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Head and neck squamous cell carcinoma (HNSCC) is
attributable to carcinogen and oncogenic virus exposure and
rates are driven by the prevalence, intensity, and duration of
exposures. Recent dramatic shifts in human behavior have
resulted in substantial heterogeneity in HNSCC incidence
trends over calendar time. For example, changes in sexual
behavior during the 1900s likely increased exposure to oral
human papillomavirus (HPV) infection and, consequently, rates
of HPV-positive HNSCC. Shifting rate-ratios for HPV-positive
versus negative HNSCC determine the HPV attributable
fraction (AF), best measured by direct tumor testing for HPV
DNA and RNA. Potential high efficacy of HPV vaccines against
oral HPV infections will affect future incidence trends,
depending on calendar time of introduction, male and female
coverage, and herd protection. Accurate estimates of HPV AF
for all cancers, including HNSCC, may inform HPV
immunization policy and surveillance of effectiveness.
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Introduction

According to the World Health Organization, approxi-
mately 660 000 people were diagnosed with head and
neck squamous cell carcinoma (HNSCC) worldwide in
2018 [1]. A majority are oral cavity cancers in low and
middle income countries in Asia attributable to smokeless
tobacco, areca nut, and beetle-quid use [2-5]. In contrast,
in high income countries, tobacco smoking and alcohol
use remain the leading risk factors [6-8]. However, in
several high income countries, a subset of oropharyngeal
cancers increasing in incidence is attributable to human
papillomavirus (HPV) infection [6,9—14]. HPV is one of

the most common cancer-causing pathogens in the world
and is spread predominantly by sexual contact [15].
Observed global heterogeneity in incidence trends for
HNSCC by anatomic site (e.g. oral cavity and orophar-
ynx) therefore has its origins in the variability over time in
behavioral risk factors (e.g. carcinogen use and sexual
behavior) across cultures. The introduction of effective
HPV prophylactic vaccines after 2006 and variability in
population uptake in males and females across geographic
regions will introduce yet another variable affecting inci-
dence trends over the next several decades. Estimates of
the HPV-attributable fraction of HNSCC will inform
global and regional policymakers of the population-level
potential for primary prevention of these cancers through
HPYV vaccination. Discussed here are the many dynamic
factors that affect the HPV-attributable fraction and
estimates of burden in populations.

Worldwide burden of HPV-attributable HNSCC
T'he HPV attributable fraction (AF) is the proportion of a
specific cancer caused by HPV infection that could be
eliminated in a population if HPV infection were pre-
vented, for example, via vaccination. Best estimates for
HPV AF are made with an accepted gold standard of
detection of HPV DNA and viral E6/E7 mRNA expres-
sion in tumors [16]. For oropharyngeal cancers only,
combined detection of pl6 expression by immunohis-
tochemistry and high-risk HPV DNA presence by in situ
hybridization has high positive predictive value (98.6%)
for HPV E6/E7 mRNA expression [16].

A study conducted by Castellsagué ez a/. [17] provides the
best estimates for global HPV AF for HNSCC. Central-
ized testing for HPV E6/E7 mRNA expression was per-
formed on 3680 archived HNSCC diagnosed in 29 coun-
tries during the period from 1990 to 2012. This study
provided a worldwide HPV AF of 21.8% oropharyngeal,
3.9% oral cavity, and 3.1% laryngeal cancers [17]
(Table 1). Estimates are slightly higher in a literature
survey (30.8% for oropharynx, 4.3% oral cavity, 4.6%
laryngeal cancer) that applied HPV AF obtained from
case series with HPV E6/E7 mRNA expression testing to
incidence data from 2003 to 2007 [15], and in a meta-
analysis [18] (39.8% oropharyngeal, 16.3% oral cavity and
8.6% laryngeal cancer) of 148 studies from 1990 to 2012 in
which tumor HPV status was determined by E6/E7
mRNA expression (Table 1). This heterogeneity in the
global HPV AF across studies is best explained by
variability in HPV detection assays, populations included,
and calendar time.
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Table 1

Human Papillomavirus (HPV) attributable fraction in head and neck cancer reported by three major studies

