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A B S T R A C T

Human papillomavirus (HPV) is now established as the principal cause of an increase in incidence
of a subset of head and neck squamous cell cancers (HNCs) in numerous geographic regions
around the world. Further study of the epidemiology of HPV-positive HNC will be critical to the
development and implementation of public health interventions to reverse these global incidence
trends. Here, recent data are reviewed to provide insight into several topics, including incidence
trends and projections for HPV-positive HNC; the worldwide HPV-attributable fraction; sex
disparities in cancer risk; the epidemiology of oral HPV infection; the latency period between
infection and cancer; the potential impact of prophylactic HPV vaccination; and prospects for
secondary prevention through screening for oral HPV infection or seroreactivity to viral antigens.
The identification of a single necessary cause for any cancer provides a rare and perhaps
extraordinary opportunity for cancer prevention.

J Clin Oncol 33:3235-3242. © 2015 by American Society of Clinical Oncology

INTRODUCTION

It has been nearly a decade since the WHO first
concluded that human papillomavirus (HPV) type
16 is a cause of oropharyngeal cancer (OPC) and
oral cavity cancer.1 The molecular and epidemio-
logic evidence in support of this conclusion has re-
cently been reviewed.2,3 This causal link between a
sexually transmitted infection and head and neck
squamous cell carcinomas (HNCs) has led to a par-
adigm shift in our understanding of HNC risk, with
important implications for global cancer preven-
tion. Here, we summarize recent data on the epide-
miology of HPV-positive HNC to provide insight
into several topics, including worldwide incidence
trends and projections, the global HPV-attributable
fraction, sex disparities in risk and their behavioral
origins, the latency period, the potential effective-
ness of HPV prophylactic vaccines, and prospects
for secondary prevention or screening with either
oral HPV detection or HPV serology.

GLOBAL INCIDENCE TRENDS

Over the last few years, evidence has accumulated to
support a global trend in increased OPC incidence,
perhaps most striking in North America and north-
ern Europe.4-11 Even in Taiwan, a geographic region
with one of the highest incidence rates for HNC in
the world, OPC rates (particularly for tonsil) in-
creased more sharply from 1995 to 2009 than any

other anatomic site.12 To further elucidate global
incidence trends, worldwide cancer registry data
(Cancer Incidence in Five Continents) were used to
compare incidence trends from 1983 to 2002 for
upper aerodigestive tract malignancies etiologically
associated with HPV infection (ie, OPC) versus to-
bacco smoking (ie, oral cavity and lung squamous
cell carcinomas).13 In general, OPC incidence rates
were higher and increased more sharply among men
than women. Furthermore, OPC incidence in-
creased among young men (� 60 years old) in sev-
eral economically developed countries, despite
concomitant declines in incidence for oral cavity
and lung squamous cell carcinomas. These contrasts
suggest a role of HPV infection in increasing OPC
incidence rates among men. However, among
women, incidence increased for all three cancers in
tandem, supporting a dominant effect of smoking
on increasing incidence rates. These data are consis-
tent with a hypothesis of a greater impact of HPV on
OPC incidence trends for men over the last several
decades, in contrast to smoking for women.

Several molecular studies have demonstrated
HPV to be responsible for observed OPC incidence
trends.4,14,15 In these studies, analysis of archived
specimens demonstrated significant increases in in-
cidence for HPV-positive OPC in contrast to de-
clines in HPV-negative OPC with or without oral
cavity cancer. Recent data further support these ob-
servations of increased HPV prevalence in tumors
over time. A meta-analysis of 2,099 OPCs evaluated
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in the US literature observed HPV DNA prevalence by polymerase
chain reaction (PCR) to significantly increase from 20.9% before 1990
to 65.4% after 2000.16 A separate meta-analysis including 5,396 OPCs
observed increases from 40.5% before 2000 to 72.2% after 2005, with
significant increases observed in North America and Europe.17 An
increase in HPV DNA–positive OPC from 1995 to 2010 of 20.2% to
63.5% was reported in eight centers in Australia.5 In the Netherlands,
a referral center observed an increase from 5.1% to 29.0% during 1990
to 2010 based on dual positivity for p16 expression and HPV DNA.18

Even in geographic regions with a small proportion of OPCs testing
positive for HPV (eg, Spain), the proportion positive seems to be
increasing over time.19 It is important to note, however, that studies
based on proportional estimates alone cannot discriminate between a
true increase in HPV-positive OPC incidence versus a relative reduc-
tion in incidence of HPV-negative cancers in a population. However,
when combined with the population-based incidence data noted ear-
lier, evidence is accumulating to support oral HPV infection as the
underlying cause of an ongoing global increase in OPC incidence.

