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Abstract Human papillomavirus (HPV) associated head
and neck squamous cell carcinomas (HNSCCs), have
become a serious global health problem. Despite decreases
in HPV-negative HNSCCs, the prevalence of HPV-positive
HNSCCs has significantly increased. HPV-positive can-
cers are associated with superior survival outcomes when
compared to HPV-negative cancers, which appears likely
to be associated with differences in the molecular patho-
genesis of the two diseases. While therapies are still prob-
lematic, the current HPV vaccine programs hold a prom-
ise for the primary prevention of HPV-related HNSCCs
and since Australia was the first to introduce a nationwide
HPYV vaccine program, it is in a unique position to observe
the effects of the vaccine on HNSCCs. This review dis-
cusses the epidemiological trends associated with HPV in
HNSCC, with reference to the differences between HPV-
positive and HPV-negative HNSCCs and the prevention
potential of HPV vaccines.
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Introduction
Head and neck squamous cell carcinoma (HNSCC) is an

emerging disease that is relatively common, and character-
ized by high morbidity and high mortality. Collectively,
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HNSCC is among the six most commonly diagnosed malig-
nancies worldwide [1]. Most of these carcinomas arise in
the epithelial lining of the oral cavity and differ in biology,
pathogenesis, histological features, location, and treatment
response [1]. According to the Australasian Association of
Cancer Registries (AACR), there are 18 different anatomi-
cal sites categorised as head and neck cancers, including
the oral cavity, larynx, oropharynx, hypopharynx, naso-
pharynx, and sinonasal tract [2]. Globally, head and neck
cancer incidence varies by geographical location and gen-
der, much of which can be attributed to the differences in
the prevalence of smoking and alcohol consumption, betel
quid/areca nut consumption in different populations as well
as the emergence of the human papillomavirus (HPV) as
a causative agent [3, 4]. In general, the age—standardiza-
tion frequency of head and neck cancer worldwide is 8.1
per 100,000. In 2008, some 550,319 new head and neck
cancer cases were diagnosed worldwide, while in 2012 that
number grew to 599,637 with 324,834 related deaths [5, 6].

Globally, the highest incidence rate estimated is in
Europe with 99.6 cases per 100,000 while Middle Africa
(3.4/100,000) has the lowest rate [3, 7]. North and South
America, Australia and New Zealand as well as the Car-
ibbean Islands have reported estimates that are above the
worldwide estimates while rates through Asia and Africa
are below the worldwide rate [3, 6]. Interestingly, males
account for much higher proportion of head and neck can-
cer cases worldwide, estimated to be threefold higher com-
pared to females, male to female ratio ranges from 2:1 to
4:1 [3, 6]. The global death rate from head and neck cancer
is 4.4 per 100,000 with females, showing a mortality rate
that is nearly fourfold lower than males (2.0/100,000 vs.
7.1/100,000) [3, 6].

In Australia, the number of new cases diagnosed with
head and neck cancer is rising, where the number of cases
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increased from 2475 in 1982 to 3121 in 2011, accounting
for 3.4% of all cancer cases. Australian males have a higher
proportion of HNSCC, accounting for 73.8% (2875) of
cases compared to 26.2% (1021) female cases diagnosed in
2009 [2].

In 2012, the total numbers of deaths due to HNSCC
accounted for approximately 2.2% (973) of all can-
cer deaths in Australia. Death rates due to HNSCC were
higher for males with 691 deaths (73.2%) compared to 253
(26.8%) for females reported in the same year [2]. In addi-
tion, the 5-year survival rate between 2006 and 2010 was
relatively stable, at 68.2% of all head and neck cancers
combined in Australia [2].

This review examines the causes of HNSCC together
with emerging trends of this disease in Australia, as well
as the possible impact of the HPV vaccine. Since Australia
was the first country to introduce a nationwide HPV vac-
cine programme, it is in a unique position to observe the
early effects of the HPV vaccine on HNSCC.

