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Introduction
Cancers of the head and neck are diagnosed annually in more than half 
a million people worldwide. These cancers represent the fifth leading 
cause of cancer by incidence and sixth leading cause of cancer mortality. 
[1,2] More than 90 percent of head and neck cancers (HNC), which are 
defined as those cancers arising from the upper aerodigestive tract, 
are pathologically identified as squamous cell carcinoma (SCC). [3,4] 
Whilst the carcinogenesis of head and neck squamous cell carcinoma 
(HNSCC) has primarily been attributed to environmental factors such as 
tobacco and alcohol, evidence has implicated a subset of these cancers 
are directly resultant from infection with human papillomavirus (HPV). 
[5-7]

Considerable research has been conducted in recent years to 
understand HPV-positive HNSCC as well as other HPV-associated 
cancers. Studies have suggested that HPV is a sexually acquired 
infection, with the virus resulting in an oncogenic mechanism which 
causes cancer in some individuals. [8] Epidemiological data of HPV-
positive HNSCC has revealed a recent increase in the incidence of these 
cancers as well as a reduction in the median age of presentation. [8-11] 
Additionally, the treatment of these cancers is challenging and often 
results in disfigurement, physical disability and psychosocial morbidity 
in patients whom are fortunate enough to survive. [1,12]

The opportunity to decrease the incidence of HPV-associated cancers 
such as HNSCC has been highlighted by political and public attention 
generated since the introduction of HPV vaccination programs 
throughout the world to prevent cervical cancer. [13,14] As these 
programs target young women, the purpose of this review is to discuss 
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the role of HPV in HNSCC so as to educate healthcare workers on the 
importance of the announcement in Australia that young males will 
also be vaccinated against HPV. 

Body
Background
Human papillomaviruses were first described as having a carcinogenic 
effect in a seminal study by Orth et al. in 1979. [15] However, it was 
not until 1983 that Syrjänen and colleagues suggested HPV as having a 
specific role in the pathogenesis of HNC. [16] From this research, studies 
have investigated the link between HPV infection and subsequent HNC, 
with SCC of the oral cavity, [6] pharynx, [9] and larynx [17] all being 
described. These findings, as well as other research implicating HPV in 
cancer of the penis, [18] cervix, vagina, vulva and anus have allowed 
significant insight into understanding HPV. [19,20] 

Human Papillomavirus Virology
The virology of HPVs has uncovered that they are small, non-enveloped, 
double-stranded DNA viruses belonging to the Papillomaviridae family, 
with more than 120 different genotypes being described. [21] Research 
has categorised these HPVs into those which have a high carcinogenic 
risk associated with invasive cancer, whilst another group has been 
termed low risk or non-oncogenic. [4,22,23] Infections with the high 
risk genotypes, HPV 16 and 18, have become an increasing focus in 
head and neck carcinogenesis research. 

Human Papillomavirus genotypes in head and neck squamous cell 
carcinoma 
Studies investigating the exact role HPV infection plays in the 
development of HNSCC have consistently found that, overall, 
approximately 25 percent of HNSCC cases are associated with infection. 
[3,4,24] Furthermore, the degree of participation each individual 
genotype has in developing HNSCC has recently been reported in a 
large meta-analysis encompassing more than 5,000 cases. The high 
risk genotypes HPV 16 and 18 were found to be strongly implicated 
in HPV-positive HNSCC, with the authors uncovering that HPV 16 
was responsible for the majority of cases. [4] This finding has been 
repeatedly demonstrated within the literature with studies reporting 
that HPV 16 is involved in 85 to 95 percent of HPV-positive specimens. 
The remaining cases comprising HPV-positive HNSCC have been found 
almost exclusively to be caused by infection with HPV 18. [1,22,24] 

