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Background. The prevalence of oral human papillomavirus (HPV) in the healthy popula-
tion and patients with oral diseases such as oral squamous cell carcinoma (OSCC), oral
potentially malignant disorders (OPMDs), and oral benign lesions (BL), is not consis-
tently described in the literature, with scarce and often heterogeneous data. In addition,
the efficacy of HPV prophylactic vaccines in preventing HPV-related oral disorders has
been scarcely investigated.

Methods. The prevalence of HPV and the potential impact of vaccines were analyzed
in 1,415 oral rinse specimens, collected over 10 years and grouped into four categories
based on histological/clinical diagnosis.

Results. HPV prevalence in OSCC, OPMD, and BL patients and in healthy individuals
potentially exposed to HPV (HPE) was comparable (12.7 vs. 27.2% vs. 13.5 vs. 9%).
Statistical analysis of the vaccine impact involved calculating high and low estimates
and showed a significant difference only for the low effect. The nonavalent vaccine had
higher low estimates than the bivalent vaccine in OSCC and HPE patients (29.6 vs.
51.9%, p < 0.05; 18.2 vs. 42.4%, p < 0.05), while for OPMD and BL, the frequency
of bivalent low estimates was lower than that of quadrivalent and nonavalent (48.6 vs.
68.6%, p < 0.05 and 48.6 vs. 77.1%, p < 0.05; 23.9 vs. 50.7%, p < 0.05, and 23.9 vs.
63.4%, p < 0.05).

Conclusions. This study provided new insights into the prevalence of oral HPV and
showed that the nonavalent vaccine may provide better protection than the other vaccines
in the presence of an OSCC diagnosis. Conversely, the quadrivalent vaccine may be
sufficient to prevent OPMD and BL. © 2024 The Author(s). Published by Elsevier
Inc. on behalf of Instituto Mexicano del Seguro Social (IMSS). This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction estimated that sexually active men and women will contract
the virus at least once in their lifetime (1).

Of the more than 200 different HPV genotypes de-
scribed to date, twelve (HPV16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 68), classified as Group I, have been iden-
tified by the International Agency for Research on Cancer
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Human papillomaviruses (HPVs) are clearly identified as
the most widespread sexually transmitted pathogens: it is
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with the development of malignant lesions. In addition to
these, other genotypes have also been recognized as be-
ing associated with cancer and are classified as follows:
HPV6S8 as probably carcinogenic (Group 2A), and HPV
types 26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 85, 97 as pos-
sibly carcinogenic (Group 2B). Together, these genotypes
are referred to as high-risk genotypes (hrHPV) (2).

Generally, immunocompetent individuals experience
transient and asymptomatic infections; however, failure
to eliminate the virus within 12-24 months can lead to
the establishment of persistent infections, which are be-
lieved to be the necessary cause for the development of
neoplastic hyperproliferative lesions (3-5). In addition to
cervical carcinoma, for which HPV-driven carcinogenesis
is widely accepted, other neoplasms have been associ-
ated with the persistence of HPV infection, such as other
anogenital cancers, namely vaginal, vulvar, anal, and penile
cancers (6), and head and neck squamous cell carcinoma
(HNSCC) (7).

The latter definition includes a large and heterogeneous
group of malignant lesions located in the upper aerodi-
gestive tract, such as the oral cavity, lips, oropharynx, hy-
popharynx, nasopharynx, and larynx. Statistical data indi-
cate that cumulatively, these neoplasms represent 5.3% of
all tumors (excluding non-melanoma skin cancers) and are
the sixth most common cancer worldwide, with 890,000
new cases and 450,000 deaths in 2018 (8-10).

The development of oral squamous cell carcinoma
(OSCC) may be preceded by a group of heterogeneous
conditions referred to as oral potentially malignant dis-
orders (OPMDs). The most common of these are: oral
leukoplakia, its rare warty proliferative variant or verrucous
proliferative leukoplakia, oral lichen planus, oral lichenoid
lesions, and erythroplakia (11). It has been questioned
whether HPV infection could be involved in the devel-
opment of such disorders, but the results are far from con-
clusive, with HPV prevalence rates ranging from 0 to 85%
(12-14).

On the other hand, low-risk HPV genotypes (IrHPV)
are known to induce benign oral papillary lesions, such
as condyloma acuminatum, squamous cell papilloma, ver-
ruca vulgaris, and multifocal epithelial hyperplasia, which
are the most common HPV-related oral abnormalities (14).
HPV is also found in healthy oral mucosa, with rates rang-
ing from 0 to 81% (14-16).

The wide wvariability in prevalence rates is likely
due to inconsistencies in investigative approaches be-
tween studies, such as the diagnostic method used, the
type of specimen analyzed, and the classification of oral
lesions (14).

The most effective method of preventing HPV infection
and related diseases is vaccination. To date, three HPV
vaccines have been approved by the Food and Drug Ad-
ministration (FDA) and the European Medicines Agency
(EMA): the bivalent Cervarix, against HPV16 and 18; the

quadrivalent Gardasil, against HPV6, 11, 16, and 18, and
the nonavalent Gardasil 9, against HPV6, 11, 16, 18, 31,
33, 45, 52, 58. HPV vaccination campaigns, typically tar-
geting the female population, have been shown to be an
effective prevention strategy for cervical and anal cancer
(17-19). Similarly, clinical studies and statistical evalua-
tions of the potential impact of HPV vaccines have demon-
strated the suitability of male vaccination against HPV-
related anogenital infections and lesions (20,21). Studies
of vaccine efficacy in preventing oropharyngeal squamous
cell carcinoma (OPSCC) and OSCC have shown promis-
ing but inconclusive results, with evidence of effectiveness
complicated by the lack of specific oral and oropharyn-
geal premalignant lesions to use as surrogate endpoints
(22-24).

