which
can be easily applied, in correlation with the available diagnostic
methods, in HPV-driven cancers. However, additional biomarkers as
well as additional validation studies are required.

6. Preventive strategy by HPV vaccination

In the last decades, a vast number of studies resulted in the genera-
tion of prophylactic vaccines against some mucosal HPV types [149].
The rational of the HPV vaccine is based on specific features of the major
capsid HPV L1 protein, which retains the ability to acquire the correct
tridimensional structure when produced as a recombinant protein in
eukaryotic cells, such as yeast or insect cells. The recombinant HPV L1
proteins are able to assemble in penta-capsomers and subsequently in
virus like particles (VLPs). Immunization with VLPs leads to the gener-
ation of neutralizing antibodies that can prevent the HPV infection.
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Three prophylactic HPV vaccines have been licensed since 2006: (i)
Cervarix® is a bivalent vaccine that targets the HR types, HPV16 and
HPV18; (ii) Gardasil® is a quadrivalent HPV vaccine targeting the LR
types HPV6 and HPV11 and the HR types HPV16 and HPV18 and (iii)
Gardasil 9® is a nonavalent HPV vaccine that targets five additional HR
types, namely HPV31, HPV33, HPV45, HPV52, and HPV58, together
with the HPV types 6, 11, 16 and HPV18. They are all effective in
reducing HPV-associated ano-genital infections and the development of
pre-malignant and malignant lesions in women [150-155]. The quad-
rivalent HPV vaccine is also effective in preventing genital lesions [156]
and in reducing anal intraepithelial neoplasia in men [157]. Therefore,
in several countries HPV vaccination has recently been recently
extended to boys. A recent study performed in England, clearly showed a
substantial reduction in cervical cancer and incidence of CIN3 in young
women after the implementation of the HPV immunization program in
adolescents [155]. Eradication of infections with oncogenic HPV types
may also have an impact on other HPV-related cancers, including
HPV-associated OPSCC. The available epidemiological data reports ef-
ficacy of the HPV vaccine in preventing oral infection [22,23,158-160].
In addition, a decline of oral prevalence of the vaccine types HPV16, 18,
6 and HPV11 from 2009 to 2016 has been observed in a cohort of un-
vaccinated men and women in parallel with an increase of the vacci-
nation campaign, suggesting a herd protection [21]. Experimental
studies conducted in animal models provide additional evidence for the
efficacy of PV vaccination in preventing oral infections. Indeed, immu-
nization of dogs with canine oral papillomavirus (COPV) L1 VLPs
resulted in a protection against the development of oral lesions [161].
However, additional epidemiological studies are desirable to further
determine the impact of HPV vaccination on preventing viral oral
infection, considering the type of vaccine and the different vaccination
protocols, e.g. different number of doses. HPV vaccines are not yet
licensed for OPSCC, in part because of the lack of identified precursor
lesions [162] to be used as efficacy end-point for OPSCCs. However, as
suggested by IARC-WHO, the use of persistent viral infection as
end-point for risk of OPSCC would be a feasible surrogate to be applied
(IARC HPV Working Group. Primary End-points for Prophylactic HPV
Vaccine Trials. Lyon (FR): International Agency for Research on Cancer;
2014. (IARC Working Group Reports, No. 7.).

7. Conclusions

In the last two decades many studies significantly increased our
general knowledge on the role of HPV in HNSCCs, providing important
insights for the generation of novel strategies for their prevention and
early diagnosis. HPV vaccination and organized screening programs,
reduce the incidence of HPV infections and HPV-associated pre-cancer,
cervical cancer and probably also other HPV-associated anogenital and
oropharyngeal cancers, whereas well organized cervical cancer
screening has reduced incidence of and mortality from cervical cancer.
Therefore, it is crucial that future efforts will be focused on the increase
of HPV vaccination coverage worldwide.

Several studies led to the identification of novel diagnostic markers
for early detection of HPV-positive HNSCC. However, these markers
need to be validated in large-population studies together with accurate
diagnostic algorithms for management of screen-positive subjects.
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