Given the historical increases in OPC incidence over the last
several decades, it is of public health interest to clarify to what extent
the burden of OPC may continue to increase and for how long. In
England, HNC incidence increased by 58% from 1995 to 2011, most
sharply for OPC. In contrast, rates for lung cancer, strongly associated
with smoking, remained stable.20 Notably, OPC incidence trends par-
alleled increased rates for genital warts and genital herpes in England
from 1995 to 2011.20 OPC incidence was projected to further increase

in England by 239% from 2011 to 2025, at which point OPC would
compose 35% of all HNCs.20

In the United States, the Centers for Disease Control and Preven-
tion noted that OPCs were one of only five cancer types that increased
in incidence from 1975 to 2009.11 A previous analysis of Surveillance,
Epidemiology, and End Results (SEER) data from 1973 to 2004 attrib-
uted these incidence trends to a strong birth cohort effect.21 For all age
groups between 40 and 70 years, OPC risk significantly increased for
each successive birth cohort born after 1940. An updated analysis
including new data from 2005 to 2011 (Fig 1) revealed continued,
alarming increases in age-specific incidence rates by birth cohort
among all men born after 1940, age 40 to 70 years. Notably, no
evidence of a plateau in incidence rates was observed in men age 50
years and older. The broad age range (age 40 to 70 years) affected, as
well as the increased incidence observed in the birth cohort age 40 to
44 years (1967 birth cohort), indicate that incidence rates for OPC
would continue to increase for at least 30 years in the United States.
Previous estimates of projected trends through 2030 appear accu-
rate.14 Importantly, opposite trends were observed among birth co-
horts of women (Fig 1), leading to an increase in the relative rates for
OPC in men versus women by age and calendar period (Fig 2), rein-
forcing a dominant effect of HPV on increasing incidence rates exclu-
sively among men in the United States.

Of particular interest is the contribution of declines in tonsillec-
tomy rates to increased incidence of HPV-positive OPC. In the United
States, tonsillectomy rates declined from 1965 through 1986 from 63.4
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Fig 1. Shown are incidence rates for oropharyngeal cancers among (A) men and (B) women, stratified by cohort year of birth (in 10-year overlapping groups) and age
(in 5-years groups). Data were derived from nine cancer registries covered by the National Cancer Institute’s SEER program (1973 to 2011). Oropharyngeal cancers
include the base of tongue, lingual tonsil, soft palate, uvula, tonsil, oropharynx, and Waldeyer’s ring.
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to 11.7 per 10,000 in all ages.22 Analysis of population-level data in
Denmark observed an approximately 60% reduction in tonsil cancer
risk associated with tonsillectomy but no effect on risk of base of
tongue tumors.23,24 Therefore, tonsillectomy trends are unlikely to
account for the dramatic increase in rates for all OPCs.

THE HPV-ETIOLOGIC FRACTION

Of considerable interest from a public health perspective is the pro-
portion of all HNCs worldwide attributable to HPV infection and thus
potentially preventable by HPV vaccination. Recent meta-analyses
have been published with a goal of providing such estimates and have
observed significant heterogeneity in the HPV-attributable propor-
tion (as measured by HPV DNA detection) by cancer anatomic site,
geographic location, and calendar time.17,25-27 Generally, meta-
analyses have found HPV DNA presence to be highest for OPC in
North America and northern Europe and in recent calendar periods.

For example, a recent meta-analysis summarizing data from 12,263
patients with HNC from 44 countries estimated the HPV-attributable
proportion to be 45.8% for OPC, 24.2% for oral cavity, and 22.1% for
larynx based on HPV DNA detection by PCR. In a subset of patients
with OPC, dual positive testing for either p16 expression (by immu-
nohistochemistry [IHC]) or HPV E6/E7 mRNA expression, consid-
ered a more accurate assessment of causality, was observed in
approximately 87% of HPV DNA–positive patients, whereas dual
testing for oral cavity and larynx sites was rarely performed. With
regard to HPV type distribution, HPV16 prevalence accounted for
82.2% of all HPV DNA–positive cases and was higher for OPC
(� 90%) than for other cancer types. In agreement with other meta-
analyses,17,25 the highest proportions were observed in tonsil and base of
tongue cancers (subsites of the oropharynx), and the proportion of OPCs
that tested positive for HPV increased over calendar time.

