Articles

HPV DNA, E6/E7 mRNA, and p16™“** detection in head and
neck cancers: a systematic review and meta-analysis

Cathy Ndiaye*, Marisa Mena*, Laia Alemany, Marc Arbyn, Xavier Castellsagué, Louise Laporte, F Xavier Bosch, Silvia de Sanjosé, Helen Trottier

Summary

Background We aimed to provide updated information about the global estimates of attributable fraction and type
distribution of human papillomavirus (HPV) in head and neck squamous cell carcinomas by doing a systematic
review and meta-analysis.

Methods We did a literature search on PubMed to identify studies that used PCR for detection of HPV DNA in head
and neck squamous cell carcinomas with information about HPV genotype distribution. We included studies that
tested 20 or more biopsies per cancer site and were published between July 15, 1990, and Feb 29, 2012. We collected
information about sex, risk factors, HPV detection methods, and biomarkers of potentially HPV-induced
carcinogenesis (E6/E7 mRNA and p16™“). If it was not possible to abstract the required information directly from
the paper, we contacted the authors. We did a meta-analysis to produce pooled prevalence estimates including a meta-
regression to explore sources of heterogeneity.

Findings 148 studies were included, contributing data for 12163 cases of head and neck squamous cell carcinoma from
44 countries. HPV DNA was detected in 3837 cases. HPV16 accounted for 82-2% (95% CI 77-7-86-4) of all HPV DNA
positive cases. By cancer site, pooled HPV DNA prevalence estimates were 45 -8% (95% CI 38-9-52-9) for oropharynx,
22-1% (16-4-28-3) for larynx (including hypopharynx), and 24-2% (18-7-30-2) for oral cavity. The percent positivity of
p16™** positive cases in HPV-positive oropharyngeal cancer cases was 86-7% (95% CI 79-2-92-9) and of E6/E7 mRNA
positive cases was 86-9% (73-2-96-8). The estimate of HPV attributable fraction in oropharyngeal cancer defined by
expression of positive cases of E6/E7 mRNA was 39-8% and of p16™** was 39-7%. Of subsites, tonsils (53-9%, 95% CI
46-4-61-3) had the highest HPV DNA prevalence. HPV DNA prevalence varied significantly by anatomical site,

geographic region, but not by sex or tobacco or alcohol consumption.

Interpretation The contribution of HPV prevalence in head and neck squamous cell carcinoma and in particular that
of HPV16 in the oropharynx shows the potential benefit of prophylactic vaccines.

Funding European Commission.

Introduction
In the past decade, an increasing amount of information
about the role of human papillomavirus (HPV) in head
and neck cancer has been amassed. Nowadays, it is widely
accepted that HPV-related head and neck cancers differ
substantially from those that are HPV-unrelated—which
are mainly caused by tobacco and alcohol—at the genetic,
molecular, epidemiological, and clinical level. The
resulting increased knowledge has raised some contro-
versies about the accurate proportion of HPV-driven cases,
the role of cofactors, and the heterogeneity of HPV
prevalence in anatomical sites of the head and neck (oral
cavity, oropharynx, and larynx) and across geographical
regions. Studies have shown that patients with HPV-
related oropharyngeal cancer respond better to treatment
and have better survival than patients with HPV-unrelated
oropharyngeal cancer.* Moreover, preliminary results from
an ongoing randomised trial designed to assess the efficacy
of the bivalent vaccine against cervical HPV infections and
lesions have shown strong protection conferred by the
vaccine against oral infection with HPV16 and HPV18.?
Worldwide, an estimated 599637 new cases of and
324794 deaths from head and neck cancer (excluding
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nasopharyngeal cancer) occur every year' The
epidemiology of head and neck cancer shows sex and
regional diversities with most of the cases occurring in
men in south central Asia, east Asia, North America, and
central eastern Europe, typically attributed to greater
tobacco and alcohol consumption.* A recent review
estimated that the probability of an HPV-attributable
cancer of the oral cavity, larynx, and hypopharynx is at
least five times lower than that of oropharyngeal cancer.’
An increase in the incidence of oropharyngeal cancer has
been noted in several high-income countries during the
past two decades®” and also in the proportion of HPV-
related oropharyngeal cancer.®

In 2005, a systematic review of HPV DNA detection in
head and neck squamous cell carcinomas identified
5640 cases from 60 studies from 26 countries.” The
review established that HPV16 accounted for most types
of HPV detected in all sites, particularly in the
oropharynx (86-7% of all HPV DNA positive cases).
Substantial regional variations in HPV DNA prevalence
were also reported.” However, major gaps remained
including little data for Africa, Asia, and Oceania, and
important covariates such as sex, tobacco, and alcohol
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consumption were not taken into account. Differences
between PCR methods were not considered. More
recent reviews*® provided updated information about
HPV prevalence in head and neck squamous cell
carcinomas, but analysed neither the distribution of
HPV types nor the covariates mentioned above. To the
best of our knowledge, no study so far has done a meta-
analysis of HPV prevalence in head and neck subsites.
Further, to our knowledge, no meta-analyses of HPV
DNA prevalence and type distribution have been done
presenting additional data for E6/E7 mRNA, a
biomarker of HPV viral transcriptional activity, or
pl6™*, a cell surrogate marker of HPV-induced
carcinogenic transformation. The identification of HPV
DNA in the tumour does not provide enough evidence
for a causal viral association, because the technique
cannot differentiate transitory versus oncogenically
active infection. The identification of the transcripts of
the viral oncogenes E6/E7, implicated in the oncogenic
process, through mRNA techniques" is widely accepted
as the present gold-standard test to elucidate the
oncogenic role of HPV in the tumour. The use of
inmunohistochemical techniques to detect pl6™*
followed by HPV DNA detection has been also validated
to clinically detect an oncogenically active HPV infection
in oropharyngeal cancer.”

We aim to provide updated information about the
global prevalence and type distribution of HPV in head
and neck squamous cell carcinomas, by cancer site and
by continent, and to assess the proportion of HPV-driven
head and neck squamous cell carcinomas by taking into
account biomarkers of carcinogenesis such as pl6™“
and E6/E7 mRNA. Additionally, we explore the role of sex
and other cofactors such as tobacco and alcohol
consumption and HPV detection methods.