Epidemiology of Head and Neck Squamous Cell
Carcinoma (HNSCC)

Tobacco use and alcohol consumption are the well-known
behavioural risk factors associated with head and neck can-
cer [8, 9]. In addition chewing betel quid/areca nut in the
Indian sub-continent and Southern Asia has been shown
to be associated with oral cancers [4]. Other factors may
include genetics, environmental and occupational hazards
[9, 10]. Interestingly, people in occupations related to wood
and/or leather work have a 20 fold increase in sinonasal
squamous cell carcinoma while smoking only increases the
risk by two or three fold [11]. In the last 20 years, smoking
and alcohol use has declined considerably in the developed
world [12-16], which contributed to a significant decrease
in HNSCC cases related to smoking and alcohol [14, 17].
In Australia, tobacco use in males was highest (70%) in the
1930s—1940s [18] and has declined significantly over time
to 16.4% in 2010 in males aged 14 and older. In 2010, 38%
of Australians smokers aged 14 years or older also con-
sumed alcohol at high levels, compared to people who had
never smoked [18].

Oropharyngeal squamous cell carcinomas (OPSCC) are
increasing markedly worldwide, and have been linked to the
emergence of HPV as a risk factor [14, 16]. In 2008, there
were 85,000 OPSCC cases globally and approximately
22,000 of these cases were HPV positive [19]. Chaturvedi
et al. estimated that HPV-positive OPSCC incidence will
be greater than cervical cancer by 2020, and 50% of these
cases will be related to HPV by 2030 [20]. The increase in
incidence and mortality rates of HPV-associated OPSCC is
well reported in Australia, European countries, and North
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America [20-24], but such a trend has not been well docu-
mented in Asia, South America, and Africa [22, 24]. This
worldwide variation in the incidence of OPSCC could be
due to activities related to differences in culture, socioeco-
nomics, and geographical background [25].

According to the Australian Institute of Health and Wel-
fare, the number of pharynx including nasopharynx and
oropharynx (the base of the tongue, and the tonsils) as
well as hypopharynx cancer cases diagnosed is rising [2].
Pharynx cancer rates increased from 2.9/100,000 in 1982
to 3.2/100,000 in 2009, which accounted for approximately
19% of all new cancers diagnosed in 2009 [2]. In addition,
death rates for pharynx tumours remained relatively stable
over that period at around 1.2 deaths/100,000, with males
accounting for a much higher mortality rate [2]. In general,
5-year relative survival between 2006 and 2010 was higher
for all HNSCC cancers, with 55.5% (54.8% for males and
58.2% for females) than for pharynx cases [2].

Several studies have hypothesised that changes in sexual
behaviour such as increasing the number of sexual part-
ners and oral-sex partners, early age sexual debut and same
sex sexual contact, might contributed to the increase inci-
dence of HPV-positive OPSCC cancers [23, 26, 27]. Rissel
et al. reported that number of sexual partners, oral and anal
sex experiences have increased between 2001-2002 and
2012-2013 among Australian adults [28]. Increasing HPV-
positive oropharyngeal cancers are consistent with differ-
ences in sexual behaviour; however, it is unclear whether
the higher prevalence of these malignancies in the orophar-
ynx is due to the natural history of oral HPV or changes in
sexual behaviour [15, 23, 26].

Human Papillomavirus

HPV is a circular, non-enveloped, double-stranded DNA
virus. The viral genome, consisting of approximately 8 kb
in size, encodes two regulatory proteins (early genes El
and E2), three oncoproteins (E5, E6, and E7), and two
structural capsid proteins (late genes L1 and L2) [29, 30].
To date, over 150 strains of HPV have been completely
sequenced [31]. HPV can infect cutaneous or mucosal
sites; cutaneous types include HPV 2, 3, 10, and 57 caus-
ing common warts and flat warts [31]. Mucosal HPV are
categorized into high-risk HPV and low-risk HPV groups,
according to their ability to transform epithelial cells [3].
The WHO defines 12 HPV types as being high-risk cancer
causing types, and further eight types are regarded as pos-
sible cancer causing [31]. High-risk HPV genotypes such
as HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59
are capable of transforming mucosal epithelial cells and
introducing malignant lesions, while low-risk HPV geno-
types such as HPV 6, 11 are associated with benign lesions
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such as warts or condylomas [3, 30, 31]. Benign lesions in
the oral cavity are common, and most often involve HPV
6 and 11. These HPV genotypes are also often associated
with uncommon benign conditions in the larynx such as
laryngeal papillomatosis and laryngeal polyps [3]. Epide-
miological studies have shown that HPVs are present in
humans almost globally, however, infection with high risk
strains can lead to development of cancer only in a small
fraction of cases [32].