Infection 
Understanding the exact route of transmission of these high risk HPVs 

Background: Head and neck squamous cell carcinoma (HNSCC) is 
a significant global health burden. Approximately 25 percent of 
HNSCC cases are caused by human papillomavirus (HPV). These 
particular cancers of viral aetiology have been found to have 
distinct characteristics in regards to presentation, treatment 
and prognosis. Current advances in vaccinology have the 
capability to drastically decrease the incidence of HPV-positive 
HNSCC. Methods: A literature review was undertaken through 
MEDLINE/PubMED/Ovid databases. The terms “HPV,” “HNSCC,” 
“carcinogenesis,” “treatment,” “prognosis” and “vaccine” were 
searched. Only studies published in English were considered 
with 65 articles selected and analysed. Preference was given to 
studies published in the last ten years. Results: The incidence of 
HPV-positive HNSCC is increasing. Infection with HPV can result in 
cancer through the expression of oncogenic proteins which disrupt 
normal cellular turnover. Aggressive treatment is often undertaken 
causing significant morbidity in many patients. A proportion of 
patients die from this disease, suggesting that these cancers have a 
considerable impact on society. Conclusion: Human papillomavirus 
is an infectious agent that is likely transmitted through skin-to-
skin contact. The virus integrates into the DNA of the host with 
the high oncogenic risk genotypes, HPV 16 and 18 being strongly 
linked to HPV-positive HNSCC development.  Prevention through 
vaccination against these genotypes is currently an option for all 
individuals. The cervical cancer vaccines immunise non-exposed 
females against HPV 16 and 18. Vaccination of both males and 
females will prevent HPV-positive HNSCC.

Ross K Smith
Bachelor of Science
Fourth Year Medicine (Undergraduate)
James Cook University

Ross is keenly interested in surgical oncology, particularly in relation to ear nose and throat 
surgery. He also has research interests in venous ulceration. He is to spend the remainder of his 
medical degree at the Townsville Clinical School.



A M
S J

Australian Medical Student Journal54

primary care physicians is that of the presence of a painless enlarging 
neck mass. [39,40] This requires attention and work-up by specialist 
practitioners involving physical examination and diagnostic imaging 
which generally includes a combination of computerised tomography 
(CT), magnetic resonance imaging (MRI) and fluorodeoxyglucose 
positron emission tomography (PET) focusing on the area of interest. 
[40-43] Additionally, a panendoscopy under general anaesthesia is 
often performed with biopsy samples taken. [44] 

Regardless of the site of origin that HPV-positive HNSCC develops, a 
number of common trends have been uncovered using the tumour-
node-metastasis (TMN) staging system for HNC. In one study by Paz et 
al., 83 percent of HPV-positive HNSCC were reported as having positive 
lymph nodes, whilst only 44 percent of HPV-negative HNSCC had 
positive lymph nodes.[41,44] Furthermore, it has also been uncovered 
that patients diagnosed with HPV-positive HNSCC often present with 
tumours of a larger size. [1] Considering these facts, it is clear that HPV-
positive HNSCC presents at higher stages of disease.  

Treatment
The overall complex vital anatomy and functional processes that occur 
in the head and neck area, as well as advanced stages of presentation 
of HPV-positive HNSCC make the management and treatment of these 
cancers difficult. [45] Numerous medical specialities and allied health 
professionals, including clinical psychologists provide input into the 
care of people diagnosed with HPV-positive HNSCC. The primary goal 
of all healthcare professionals involved is to improve the survival of the 
patient, as well as preserving organ function. [45]

Following the initial cancer diagnosis, patients are staged according 
to the TMN system. In individuals that present in early stages, which 
include stages 1 and 2, the treatment aim is curative and employs 
radiation therapy or surgery as a single modality. However, in those 
patients that present in stages 3 or 4, the management is challenging 
and based on assessing functional outcomes and competing 
morbidities. [1,46] 

Treatment of advanced HNC, which has been noted to be more 
prevalent in HPV-positive HNSCC, previously employed surgical 
resection followed by radiation therapy. [46] However, this approach 
has been altered in recent times with one of two approaches being 
employed. The first option involves undertaking surgery and the 
patient receiving post-operative chemoradiation; whilst the second 
option is that of the patient receiving chemoradiation initially with 
surgical salvage being performed only if required. [46,47] 