Methods

Search stratedy and selection criteria

CN and MM independently searched the National
Institutes of Health PubMed electronic databases for
relevant studies on the prevalence of HPV DNA in head
and neck squamous cell carcinoma using the following
MeSH terms: “papillomaviridae” and “head and neck
neoplasms” in combination with keywords “polymerase
chain reaction” or “PCR”, published between Feb 1, 2004,
and Feb 29, 2012. We also included all papers selected in
Kreimer and colleagues’ systematic review’ (published
from July 15, 1990 to Feb 20, 2004). MOOSE guidelines
and the PRISMA statement were consulted to conduct the
search.”" We also reviewed reference lists of included
studies to identify additional articles.

Study selection and data extraction

CN, MM, and LA independently assessed the studies for
inclusion in the review. All articles reporting data for HPV
DNA prevalence and type distribution in head and neck
squamous cell carcinomas since Aug 15, 1990, were

selected. An effort was made to exclude redundant articles
including the same population from the final analysis. If
articles from the same cohort were retrieved, the article
analysing the largest sample was selected. For studies
involving more than one geographic location, the data
were divided into components from each continent if
possible.

We included studies if they had HPV information about
at least one of the following cancer sites or subsites: oral
cavity, oropharynx, hypopharynx, and larynx; a minimum
of 20 site-specific cases tested for HPV (for this criteria
hypopharynx and larynx cases were combined); a clear
description of DNA PCR-based testing methods;
identification of the histological classification as
squamous cell carcinoma; primary tumour; and diagnosis
of a tumour confined in only one site. We excluded
carcinomas in situ and nasopharyngeal carcinomas.
Unless otherwise specified, we assumed that all cases
were primary. We further excluded recurrent cases and
purposively selected cases—eg, only stage III/IV.

Head and neck squamous cell carcinomas (with their
associated International Classification of Diseases-10
code) were classified as follows: oral cavity: anterior two-
thirds of the tongue (C02.0-3, C02.5-9), tongue
unspecified (C02.9), lip (C00.0-9), gum (C03.0-9), floor
of the mouth (C04.0-9), hard palate (C05.0), palate
unspecified (C05.9), other oral cavity—including buccal
mucosa and retromolar area (C06.0-8), oral cavity
unspecified (C06.9); oropharynx: base of the tongue
(CO1), soft palate (C05.1), tonsil (C02.4, C09.0-9), uvula
(C05.2), other parts of the oropharynx (C10.0-9),
Waldeyer’s ring (C14.2), and oropharynx unspecified
(C10.9); or larynx: glottis (C32.0), supraglottis (C32.1),
subglottis (C32.2), other and unspecified larynx subsites
(C32.3-9). Hypopharynx cases (C13) were classified as
belonging to the larynx, including pyriform sinus (C12).
Tongue and palate unspecified cases were classified as
belonging to the oral cavity. Maxilla, mandible, other
bone, and cheek non-mucosal sites were excluded.

MM, LL, and LA extracted the data and CN and LA
cross-checked the data extraction. CN, LA, and MM
reviewed and solved discrepancies by consensus. The
variables collected specifically for all anatomical sites
when available included: first author, publication year,
journal of publication, study country, study population,
case selection methods, study period, mean age of study
population, sex distribution, tobacco smoking (ever/
never) and alcohol consumption (ever/never), method of
specimen preservation, additional biomarkers other than
HPV DNA detection, number of controls for
contamination items mentioned in the paper, primers
used for HPV DNA PCR testing and genotyping method,
and length of the amplicon used in the PCR (taking
HPV16 as a reference). Whenever the length of the
amplicon was not directly reported in the paper, it was
calculated with the HPV16 gene sequence and the
forward and reverse primers obtained from the papers.
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When the information was not available, the technique
was classified as unspecified. In cases for which more
than one type-specific primer was used, the shorter
amplicon taking into account HPV16 as a reference was
reported. Other variables collected were cancer site and
subsite, site-specific sample size and number of HPV-
positive samples, site-specific number of HPV types
detected, and number of multiple infections. Data were
collected for all detectable HPV types. The papers were
assessed for quality through collection of eight quality
criteria: use of broad spectrum PCR, use of human gene
marker, whether the cases were histologically confirmed,
control for contamination mentioned in the paper,
whether the paper contained specific information about
age and sex, whether the recruitment period was stated,
whether sample size was at least 50 cases, and whether
the cases were recruited randomly or consecutively or
were incident cases. The quality score of all papers was
calculated as the sum of the result (0=no/l=yes) for all
quality control items. A new variable was created, HPV
group, in which the different cancer sites or subsites
were classified in view of their association with HPV
according to the existing evidence:** HPV group 0 (weak
association with HPV): oral cavity without subsite
specification, lip, floor of the mouth, hard palate, gum,
other oral cavity, larynx, and hypopharynx without subsite
specification, glottis, supraglottis, subglottis, and
pyriform sinus; HPV group 1 (moderate association with
HPV): tongue and palate unspecified; or HPV group 2
(strong association with HPV): oropharynx without
subsite specification, tonsil, soft palate, base of the
tongue, and other parts of the oropharynx.

If it was not possible to extract the required information
directly from the paper, authors were contacted a
maximum of three times to provide clarifications or
additional information.

Two additional datasets were also prepared, one with
information about HPV DNA prevalence and type
distribution stratified by sex and another with information
about additional biomarkers E6/E7 mRNA and pl6™*.
The variables collected specifically for the final dataset
were type of cases tested for additional biomarkers,
number of HPV DNA positive cases tested for pl6™*,
E6/E7 mRNA, or both, antibody and staining cutoffs used
in the p16™** assay, techniques used for the E6/E7 mRNA
assay, and number of HPV DNA positive cases
additionally positive for p16™* or E6/E7 mRNA.