Against this background, this retrospective study ana-
lyzed a ten-year dataset with two parallel and intertwined
objectives. The first was to assess the prevalence of oral
HPV in the presence or absence of oral disease to help
clarify the still inconsistent data on oral HPV infection.
The second was to evaluate and compare how the three
available vaccines could potentially protect against HPV-
associated oral infections and diseases.

Materials and methods
Study population

The study included 1415 male and female patients whose
oral rinses were consecutively collected at the Microbi-
ology and Virology Unit of the University Hospital Poli-
clinic, P. Giaccone, Palermo, Italy, between January 2013
and December 2022. Individuals were referred for HPV
testing after a dental examination performed by the stom-
atologists at the Oral Medicine Unit of the same hospi-
tal, which identified potentially HPV-related lesions. Clin-
ical suspicion of oral cancer, potentially malignant le-
sions, or benign lesions (BL) was then confirmed by HE-
stained histological examination in the Anatomic Pathol-
ogy Unit of the same hospital. In cases where no oral
lesions were detected, patients were offered HPV test-
ing if there was an increased likelihood of infection due
to anogenital HPV detection or after close contact with
positive individuals (e.g., oral sex with an HPV-positive
partner).

Based on the reason for requesting HPV testing, the
study population was divided into four different groups:
patients with a histological diagnosis of OSCC, patients
with a histological diagnosis of OPMDs, patients with a
histological diagnosis of BL, and individuals without oral
lesions but with potential HPV exposure (HPE).

The informed consent and the study protocol were ap-
proved by the Institutional Review Board of the University
Hospital Policlinic, P. Giaccone, Palermo, Italy (approval
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number 11/2011). The study did not involve any funding
or financial compensation for the participants.

Samples collection and processing

Collection of buccal mucosae exfoliated cells was per-
formed by rinsing the oral cavity for 30 s with 10 ml
of Original Mint Scope® mouthwash (Procter and Gam-
ble), taking care to reach all parts of the oral cavity and
avoiding gargling. Each patient was instructed not to eat,
drink, or use oral hygiene products one hour before the
sampling. To isolate the cellular component, each sam-
ple was centrifuged at 1,600 rpm for 10 min. The pel-
let was resuspended in 1-3 mL of phosphate-buffered
saline (PBS), dispensed into 1.5 mL Eppendorf tubes
(1 mL/each), and then subjected to a second centrifuga-
tion at 13,000 rpm for 5 min. After discarding the su-
pernatant, each pellet was stored at —20 °C or processed
immediately.

HPV-DNA extraction, detection, and genotyping

DNA was extracted using the QIAamp Mini Kit (Qi-
agen, Hilden, Germany) after resuspension of oral pel-
lets in 200 pL PBS. Detection of HPV-DNA was per-
formed using INNO-LiPA® HPV Genotyping Extra II
(Fujirebio, Tokyo, Japan), which allows the identifica-
tion of 12 types classified as LR-HPV (HPV6, HPV11,
HPV40, HPV42, HPV43, HPV44, HPV54, HPV6I,
HPV62, HPVS1, HPVS83, HPV89) and 20 types classi-
fied as hrHPV (HPV16, HPV18, HPV31, HPV33, HPV35,
HPV39, HPV45, HPVS51, HPVS52, HPV56, HPVS5S,
HPV59, HPV67, HPV68, HPV26, HPV53, HPV66,
HPV70, HPV73, HPVS82). The technique involves a PCR
amplification using biotinylated primers followed by a re-
verse dot blot hybridization assay. The PCR reaction si-
multaneously amplifies two targets: a 65 bp region of the
HPV L1 gene using SPF10-based primers, and HLA-DBP1
as an endogenous control to assess sample adequacy. In
the reverse dot blot hybridization step, the PCR prod-
ucts bind to DNA probes immobilized on a membrane
strip: the endogenous control probe, 32 genotype-specific
probes, and two additional generic “HPV control” probes.
Since SPF10-based primers can amplify more than 54 HPV
genotypes, some samples may be positive only for the HPV
control probes. In this case, genotyping required a nested
PCR with PGMY09/PGMY 11 and GP05+/GP06+ primers
as described elsewhere (25), followed by indirect Sanger
sequencing. Specifically, the workflow consisted of purifi-
cation of PGMY09/PGMY 11 or GP05+/GP06+ amplifica-
tion products using Microcon® Centrifugal Filters (Merck
KGaA, Darmstadt, Germany), followed by amplification
using the BigDye™ Terminator v1.1 Cycle Sequencing Kit
(Thermo Fisher Scientific, Waltham, MA). Purified prod-
ucts from Centri-Sep™ Spin Columns (Thermo Fisher Sci-

entific, Waltham, MA) were then sequenced on an ABI
Prism 3130 Genetic Analyzer (Thermo Fisher Scientific,
Waltham, MA). Genotypes were then obtained by BLAST
sequence alignment.

