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1. Introduction

Human papillomavirus (HPV) is considered to be the
most frequently diagnosed sexually transmitted
disease in the world (1-11). According to the Centers
for Disease Control and Prevention (CDC), HPV
accounts for 71.6% of new sexually transmitted
infections (STIs) representing 14.1 million of the
19.7 million new STIs each year in the United States
(11.) The body’s immune system usually limits the
duration of each HPV infection to one to two years
(4,5,7,9,11-15). However, infection may persist in as
many as 5-10% of affected people. If the infections
are caused by high-risk HPV types (e.g., HPV 16), the
risk of developing precancerous lesions and cancer
is increased two to 13 times, in a process that takes
ten to 20 years or longer (4,7,16).

HPV is the aetiological cause of genital warts and
respiratory papillomatosis (warty growths in the
upper airway). It also causes head and neck and
anogenital (cervical, vaginal, vulval, penile and anal)
cancers (4,7,9,12,17-19). Head and neck cancers
include cancers of the oral cavity, oropharynx,
hypopharynx, larynx, sinonasal tract and
nasopharynx (20). Overall head and neck cancer
rates have been steadily decreasing over the past
decades as a result of reduced use of tobacco
(12,21-28) These cancers typically occur later in life,
from age 60 to age 80. However, oropharyngeal

cancers, such as those at the base of the tongue and
involving the tonsils are now increasing, especially
among younger cohorts. Most are HPV positive
(3,5,16,29,30) and the oncogenic HPV type 16 is
found in over 90% of the HPV-associated cancers
(18,31,32). HPV-positive cancers are frequently
observed in people at earlier ages and without the
traditional risk factors for head and neck cancers
such as tobacco or alcohol use (5,19). These rates
have been steadily increasing with the highest rates
observed in males (3,5,10,12,18,23,25,27,28,30,32-
38). If these trends continue, HPV-related
oropharyngeal cancer could exceed cervical cancers
within a decade (29).

Frequently reported risk factors for oral HPV
infection include: the number of sex partners, the
number of oral sex (oral-genital) partners, tobacco
use, excessive alcohol, and poor oral hygiene. The
CDC reports that 80% of sexually active people,
aged 14-44 years, have had oral sex with a partner
(9, see also 13,18) Although this may be one of the
main risk factors, evidence also suggests that the
number of open-mouth kissing partners is also a risk
factor for oral HPV infection (12,13,37,38).

2. Epidemiology

Head and neck cancers represent more than 3% of
all new cancers worldwide (18,19,22). One positive
outcome from public-health programs has been that
head and neck (laryngeal, hypopharyngeal, and oral
cavity) cancer rates have been declining since the
late 1980s (40). This is attributed primarily to a
decreased used of tobacco (5,21,22,24,26-28).
However, during this same time period,
oropharyngeal cancer rates initially remained
constant and then began to rise (22,41,42). This
increase continues. For example, in a Toronto study
of 6,085 head and neck cancer patients the
proportion of all head and neck cancers classified as
orophyaryngeal cancers increased from 23.3% to
31.2% between 2000 and 2010 (30).



HPV and Oropharyngeal Cancer Rates

It is now estimated that 70-90% of oropharyngeal
cancers are caused by HPV (5,19,31,38,42). For
example, Lin reported that 90% of oropharyngeal
patients in one study were HPV-positive, and other
studies have reported similar high rates (38,43).
Two high-risk variants, HPV 16 and HPV 18, are
likely associated with approximately 90-95% of all
oropharyngeal cancers (6,7,12,19,28,31,32,35,
44,45). Higher prevalence of HPV 16 has been noted
in studies of younger patients (under age 40)
diagnosed with oropharyngeal cancer (46,47).

Worldwide reported rates vary but also show
increases in the past two decades. For example,
between 1982 and 2008, Australian incidence of
oropharyngeal cancer increased from 2.83 to
3.97/100,000 among men and from 0.79 to
1.01/100,000 among women, representing average
annual increases of 1.2% and 0.8%, respectively
(28). A similar trend was observed in Spain for which
increases of 2.39% in men and 1.52% in women
occurred between 1991 and 2001 (22). Rates in
Canada and the United States have demonstrated
similar increases (3,26). In a Canadian study on
cancer incidence and socioeconomic status, Hwang
et al. reported that incidence was the highest in the
lowest income group, but that the largest increase
in incidence between 1992 and 2007 was among
those in the highest-income quintile (26).