Statistical analysis

HPV DNA prevalence was computed by dividing the
number of HPV DNA positive cases by the total number
of cases tested. HPV DNA type-specific prevalence was
calculated by dividing the number of cases positive for a
specific type (present in either single or multiple
infections) by the total number of cases tested for that
type. HPV DNA type-specific relative contribution was
calculated by dividing the number of cases positive for a

www.thelancet.com/oncology Vol 15 November 2014

specific type (present in either single or multiple
infections) by the total number of HPV DNA positive
cases tested for the specific type. To pool prevalences and
relative contributions, we used metaprop, statistical
procedure in STATA (version 10.1), developed at the Unit
Cancer Epidemiology (IPH, Brussels).”™ A random
effects model including Freeman-Tukey arcsine
transformation of the prevalence was used to normalise
variance. 95% Cls were computed around study-specific
and pooled prevalences based on the score-test statistic.
Interstudy heterogeneity was assessed with Cochran’s
Q-test.” The percentage of total variation across studies
because of heterogeneity was evaluated with the I2
measure.” Prevalences were pooled by anatomical site,
available subsites, worldwide, and by geographical region
and sample size.

Relative risks (RR) for overall HPV DNA and HPV16
DNA prevalence in men compared with in women were
pooled with metan in STATA (version 10.1).”

Pooled p16™** and E6/E7 mRNA percent positivities
were computed with metaprop command.”* p16™“ and
E6/E7 mRNA percent positivities refer to the percentage
of HPV DNA positive samples that were also positive for
pl6™“ or E6/E7 mRNA in relation to all the HPV DNA
positive samples tested for the specific biomarker.
Subgroup meta-analysis was done for the proportion of
pl6™  positivity by staining cutoffs and type of selection
of patients with oropharyngeal cancer. The HPV
attributable fraction was computed as the product of the
HPV DNA prevalence and the percent positivities of the
biomarker in HPV-positive cases.

The effect of covariates on HPV DNA prevalence in
head and neck squamous cell carcinomas was explored
with meta-regression.” The covariates were study
country; geographical region; age; proportion of men;
proportion of ever-smokers; proportion of ever-drinkers
of alcohol; start, middle, and end year of the study period;
method of specimen preservation; number of items
mentioned related to control of contamination; primers
used for HPV DNA amplification; length of the amplicon
target of the PCR; the eight quality control measures, and
the overall quality score. Only the covariates identified to
be statistically significant (p<0-05) in a first-step bivariate
analysis were included in the multivariate models.

Role of the funding source

The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had full access to all the
data in the study and had final responsibility for the
decision to submit for publication.

Results

We identified 355 abstracts from the PubMed search, in
addition to the the 60 articles from Kreimer and
colleagues’ systematic review.” After duplicates were
removed, 411 records were assessed for eligibility and
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355 records identified through database

searching

60 articles from systematic review by
Kreimer and colleagues (2005)°

| 411 records after duplicates removed

| 411 records screened

178 records excluded*
68 not head and neck cases
49 not squamous cell carcinoma cases
20 with less than 20 cases per site
b 18 not original research papers
9 no HPV DNA detection
8 not human samples
3 notin English
3 no biopsy of primary tumour done

Y

233 full-text articles assessed for eligibility

110 full-text articles excludedt
32 data used in another paper
19 data not possible to be used
(authors confirmed they could not
provide the information or did not
answer after three requests)
16 with less than 20 cases per site
13 with cases conveniently selected or
> including recurrences
13 without information about
HPV types
10 did not biopsy primary tumour
5 did not use PCR for HPV DNA
detection
1 without information about HPV
DNA detection
1 not original research paper

Y

109 additional studies identified
through references

123 studies included in qualitative synthesis

A

A

84 excluded

detection

carcinoma

requests)

18 less than 20 cases per site
5 without information about
HPV detection
5 not original research paper
14 did not use PCR for HPV DNA

25 data used in another paper
5 without information about

| H.PV type? )

2 did not biopsy primary tumour
or surgical piece

3 with cases conveniently selected

1 not primary squamous cell

6 with data not possible to be used
(authors confirmed that they
cannot provide the information
or did not answer after three

Y

25 studies selected from

references

A4

148 studies included in quantitative synthesis
(meta-analysis)
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Figure 1: Flow diagram of selected studies

HPV=human papillomavirus. *Some records had more than one of the listed
reasons for exclusion and were classified according to the following order of
priority: not original research paper > not human beings > not head and neck
localization > not primary squamous cell carcinoma > not biopsy in tumour >

no information about HPV DNA detection > fewer than 20 cases > not in English
language. tSome records had more than one of the listed reasons for exclusion
and were classified according to the following order of priority: with data used in
another paper > cases conveniently selected > PCR not used > no information
about HPV types.

Total Cases OveralHPVDNA HPV16 DNA
studies prevalence prevalence
(95%Cl) (95%Cl)

Oralcavity 72 5478  242%(187-302)  14-9% (111-19-1)
Oropharynx 53 3946  45:8%(38:9-52:9) 40-6% (34-4-47-0)
Larynx* 54 2739 221%(16:4-283)  13-4% (9-1-18-4)
Overall 148 12163 29:5% (25:5-336)  21.1% (17-8-24-6)

HPV=human papillomavirus. *Including hypopharynx cases.

Table 1: HPV DNA prevalence in head and neck squamous cell carcinoma
by anatomical site

148 records were included in the final analysis (figure 1).
The characteristics and variables collected for all studies
are shown in the appendix (pp 1-8). 12163 cases of head
and neck squamous cell carcinomas were included from
44 countries.

Table 1 summarises the main results for each anatomical
site, including the number of studies and cases tested for
HPV DNA, which were detected in 3837 head and neck
squamous cell carcinomas. By cancer site, pooled HPV
DNA prevalence estimates were 45 - 8% (95% CI 38-9-52-9)
for oropharynx, 22-1% (16-4-28-3) for larynx (including
hypopharynx), and 24-2% (18-7-30-2) for oral cavity. No
significant differences in HPV DNA prevalence were
noted when larynx and hypopharynx were analysed
separately (23-9%[95% CI118-1-30-2]vs21-9%(5-3-29-1]).
Thus, the two anatomical sites were combined in further
analyses.