Sample size

Bernoulli sampling was used to estimate the minimum
sample size to obtain significant results in identifying pos-
sible associations between oral HPV infection and oral mu-
cosal disease (26).

Using Bernoulli sampling, the minimum estimated sam-
ple size of patients with oral HPV for each group was 133
patients. The minimum sample size was evaluated consid-
ering a z-score of 99%, an error ¢ = 5.5%, and assuming
a prevalence m equal to 6.5%, so that the prevalence was
estimated in the range (1, 12%), according to Simonides-
ova S, et al. (27). In addition, to reduce statistical bias due
to loss of information/data or other events, the sample size
for each group was considered larger than the minimum,
i.e. larger than 133 patients.

Statistical analysis

Data are presented as numbers and percentages for cate-
gorical variables, and continuous data are expressed as the
mean =+ standard deviation (SD) unless otherwise speci-
fied. To compare the impact of the nonavalent HPV vac-
cine to the bivalent and quadrivalent vaccines the following
statistical tests were used.

The x? test was used to evaluate significant differences
in proportions or percentages between the two groups. The
x? test for multiple comparisons was used to define sig-
nificant differences between the groups considered in this
study. In this case, when the x2 test was positive (p-value
less than 0.05), residual analysis was performed with the
Z-test to locate the highest or lowest significant presence.
Fisher’s exact test was used when the x? test was not ap-
propriate.

Multiple comparisons Cochran’s Q test was used to
compare the differences between percentages for paired
data, considering the null hypothesis that there are no
differences between the variables or modalities. When
Cochran’s Q test was positive (p-value <0.05), a mini-
mum required difference for a significant difference be-
tween two proportions was calculated using the minimum
required differences method with Bonferroni p-value cor-
rected for multiple comparisons.

The relationship between the variables was performed
using multiple linear regression analyses.

For this step age, sex, HPV risk (i.e., the oncogenicity
of genotypes), groups (by type of diagnosis), and num-
ber of infecting genotypes were considered as independent
variables, while vaccine impact was the dependent vari-
able. Particularly for HPV risk, groups, vaccine impact,
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and number of infecting genotypes, were considered on
the following scale:

* Sex: 0 = female, 1 = male.

* HPV risk: 0 = low risk, 1 = high risk, or both low and
high risk.

* Disease (according to degree of severity):1 = oral squa-
mous cell carcinoma (OSCC), 2 = oral potentially ma-
lignant disorders (OPMD), 3 = benign lesions (BL),
4 = subject with potential HPV exposure (HPE).

* Vaccine impact: 0 = infection with genotype not in-
cluded in the vaccine; 1 = low estimated impact,
2 = high estimated impact.

* Number of infecting genotypes: 1 = One genotype,
2 = Two genotypes, 3 = Three genotypes, etc.

The potential vaccine impact was calculated using pa-
rameters similar to those used by Riethmuller et al. (28).

Low estimates of vaccine impact were calculated as
the prevalence of HPV genotypes (HPV16 and 18 for
the bivalent, HPV 6,11,16 and 18 for the quadrivalent,
and HPV 6,11,16,18,31,33,45,52 and 58 for the nonava-
lent vaccine), alone or in association, by excluding the
presence of any other HPV type. High estimates were cal-
culated as the prevalence of the HPV genotypes included
in the vaccines (HPV16 and 18 for the bivalent, HPV
6, 11, 16, and 18 for the quadrivalent, and HPV 6, 11,
16, 18, 31, 33, 45, 52 and 58 for the nonavalent vaccine)
alone or in association, including the presence of any other
HPV type.

In addition, the absolute additional potential impact
(AAID) of the quadrivalent vaccine compared with the bi-
valent vaccine, and of the nonavalent vaccine compared
with the quadrivalent and with the bivalent vaccines was
calculated. Particularly, the AAI of the nonavalent vaccine,
i.e., the proportion of additional cases potentially prevented
by the nonavalent vaccine compared with the bivalent or
the quadrivalent one, was calculated as ([r-nonavalent-n-
bivalent or n-quadrivalent]/N) x100, where » is the num-
ber of potentially prevented lesions/infections and N is the
total number of lesions/infections (28).

The Shapiro-Wilk test was performed to test for normal
distribution. The Kruskal-Wallis test, followed by the post
hoc test with Conover’s test for pairwise comparison, was
performed in multiple comparisons among three or more
independent samples in case of non-normal distribution.
Particularly, when the tests on medians showed a signifi-
cant difference and the medians were equal, then the mean
rank values were described.

Finally, all tests with a p-value <0.05 were considered
significant. The statistical analysis was performed using the
Matrix Laboratory (MATLAB) analytical toolbox version
2008 (MathWorks, Natick, MA, USA) for Windows 32
bits.

Results

A total of 1415 patients were analyzed, with a mean age
of 48.2 years (17.9) and more female than male patients
(62.3 vs. 37.7%). Of the total samples, 11.7% (166/1415)
tested positive for HPV, of which 63.3% (105/166) had
oncogenic genotypes and 91% (151/166) showed a single
infection. Multiple-type infections were detected in only
9% (15/166) of the entire cohort (Table 1).