HPYV Oncogenic Mechanisms

The association between HPV and cancer has been exten-
sively studied in cervical squamous cell carcinoma, where
HPV 16 and 18 are the causative agents for most cervical
carcinomas [33, 34]. Mucosal HPVs are mostly sexually
transmitted and infect the genital region. These viruses
are crucial but not sufficient on their own to cause cervi-
cal cancer. In addition, HPV has also been reported to be
connected to the development of other squamous cell can-
cers such as HNSCC [15], and it has been reported that
HPV 16 is responsible for at least 90% of HPV-HNSCCs
[27, 31-34]. The malignant transformation starts by the
integration of high-risk HPV DNA into the host cellular
genome that disrupts the expression of the gene encoding
the E2 protein [34, 35]. This disruption results in overex-
pression of the viral E6 and E7 oncogenes, as E2 act as a
transcriptional repressor of these oncogenes [35]. The E6
onco-protein binds to the tumour suppressor protein p53
and signals the cellular degradation of p53, which results
in genomic instability through deregulation of both G1/S
and G2/M cell cycle checkpoints [36-39]. The HPV E7
can induce cellular proliferation by binding and mimicking
phosphorylation of the retinoblastoma tumour suppressor
protein (pRb) leading to uncontrolled G1/S phase of cell
cycle [36-39].

In addition, pRb inactivation results in upregulation of
p16™K44 (p16) tumour suppressor protein, and most HPV
associated HNSCC show p16 overexpression as detected by
immunohistochemistry assay [40]. One study reported that

pl6 overexpression in lymph node metastases in HNSCC
is a marker for HPV-positive oropharyngeal cancers [35].
In contrast, downregulation of pl6 expression is common
in HPV-negative HNSCC, and usually is associated with
mutation in the TP53 gene that encodes for p53 [35].

The molecular mechanisms between HPV infection in
cervical cells and in oropharyngeal cells are likely to be
similar [31], however, HPV genome integration and E6/
E7 mRNA expression in various HNSCC subtypes is more
complex. In a HPV E6/E7 expression study, it was reported
that unlike cervical cancer, HPV 16 E6/E7 mRNA tran-
scription in malignant tonsillar tumour can occur in the
absence of HPV DNA integration [35], while in a recent
study it was reported that 88% of oropharyngeal squamous
cell carcinomas had some integrated HPV and that solely
episomal HPV was uncommon [34]. At present, the sig-
nificance of episomal HPV and the ability of the virus to
proliferate in an episomal form with a high copy number in
host cancer tissues remain unclear [34, 35].

HPV-Positive and HPV-Negative Cancers

HPV-associated HNSCC have different risk factors, clini-
cal characteristics and tumour biology when compared to
tobacco/alcohol-associated HNSCC [38]. The disease enti-
ties of HPV-associated HNSCC are remarkably distinct
from those of HPV-negative [30]. HPV-positive cancers
are driven by oncogenes E6 and E7 interaction with p53
and pRb pathways, and have the feature of pl16 upregula-
tion [15, 30, 37-41]. By contrast, HPV-negative HNSCC
are characterized by mutations in TP53 and pRb genes with
p16 downregulation [15, 16]. The most common alterations
in HPV-negative HNSCCs are p53 mutations resulting in
genomic instability, drug resistance as well as reduced sur-
vival after surgery [16] (Table 1). In an exome sequencing
study, higher p53 mutations rate were reported in tobacco-
related tumours compared with HPV-positive HNSCC [42].