In the analysis by anatomical site and geographical
region (figure 2; appendix p 9), the highest HPV DNA
prevalence in oral cavity squamous cell carcinoma was
noted in Asia and South and Central America, whereas
the lowest prevalence was noted in Africa. In
oropharyngeal squamous cell carcinoma, HPV
prevalence was significantly higher in North America
than in Asia, Oceania, and Europe (p<0-0001). The
lowest HPV DNA prevalence in oropharyngeal
squamous cell carcinoma was noted in South and
Central America. By contrast, this region showed the
highest HPV DNA prevalence in laryngeal squamous
cell carcinoma, whereas the lowest HPV DNA
prevalence was detected in North America. Considerable
heterogeneity was identified between regions and
countries and also within regions and countries
(figure 2). HPV DNA prevalence (overall and HPV16-
specific) was also assessed by European subregions
(Central and Eastern, Northern, Southern and Western,
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Figure 2: HPV DNA prevalence in head and neck squamous cell carcinoma by anatomical site, study, country, and geographical region
HPV=human papillomavirus. Larynx includes hypopharynx cases. Filled circles correspond to study-specific prevalence. Unfilled circles correspond to pooled estimated prevalence for corresponding

region. Sizes of filled circles and unfilled circles are proportional to the number of cases. Two studies presented the information aggregated for Norway, Sweden, and Finland. One study with 507 cases
was excluded for the regional analysis because data were presented aggregated for Central Europe and Central and South America.

as defined by GLOBOCAN)* and significant differences
were noted for oropharyngeal squamous cell carcinoma.
Overall HPV DNA prevalence for Northern Europe was
56-5% (95% CI 44-4-68-3), for Central and Eastern
Europe was 41-8% (15-5-70-7), for Western Europe was
37-6% (27-4-48-3), and for Southern Europe was 24-2%
(13-6-36-4; p value for heterogeneity between groups
0-004). The results were equivalent when pooling
HPV16-specific prevalences: 51-1% (40-1-62-1) for
Northern Europe, 32-6% (3-6-71-6) for Central and
Eastern Europe, 32-5% (22-7-43-0) for Western Europe,
and 21-9% (12-8-32-6) for Southern Europe (p value
for heterogeneity between groups 0-003). No significant
differences were noted across European subregions for
oral cavity or laryngeal squamous cell carcinoma
(appendix p 9).

HPV16 DNA accounted for 82-2% (95% CI 77-7-86-4)
of all HPV DNA positive cases. HPV16 DNA prevalence
was higher in oropharyngeal squamous cell carcinoma
(40-6%, 95% CI 34-4-47-0) than in oral cavity squamous
cell carcinoma (14-9%, 11-1-19-1) or in laryngeal
squamous cell carcinoma (13-4%, 9-1-18-4; p<0-0001).
Figure 3 shows the HPV type distribution of the six most
common types for anatomical sites, overall, and by

www.thelancet.com/oncology Vol 15 November 2014

region. HPV16 was the most common type in all sites
and regions with the exception of in oral cavity squamous
cell carcinoma in Africa where HPV18 was the most
common type. Nevertheless, the prevalence of HPV16
DNA varied substantially between regions and sites,
with the highest observed in oropharyngeal squamous
cell carcinoma in North America (54-7%, 95% CI
47-0-62-4) and the lowest in oral cavity squamous cell
carcinoma in Africa (0-5%, 0-0-1-2). Worldwide, HPV18
was the second most prevalent type in oral cavity
squamous cell carcinoma (5-9%, 95% CI 3-4-9-0) and
laryngeal squamous cell carcinoma (1-6%, 0-6-3-1).
However, this ranking showed marked heterogeneity
across regions. In oropharyngeal squamous cell
carcinoma, the prevalence of HPV types other than
HPV16 was much lower than in oral cavity and laryngeal
squamous cell carcinoma, with HPV33 being the second
most frequent type worldwide (0-7%, 95% CI 0-3-1-1)
followed by HPV18 (0-2%, 0-0-0-5). The proportion of
cases with multiple infections was highest in oral cavity
squamous cell carcinoma (2-1%, 95% CI 1-0-3-6)
followed by laryngeal squamous cell carcinoma (1-0%,
0-3-2-1), and oropharyngeal squamous cell carcinoma
(0-3%, 0-1-0-6). More detailed information about HPV

See Online for appendix
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Figure 3: Prevalence of the six most common HPV types in head and neck squamous cell carcinoma by anatomical site and geographical region
HPV=human papillomavirus. Larynx cancer includes hypopharynx cases. One study with 507 cases was excluded for the regional analysis because data were presented aggregated for Central Europe

and Central and South America.
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39-9% (18-5-63-1)

340% (16-6-53-6)
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28:0% (18:7-38-2)
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(C05.0) 6-2% (0-0-36-6) Il Other HPV types
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53-9%
(95% C1 46-4-61:3)

Figure 4: HPV prevalence in head and neck squamous cell carcinoma by anatomical subsite
HPV=human papillomavirus. Anatomical subsites classified according to the 10th edition of the International
Classification of Diseases-10.
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type distribution by anatomical site is shown in the
appendix (p 10).

Although HPV DNA prevalence in oropharyngeal
squamous cell carcinoma was not affected by study size,
a tendency towards lower prevalence in larger studies
was noted in oral cavity and laryngeal squamous cell
carcinoma (appendix p 16).

Of 148 studies, 52 contained information disaggregated
Dby subsites. Authors of 14 studies who presented incomplete
information provided subsite-specific data upon request,
which resulted in 66 studies contributing 4928 cases of
head and neck squamous cell carcinomas (356 for larynx,
2193 for oral cavity, and 2379 for oropharynx). HPV
detection was highest in the tonsil and base of the tongue,
and lowest in subsites of the oral cavity such as hard palate
and mobile tongue (figure 4). In laryngeal subsites, HPV
DNA prevalence was 30-0% (95% CI 14-1-48-3) in
supraglottis and 34-0% (16-6-53-6) in glottis. HPV16 DNA
contributed to most HPV-positive squamous cell carcinoma
of the tonsils (93-8%, 95% CI 91-0-96-2), base of the
tongue (97-9%, 90-6-100-0), and soft palate (95-7%,
69-0-100-0), confirming the predominant role of HPV16
in oropharyngeal squamous cell carcinoma. The relative
contribution of HPV16 was more than 50% in all subsites,
with the lowest relative contribution of HPV16 obtained for
squamous cell carcinoma of the lip (60-4%, 16-5-97-2) and
the supraglottis (63-1%, 27-9-93-3). Figure 4 shows HPV
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DNA prevalence by subsite, overall, and HPV16-specific;
further estimations by geographical region are shown in
the appendix (pp 11-14).