Of the 1415 patients, 1049 had a clinical/histological di-
agnosis: 15% (212/1415) OSCC, 22% (313/1415) OPMD,
and 37% (524/1415) BL; while 26% (366/1415) belonged
to the HPE group (Table 1, Fig. 1). Specifically, the
OSCC grading evaluation showed the following results:
50% (106/212) were classified as G1 (well differentiated),
39.9% (74/212) were classified as G2 (moderately differen-
tiated), and 14.6% (31/212) were classified as G3 (poorly
differentiated).

A total of 39 HPV types were identified, including 16
hrHPV types and 23 IrtHPV types. The detection rates were
24.7% for HPV16, 22.3% for HPV6, 7.8% for HPV18, and
5.4% for HPV33 and HPV66 (Fig. 2).

Table 1 shows the differences between the four groups
and the variables such as age, sex, HPV-positivity, hrHPV,
IrHPV, and single versus multiple infections. Particularly,
the OSCC group consisted of patients with a higher mean
age compared to the other groups (63.2 years), while the
HPE group included the youngest patients (34.6 years). Re-
garding the sex variable, OSCC and BL were the groups in
which males were more represented (51.9%, p = 0.0001;
45.2%, p = 0.0051, respectively), while females were more
abundant in the HPE group (83.9%, p < 0.0001).

In each category, the HPV prevalence was as follows:
12.7% (27/212) in the OSCC group, 11.2% (35/313) in
the OPMD group, and 13.5% (71/524) and 9% (33/366)
in the BL and HPE groups, respectively. hrHPV types,
alone or in combined infection with IrHPV types, were
present in 74.1% (20/27) of samples in the OSCC group,
71.4% (25/35) in the OPMD group, 56.3% (40/71) in the
BL group and 60.6% (20/33) in the HPE group (Fig. 1,
Table 1).

Single and multiple infections were detected in 88.9%
(24/27) and 11.1% (3/27) of the OSCC group, 91.4%
(32/35) and 8.6% (3/35) of the OPMD group, 90.1%
(64/71) and 9.9% (7/71) of the BL group and 93.9%
(31/33) and 6.1% (2/33) of the HPE group, respectively
(Table 1).

The significantly most frequent vaccine genotypes in
each group considered both individually and in associ-
ation with other genotypes, were: HPV16 25.9% (7/27,
p = 0.0004) for the OSCC group; HPV16 40% (14/35,
p < 0.0001), HPV6 25.7% (9/35, p = 0.0087) for OPMD
group; HPV6 28.2% (20/71, p < 0.0001), HPV16 18.3%
(13/71, p = 0.0041) for the BL group; and finally, HPV16
21.2% (7/33, p = 0.0008) for the HPE group (Table 2).
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Table 1. Numbers, percentages, and statistical significance in the totality of samples, as well as in the four groups (OSCC, OPMD, BL, and HPE)
relating to the following parameters: age, sex, HPV-positivity, hrHPV, IrHPV, single and multiple infections.

Parameters Total 0OSCC OPMD BL HPE Statistical analysis among
groups
Patients 1415 212 (15%) 313 (22.1%) 524 (37%) 366 (25.9%) 1415
Age 48.2 (17.9) 63.2 (13.8) 55.6 (14.2) 412 (17.7) 34.6 (12.0) p < 0.001* (SW) p < 0.0001*
(Min, (Min, (Min, (Min, (Min, (KW) OSCC vs. OPMD*,
Mix) = (2,97 Midx) = (26,92 Mix) = (8,93 Mix) = (2,97 Maix) = (4, 82 p < 0.05 OSCC vs. BL*,
years) years) years) years) years) p < 0.05 OSCC vs. HPE*,
p < 0.05 OPMD vs. BL*,
p < 0.05 OPMD vs. HPE*,
p < 0.05 BL vs. HPE*,
p < 0.05
Sex 37.7% (533 M)  51.9% (110 M)  40.6% (127 M)  45.2% (237 M) 16.1% (59 M) p < 0.0001* (C) OSCC(M)**,
62.3% (882F) 48.1% (102F) 59.4% (186F) 54.8% (287F) 83.9% (307F) p = 0.0001(Z2) BL(M)**,
p = 0.0051(2) HPE (F)**,
p < 0.0001(2)
HPV+ 11.7% (166) 12.7% (27) 11.2% (35) 13.5% (71) 9% (33) p =021 (C)
HPV- 88.3% (1,249) 87.3% (185) 88.8% (278) 86.5%(453) 91% (333)
hrHPV or 63.3% (105) 74.1% (20) 71.4% (25) 56.3% (40) 60.6% (20) p =027 (C)
IrtHPV/hrHPV
IrtHPV 36.7% (61) 25.9% (7) 28.6% (10) 43.7% (31) 39.4% (13)
Total single HPV 91% (151/166) 88.9% (24) 91.4% (32) 90.1% (64) 93.9% (31) p = 0.90 (C)
Total multiple HPV 9% (15/166) 11.1% (3) 8.6% (3) 9.9% (7) 6.1% (2)

Lr: low risk; hr: high risk; OSCC: oral squamous cell carcinoma; OPMD: oral potentially malignant disorders; BL: benign lesions; HPE: subject with
HPV potential exposure; SW: Shapiro-Wilk test; C: Multiple comparison x? test; F: Fisher’s exact test; Z: Z-test; KW: Kruskal-Wallis test.

*Significant test;.
**Most frequent.