In addition, patients with HPV-associated HNSCC
cancers have more favourable survival outcomes com-
pared to HPV-negative individuals [15, 23]. Patients with

Table 1 Characteristics of

et > Characteristic HPV-positive HPV-negative
HPV-positive and negative
HNSCC Incidence Increasing Decreasing
Subsite Primarily oropharyngeal All HNSCC

Main risk factors

Mean age at diagnosis (years)
pS3 status

p16 expression

Chemo-radiotherapy and recurrence

Prognosis (5 years OS)

Sexual behaviour Alcohol and tobacco

~55 ~60

Wild-type Mutated

Over expression Decreased expression
Better Comparatively less
75% 25%
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HPV-positive malignancies are usually diagnosed at later
stage (65-93%) based on nodal involvement [15] (Table 1).
In a recent study, Klozar et al. compared prognostic param-
eters in patients with HPV-related, and HPV-negative
HNSCC tumours, and results showed a better survival in
those with HPV-positive tumours, regardless of lymph
node metastasis [43]. Similarly, a meta-analysis of 37 stud-
ies concluded that patients with HPV-positive HNSCC had
lower risk of overall death and recurrence as compared
with HPV-negative patients [44].

Patients with HPV-associated HNSCC often had less
history of smoking and drinking [22, 24]. These patients
usually are younger than HPV-negative patients [21, 23]
(Table 1). Hocking et al. investigated oropharyngeal and
oral-cavity cancer rates in Australia in 1982-2005 and
showed that HPV-positive patients were diagnosed at
younger age compared to HPV-negative individuals [23].
Similarly, a phase 3 clinical trial showed a strong asso-
ciation between tumour HPV status and overall survival
among patient with HPV-positive oropharyngeal cancers
receiving radiotherapy and cisplatin. This study reported
that patients with HPV-positive cancers were younger and
had a reduced amount of smoking exposure [45].

Furthermore, HPV-positive HNSCC are likely to be
preventable by vaccination [37]. A randomize clinical trial
by Herrero et al. showed that bivalent HPV vaccination
reduces the prevalence of oropharyngeal HPV 16/18 infec-
tion by 93.3% in the vaccine cohort compared to the control
group [46]. This suggests that HPV vaccination may have
strong protection against oral HPV infection, and poten-
tially reduce the incidence of HPV-positive oropharyngeal
cancer in the future.

HPV-Positive Head and Neck Cancers

HPYV associated malignancies of the head and neck vary by
site and arise mainly in oropharyngeal sites [3, 23], such as
tonsils, base of tongue, and other oropharynx, while other
oral sites, such as the ventrolateral tongue, gingivae, cheek,
palate, and floor of mouth shows less HPV association and
are mainly attributed to tobacco and alcohol use [3, 47].
The incidence of HPV-positive OSCC has increased world-
wide [38, 48, 49]. In the oropharynx, tonsillar tumours
followed by base of tongue cancers have the highest HPV
prevalence rate [3, 12, 22, 50, 51], and these two carcino-
mas account for 90% of all oral squamous cell carcinomas
[3]. Increased incidence of oropharyngeal cancers has been
observed in developed countries, where HPV has consist-
ently been detected in these cancers [3, 22]. In Europe,
the incidence of HPV-related tonsillar cancers increased
from 23% during 1970-1979 to 93% during 20062007
[52] and similar increases in HPV-positive base of tongue
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cancers has been reported [7, 12]. Furthermore, the asso-
ciation between HPV and oropharyngeal cancer was dem-
onstrated by HPV DNA isolated from OPSCC tumours and
an increase in seropositive for HPV antibodies in OPSCC
patients [22]. Gillison et al. reported that oropharyngeal
tumour samples were more likely to have HPV DNA com-
pared to non-oropharyngeal specimens [17].