Authors and study year Castellsagué et al. (2016)*

Plummer et al. (2016)° Nadiye et al. (2014)¢

Study description/data Centralized testing of 3680

source archived head and neck
cancers
from 29 countries
Study period 1990-2012

HPV DNA and E6/E7
mRNA expression

HPV assay used

HPV attributable fraction

Oropharynx 21.8%
Oral cavity 3.9%
Larynx 3.1%

Pooled published
case series of
head and neck cancers

Meta-analysis of 148 studies
of head and neck cancers

2003-2007 1990-2012

HPV DNA and HPV DNA and E6/E7
E6/E7 mRNA mRNA expression
expression

30.8% 39.8%

4.3% 16.3%

4.6% 8.6%

2 Castellsagué X, Alemany L, Quer M, Halec G, Quirds B, Tous S, Clavero O, Alos L, Biegner T, Szafarowski T: HPV involvement inhead and neck
cancers: comprehensive assessment of biomarkers in 3680 patients. J Nat/ Cancer Inst 2016, 108:djv403.
® Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S: Global burden of cancers attributable to infections in 2012: a synthetic

analysis. Lancet Glob Health 2016, 4:€609-e616.

¢ Ndiaye C, Mena M, Alemany L, Arbyn M, Castellsagué X, Laporte L, Bosch FX, de Sanjosé S, Trottier H: HPV DNA, E6/E7 mRNA, and p16INK4a
detection in head and neck cancers: a systematic review and meta-analysis. Lancet Oncol 2014, 15:1319-1331.

Indeed, Castellsagué and colleagues reported that the global
HPV AF for oropharyngeal cancer increased sharply from
7.4%1n 1990 t0 32.1% in 2012 [17]. Data from the US provide
substantial insight into an even more marked increase in
HPV AF for oropharyngeal cancers from 16.3% in 1984 to
71.7% in 2004 [13]. 'This change was attributable to a 50%
decrease in incidence rates for HPV-negative, coincident
with a 225% increase in incidence for HPV-positive, oropha-
ryngeal cancers [13]. This dramatic shift was due to rising
rates for HPV-positive oropharyngeal cancer exclusively
among men born after 1935-1940, a strong birth cohort effect
[14,19]. Notably, as this birth cohort ages, the burden of
HPV-positive oropharyngeal cancer in the US is shifting
from younger to older (age >65 years) men [20°].

Castellsague [17] also noted substantial geographic vari-
ability in HPV AF for oropharyngeal cancer during the
period from 1990 to 2012. Estimates were 19.6% for
Europe, 39.2% for Central-South America and 17.5%
for Asia (Table 2). Of note, the global HPV AF for
oropharyngeal cancer reported by Castellsague [17]
may be a slight underestimate because of low represen-
tation from North America, which as noted above had one
of the highest HPV AF for oropharyngeal cancers in the
world (~70%) after 2004 [13,15,16,21°]. Similar geo-
graphic heterogeneity in HPV AF was noted by Plummer
and colleagues [15] (24% for South Europe, 51% for US,
22% of India and 41% for Australia) (Table 2) as well as by
Anantharaman and colleagues [22], who conducted cen-
tralized testing for HPV DNA and p16INK4a expression

in a large series (V= 533) of oropharyngeal cancers.

"Thus, the HPV AF will depend on changes in the rate ratio
for HPV-positive and HPV-negative HNSCC over time. In
the US, Australia, Canada, Japan, and Slovakia, a significant
upward trend was observed only in incidence of HPV-related

oropharyngeal cancer, predominantly among men [9]. An
alternative pattern of parallel increases in both HPV-related
and unrelated HNSCC observed in several European coun-
tries (Denmark, Estonia, France, Germany, Netherland,
United Kingdom) in men and/or women is consistent with
ongoing regional increases in tobacco smoking and alcohol
use [9,23,24]. These data underscore the dynamic nature of
the HPV AF across populations.

Shown in Figure 1a and b, respectively, are the estimated
age-standardized incidence rates and burden (total no. of
cases) of oropharyngeal cancer in 2018, stratified by gender
and geographic region. Of note, these estimates do not
account for HPV AF, as these data are not available for
2018. Nevertheless, the figures demonstrate the consis-
tently higher incidence and burden among men versus
women in all regions and the marked heterogeneity in

incidence by region. Oceania has the highest and Africa has
the lowest incidence of oropharyngeal cancer in the world
(Figure 1a). In contrast, Asia has the highest whereas
Oceania has the lowest burden of oropharyngeal cancer
(Figure 1b). Although the HPV AF is highest for oropha-
ryngeal cancer, the absolute regional cancer burden (e.g.
annual number of HPV-positive cases) is also a function of
cancer incidence. For example, a region with a very high
incidence rate for oral cavity cancer may nevertheless have
a higher burden of HPV-positive oral cavity than oropha-
ryngeal cancers, despite the lower HPV AF for the former.