PATIENTS
1415
- [ ]

Presence of Absence of
oral lesions oral lesions

1049 366

( I A e " | ) )
OSCC OPMD BL HPE
212 313 524 366

HPV+: 11.2% (35/313) )
hrHPV or hr/Ir :
71.4% (25/35)
LerPV: 28.6% (10/35)

f HPV+:12.7% (27/212)
hrHPV or hr/Ir:4.1%
(20/27)

L IrHPV:25.9% (7/27)

's N

HPV+: 13.5% (71/524)
hrHPV or hr/Ir : 56.3%
(40/71)

HPV+: 9% (33/366)
hrHPV or hr/Ir :
60.6% (20/33)

L IrHPV: 43.7% (3171) IrHPV: 39.4% (13/33) )

Fig. 1. Flowchart describing the stratification of patients into the four groups (OSCC = Oral squamous cell carcinoma, OPMD = Oral potentially
malignant diseases, BL = Benign lesions, HPE = HPV potential exposure), and the prevalence of HPV positivity, hrHPV, hrHPV together with IrHPV,

and IrHPV infections in each of them.

No differences between groups were observed for any
of the genotypes included in the vaccines, i.e., no genotype
included in the vaccines was detected more frequently in
one group than in the other.

Table 3 shows a significant correlation between the vac-
cine impact variable and the type of vaccine. Particularly,
impact values were higher for the nonavalent vaccine than
those for the quadrivalent and the bivalent vaccines (60.2,
49.4, and 28.9% respectively; p < 0.0001).
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Table 2. Frequencies of genotypes included in the three vaccines, alone or in association with other genotypes, for each group (OSCC, OPMD, BL,
and HPE).

Genotype OSCC n = 212 OPMD r = 313 BL n = 524 (HPE) n = 366 Statistical analysis among groups
HPV + 12.7% (27) 11.2% (35) 13.5% (71) 9.0% (33)

HPV6 14.8% (4) 25.7% (9) 28.2% (20) 12.1% (4) p = 0.21(C)
HPVII 0.0% (0) 0.0% (0) 42% (3) 3.0% (1) p = 0.62(F)
HPV16 25.9% (7) 40% (14) 18.3% (13) 21.2% (7) p = 0.10(C)
HPV18 7.4% (2) 11.4% (4) 8.5% (6) 3.0% (1) p = 0.62(F)
HPV31 7.4% (2) 0.0% (0) 2.8% (2) 3.0% (1) p = 0.31(F)
HPV33 3.7% (1) 5.7% (2) 7.0% (5) 3.0% (1) p = 0.96(F)
HPV45 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
HPV52 0.0% (0) 2.9% (1) 1.4% (1) 3.0% (1) p = 0.89(F)
HPVS58 0.0% (0) 5.7% (2) 1.4% (1) 3.0% (1) p = 0.46(F)

C: Multiple comparison X2 test; F: Fisher’s exact test; Z: Z-test; HR: high risk; LR: low risk; B: bivalent; Q: quadrivalent; N = nanovalent.

Table 3. Comparison and statistical significance of nonavalent, quadrivalent, and bivalent vaccine low and high impact, considering all positive HPV
patients and all subgroups (OSCC, OPMD, BL, and HPE) defined in this study.

All HPV-positive patients (166) Bivalent (biv) Quadrivalent (quad) Nonavalent (nona) Statistical analysis of vaccine p (test)

Vaccine impact 166 total
positive HPV patients

Low Estimate

28.9% (48/166)

49.4% (82/166)

60.2% (100/166)

p < 0.001" (Q) biv vs. quad: 28.9 vs.
49.4%, p < 0.05* (MDR) biv vs. nona:
28.9 vs. 60.2%, p < 0.05" (MDR)
quad vs. nona: 49.4 vs. 60.2%,

p < 0.05" (MDR)

High Estimate 3.6% (6/166) 4.8% (8/166) 5.4% (9/166) p =053 (Q)
OSCC 27 positive HPV
patients Bivalent (biv) Quadrivalent (quad) Nonavalent (nona) p (test)

Vaccine impact
Low Estimate

29.6% (8/27)

44.4% (12/27)

51.9% (14/27)

p = 0.009" (Q) biv vs. nona: 29.6 vs.
51.9%, p < 0.05" (MDR)

High Estimate 3.7% (1/27) 0.0% (0/27) 3.7% (1/27) p =061 (Q)
OPMD 35 positive HPV
patients Bivalent (biv) Quadrivalent (quad) Nonavalent (nona) p (test)

Vaccine impact
Low estimate

High estimate

BL 71 positive HPV patients

48.6% (17/35)

2.9% (1/35)

Bivalent (biv)

68.6% (24/35)

5.7% (2/35)

Quadrivalent (quad)

77.1% (27/35)

8.6% (3/35)

Nonavalent (nona)

p < 0.001" (Q) biv vs. quad: 48.6 vs.
68.6%, p < 0.05° (MDR) biv vs. nona:
48.6 vs. 77.1%, p < 0.05* (MDR)
p=022(0)

p (test)

Vaccine impact
Low estimate

High estimate

HPE 33 positive HPV patients

23.9% (17/71)

2.8% (2/71)

Bivalent (biv)

50.7% (36/71)

5.6% (4/71)

Quadrivalent (quad)

63.4% (45/71)

5.6% (4/71)

Nonavalent (nona)

p < 0.001" (Q) biv vs. quad: 23.9 vs.
50.7%, p < 0.05* (MDR) biv vs. nona:
23.9 vs. 63.4%, p < 0.05° (MDR)
p =051(0)

p (test)

Vaccine impact
Low estimate

High estimate

18.2% (6/33)

6.1% (2/33)

30.3% (10/33)

6.1% (2/33)

42.4% (14/33)

3.0% (1/33)

p = 0.002* (Q) biv vs. nona: 18.2 vs.
42.4%, p < 0.05 (MDR)
p=037(Q

Q: Cochran’s Q test; MDR: Minimum required differences.