HPV-positive oropharyngeal tumours are most
frequent at the base of the tongue and in the
tonsillar region (5,7,9). Annual increases in
incidence of 2.1% (tongue) and 3.9% (tonsils) have
been observed (19) and rates in men are three to
four times higher than in women
(1,2,5,7,13,18,22,28,48). For example, studies in
Europe have indicated head and neck cancer
incidence rates of 16/100,000 in men versus
3.3/100,000 in women (22). These results parallel
sex differences in oral HPV infection prevalence
rates seen (e.g. 10.5% in men and 3.6% in women)
that have been reported in large sample studies
(23).

Oral HPV Infection

Prevalence and incidence of oral HPV infection vary
by geographic location and sub-population.
However, several large sample studies have
reported results that are similar. Kreimer et al.
conducted a systematic review of 18 studies from
11 countries (Spain, Canada, USA, Brazil, UK, Japan,
Greece, South Africa, Tobago, Sardinia and Finland)
that were completed between 1997 and 2009. The
studies included both males and females (N=4,581
in all studies) and Kreimer reported an overall
prevalence of 4.5% (16). In more recent studies,
Gillison et al. reported an overall prevalence of 6.9%
in a cross-sectional study of 5,579 men and women
aged 14 to 69 (49). Rates in men were higher, at
10.1%, versus 3.6% in women. Of the 6.9% with HPV
infections, 3.7% were positive for one of 18 high-risk
HPV types. In another study, Pickard reported a
prevalence of 2.4% among 1,000 male and female
college students (8,13). In addition, Edelstein et al.
found a 7.5% prevalence in male university students
(50). In these studies, HPV 16 was the most
common high-risk HPV variant. Gillison et al. and
Kreimer et al. reported high-risk HPV prevalence
rates of 1% and 1.3% in their respective studies
(16,49).

HPV Variants and Disease

There are over 100 known types of HPV, and they
are classified into two types: a) low risk and b) high-
risk or oncogenic (cancer causing). Fifteen or more
are classified as oncogenic (3,7,12,36,39).

As noted earlier, of the oncogenic HPVs, research
indicates that HPV 16 accounts for about 90% of all
HPV-positive oropharyngeal cancer; whereas HPV
16, 18 and 33 combined account for about 98% of
HPV-positive oropharyngeal cancers
(6,7,12,19,28,31,33,35, 44,45).



3. Natural History

The natural history of HPV from infection to
oropharyngeal cancer is not well researched, and
much of what is known comes from research on
HPV-related cervical cancer. More needs to be
known about the probability of infection under
different conditions; incidence in different
populations; duration of infections; and factors
associated with persistent infections versus
increased ability to clear the infections.

HPV viruses are double-stranded DNA viruses. They
replicate in the squamous epithelia in areas such as
the cervix, anus and tonsils (7,51). The HPV
infections occur in the keratinocytes of the skin or in
the mucous membranes. After infection, the viruses
use the host cell’s DNA replication mechanisms to
produce viral genetic fragments at the supra-basal
layer of the epithelium (7). It is these HPV
oncoproteins, primarily E6 and E7, that are
considered to cause cancer by suppressing or
eliminating natural tumour suppressors in the body
(e.g. p53 and pRb)(4,5,12,33,45). HPV-positive
tumours are distinctly different from HPV-negative
tumours (which are often caused by tobacco use)
and demonstrate a different aetiology and clinical
pathological characteristics (12,19,23,30,32,38).
HPV-related oropharyngeal tumours typically
present as T1/T2 tumours and with advanced
disease in the neck (N2/N3). They are frequently
mistaken for cysts (5).

Some evidence indicates that oral HPV infections
likely clear within one to two years in most people
(3-5,10,12-15). However, infections may persist in as
many as 5-10% of patients. If the infections are
caused by high-risk HPV 16 or 18, there is an
increased risk of developing precancerous lesions in
a process that takes 10 to 20 years or longer (5,7).
Signs and symptoms of oropharyngeal cancer may
include persistent sore throat, earaches,
hoarseness, enlarged lymph nodes, pain when
swallowing, and unexplained weight loss. However,

some people may not have these signs or symptoms

(9).
Risk Factors

In the literature on head and neck cancer, tobacco
use and heavy alcohol consumption are almost
always indicated as main or classical risk factors for
oral cavity and oropharyngeal cancers (5,12,13,19,
22,31,33,48). However, oropharyngeal cancer rates
have been rising among people without those
classical risk factors, and some studies have not
found significant associations between smoking and
drinking alcohol and risk (5,19). For example, in an
Australian study, 28.6% of the HPV-positive cases
were “never smokers” (32) The risk associated with
HPV is further illustrated by Anantharaman et al.,
who reported that HPV 16 seropositivity was
associated with a significantly increased risk of
oropharyngeal cancer (OR 8.6, 95% Cl 5.21-
14.2)(35). Similar results (e.g., OR 5.39, 95% Cl 3.25-
8.94) have been found in other studies (8).