In Australia, HPV-positive tumours are also highest
in the tonsil and base of tongue cancers [23]. During the
period from 1982 to 2005, 8844 cases of HPV-positive
oropharyngeal cancers were reported, of these tonsillar
cancers accounted for 44.1% followed by tongue cancer
(29.5%) and other oropharyngeal cancers (26.4%) [23]. In
addition, the annual percentage of HPV-positive cancers for
both males and females significantly increased during this
period [23].

Treatment and Vaccination

Traditionally, HNSCC were treated using extensive surgi-
cal removal of tumours. However, surgery has a high rate of
mortality due to the difficulty to access tumours within the
oropharynx. In addition, these therapies affect critical func-
tions such as speech and swallowing [24]. Non-surgical
treatment options, such as radiotherapy and chemotherapy
are often added to standard treatments and improve treat-
ment outcomes [24, 40]. As with many other solid tumours,
the effectiveness of HNSCC treatment reduces with more
advanced stage of the disease [53]. In a randomized study
that included oropharyngeal cancer patients with advanced
stage cancers, radiation therapy alone or in combination
with chemotherapy were tested. Results showed significant
improvement up to 3-years survival and longer disease-free
period in the combination therapy group [54]. However,
even with the noticeable improvement using these tech-
niques, several side effects can affect outcomes. Surgery
carries high risk of morbidity and chemotherapy has the
risk of post-treatment swallowing dysfunctions. In addition
to several side effects, these treatment therapies are costly
and do not prevent HPV infections and cancers [54]. It is
also emerging that there is a subset of HPV positive head
and neck cancer that are less responsive to chemo-radiation
therapy and gene expression biomarkers may be needed to
identify these [55].

According to the Australian Institute of Health and
Welfare, the number of surgeries performed for HNSCC
increased from 16.5/100,000 in 2002-2003 to 18.7/100,000
in 2011-2012. Over the same period, rates for HNSCC
involving radiotherapy changed from 0.1/100,000 to
0.6/100,000 and for chemotherapy from 12.9/100,000 to
19.8/100,000 [2].
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Table 2 Estimated reductions in new HPV 16 infections in males and females, relative to pre-vaccination levels in Australia

Proportional reduction in HPV 16 infections,
relative to pre-vaccination levels in 2006

Current program

PLUS male vaccination
(with catch-up)—high

PLUS male vaccination (with
catch-up)—Ilow coverage

coverage
Male (%) Female (%) Male (%) Female (%) Male (%) Female (%)

2010 26 41 26 41 26 41

2020 44 62 54 64 62 67

2050 68 85 81 89 92 94

Post-vaccination equilibrium (~2075-2085) 73 89 87 93 99 99

Smith et al. [61]

Unlike HPV-negative HNSCCs, HPV-positive tumours
are quite sensitive to treatment [30], however, regardless of
the available treatments for the cancer, there is currently no
specific treatment for the HPV infections [54]. Two HPV
prophylactic vaccines, however, have been developed and
are currently used against HPV infection. A quadrivalent
vaccine, Gardasil, developed by Merck & Co., targets HPV
types 6, 11, 16, and 18. This vaccine was first licenced in
2006 for use in females aged 9-26 years old for the preven-
tion of cervical cancer, vulvar, and vaginal cancer [56-58].
The licence was expanded to include males aged 9-26 in
2009, where clinical trial data demonstrated the effective-
ness of the vaccine in preventing anal cancer [59] and
genital warts [30]. Another bivalent vaccine, Cervarix®,
developed by GlaxoSmithKline targets HPV types 16 and
18. Cervarix was licenced in 2009 for use in females aged
10-25 years old [30, 46, 56]. These vaccines are currently
used for the prevention of cervical cancer and vulvar neo-
plasia in females and anal cancer in both males and females
in the United States, Australia, and the European Union
[56, 60-63].