*Significant test.
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Fig. 2. Percentages of hrHPV (red) and IrHPV (blue) in the whole cohort of 1415 patients.

Table 4. Evaluation of absolute additional impact (AAI), namely the percentage of additional cases that could potentially be prevented by the quadrivalent
vaccine compared with the bivalent and by the nonavalent vaccine compared with the bivalent and quadrivalent vaccines, for each group (OSCC, OPMD,

BL, and HPE).
Parameters 0OSCC OPMD BL HPE Statistical analysis
among groups

HPV+ 12.7% (27) 11.2% (35) 13.5% (71) 9% (33)
Quadrivalent-bivalent

% AAIL 11.1% (12-9 = 3/27)  22.9% (26-18 = 8/35) 29.6% (40-19 = 21/71) 12.1% (12-8 = 4/33) p = 0.10 (C)
Nonavalent-bivalent

% AAI 22.2% (15-9 = 6/27) 34.3% (30-18 = 12/35) 42.3% (49-19 = 30/71) 21.2% (15-8 = 7/33) p = 0.10 (C)
Nonavalent-quadrivalent

% AAIL 11.1% (15-12 = 3/27)  11.4% (3026 = 4/35)  12.7% (49-40 = 9/71) 9.1% (15-12 = 3/33) p = 098 (F)

AAI Absolute additional impact; C: Multiple comparison chi square test; F: Fisher’s exact test; Z: Z-test; OCSS: oral squamous cell carcinoma group;
OPMD: oral potentially malignant disorders; BL: benign lesions; HPE: subject with HPV potential exposure.

Considering the four groups, a significant difference be-
tween bivalent and nonavalent vaccines was observed only
for the OSCC and HPE groups (29.6 vs. 51.9%, p < 0.05;
18.2 vs. 42.4%, p < 0.05, respectively). For the OPMD
and BL groups, the low estimated frequency was lower
for bivalent than for quadrivalent and nonavalent vaccines
(48.6 vs. 68.6%, p < 0.05; 48.6 vs. 77.1%, p < 0.05;
23.9 vs. 50.7%, p < 0.05; and 23.9 vs. 63.4%, p < 0.05,
respectively).

Finally, no significant differences were observed in the
high estimates of the three vaccines for each group.

The assessment of the AAI showed no significant dif-
ferences, either for the entire cohort (data not shown) or
for each group (Table 4).

Table 5 shows the multiple linear regression analysis
between vaccine impact variables and parameters such as
age, sex, HPV risk, groups, and number of genotypes,
as described in the statistical analysis section. The anal-
ysis revealed a significant positive correlation between bi-
valent vaccine impact and HPV risk (Rpartial = 0.48,

p < 0.0001), and bivalent vaccine impact and number of
genotypes (Rpartial = 0.18, p = 0.0253), i.e., HPV risk
and number of genotypes were significant positive pre-
dictors of bivalent vaccine impact., Therefore, hrHPV or
both Ir and hrHPVs were more associated with high esti-
mate impact and more genotype presence; only the num-
ber of genotypes was a significant positive predictor of the
quadrivalent vaccine (Rpartial = 0.39, p < 0.0001), i.e.,
an increase in the number of genotypes is more associated
with a high estimated impact. Finally, for the nonavalent
vaccine, the significant positive predictors were HPV risk
(Rpartial = 0.19, p = 0.0182) and number of genotypes
(Rpartial = 0.46, p < 0.0001).

Discussion

Despite the increasing incidence of HPV-positive OSCCs
registered over the past 50 years, there is still not an ad-
equate understanding of the natural history of HPV oral
infection and its role in the pathogenesis of oral disease. A
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Table 5. Multiple linear regression analysis between bivalent, quadrivalent, and nonavalent vaccines impact and
age, sex, HPV risk, diagnosis group, and number of infecting genotypes on all HPV-positive patients.

Multivariate linear regression analysis Coefficient  Std. Error t Rpartial p
Bivalent vaccine
Multiple linear correlation coefficient = 0.53
Vaccine impact/Age —0.0001 0.003 -0.18 -0.01 0.86
Vaccine impact/Sex -0.08 0.08 -1.03 -0.08 0.31
Vaccine impact/HPV risk 0.54 0.08 6.87 0.48 <0.0001*
Vaccine impact/Group -0.03 0.05 —0.68 -0.05 0.50
Vaccine impact/No. of genotypes 0.14 0.06 2.26 0.18 0.0253*
Constant 0.01 - - - -
Quadrivalent vaccine
Multiple linear correlation coefficient = 0.41
Vaccine impact/Age —0.003 0.003 -0.87 -0.07 0.38
Vaccine impact/Sex -0.11 0.09 -1.26 -0.10 0.21
Vaccine impact/HPV risk 0.006 0.09 0.07 0.005 0.95
Vaccine impact/Group -0.05 0.05 -1.01 -0.08 0.31
Vaccine impact/No. of genotypes 0.37 0.07 5.38 0.39 <0.0001*
Constant 0.47 - - - -
Nonavalent vaccine
Multiple linear correlation coefficient = 0.51
Vaccine impact/Age -0.003 0.003 -1.33 -0.10 0.19
Vaccine impact/Sex -0.05 0.08 -0.59 -0.05 0.55
Vaccine impact/HPV risk 0.19 0.08 2.39 0.19 0.0182*
Vaccine impact/Group -0.07 0.05 -1.46 -0.11 0.15
Vaccine impact/No. of genotypes 0.41 0.06 6.52 0.46 <0.0001*
Constant 0.48 - - - -