Risk factors for head and neck squamous cell
carcinoma (HNSCC) and geographic
heterogeneity

T'he International Head and Neck Cancer Epidemiology
Consortium (INHANCE) [25] has pooled individual data
from over 26 000 HNSCC cases and 34 000 controls to
investigate associations between demographic and
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Table 2

Human Papillomavirus attributable fraction in oropharyngeal cancer by region, based on HPV DNA positivity and E6/E7 mRNA expression

Regions/Countries

Castellsagué et al.*" (2016)
Study period: 1990-2012

Plummer et al.>¢ (2016)
Study period: 2003-2007

Europe 19.6%
East Europe -
Central-Eastern Europe 49.3%
Southern Europe 9.2%
Western Europe 18.1%
Northern Europe 50.0%
Northwest Europe -

America 39.2%
South America 53.7%
Central America 15.5%
North America -

Asia 17.5%
Eastern Asia 21.2%
China -
India -
Japan -
South Korea -

Oceania -
Australia -

50%
24%

42%

23%
22%
46%
60%

41%

@ Castellsagué X, Alemany L, Quer M, Halec G, Quirdés B, Tous S, Clavero O, Alos L, Biegner T, Szafarowski T: HPV involvement inhead and neck
cancers: comprehensive assessment of biomarkers in 3680 patients. J Nat/ Cancer Inst 2016, 108:djv403.

P Centralized testing of 3680 archived head and neck cancers from 29 countries from 1990 to 2012.

¢ Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S: Global burden of cancers attributable to infections in 2012: a synthetic

analysis. Lancet Glob Health 2016, 4:¢609-e616.

9 Pooled published case series of head and neck cancers from 2003 to 2007.

behavioral factors and odds of HNSCC. INHANCE case-
control studies have demonstrated tobacco and alcohol
use to be independent risk factors for HNSCC. Among
never users of alcohol, a significant dose-response rela-
tionship was observed with increasing intensity, duration
and pack-years of cigarette smoking and odds of HNSCC
[8]. Among never users of tobacco, only high frequency
alcohol consumption (three or more drinks per day)
increased odds of HNSCC [8]. A greater than multiplica-
tive joint effect of ever use of tobacco and alcohol was
observed [7]. Heterogeneity by anatomic site was
observed, with the joint effect of tobacco and alcohol
significant for oral cavity and pharyngeal cancer, but not
for laryngeal cancer. Moreover, heterogeneity by geo-
graphic region was observed, with the estimates of joint
effect higher in Europe and Latin America than in North
America. Effect of carcinogen exposure may also differ by
race. In two US studies, modest racial heterogeneity was
observed for the association of tobacco and alcohol use
with HNSCC [26,27°]. Odd ratios for heavy alcohol and
tobacco use were higher in Blacks compared to Whites,
potentially explained by differences in tobacco and alco-
hol carcinogen metabolism or higher baseline risk of
HNSCC (e.g. in the absence of tobacco and alcohol

use) in Blacks versus Whites.

Use of areca/beetle nut with or without smokeless tobacco
is prevalent in East and South Asia [3-5]. A multicenter

case-control study (2010-2015) in East Asia attributed 33%
of oral cavity and 42.5% of oropharyngeal cancers to areca
nut use [2]. In India, a meta-analysis (1933-2013) reported
population AF 0f4.5% forareca nut use alone and 49.5% for
joint use with smokeless tobacco [28]. An INHANCE
consortium study based on pooled data from European
and American studies (1984-2007) reported that 72% of
HNSCC overall and 64% of oral cavity, 71.5% of pharyngeal
and 88.5% of laryngeal cancers are attributed to the com-
bined use of tobacco and alcohol [7].

Case-control studies have associated sexual behavior with
risk of HNSCC, predominantly of the oropharynx [6,12].
Dose response relationships between lifetime number of
partners for oral or vaginal sex and odds of oropharyngeal
cancer have been repeatedly demonstrated [6,12,29].
Lifetime number of sexual partners is, however, a surro-
gate for oral HPV infection. T'emporal evidence linking
oral HPV infection to risk of oropharyngeal cancer is
provided by a case-control study nested in two US popu-
lation-based cohorts. Oral HPV16 infection, detected an
average of 4 years before the cancer diagnosis, increased
risk (OR = 22.4) of oropharyngeal cancer [30]. HPV16 E6
seropositivity markedly increased risk (OR = 274) of oro-
pharyngeal cancer in a case-control study nested within a
European cohort [31]. Thus, both sexual behavior and
oral HPV infection are now appreciated as risk factors for
oropharyngeal cancers.
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Figure 1
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(a) and (b), respectively, illustrates estimates of age-standardized incidence rate and burden of oropharyngeal cancer for regions of the World in
2018, stratified by gender.