57 studies presented information about HPV DNA
prevalence stratified by sex, contributing a total of
5080 head and neck squamous cell carcinomas (3667 men
and 1413 women). No significant differences in HPV
prevalence between men and women (in both all HPV
types and HPV16-specific analyses) were noted for any
anatomical site, whether overall or stratified by
geographical region (appendix pp 17-22). There was a
suggestion that overall HPV DNA prevalence in men was
higher than that in women for oropharyngeal squamous
cell carcinoma in North America, although this difference
was not significant (RR 1-26, 95% CI 0-99-1-60).

35 studies did additional tests for pl6™* or E6/E7
mRNA, which were most often done in oropharyngeal
squamous cell carcinoma. Only four studies (one from
Hungary, one from the Netherlands, and two from the
USA) tested oral cavity squamous cell carcinoma for
p16™*. The pooled p16'** percent positivity in oral cavity
squamous cell carcinoma positive for HPV DNA was
28-1% (95% CI 1-6—65-1). The p16™** percent positivity
in laryngeal squamous cell carcinoma pooled from two
studies (USA and Belgium) was 86-3% (95% CI
56-8-100-0). For oropharyngeal squamous cell
carcinoma, 18 studies (eleven from Europe, one from
Oceania, two from North America, and four from Asia)
tested for p16™**, providing an overall pooled percent
positivity of 86-7% (95% CI 79-2-92.9). The percent
positivity for p16™“ did change by type of cases tested
(p value for heterogeneity between groups <0-0001),
ranging from 75-8% (95% CI 62-8-87-0) when all study
cases were tested for p16™* to 96-6% (82-8-99-4) when
only a subgroup of HPV DNA positive cases were tested
for p16™*; figure 5A). p16™** positivity also changed by
P16 test cutoff (p value for heterogeneity between groups
<0-0001) although no trend was noted (appendix p 23).

Only three studies tested for E6/E7 mRNA in the oral
cavity and larynx. In oral cavity squamous cell carcinoma,

Figure 5: p16™ (A) and E6/E7 mRNA (B) percent positivity in HPV DNA
positive oropharyngeal squamous cell carcinoma by type of cases tested for
the additional biomarker

Oropharynx includes the following subsites classified according to the 10th
edition of the International Classification of Diseases-10: C01, C02.4, C05.1,
€09.0-9, C10.0-9. (A) Group 1: studies in which only a subgroup of HPV DNA
positive cases were tested for p16; Group 2: studies in which only a subgroup of
cases (both HPV DNA positive and negative cases) were tested for p16; Group 3:
studies in which all HPV DNA positive cases were tested for p16 (HPV DNA
negative cases were not tested for p16); Group 4: studies in which all cases were
tested for p16 (both HPV-DNA positive and negative cases). For all groups, only
results on HPV DNA positive cases are herein analysed. (B) Group 1: studies in
which all HPV DNA positive cases were tested for E6/E7 mRNA (HPV DNA
negative cases were not tested for E6/E7 mRNA); Group 2: studies in which all
HPV16 positive cases were tested for E6/E7 mRNA (HPV DNA positive for other
types than HPV16 and HPV DNA negative cases were not tested for E6/E7
mRNA); Group 3: studies in which only a subgroup of cases (both HPV DNA
positive and negative cases) were tested for E6/E7 mRNA; Group 4: studies in
which only a subgroup of HPV16 positive cases were tested for E6/E7 mRNA. For
all groups, only results on HPV DNA positive cases are analysed.
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studies were from the Netherlands, Italy, and the USA
and the pooled E6/E7 mRNA percent positivity was
67-3% (95% CI 39-4-90-9). For laryngeal squamous cell
carcinoma, the studies were from Italy (two studies) and
the USA and the pooled E6/E7 mRNA percent positivity
was 39-1% (95% CI 0-0-93-1). As for p16™*, most of the
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studies testing for EG6/E7 mRNA were done in
oropharyngeal squamous cell carcinoma (nine from
Europe and one from the USA), providing a pooled E6/E7
mRNA percent positivity of 86-9% (95% CI 73-2-96-8).
Highest E6/E7 mRNA percent positivity were noted in
studies in which only a subgroup of HPV16-positive cases
were tested for E6/E7 mRNA (p value for heterogeneity
between groups <0-0001; figure 5B).

HPV attributable fractions in oropharyngeal squamous
cell carcinoma, when considering p16™* positive results
in addition to HPV DNA, was assessed by pooling the
prevalence of cases positive for both HPV DNA and
ple™* (appendix p 24). The analysis was restricted to
studies testing all cases for both p16™** and HPV DNA
(five studies, all from Europe) and the pooled prevalence
was 45-0% (95% CI 32-9-57-3). The simple product of
pooled HPV DNA positivity in oropharyngeal squamous
cell carcinoma (45-8%) and pl6™* percent positivity
(86-7%) yielded an estimated HPV attributable fraction of
39.7%. When considering E6/E7 mRNA in addition to
HPV DNA, the corresponding estimated HPV attributable
fraction was 39-8%. Table 2 summarises the results of
the analysis on the estimates of HPV attributable fraction
in oropharyngeal squamous cell carcinoma.

In multivariate meta-regression analyses, the prevalence
of overall HPV and HPV16 DNA in oral cavity squamous
cell carcinoma was significantly higher in South and
Central America and Asia than in North America (table 3).
HPV and HPV16 DNA prevalence in oropharyngeal
squamous cell carcinoma was significantly higher in
studies including more recent cancers and in North
American studies than in European studies. For laryngeal
squamous cell carcinoma, some effect of certain

Oral cavity Oropharynx Larynx*
Cases tested for HPV DNA 5478 3946 2739
HPV DNA positive cases 1360 1828 649
HPV DNA prevalence 242% (187-302)  45-8% (38-9-52:9) 22:1% (16-4-28-3)

HPV DNA positive cases tested for
p16

p16 and HPV DNA positive cases

Percent p16-positive cases in HPV
DNA positive cases

Attributable fraction of p16 and
HPV DNA positive cases

HPV DNA positive cases tested for
E6/E7 mRNA

E6/E7 mRNA and HPV DNA
positive cases

Percent E6/E7 mRNA positive cases
in HPV DNA positive cases

Attributable fraction of E6/E7
mRNA and HPV DNA positive cases

47

12
28-1% (1-6-65-1)

6-8%

17

11

67:3% (39-4-90-9)

16:3%

738

617
86-7% (79-2-92-9)

39-7%

227

196

86-9% (73-2-96-8)

39-8%

Data are n, %, or % (95% Cl). HPV=human papillomavirus. *Including hypopharynx.