Although a useful summary of the literature, limitations of meta-
analyses include nonuniform HPV testing and reliance on HPV DNA
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Fig 2. Shown are male-female inci-
dence rate ratios (RRs) for oropharynx
cancers, stratified by age in rows (5-year
groups) and calendar periods in columns
(5-year groups). The diagonals across the
age groups and calendar years represent
birth cohorts. The scale for the color-
coded RRs is also shown on the right.
Data were derived from nine cancer reg-
istries covered by the National Cancer
Institute’s SEER program (1973 to 2011).
Oropharyngeal cancers include the base
of tongue, lingual tonsil, soft palate, uvula,
tonsil, oropharynx, and Waldeyer’s ring.
HPV, human papillomavirus.
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testing alone, likely resulting in overestimates of the proportion of
HNCs caused by HPV infection. Importantly, preliminary data have
been reported by Castellsague et al28 regarding worldwide HPV DNA
prevalence estimates from 3,741 HNCs diagnosed after 1990 and
collected from 32 countries. The strength of this study is its uniform
and extensive testing of paraffin materials for sample quality and HPV
DNA, E6/E7 mRNA expression, and p16 IHC. Estimates for the pro-
portion causally associated with HPV decreased from 9.3% of oral
cavity, 27.6% of oropharynx, and 7.2% of larynx cancers based on
HPV DNA testing alone to 3.0%, 18.3%, and 1.6%, respectively, based
on cotesting for HPV DNA, mRNA, and p16 IHC. Notably, this
difference may be accounted for by confounding of the virus-
tumor association by smoking. For example, 20% of current smok-
ers in the United States were found to have an oral HPV infection,29

and therefore, detection of pathophysiologically unrelated HPV
infections by PCR would be expected among current smokers
diagnosed with HNC.30

It is important to note that a small etiologic fraction for HPV
in oral cavity and laryngeal cancers nevertheless significantly in-
creases the burden of HPV-positive cancers worldwide. For exam-
ple, a 3.0% prevalence among 300,400 incident oral cavity cancers
and a 1.6% prevalence among 157,000 larynx cancers diagnosed
worldwide in 201231 are equivalent to 11,542 cases, adding consid-
erably to the estimated 22,000 OPCs attributed to HPV infection
worldwide as of 2008.32

Importantly, the 18% to 28% worldwide estimate for the HPV-
attributable fraction for OPC would be inappropriate to apply to a
specific population for determination of disease burden and associ-
ated costs. For example, this estimate is inappropriate for the United
States, where considerable data support an HPV-etiologic fraction for
OPC of at least 72% after 2000.14,33 Disease burden is also strongly
dependent on incidence. A population with high incidence but low
HPV-attributable proportion may nevertheless have a higher burden
of HPV-attributable disease compared with a population with a low
incidence but high HPV-attributable proportion. Similarly, women
may have a higher HPV-attributable proportion than men in some
populations, but disease burden would still be less for women as a
result of the uniformly lower incidence rates globally.

RISK FACTORS FOR HPV-POSITIVE OPC

Heterogeneous patterns in incidence rates, trends, and etiologic frac-
tions for HPV across geographic regions would originate from distri-
butions for the principal risk factors for HNC across populations.
HNCs are etiologically heterogeneous, with a majority caused by to-
bacco and/or alcohol use and a minority caused by HPV infection.2,34

In 2012, prevalence rates of tobacco smoking varied considerably
across 187 countries worldwide, from 5.0% to 61.1% among men and
0.8% to 34.7% among women.35 Smoking prevalence trends from
1980 to 2012 also differed significantly across geographic regions, with
notable decreases observed for men and women in North America
and northern Europe, in contrast to significant increases in southern
and eastern Europe.35