There has also been the more recent suggestion within the literature 
that transoral robotic surgery particularly in the management of 
oropharyngeal SCC may offer improved clinical outcomes. In one 
study by Moore et al., [48] 45 patients with oropharyngeal SCC 
underwent transoral robotic surgery, with the study describing no 
major complications or no need to abort the surgery. Suggestions have 
been made that this surgery is a safer and more efficacious method 
of surgical treatment with very low estimated blood loss, decreased 
length of hospital stay and the enhanced ability of patients to retain 
or rapidly regain oropharyngeal function. [48,49] These results are 
suggestive of a shift in the management of oropharyngeal SCC and 
have implications for those patients diagnosed with HPV-positive 
HNSCC. [50] 

In addition to these therapies, treatment targeting epidermal growth 
factor receptors (EGFR) has emerged in protocols of locally advanced 
HNSCC. [1] A monoclonal antibody against the EGFR called cetuximab 
has been developed and has proven effective in improving locoregional 
control and overall survival in combination with radiation therapy. 
[51] It should also be noted that in those patients that present with 
metastatic disease and are too advanced for curative action to be 
undertaken, palliation of symptoms and prolongation of life is generally 
achieved by using chemotherapeutic agents. [39,46] 

to the upper aerodigestive tract has lead to the knowledge that HPV 
is a sexually acquired infection. [8] One study conducted found that 
of 15.4 million cases of sexually transmitted infections, 5.5 million of 
these cases were from HPV. [25] Behaviours such as increasing numbers 
of lifetime vaginal or oral sex partners, a history of other sexually 
transmitted diseases, a history of casual sex, early age of sexual debut 
and the lack of using barriers during vaginal or oral sex have all being 
associated with HPV infection and HPV-positive HNSCC. [7,26] Research 
has suggested that HPV is only able to survive in certain epithelial sites, 
including lymphoid tissue, and this tissue may represent a reservoir 
for HPV infection. In regards to the upper aerodigestive tract, tonsillar 
tissue has been proposed to harbour HPV which has the possibility of 
inoculating sexual partners. [27] 

Carcinogenesis
Whilst the vast majority of infections with the high risk HPVs are 
eliminated by the immune system and are therefore asymptomatic, 
studies have revealed that in some cases persistent infection can 
lead to cancer development. [28] The current carcinogenesis model 
that has been proposed suggests that HPV results in the initiation of 
cancer development, with a multitude of steps being involved in the 
progression to HPV-positive HNSCC. [29] 

The commencing step in HPV-positive HNSCC development is viral 
infection of basal epithelial cells through wounds or abrasions by 
invading the actively dividing cells in the area. [22] In the vast majority 
of cases the HPV DNA is then integrated into the host cell genome 
which causes two viral genes to be expressed. The two viral genes are 
known as E6 and E7 with research implicating their expression with 
mutations from a proliferative perspective. [29]

It has been found that the expression of E6 and E7 in humans is 
sufficient and necessary for immortal transformation of keratinocytes. 
[30] The E6 protein is known to bind to, and induce, the degradation of 
the p53 tumour suppressor protein. [22,31] This protein plays a critical 
role in controlling cell growth by regulating cell cycle progression and 
responds to stress via apoptosis. [31] Meanwhile, the E7 protein has 
been found to have a role in disrupting the retinoblastoma (Rb) pathway. 
[22] The HPV E7 oncoprotein binds to and causes destabilisation of the 
Rb protein and the transcription factor E2F complex. This results in the 
release of E2F which is then able to act on cellular proliferation genes 
and thus increase the level of cellular division. [32] 

Furthermore, research has also discussed the fact that genetic 
influences play a role in the development of HPV-positive HNSCC. 
One recent study by Chen et al. described that genetically susceptible 
individuals may be at increased risk of HPV 16-positive HNSCC. [33] The 
article suggests that alteration in vitamin C metabolism, manifested by 
the altered transporter SLC23A2, modifies the likelihood of HPV 16 
infection and subsequent HNSCC development. [33] 

In addition to host genetic susceptibility there is also a relationship 
between extrinsic factors and HPV infection. Although this issue 
remains somewhat controversial, [6] research has reported that HPV-
positive individuals whom are smokers have a greater risk of developing 
HPV 16-positive HNSCC. [34,35] The complexity of the carcinogenesis 
is also complicated by the impact of alcohol consumption. In those 
people who drink, there is an increased tendency for collagenase 
activity thus leading to increased likelihood of invasive cancer. [36,37] 
It is therefore apparent that although the cellular proliferation of HPV-
positive HNSCC has been well described, other influences may be 
involved in the carcinogenesis of HPV-positive HNSCC and this suggests 
that the disease may be multi-factorial. [38]

Presentation 
The sites of presentation of HPV-positive HNSCC development are 
varied, with all areas of the upper aerodigestive tract being observed 
in the clinical context. [1] Due to the large variation of cancer sites 
affected, a range of clinical presentations are evident in patients. 
One principal aspect of HNC that requires particular consideration by 
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one area of research that is actively being undertaken and may prove 
advantageous in future years. 