57

51
86-3% (56-8-100-0)

19-1%

23

10

39:1% (0-0-93-1)

8:6%

Table 2: HPV attributable fractions of HPV infection in head and neck squamous cell carcinoma according

to different biomarkers
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covariates was noted in bivariate analyses. However, none
of these (with the exception of increased prevalence in
Belgium, China, and Hungary compared with the USA)
were confirmed in the multivariate analysis, either for
HPV overall or HPV16-specific DNA prevalence.

Although not statistically significant, a suggestion of an
inverse correlation between HPV DNA prevalence (overall
and HPV16-specific) and prevalence of ever tobacco
smoking was noted for oropharyngeal squamous cell
carcinoma in bivariate meta-regression analyses; the same
trend was noted for ever alcohol drinking (appendix pp
25-26). With adjustment for the end year of diagnosis, the
observed inverse correlation was significant for alcohol
drinking (appendix p 15).

Discussion

We present updated global estimates of HPV attributable
fractions in head and neck squamous cell carcinomas
with consideration of—in addition to HPV DNA
prevalence—more accurate biomarkers of oncogenic
activity of the virus such as E6/E7 mRNA or pl6™,
Notably, some authors do not judge a head and neck
squamous cell carcinoma to be HPV-positive from the
biological point of view unless it is also positive for E6/E7
mRNA or pl6™*? Estimates of HPV attributable
fractions in oropharyngeal squamous cell carcinoma
taking either E6/E7 mRNA or p16™ positive results into
account, in addition to HPV DNA, were as high as 40%.
Nevertheless, some selection bias (increased testing of
those cases that were HPV DNA positive) might exist
regarding the type of cases tested for the additional
biomarkers. Moreover, studies reporting E6/E7 mRNA or
p16™* originated mainly from Europe with regions such
as Africa or Oceania being under-represented. HPV
attributable fractions that took into account either E6/E7
mRNA or pl6™* were much lower in oral cavity
squamous cell carcinoma and laryngeal squamous cell
carcinoma, but less consistent than those noted in
oropharyngeal squamous cell carcinoma. Addition of
ple™* to HPV DNA resulted in an HPV attributable
fraction of 6-8% in oral cavity squamous cell carcinoma
and 19-1% in laryngeal squamous cell carcinoma. For
EG6/E7 mRNA, the estimates were 16-3% for oral cavity
squamous cell carcinoma and 8-6% for laryngeal
squamous cell carcinoma. Nevertheless, very few studies
tested for the additional biomarkers in these sites,
showing the need to further explore the fraction of HPV-
driven cancers in head and neck sites other than
oropharynx with standardised procedures.

Compared with a previous review, our study shows a
substantially higher proportion of HPV DNA positive
oropharyngeal squamous cell carcinoma (45-8% vs
35-6%°). Meta-regression analysis confirmed a signifi-
cant effect of time, with increased prevalence noted in
studies including more recent oropharyngeal cancers,
which is in agreement with a previous meta-analysis,®
and with observations from several high-income
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Oral cavity

Oropharynx Larynx’

Coefficients of linear Coefficients of linear

Coefficients of linear Coefficients of linear Coefficients of linear

Coefficients of linear

(-0-576 t0 0-049) (-0-034 to 0-020)

metaregression for HPV  metaregression for HPV16 — metaregression for HPV  metaregression for HPV16 — metaregression for HPV  metaregression for HPV16
prevalence (95% Cl) prevalence (95% Cl) prevalence (95% Cl) prevalence (95% Cl) prevalence (95% Cl) prevalence (95% Cl)
Last year of diagnosist NI NI 0-027 0-023 NI NI
(0-011to 0-043) (0-010t0 0-037)
Geographical region
Africa -0-175 -0-149 NI NI
(-0-453 t0 0-104) (-0-360t0 0-052)
Latin America 0-208 0138 -0-251 -0-296 NI NI
(025810 0-352) (0-001t0 0-276) (-0-659to0 0-158) (-0-658t0 0-066)
Asia 0-263 0-140 -0-205 0179 NI NI
(0109 to 0-412) (0-029 to 0-252) (-0-429t0 0.188) (-0-377t0 0-018)
Europe 0-692 0-011 -0-195 -0-161 NI NI
(-0-720t0 0-210) (-0-092 to 0-115) (-0-329 t0-0-060) (-0-281t0-0-041)
Oceania -0-264 -0-192 NI NI
(-0-634t0 0107) (-0-529 to 0-145)
North America Reference Reference Reference Reference
Number of contamination NI NI 0-041 NI NI NI
items mentionedt (-0-021to 0-105)
Preservation method
Paraffin embedded and -0-219
fixed formalin (-0-598 to 0-159)
Fixed formalin -0-061
(0245 t0 0-122)
Paraffin embedded NI NI Reference NI NI NI
Length of the amplicont NI NI NI NI NI -0-000
(-0-001 to 0-000)
Quality criteria 1: broad spectrum PCR
Yes 0-230 NI NI NI -0-083 -0-030
(-0-231t0 0-692) (0208 t0 0-042) (-0-251t0 0-190)
No Reference NI NI NI Reference Reference
Quality criteria 2: information about age and sex
Yes -0-089 -0-078 NI NI NI NI
(-0-230t0 0-051) (-0-175 t0 0-019)
No Reference Reference NI NI NI NI
Quality criteria 5: cases recruited consecutively or randomly or incident cases
Yes -0-056 NI NI NI NI NI
(-0181t0 0-689)
No Reference NI NI NI NI NI
Quality criteria 6: human quality controls done
Yes NI NI NI NI -0-109 NI
(-0-235t0 0-174)
No NI NI NI NI Reference NI
Quality score (from O'to 8)f -0-004 -0-007 NI NI NI NI

Results from multivariate analysis. Only the covariates identified to be statistically significant (p<0-05) in a previous-step bivariate analyses were included in the multivariate models. Negative values correspond to the
units of decrease of HPV prevalence for each category with regard to the reference one. Positive values correspond to the units of increase of HPV prevalence for each category with regard to the reference one. NI=not-
included in multivariate models because non-significant predictor of HPV prevalence in a previous-step bivariate analysis. Quality criteria 3, 4, 7, and 8 were not shown to be statistically significant in a previous-step

bivariate analyses and thus were not included in the multivariate model. HPV=human papillomavirus. *Including hypopharynx. tContinuous variable. Negative values correspond to the units of decrease of HPV
prevalence for each additional unit of the covariate. Positive values correspond to the units of increase of HPV prevalence for each additional unit of the covariate.