Sexual behavior is now established as a risk factor for HNC2 and
is most strong and consistent as a risk factor for OPC. Lifetime number
of oral sexual partners seems to be the behavioral measure most
strongly, consistently, and specifically associated with OPC (tonsil and

base of tongue).2,36 As noted for smoking, sexual behavior also dra-
matically differs across geographic regions, as observed among control
populations enrolled onto case-control studies summarized by the
International Head and Neck Cancer Epidemiology consortium.36

The proportion of controls who reported ever having had oral sex
varied among men from 9% in India to 78% in the United States and
among women from 12% in Brazil to 66% in the United States.
Notably, the proportion of men and women reporting a history of oral
sex also significantly increased among recent birth cohorts in compar-
ison to distant birth cohorts (15% to 54% of men and 13% to 69% of
women born before 1930 v after 1960, respectively).36 Changes in
smoking and sexual behaviors across calendar time thus likely under-
lie the incidence trends noted earlier.

Case-control studies have established oral HPV infection as the
principal risk factor for HPV-positive OPC,2 and the overwhelming
majority (� 90%) of oral HPV infections are sexually acquired.29 In
particular, consistent associations between oral sexual behavior (eg,
number of partners) and prevalent oral HPV infection are emerging
across studies conducted in heterogeneous patient populations.37-41

Notably, partner studies have found type-specific oral HPV infection
to be associated with the same type detected in the genital tract or
mouth of a sexual partner.42,43 Importantly, oral sexual behaviors
(including oral-oral, oral-genital, and oral-anal) have also been asso-
ciated with risk of acquiring a new oral HPV infection.44-47

Considerable insights into heterogeneity in risk for HPV-positive
OPC by age, sex, race, geography, and calendar time can thus be
gained through the study of the epidemiology of oral HPV infection.
To date, parallels between oral HPV infection prevalence and OPC
incidence are best explored for the U.S. population.29 In the United
States from 2000 to 2009, OPC incidence rates were four-fold higher
and increased more sharply among men than women.11 HPV preva-
lence in OPCs collected from SEER registries from 1984 to 2004 in the
United States was higher in men than women and increased signifi-
cantly among men but not women over this calendar period, thus
implicating HPV as a factor in these sex differences.14

The four-fold higher OPC rates among men versus women are
likely explained in part by the three- to five-fold higher prevalence of
oral high-risk and type 16 HPV infections in men versus women in the
United States in 2009 to 2010.29 High-risk oral HPV infection was
most prevalent among men age 55 to 64 years, who also experienced
the highest uptick in OPC incidence from 2000 to 2009.11 Recent data
provide insight for the male predominance of oral HPV infection in
the United States. Although men have a higher average number of
lifetime oral sexual partners than women in the United States, this
does not entirely explain the sex difference in prevalence.48,49 A recent
analysis of the National Health and Nutrition Examination Survey
data (2009 to 2012) demonstrated the per sexual partner increase in
high-risk oral HPV prevalence to be three-fold greater for men than
for women, consistent with reported higher transmission rates for
HPV from female to male than vice versa.50 Also noted was a plateau in
prevalence among men at approximately 15 oral sexual partners in
contrast to approximately five partners among women (Fig 3). Thus,
the prevalence of oral HPV infection continues to increase among
men with more than five partners but not among women. This sex
difference may reflect reduced seroconversion rates among men ver-
sus women after genital HPV infection,50 resulting in greater protec-
tion against subsequent oral infections among women. Natural
seroconversion to genital HPV16 infection reduces risk of subsequent
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infection among women by approximately 50%.51-53 Thus, increased
oral sexual behaviors among recent birth cohorts of men and women
would result in greater prevalence increases for oral HPV infection
and consequent accelerated rates for HPV-positive OPC in men ver-
sus women over the last several decades in the United States. This likely
explains the trends in rate ratios observed in Figure 2.

For cervical cancer, the latency period between HPV infection
and cancer development has been estimated by comparing the age at
peak prevalence (approximately 20 years) for infection to median age
at diagnosis (approximately 49 years).54 Figure 4 shows oral high-risk
HPV prevalence in the US population (age 14 to 69 years) per the
National Health and Nutrition Examination Survey (Fig 4A) and OPC
incidence per SEER as a function of age (Fig 4C). Oral oncogenic HPV
infection prevalence peaked at ages 25 to 30 years and 55 to 60 years,
and median age at OPC diagnosis was 63 years21 (58 years for HPV-
positive OPC).14 From this, we estimate an average latency period for
HPV-positive OPC of approximately 10 to 30 years, assuming either
peak in prevalence could contribute to risk. The disease relevance of
either of the two peaks for oral oncogenic HPV infection, however,
remains an important unaddressed question.