Since the majority of HPV-related oropharyngeal can-
cers are caused by HPV 16, both vaccines would likely be
effective in preventing HPV-positive HNSCCs. Neverthe-
less, clinical trials to study the impact of these vaccines
on oral HPV infection have not been conducted, although
clinical data have shown a decrease in the development
of HPV oral lesions in immunized animal models. There
does not exist a routine screening for HPV-positive oro-
pharyngeal carcinomas [30] as there are no easily identified
pre-cancerous lesions with HNSCCs [62]. Screening tests
would allow the natural history of oral HPV infections in
persons and the proportion of people with persistent oral
HPV infection, who might develop HNSCC to be deter-
mined [30]. In addition, as the incubation period within
HNSCC patients has not been fully defined, so the impact
of vaccination on HPV-positive OPSCC could take several
decades [61-63].

In 2007, Australia launched a National HPV Vaccination
Program (NHVP) that provided HPV vaccine for females

aged 12-13 years and in 2013 this was extended to include
males [62]. In 2011, 71.2% of Australian females aged 15
participated in NHVP program and it has been suggested
that this program may have an impact on the future inci-
dence of HNSCC [23]. In addition, this existing program
is predicted to reduce new HPV 16 infections in males by
68% by 2050 [61]. By expanding the routine vaccination
program to include males 9-26 years of age in a catch-up
program, it is estimated that this would result in an overall
reduction in HPV 16 infection by 81-92% in males [61].
This would also presumably reduce HPV-related HNSCCs
(Table 2).

Until recently, there were no studies to evaluate the
effect of vaccines on HPV-associated OPSCC prevention
[22]. Herrero et al. showed a reduction of 93.3% (95%
CI=62.5-99.7%) in HPV oral infections in those vacci-
nated against HPV 16/18 [46]. Longitudinal studies exam-
ining the effect of HPV vaccines on HPV-positive OPSCC
have not been conducted, and are unlikely to happen soon
as the long interval between HPV exposure and cancer
diagnosis make such studies challenging and costly [62].
However, observational results on the effect of vaccine on
HPV oral infections are encouraging and because most
HPV-related OPSCC are caused by high-risk HPV16, it is
likely that the vaccination would prevent oral HPV infec-
tions and consequently the development of OPSCC [22,
61]. Vaccine dose requirements have been investigated for
cervical cancer but not for HNSCC [63]. Therapeutic vac-
cines are being investigated for HPV-positive carcinomas
and the impact of these on HNSCC are yet to be addressed
[3, 62]. Also, a cost per life saved analysis would be useful
in determining benefits of the expanded vaccination pro-
gramme for males.

In December 2014, the FDA approved the use of the
nonavalent V503 vaccine (traded as Gardasil 9) which cov-
ers HPV genotypes 6, 11, 16, 18, 31, 33, 45, 52 and 58.
This vaccine appears to be safe and effective at preventing
infection with the HPV genotypes listed [64]. Since HPV
16 is the cause of 90% of HPV positive head and neck can-
cers it would be unlikely that the nonavalent vaccine would
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have a significantly greater impact than the current quad-
ravalent vaccine. In a French study by Riethmuller et al.
it was estimated that only 0-1.6% additional cases of oro-
pharyngeal carcinoma would be prevented by the nonava-
lent vaccine over the quadravalent vaccine [65]. From this
it would seem that both vaccine types would probably have
the same approximate effectiveness in relation to head and
neck cancers in Australia.

Conclusion

In summary, HPV infection is now recognized as a major
risk factor for HNSCC. Over the past decade, epidemio-
logical evidence reported a significant increase of HPV-
positive OPSCC in Australia and worldwide [24]. HPV
produces oncoproteins that induce malignant transforma-
tion by disrupting cell cycle control and proliferation [16].
HPV-positive HNSCC represents a distinctive pathologi-
cal entity with different epidemiological characteristics
compared to HPV-negative cancers, which result in differ-
ent biological and clinical tumour behaviour. The growing
burden of HPV-related carcinomas indicates a need for tar-
geted therapies as well as prevention strategies for patients
with such carcinomas [66]. HPV vaccination will likely
prevent the development of HPV-associated HNSCC; how-
ever, further studies are needed to evaluate the efficiency
of vaccines on these difficult tumours. Since Australia was
among the first countries to implement a national HPV vac-
cination program, it is in a unique position for observing
the effects of the vaccine on these cancers.
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