Given this and other recent evidence, the most
important risk factors for all HPV-positive
oropharyngeal cancer appear to be oncogenic HPV
infections (particularly HPV 16) and sexual activity,
where earlier age of first sex and multiple partners
were associated with increased risk (2,6,7,12,13,16,
20,22,27,28,31-33,35,44,45,48,52). Kreimer et al.,
for example, found that detection of prevalent HPV
infection in oral exfoliated cells increased the odds
of oropharyngeal cancer more than 13-fold. And in
the study by Gillison et al. of 5,579 adult males and
females, the prevalence of HPV infection was higher
among males, at 10.1%, than among females, at
3.6%. Among males and females with 20 or more
sex partners, vaginal and oral infection rates, at
20%, were almost three times higher than the
overall rate of 6.9% (16,49).

Additional evidence suggests that open-mouthed
kissing may also be a risk factor (8,9,13,20,27,52).
For example, a recent study of university students
by Pickard et al. found that open-mouth kissing (i.e.,
five or more kissing partners and no other sexual



activities) was associated with a much higher risk of
oral cancer than alcohol use (8).

4. Screening, Treatment, Outcomes, Vaccine

Screening

Detection of HPV is usually done using one or more
of the following methods: a) HPV DNA testing, b)
HPV RNA testing to look for E6 or E7 oncoprotein
expression, c) immunohistochemistry to detect p16
expression (p16 protein functions as a tumour
suppressor and is over-expressed in HPV cancers),
or d) a real-time polymerase chain reaction (PCR) to
measure HPV viral load (4,5,12,20,35,38). Routine
screening for HPV has been recommended for
oropharyngeal cancers as an important component
of staging and to identify the best course of
treatment (53-56).

However, screening is generally not routinely
conducted in dental or primary care offices because
of a lack of standardized government-approved
tests (9).

Oropharyngeal Cancer Treatment and Outcomes

Typical treatment is combined radiation therapy
and chemotherapy and may include surgery (7,20).
Patients diagnosed with HPV-positive oropharyngeal
cancers have a better prognosis and treatment
outcomes compared to HPV-negative cancers
attributed to tobacco or alcohol use (3,21,22,30,32,
34,36,38). For example, in a Johns Hopkins studly,
three-year survival rates for HPV-positive patients
were 93% and at five years were 89%. Those free of
cancer at five years had an 8.6% chance of
recurrence at 10 years. This is better than HPV-
negative cases, with 50% recurrence rates, most of
which occur two to four years after therapy (38).
Other studies have reported three-year survival
rates of 87% in HPV-positive oropharyngeal cancer,
cases compared to 57% in HPV-negative patients
(5). However, there is some evidence that survival
rates among HPV-positive cases are still negatively
affected by smoking (38,44).

The recognition that HPV-positive tumours are
aetiologically distinct and have a better prognosis
than HPV-negative tumours has led to the
suggestion that treatment for each type could
differ. Bose et al. suggest that treatment for HPV-
positive patients could be reduced in intensity, as do
Gildener-Leapman et al. Additionally, HPV-positive
patients may be candidates for immunotherapies
such as those directed towards E6 and E7
oncoproteins (21,39,57). These approaches
represent a shift from the standard anatomically
specific approaches such as surgery and
radiotherapy (21).

Vaccines

Two HPV vaccines, Cervarix and Gardasil, are known
to prevent the same HPV variants that are
associated with oropharyngeal cancers (HPV 16 and
HPV 18). Until recently, HPV vaccination programs in
most countries focused on girls and women and the
prevention of cervical cancer. However, increasingly
it is being suggested that there is the need for more
comprehensive vaccination programs that include
both males and females (1,3,7,9,16,27,29,30,48,58-
60). This is based on the recognition that both sexes
share the burden associated with HPV and that the
vaccines will likely prevent other HPV-related
diseases. For example, the CDC in the United States
has suggested that the available HPV vaccines may
prevent oropharyngeal cancer (9). In support of the
CDC’s position, it has been estimated that 33% to
72% of oropharyngeal cancers could be prevented
through the elimination of HPV with an effective
vaccination program (2).