These figures show consistently higher incidence and burden of oropharyngeal cancer among men versus women in all regions as well as marked
heterogeneity in incidence and burden by region.

This is redundant with information provided for each figure below.

(a) Age-standardized incidence of oropharyngeal cancer by gender and region of the World, 2018 estimates.

Estimates presented are age-standardized incidence rates per 100 000 people per year.

Includes ICD-10 codes C09-10: malignant neoplasm of tonsil and oropharynx.

Adapted from Bruni L, Albero G, Serrano B, Mena M, Gémez D, Mufioz J, Bosch FX, de Sanjosé S. ICO/IARC Information Centre on HPV and
Cancer (HPV Information Centre). Human Papillomavirus and Related Diseases in the World. Summary Report 22 January 2019. Accessed

[06 June 2019].

Original data source: Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Pifieros M, Znaor A, Soerjomataram |, Bray F (2018). Global Cancer
Observatory: Cancer Today. Lyon, France: International Agency for Research on Cancer.

(b) Number of cases of oropharyngeal cancer by sex and regions of the World, 2018 estimates.

Estimates presented are total number of cases for each region.
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Heterogeneity and trends in risk factor
behaviors over time

Given tobacco, areca nut, alcohol, and oral HPV infection
are the principal risk factors for HNSCC, incidence rates
for HNSCC will depend upon the prevalence, duration,
and intensity of exposures in a population and their trends
over calendar time. Overall, there has been a decrease in
the worldwide prevalence of tobacco and alcohol use, but
there is geographic variability in trends of these risk
factors over calendar time. According to the latest
WHO report [32], owing to public health efforts the global
prevalence of tobacco smoking decreased from 26.9% in
2000 to 22.1% in 2010 and 20.2% in 2015. However,
smoking rates are increasing in some regions (e.g. among
men in the Middle East and several low-income coun-
tries). The tobacco smoking prevalence remains highest
in Europe (37.3% in 2000, 32% in 2010, and 32% in 2015)
and lowest in Africa (12.6% in 2000, 10.6% in 2010, and
10% in 2015). In contrast, smokeless tobacco prevalence
remains highest in South-East Asia (22.1% in 2007-2017)
and lowest in Europe (0.9% in 2007-2017).

With regard to heavy episodic alcohol drinking (defined
as >60 g of pure alcohol > once per month), the global
prevalence has decreased from 22.6% in 2000 to 20.5% in
2010 and 18.2% in 2016 [33]. 'This can be ascribed to
considerable decrease in the prevalence of heavy episodic
alcohol drinking in Africa, the Americas and Europe.
These drinking rates remain highest in Europe (37.9%
in 2000, 31.6 in 2010, and 26.4% in 2016) and lowest in the
Middle East (0.8% in 2000, 0.6% in 2010 and 0.5% in
2016). These geographic differences in the trends of
tobacco and alcohol use will affect the rate ratio of
HPV-positive versus negative HNSCC, and conse-
quently affect the geographic heterogeneity in estimates
of HPV AF.

Somewhat dramatic changes in sexual norms occurred as a
result of the ‘sexual revolution’ dating to the mid 1900’s in
North America and Europe [34,35]. Consequently, the
prevalence of premarital sex and oral sex as well as
median number of lifetime sexual partners increased in
the US and England [36,37]. Nevertheless, there remain
significant geographic differences in reported sexual
behaviors, affected by cultural and religious norms and/
or comfort in reporting sexual behaviors [29]. For exam-
ple, in the control group within the INHANCE consor-
tium from case-control studies conducted during the
period 1984-2006, report of ever performance of oral
sex varied dramatically across the studies, from 51 to
78% in the US to 6-9% in men in India and China [29].

This marked heterogeneity in sexual behavior likely
contributes to differences in HPV AF by geographic
region. HPV is spread in populations primarily by sexual
contact. Risk of oral HPV infection increases with life-
time and recent number of oral sexual partners and differs
by gender [38]. In the US during 2009-2010, the preva-
lence of oral HPV16 infection was five-fold higher in men
versus women [39]. This higher prevalence in men arises
from a higher number of lifetime sexual partners and a
stronger increase in odds of infection per sexual partner in
comparison to women [40]. Meta-analyses of the litera-
ture, although not population-based, also observed higher
oral HPV prevalence in men [41], as well as geographic
heterogeneity in prevalence [42,43]. This gender differ-
ence explains in part the higher risk of HPV-positive
oropharyngeal cancer in men.

Thus, the underlying risk factors for HNSCC are influ-
enced by gender and race and are considerably different
across geographic regions. Moreover, these behaviors are
undergoing dramatic shifts over calendar time.