Table 3: Effect of selected study covariates on the HPV DNA prevalence in head and neck squamous cell carcinoma

countries in the past two decades, ™ particularly in
younger individuals. This increase might be attributed to
changes in tobacco and alcohol consumption and in
sexual behaviour, which includes an increased number
of sexual partners** and orogenital sex practices.”* The
increase in HPV DNA prevalence with time was not
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noted in oral cavity squamous cell carcinoma or laryngeal
squamous cell carcinoma.

Significant heterogeneity of HPV DNA prevalence was
noted when analysed by geographical location. Our
findings indicate higher detection of oral cavity squamous
cell carcinoma and laryngeal squamous cell carcinoma in
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South and Central America and Asia than in North
America and Europe. Meta-regression analysis confirmed
the observed regional differences for oral cavity
squamous cell carcinoma but not for laryngeal squamous
cell carcinoma. These variations could be explained by
issues with the methods including number of cases
tested, type of specimen collected, techniques used for
DNA detection, or control for contamination or biased
sample collection methods. Reduced HPV DNA
prevalence estimates were noted with increased sample
sizes for oral cavity and laryngeal squamous cell
carcinoma, which could suggest a potential publication
bias.” However, study size was not statistically significant
covariate in meta-regression analyses for any anatomical
site. Meta-regression analysis confirmed a lower HPV
prevalence of oropharyngeal squamous cell carcinoma in
Europe than in North America. Nevertheless, after
subregional analysis considering only North Europe, the
observed increase of HPV prevalence in North America
(22-0%, 95% CI 10-6-33-4) and North Europe (18-0%,
4.3-31.7) compared with the rest of the world were
much the same. Our estimates of HPV DNA prevalence
by geographical region for oropharyngeal squamous cell
carcinoma showed the same pattern but with slightly
increased prevalences for all regions than those obtained
by de Martel and colleagues,” in which the estimations
were also based on PCR of HPV DNA detection in
tumour tissue, but with some of them including HPV
E6/E7 mRNA detection.

In terms of genotype distribution, HPV16 was by far
the most important oncogenic HPV type accounting for
more than 80% of all HPV-positive head and neck
squamous cell carcinomas. The highest relative
contribution of HPV16 was noted in oropharyngeal
squamous cell carcinoma, with nine of ten positive cases
being HPV16 positive. The oncogenic role of HPV16 in
oropharyngeal cancer has been established by the
International Agency for Research on Cancer.”
Significant HPV16 positivity was also reported in
laryngeal and oral cavity squamous cell carcinomas. The
second most common high-risk HPV type, HPV18, was
detected in 2-5% of all head and neck squamous cell
carcinomas. Therefore, the types targeted in the present
HPV vaccines, HPV16 and HPV18, were detected in
23-6% of head and neck squamous cell carcinoma cases,
with a total relative contribution of 89-9% in HPV DNA
positive cases. The proportion of cases with multiple
HPV infections (1-1%) was ten times lower than in
cervical cancer (11-2%).” This difference could be
explained by the increased exposure of the cervix to HPV.

Analyses by anatomical subsites showed that the
tonsils and the base of the tongue have the highest HPV
prevalence, in particular by HPV16 infection. HPV
prevalence in the soft palate was low. However, this
estimate was based on small numbers and potential
subsite misclassification could play a part if we take into
account the greater number of cases classified as “palate

non-specified” than as “soft palate”. HPV prevalence in
palate non-specified was high, ranking third after tonsils
and base of the tongue. In future studies, one should
take into account that ethiopathogenic agents are
different according to anatomical site and we recommend
the systematic use of the codes of the International
Classification of Diseases to avoid misclassification and
to provide a better definition of sites and subsites.

Prevalence of HPV types other than HPV16 was
increased in non-oropharyngeal sites (figures 3, 4).
Preliminary results from an international retrospective
study of HPV prevalence and type distribution analysing
around 4000 head and neck cancers also noted this
trend,” however there is no clear explanation for this
variability in type distribution. The variability could be
due to differences in tissue tropism of the HPV type or in
inmunological profiles between tissues. Of note, we
included non-oncogenic types such as HPV6 and HPV11
when reporting overall HPV prevalences. We have
previously observed the presence of these types in
anogenital tumour tissue after laser capture
microdissection** and we consider interesting the
assessment of HPV6 and HPV11 prevalence in terms of
assessing the effect of the tetravalent vaccine and of an
HPV nine-valent vaccine (V503) under development that
includes HPV6 and HPV11 antigens.*

Analysis by sex did not show any significant differences
in HPV DNA prevalence, even though men have a twice
the incidence of head and neck squamous cell carcinomas
than do women. A non-significant increased overall HPV
DNA prevalence in men compared with women was
noted for oropharyngeal squamous cell carcinoma in
North America. This finding is in agreement with recent
studies estimating prevalence of oral HPV in a healthy
population in North America, which showed a higher
HPV prevalence in men than in women.”