The quadrivalent HPV vaccine (Gardasil) provides
protection against HPV types 6, 11, 16 and 18,
whereas the bivalent HPV vaccine (Cervarix)
protects against the high-risk oncogenic types 16
and 18 (6,59,61). The CDC recommends the HPV
vaccine for 11- to 12-year-old girls, and the
quadrivalent vaccine, Gardasil, for 11- to 12-year-
old boys. The vaccines can be given starting at nine
years of age. Other examples of medical
organizations that have recommended the need for



vaccination programs to include both males and
females are: Canada’s National Advisory Committee
on Immunization; the European Medicines Agency;
CDC (US); American Academy of Pediatrics (AAP);
and advisory bodies in Australia (7,11,62).

It has been argued that previous economic
evaluations underestimated the future prevalence
of HPV, and thus the benefits of comprehensive
vaccination programs (29). Crosignani et al. (2013)
reviewed studies on the natural history of HPV
infection in women and men including analyses of
clinical effectiveness and economic efficacy of HPV
vaccination. They concluded that the evidence
supports HPV vaccination programs for both males
and females. When non-cervical diseases, such as
oropharyngeal cancer, were considered in the
analysis, the cost per quality-adjusted life year
(QALY) decreased significantly (7). This conclusion
was supported by Elbasha et al., who found that
vaccination programs that included boys would be
beneficial in reducing head and neck cancers in
men, and would also be cost-effective (59). This
study and others have shown that cost-
effectiveness of vaccines in males increases
substantially if vaccine uptake in females is low
(63,64). Lower awareness and less promotion of
vaccination for males have resulted in low uptake in
that population to date. Stupiansky noted that there
is general acceptability of HPV vaccination among
men, parents of boys, and health care providers (1).

5. Discussion — Implications for Public Health

Head and neck cancers represent more than 3% of
all cancers worldwide (18,19,23). Although the
overall rates of head and neck cancer have been
declining, significant increases in HPV-related
oropharyngeal cancer have occurred in the past two
decades, with clear evidence that rates are three to
four times higher in males. These cancers are the
result of oral HPV infections that are likely sexually
transmitted. There is evidence of a globally

emerging HPV-related oropharyngeal epidemic that
will likely worsen in the coming decade (54,65).

Public health leaders and policy makers must
acknowledge this growing problem. There is a need
for increased public-health messaging about HPV
transmission and prevention and screening for
oropharyngeal cancer, especially in younger men
who are unaware of the risks and opportunities for
prevention (28). Enhanced screening would
contribute to the evaluation of vaccine effectiveness
for the prevention of oropharyngeal cancers (66),
and furthermore the CDC has indicated the vaccines
would likely prevent oropharyngeal cancer (9).

Policy makers and health care providers should
therefore promote more comprehensive
vaccination programs that include both males and
females to provide an enhanced, more equitable
cancer prevention program for sexually transmitted
diseases and related cancers (67-70).

Additionally, the opportunities for public health to
have an impact in this area include the following
activities: a) development of a standardized
screening test for oral HPV infection, b) routine
screening for oral HPV infections in primary care
and dental offices (3,7,36,37) c) development of a
self-administered screening test (36), d) increased
public health surveillance of oral HPV infections, and
e) evaluations of vaccination programs for older
people. Implications for both treatment and
research are based upon the different aetiologies of
HPV-positive and HPV-negative oropharyngeal
cancers, and the evidence of better treatment
outcomes achievable for HPV-positive patients
(23,28,71-74). The research suggests HPV-positive
patients could be treated differently from HPV-
negative patients, and that these groups should be
managed separately for future clinical studies
(22,35,75).

Oropharyngeal cancer incidence has been on the
rise, and there are sufficient indications that this
trend will continue. In the field of public health, HPV
vaccines are beginning to reduce the prevalence of



sexually transmitted HPV infections. There are ten
to 20 years between the time of HPV infection and
the development of oropharyngeal cancer. There
are therefore many opportunities to effectively
prevent, detect and treat a disease whose true
impact on adults during their most productive years
has not yet been fully realized.
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