Efficacy of HPV vaccines

HPV vaccines have demonstrated high efficacy (~100%
in women and 90% in men) in prevention of vaccine-type
anogenital infections and associated lesions in both males
and females in several randomized control trials [44-50].
The quadrivalent HPV vaccine (HPV 6, 11, 16 and 18)
was first licensed by the US FDA in females ages 9-26
years in 2006, followed by bivalent vaccine (HPV 16 and
18) in 2007 and nonvalent vaccine (HPV 6, 11, 16, 18, 31,
33,45,52,and 58) in 2014 [51,52]. All three vaccines offer
protection against HPV16 and 18, which account for
71.4% of HPV-positive cancers in women (cervix, vulva,
vagina, and anal) and 82.3% of HPV-positive cancers in
men (oropharynx, anus, and penis) [53]. In 2009, the
WHO recommended routine HPV vaccination for
females age 9-13 years before sexual debut [54], and in
2011 this recommendation was extended to females age
26 years. By the end of 2016, 82 countries (42%) intro-
duced national HPV immunization program for girls, but
only 13 high income countries introduced national HPV
immunization programs for boys [55].

No clinical trials have evaluated the efficacy of HPV
vaccines for the prevention of oral HPV infections that
increase risk of HNSCC (e.g. HPV16). However, an
estimate of 93.3% vaccine efficacy against oral HPV
16/18 infection was obtained in an anogenital prevention
trial conducted among women aged 18-25 years in Costa
Rica [56]. In this study, oral HPV 16/18 prevalence was

Includes ICD-10 codes C09-10: malignant neoplasm of tonsil and oropharynx.
Adapted from Bruni L, Albero G, Serrano B, Mena M, Gémez D, Mufioz J, Bosch FX, de Sanjosé S. ICO/IARC Information Centre on HPV and
Cancer (HPV Information Centre). Human Papillomavirus and Related Diseases in the World. Summary Report 22 January 2019. Accessed

[06 June 2019].

Original data source: Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Pifieros M, Znaor A, Soerjomataram |, Bray F (2018). Global Cancer
Observatory: Cancer Today. Lyon, France: International Agency for Research on Cancer.
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compared in HPV-vaccinated versus unvaccinated
women at a single time point 4 years after study entry
[56]. Ina US population-based study, oral HPV 16/18/6/11
infection prevalence was ~88% lower among young men
and women (and 100% in men) who did versus did not
report receipt of >1 HPV vaccine dose [57°°]. These data
support an approximate 90% efficacy of HPV vaccines in
the prevention of HPV16/18 infections. However, these
data are insufficient for regulatory approval or public
health recommendations for routine vaccination of males
or females for prevention of HNSCC.

As noted above, the burden of HPV-caused HNSCC is
markedly higher in men than women. It is possible,
however, that vaccination of women could result in
reduced oral HPV infection prevalence in men. For
example, the introduction of quadrivalent HPV vaccine
into the national immunization program for females in
Australia reduced the prevalence of penile vaccine—type
HPV infection by 78% in unvaccinated males aged <25
years as compared to those aged >25 years [58°]. Increas-
ing vaccine coverage for young females is considered
more cost effective in providing herd protection in both
sexes in countries that already have moderate to high
coverage rates (>75%) for females [59-62]. In contrast, in
countries with low vaccine coverage rates (<50%) in
females and with substantial burden of HPV-associated
cancers in men, such as the US, increasing vaccine
coverage for young males could prove cost-effective in
providing herd protection in both sexes [60,62-65].

Conclusions

The HPV AF for HNSCC in any population is best esti-
mated by direct testing of HPV E6/E7 mRNA expression at
a given point in calendar time in a representative sampling
of that population. Exposures to the predominantrisk factor
for both HPV-positive and negative HNSCC vary consid-
erably across populations and are dramatically shifting over
calendar time. As a consequence, rate ratios for HPV-
positive versus negative cancers are also rapidly changing.
Thus, an estimate of HPV AF measured at one point in
calendar time may be inappropriate to apply to that same
geographic region at another point in calendar time. Mov-
ing forward, HPV vaccine introduction and uptake in males
and females and level of herd protection will be an addi-
tional dynamic factor that influences the HPV AF. These
will manifest as strong birth cohort and period effects.
Accurate estimates of HPV AF may inform policy decisions
to scale up HPV immunization in women to provide herd
protection in men in regions with existing high vaccine
coverage and to increase coverage for men in regions with a
high burden of HPV-related HNC and an existing low

coverage for women.
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