R_partial: the partial correlation coefficient is the coefficient of correlation of the variable with the dependent
variable, adjusted for the effect of the other variables in the mode.

*Significant test.

common problem when approaching this topic is the high
heterogeneity among studies, which differ in characteristics
of patient populations, type of sample, and viral genome
detection and genotyping. Further complicating the picture
are the often insufficient details on the anatomical location
of the tumor, which may lead to uncertainty between oral
and oropharyngeal carcinomas (29).

Our study, which analyzed four different cohorts of pa-
tients using the same approach, aimed to provide a more
coherent insight into the involvement of HPV in the de-
velopment of benign, potentially malignant, and malignant
disorders of the oral mucosa, and in individuals at risk of
acquiring the infection.

Overall, the analysis of the general characteristics of
each group showed a median age consistent with the reason
for testing: OSCC patients were significantly older than
those in the OPMD, BL, and HPE groups, with HPE be-
ing the category characterized by the lowest median age.
These results reflect, on the one hand, the slow progression
from healthy epithelium to carcinoma, which is therefore
only diagnosed at an older age, and, on the other hand, the
increased exposure to the risk of asymptomatic infection
among young people, who are more involved in risky sex-
ual behavior (30). Special mention should be made for the
youngest patients in the latter group, whose exposure to the

risk of acquiring the infection results from the positivity of
a family member (e.g., parents). In general, the inclusion
of children in the analysis was based on the consecutive
collection of retrospective data and literature-based consid-
erations regarding the potential benefit of adjuvant HPV
vaccination.

The CDC (Centers for Disease Control and Prevention)
defines prophylactic vaccination administered before the
beginning of sexual activity as the most effective measure
to prevent HPV infection and related diseases, and does
not recommend it for individuals older than 26 years of
age (31). However, although no large clinical trials have
analyzed the secondary prevention role of HPV vaccina-
tion, the efficacy of its administration in patients with prior
HPV exposure has been discussed and analyzed (32-34).
For instance, the recent meta-analysis by Di Donato et al.
(35) showed how adjuvant vaccination reduced the risk of
cervical preneoplastic lesions, as well as anal intraepithe-
lial neoplasia and recurrent respiratory papillomatosis.

In other words, the inclusion of young patients (<12
years), not eligible for vaccination, in the potential impact
analysis, was justified from the perspective of an adjuvant
HPV vaccination.

Consistent with what is observed in the literature, which
identifies males as the category most affected by oral can-
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cer regardless of the HPV-related etiopathogenesis, in the
analyzed cohort, male patients mainly presented neoplastic
lesions (10). In contrast, females were more represented in
the HPE group, a result plausibly attributed to the clini-
cal history of patients in this category. Classification into
“potential HPV exposure” was usually based on the iden-
tification of HPV-related lesions and/or HPV infections at
the anogenital level, which are generally more frequently
detected in women due to regular gynecological examina-
tions.

Studies comparing HPV prevalence in patients with dif-
ferent oral diseases are extremely rare. Miller and John-
stone were the first ones to perform a meta-analysis of
HPV prevalence in oral precancerous lesions, oral carci-
nomas, and healthy oral mucosa (36). Analyzing data col-
lected between 1982 and 1997, they described that HPV-
DNA was more frequently detected in dysplastic and neo-
plastic oral epithelia than in normal oral mucosa. Similarly,
Syrjédnen et al. in their meta-analysis showed a higher viral
prevalence in lesions than in normal mucosa, demonstrat-
ing a strong correlation between oral HPV infection and
both OSCC and OPMD (37).

In contrast, there are no significant differences in HPV
prevalence among the four groups in this study. In particu-
lar, the comparable HPV percentages between the OSCC,
OPMD, BL, and HPE groups could be explained by the
fact that, although characterized by a healthy oral mucosa,
patients belonging to this group have been exposed to the
virus.

Looking at the individual groups, the HPV-positive
OSCC rate of 12.7% is similar to recent data from the
National Cancer Data Base (NCDB), which showed a rate
of 62.9% for oropharyngeal cancers and 17.7, 11.0, and
10.6% in hypopharyngeal, laryngeal and oral cavity can-
cers, respectively (38). Moreover, this figure falls within
the wide range of 0-37% described by the recent meta-
analysis by Katirachi et al., which, however, emphasizes
the high heterogeneity of results reported in studies from
around the world (39). Furthermore, as described in the
literature, HPV16 was the most prevalent genotype in this
category (40).