PROSPECTS FOR PRIMARY PREVENTION

Prophylactic HPV vaccines are 90% to 100% effective in preventing
HPV infections and associated anogenital precancerous lesions55 and
are projected to dramatically reduce global cervical cancer burden
after 2050.56 In contrast, vaccine efficacy against oral HPV infection
and related diseases is unknown. To date, regulatory agencies have
required a clinical disease end point (eg, precancer) for trials of HPV
vaccine efficacy, and the inability to detect such lesions for HPV-

positive OPC thus precluded clinical trials. In 2014, the WHO recom-
mended that regulatory agencies accept efficacy against incident and
persistent HPV infection as an acceptable end point for HPV vaccine
trials, because this is now an established surrogate for disease risk.57 A
single study has observed point prevalence for oral HPV16/18 infec-
tion to be lower 4 years after vaccination among women who receive
HPV vaccination versus placebo.58 Although considered by many to
be sufficient evidence for efficacy given precedence at anogenital sites,
these data do not meet the new WHO standards of prevention of an
incident and persistent infection that would be required in a prospec-
tive clinical trial to establish vaccine policy recommendations.

Natural history studies of HPV infection are beginning to reveal
significant differences by sex and anatomic site50 that may have future
implications for HPV vaccine policy. Men seem to remain at high risk
of incident infection regardless of age.50 Moreover, oral infections are
less likely to clear among older men.44 Assuming high vaccine efficacy
against oral HPV infections that lead to cancer, older men (� 26 years
of age) may thus derive protective benefit from vaccination. Even
assuming high HPV vaccine efficacy and high population coverage,
OPC incidence rates would not be expected to decline until after
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cervical cancer, given higher median age at diagnosis for OPC than
cervical cancer. This also assumes long-lasting protection and no
contribution of the second peak in high-risk oral HPV infection prev-
alence to disease risk. Therefore, current incidence trends for OPC
would not reverse as a result of vaccination until after 2060.

SECONDARY PREVENTION BY SCREENING

At this time, screening for HPV-positive OPC is infeasible as a result of
our current inability to detect precursor lesions and subclinical or
early-stage cancers, as well as the absence of an established interven-
tion to reduce cancer incidence or cancer mortality. However,
recent provocative data indicate it may be possible to identify
high-risk individuals for whom management algorithms could be
developed. For example, advances in imaging59,60 may identify
oropharyngeal lesions amenable to biopsy61 should high-risk indi-
viduals otherwise be identified.

Markers of HPV exposure may provide an opportunity to iden-
tify high-risk individuals. In case-control studies, the presence of oral
HPV infection (overall, oncogenic, or HPV16) or HPV serum anti-
bodies (L1, E6, or E7) was strongly associated with OPC. For example,
oral HPV16 infection has been estimated to confer a three to 230 times
increased risk and HPV16 E6/E7 seropositivity a nine to 231 times
increased risk for OPC.2 These robust associations were driven in part
by the low prevalence of oral HPV16 infection (approximately 1.0%)
and serum HPV16 E6/E7 seropositivity (0.5% to 5%) in healthy indi-
viduals. However, strong estimates of relative risk do not always un-
derscore clinical utility.62 The potential use of these assays for either
detection of subclinical disease or identification of high-risk popula-
tions depends on assay sensitivity and predictive value, respectively. In
the literature, sensitivity for HPV16 DNA–positive OPC of oral
HPV16 infection has ranged from approximately 50% to 80%63-65

and of HPV16 E6/E7 seropositivity from approximately 50% to
90%.66-69 Specificity of both assays seems to be higher than sensitivity.
These assays may be of insufficient sensitivity to serve as diagnostic

tests. A recent study observed HPV16 E6 seropositivity to predate the
development of OPC by as long as 10 years, indicating that seroreac-
tivity may identify individuals at higher risk than the general popula-
tion.70 By analogy to the cervical literature,71 individuals with a
persistent oral HPV16 infection would likely be at similar risk.