The role of covariates such as age, sex, alcohol or
tobacco consumption, geographical region, time of
diagnosis, PCR methods, study size, method of
specimen preservation, and quality of the papers
reporting on HPV DNA prevalence in head and neck
squamous cell carcinomas was explored jointly for the
first time in our study through multivariate
meta-regression analyses. Of all covariates explored,
only time of diagnosis and geographical region were
identified as statistically significant covariates. However,
the failure to find significant associations for covariates
such as tobacco and alcohol consumption may not be
surprising because high heterogeneity was identified
between studies regarding classification of smokers and
drinkers. If studies do not categorise smoking or alcohol
drinking in the same way and at the same level of detail,
the power of simple meta-regression is restricted and
the prevalence of smoking in studies is affected.
Description of the prevalence described for non-
smokers and smokers (multiple, uniformly defined
strata) for many studies would increase the

www.thelancet.com/oncology Vol 15 November 2014



Articles

discriminative power. To obtain robust global estimates
on the role of risk factors of head and neck squamous
cell carcinomas other than HPV infection, information
combining both risk factors and with the use of
standardised indicators (eg, packs smoked per years) are
needed. Our finding that covariates related to PCR
detection methods or quality of the studies or cancer
specimens were not significant could also be explained
by the heterogeneity of indicators of studies or under-
reporting of some of them.

Our study has several limitations. Heterogeneity of
studies could have remained even though we stratified
by cancer site and geographical region. However, as
pointed out by Greenland*when critically assessing the
use of meta-analyses, the main strength of the method
lies on their use as a comparative rather than a synthetic
exercise, because no statistical technique can compensate
for fundamental limitations of the input data, but they
can help to identify patterns in study results and sources
of heterogeneity. Misclassification of anatomical subsites
and even sites could occur because head and neck
squamous cell carcinomas are frequently diagnosed at
advanced stages and in several anatomical sites. Cases
classified as head and neck not-otherwise-specified were
not extracted or included and, because such cases might
vary across study or geographic regions, misclassification
of tumour site could be an important explanatory factor
for some of the heterogeneity observed in studies and
regions. Additionally, even if an underlying increase in
HPV DNA prevalence with time in oropharyngeal sites
was noted, almost 40% of the studies did not specify any
study period. Surrogate measures such as publication
date could not be as precise as necessary to fully assess
time trends. Information about age was also insufficient
in many studies and therefore it was difficult to assess
its association with HPV prevalence. Because of the
absence of information about sexual behaviour in most
studies, it was not possible to assess the role of this
important covariate. Similarly, the absence of robustness
of data for tobacco and alcohol consumption hampered
full assessment of the role of these risk factors. Inclusion
of only significant covariates in the meta-regression
analysis also has limitations; it would have been
interesting to do multivariate regression including non-
significant covariates such as age, alcohol, tobacco, and
timeperiod, and to look for interactions. However, we
were restricted by available data and those available did
not contain the required level of detail. Other limitations
include the variability of the sensitivity of the PCR
protocols, the number of HPV types genotyped, and
insufficient standardisation for histopathological
assessment. Some regions such as Africa or Oceania
were still under-represented in the study and the number
of cases was small in several analyses. The more accurate
biomarkers of causality than HPV DNA detection used
here—E6/E7 mRNA or pl6™“—are also not exempt
from limitations."”” Even if E6/E7 mRNA detection is
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accepted as the present gold-standard test to elucidate
the oncogenic role of HPV in the tumour, the sensitivity
of the test could be affected by the tissue preservation
methods used because paraffin-embedded tissue blocks
can suffer from nucleic acids degradation during the
fixation and storage process. The specificity has also to
be ensured with use of reverse transcriptase PCR
methods to clearly differentiate complementary DNA
from HPV DNA to avoid false-positive hybridisations.
With respect to p16™, the technique has shown a high
sensitivity, but moderate to high specificity. About 10%
of the oropharyngeal cases are HPV DNA negative,
pl6™* positive, which could be due to either
misclassification as HPV DNA negative, because of
insufficient sensitivity of the HPV DNA test or,
alternatively, the cases represent tumours in which
pl6™* overexpression has been triggered by other
cellular signalling pathways. This percentage does not
notably vary across head and neck anatomical sites
according to preliminary results of the international
study analysing around 4000 head and neck cancers.®
Notably, the reported attributable fractions reflect
maximum estimates, because some of tumours that
were positive for p16™“ or E6/E7 mRNA might not have
been caused by HPV infection. Nevertheless, we expect
those to be very few. Another limitation is that because
our chosen method was quite restrictive in terms of
selection criteria and did not include studies with only
p16™** as an HPV detection method in head and neck
cancer, we might have missed some key large clinically
oriented studies which only, or predominantly, used
p16™** to assess HPV positivity. However, in most of the
clinical trials, the cases are selected according to their
stage (eg, only stages III/IV) and studies with cases
purposively selected were excluded from the present
analysis because HPV-related tumours could affect stage
presentation. Finally, our estimates of the HPV
attributable fractions for oral cavity and laryngeal
squamous cell carcinoma are weak and imprecise in
view of the little data available for E6/E7 mRNA or
p16™* for these cancer sites. Although some new data
has appeared after our last literature search was done,
these still do not contain much new information about
E6/E7 mRNA or p16™* for these cancer sites. A recent
review has assessed the role of HPV in non-
oropharyngeal head and neck cancers,’ which included
relevant papers published up to April, 2013. Their results
are in agreement with ours in terms of HPV attributable
fractions in oropharyngeal squamous cell carcinoma
according to different biomarkers (HPV DNA PCR, in-
situ hybridisation, E6/E7 mRNA, and p16™*), and also
regarding the little information about non-oropharyngeal
sites and the higher differences of HPV attributable
fractions noted between the different biomarkers for
these sites.

In the past 20 years, growing evidence for the involvement
of HPV in head and neck squamous cell carcinomas has
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been collected. This meta-analysis suggests that
prophylactic vaccines targeting HPV16 and HPV18 have
the potential to prevent a substantial fraction of head and
neck squamous cell carcinomas worldwide, in particular
oropharyngeal cancers. Moreover, even if the HPV
attributable fractions in non-oropharyngeal sites are much
lower than in the oropharyngeal cancers, the number of
incident oral cavity and laryngeal cancers worldwide far
exceeds that of oropharyngeal cancers, therefore even small
HPYV attributable fractions for these sites could potentially
translate to a high number of HPV-positive oral or laryngeal
cancers versus HPV-positive oropharyngeal cancers.
Because of the absence of identifiable cancer precursor
lesions, no screening instruments are available at present
for head and neck cases. If vaccination was proven
efficacious against HPV-driven cancers, as preliminary
results indicate for oral HPV infection,’ a substantial
proportion of head and neck cancers could be prevented.
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