The association between OPMD and HPV oral infection
is not yet confirmed, and the percentage of 11.2% identi-
fied in this study is lower than the pooled prevalence of
22.5% evaluated in the recent meta-analysis by de la Cour
et al. (41). The identification of HPV16 as the most com-
mon genotype in the OPMD group is consistent with the
metanalysis by Shang et al. showing that oral lichen planus
and oral leucoplakia, the most common diagnoses in the
analyzed OPMD group (data not shown), were strongly
correlated with HPV16/18 oral infection (42).

While the correlation between the development of oral
papillary BL and HPV is widely accepted, studies of viral
prevalence in the buccal mucosa of individuals with such
lesions are almost nonexistent. The most recent literature

review, dating from 2006, describes a range of HPV posi-
tivity in verruca vulgaris from 13 to 100%. The percentage
found in BL patients falls within such a range; however,
the comparison remains vague because the group analyzed
also includes other papillary lesions. Recently, the over-
all prevalence of oral HPV infection in healthy individuals
has been estimated at approximately 4.9% (43,44). The
higher positive percentage in the HPE group is explained
by the fact that patients in this group, although free of oral
disease, had a higher chance of acquiring oral infection
compared to the general population due to the potential
exposure to the virus.

The assessment of the protective effect of prophylactic
vaccination against oral HPV infection and related diseases
has been addressed in a few studies, but these have focused
only on the evaluation of the possible reduction in the
prevalence of vaccine-type oral HPV in vaccinated pop-
ulations compared with unvaccinated healthy individuals
(45-48). The absence of well-defined oral pre-malignant
lesions has precluded the possibility of directly analyzing
the preventive effect of HPV vaccines on the development
of OSCC and OPSCC with the same rationale used for
cervical and anal cancer (22).

To our knowledge, this is the first study to evaluate and
compare the potential impact of the three vaccines not only
in healthy individuals, but also in patients characterized by
different HPV-related oral diseases.

As described in the statistical analysis section, the po-
tential impact of the vaccine was measured using low and
high estimates. The parameters used were similar to those
employed by Riethmuller et al., but only HPV-positive pa-
tients were considered to evaluate the efficacy of the three
vaccines (20,28). Specifically, in this study, low and high-
impact parameters were used to determine vaccine effec-
tiveness. The estimate of low impact was made considering
the vaccine genotypes alone or in association, without any
other HPV type; high impact, on the other hand, was cal-
culated considering the vaccine types alone, in association,
and with other genotypes. The potential real impact of the
vaccine lies between high and low impact because high
impact assumes that vaccine HPVs have a causal relation-
ship with the lesion in which they are found, even when
other genotypes are present (28).

In this study, the values of the low and high estimates of
each of the three vaccines, as well as the AAI percentages,
did not show any significant difference in the four groups.
In other words, each of the three vaccines has the same
effect in the four cohorts of patients. However, comparing
the low and high estimates of the three vaccines in each
group and the entire cohort revealed several differences in
the low-impact values, suggesting different potential pro-
tection against each HPV-related disease.

The significant difference in the low impact of the non-
avalent and bivalent vaccines in the OSCC and HPE groups
suggests that these categories may benefit significantly
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more from nonavalent vaccination than from the quadri-
valent and bivalent ones. A different observation could be
made for the OPMD and BL groups, in which both non-
avalent and quadrivalent vaccines appear to be equally ef-
fective compared to the bivalent vaccine. It can therefore
be assumed that in low- and middle-income countries, the
quadrivalent vaccine, which is less expensive than the non-
avalent one, could be preferred.

Finally, the regression analysis shows how the number
of genotypes and HPV risk are positive predictors of the
effect of the bivalent and nonavalent vaccines. The same
was not observed for the quadrivalent vaccine impact, for
which HPV risk was not a positive predictor, probably due
to the presence of two IrHPV in the quadrivalent vaccine
compared to the bivalent one.

This study adds another piece to the larger emerging
puzzle of HPV infection of the oral cavity.

In this highly controversial field, it is hard to find con-
sistent and unanimous results on aspects such as the preva-
lence of infection, its exact role in oral disease develop-
ment, or the most appropriate sampling method to use.
Achieving conclusive results could allow a precise under-
standing of both the risk of oral cancer faced by posi-
tive patients and the dynamics of HPV oral infection, with
the ultimate goal of developing appropriate screening pro-
grams.

Furthermore, as vaccines are the best method to prevent
HPV infection, we provide one of the few evidence-based
insights into the impact of HPV vaccines on different types
of patients. This approach partially overcomes the problem
posed by the lack of, or simple unawareness of, oral HPV-
related premalignant lesions, which would serve as clinical
study endpoints for HPV vaccine effectiveness evaluations
as has been done for cervical infection and disease.

Limitations and conclusions

The evidence gathered in this study adds to the still un-
satisfactory knowledge of HPV oral infection and its role
in the development of benign and neoplastic lesions of the
oral cavity.

Overall, it can be said that the nonavalent vaccine pro-
vides better protection. However, when examining the four
groups, in some cases, namely OPMD and BL, quadriva-
lent could be sufficiently effective.

However, it should be noted that the strength of this
study, the simultaneous analysis of four different cate-
gories, is also its limit. The size of each group is often
insufficient for certain statistical evaluations, such as the
assessment of the prevalence rates of less common geno-
types or the evaluation of the high estimates.

Only the broadening of the patients’ cohort will allow
us to elucidate the still unclear details of HPV oral infec-
tion.
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