Despite the impressive specificity of oral HPV16 infection or
E6/E7 antibodies, the rarity of both markers combined with the low
incidence of HPV-positive OPC in the general population make
screening based on a single time point of marker positivity among the
general population a challenging prospect. Shown in Figure 4B are the
number of individuals in the US population with a prevalent oral
HPV16 infection as a function of age as well as corresponding inci-
dence rates. In the US population age 40 to 69 years, approximately
1.3% of individuals (1.4 million) have a prevalent oral HPV16 infec-
tion. Although not US population based, approximately 0.7% would
be expected to be HPV16 E6 seropositive.72 These data, along with
current incidence rates for OPC in the US population, allow us to
make several approximations (Table 1). Among men and women age
40 to 69 years in the United States, one in 77 would have an oral
HPV16 infection and one in 143 would be HPV16 E6 seropositive.
Assuming all OPCs are attributable to HPV16 infection, approxi-
mately 0.7% of individuals with oral HPV16 infection and approxi-
mately 1.25% of HPV16 E6 seropositive individuals would also have
concurrent OPC. It is important to note that this is an estimate of
concurrent cancer among biomarker-positive individuals and does
not estimate per-year cumulative risk. These numbers would indicate
that approximately 10,500 individuals would need to be screened to
detect one cancer. However, ongoing studies are evaluating whether it
is possible to improve on these approximations through risk stratifi-
cation and/or combined or repeated measures of risk.

CONCLUSION

It is now possible to state that oral HPV infection is a necessary cause of
a dramatic and ongoing increase in OPC incidence largely among men

Table 1. Potential Screening Scenarios in the US Population Based on Single Time Point Detection of Oral HPV16 Infection, HPV16 E6 Seropositivity, and
Incidence of Oropharyngeal Cancer

Scenario
Men and Women, Age 40-69 Years

With Oral HPV16 Infection
Men and Women, Age 40 to 69 Years With

HPV16 E6 Seropositivity

No. of individuals in the US population� 112 million 112 million
Prevalence of marker, %� 1.3 0.7
No. of individuals with marker positivity� 1.4 million 784,000
Incidence rate of oropharyngeal cancer† 9.5 per 100,000 9.5 per 100,000
No. of incident oropharyngeal cancers‡ �9,800 �9,800
NNS to identify one individual with marker positivity§ 77 143
Probability of concurrent cancer given infection, %� 0.70 1.25
NNS for prevalent oropharynx cancer¶ �10,500 �10,500

Abbreviations: HPV, human papillomavirus; NNS, number needed to screen.
�Derived from National Health and Nutrition Examination Survey 2009-2012 data.
†Derived from nine cancer registries in the National Cancer Institute’s SEER program for the year 2011. Oropharyngeal cancers include the base of tongue, lingual

tonsil, soft palate, uvula, tonsil, oropharynx, and Waldeyer’s ring. The estimates indicate incidence of all oropharyngeal cancers, both HPV positive and HPV
negative.
‡Estimated based on the number of individuals in the US population and incidence rate of oropharyngeal cancers. The number of cancers for ages 40 to 69 years

was based on the proportion of cancers in ages 14 to 69 that occur in individuals age 40 to 69 years.
§Denotes the number needed to be screened to detect one individual with prevalent oral HPV16 infection or HPV16 E6 seropositivity. For example, estimated as

100 divided by the prevalence of oral HPV16 infection.
�Estimated as the number of oropharynx cancers per year divided by the number of individuals with prevalent oral HPV16 infection or HPV16 E6 seropositivity.
¶Estimated as the number of oropharynx cancers per year divided by the total number of individuals in the US population.
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in numerous countries worldwide. Given that incidence rates con-
tinue to accelerate, experts in the field now debate as to whether this
constitutes an epidemic. Regardless, the identification of a single nec-
essary cause for this cancer provides a rare and perhaps extraordinary
opportunity for the development of public health interventions. Pro-
phylactic HPV vaccination holds considerable promise in reversing
these incidence trends after 2060. However, it is difficult for public
health officials and physicians to advocate HPV vaccination among
men for the prevention of HPV-positive OPC in the absence of clinical
trial evidence. Additional epidemiologic study of the natural history of
oral HPV infection and clinical trials designed to develop and evaluate
strategies for secondary prevention and early detection of this malig-
nancy are important alternative strategies to combat this disease for
the next four decades.
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