Additionally, it is well established that HPV-positive HNSCC responds 
more favourably to the current treatment options when compared 
to HPV-negative HNSCC. [55] Subsequently, there has been an 
appeal from the medical and scientific communities to decrease the 
aggressive nature of treatment for HPV-positive HNSCC in order to 
avoid unnecessary morbidity. [45] Current studies are focusing on this 
fact, with researchers requesting HPV-positive HNSCC to be classified 
as a separate disease entity. [1,7] The variation between treatment 
sensitivity is being investigated through efforts to understand the 
mechanisms behind increased response, as well as research to uncover 
optimal stratification of treatment. [22,63] 

Indications of the future of HPV-positive HNSCC suggest that 
prophylactic vaccination against high risk genotypes of HPV will 
decrease the incidence of HPV-positive HNSCC; however, this will not 
be demonstrated for many years. [57] Current investigations are being 
conducted regarding the cost-effectiveness of vaccinating males. Some 
studies have suggested that vaccination would be beneficial, [64] 
whilst others have disputed this finding. [65] There exists a need to 
fully investigate this point. A large scale study is required and whilst 
it was not considered in the scope of this review, anal and penile 
cancers as well as the opportunity to reduce the incidence of benign 
HPV disease associated with HPV 6 and 11 need to be included in the 
economic evaluation. [14] Additionally, it may be useful to include 
the positive effect of herd immunity that vaccinating males would 
have, especially considering that some females will have sub-optimal 
immune responses. [57] Homosexual males also need to be considered 
in the evaluation. This study, which could be conducted in Australia, 
needs to be fully reported so that developing countries can assess HPV 
vaccination programs in males and females. 

Conclusion
Much research has been conducted since the initial description of 
HPV and associated HNC development. The identification of the HPV 
oncoproteins E6 and E7 has allowed for the subsequent recognition 
of alteration in cellular pathways. The current treatment of patients 
diagnosed with HPV-positive HNSCC involves multi-disciplinary teams 
that often manage advanced disease with a positive prognostic status. 
Nonetheless, significant life-long treatment side-effects have been 
noted. 

Future research is likely to focus on trials investigating the increased 
susceptibility of HPV-positive HNSCC to different treatment regimens 
and may include a classification of HPV-positive HNSCC as a distinct 
subclass of HNSCC with less aggressive treatment protocols. 
Prophylactic vaccination protection against high risk genotypes 
associated with HNSCC is expected to be fully investigated. This may 
include investigations of alternative methods of delivery.   

It is essential that we capitalise on the current scientific development 
of prophylactic vaccines developed against HPV and actively educate 
parents of young children to vaccinate their children in order to avoid 
the complexities of HPV-positive HNSCC. 
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Prognosis
The numerous treatment options that are currently available have all 
been associated with significant psychological and physical morbidities. 
Problems such as mucositis, xerostomia, dysphagia, voice alterations 
and trismus have all been linked to the various modalities involved in 
treatment. [46,52,53] Additionally, the risk of recurrence as well as 
cosmetic effects related to aggressive treatments can have negative 
mental implications and lead to decreased quality of life. [1,53]

Despite the negative effects of treatment, research has shown HPV-
positive HNSCC as having an improved survival when matched with 
HPV-negative HNSCC. [54,55] This has been primarily attributed to 
an increased sensitivity of HPV-positive carcinomas to all treatment 
options, especially radiation therapy. [45,47] In one recent study by 
Charfi et al., [56] it was found that HPV-positive tonsillar SCC had a five 
year survival rate of 71 percent, compared to HPV-negative tonsillar 
SCC which had a five year survival rate of 36 percent.  Nonetheless, it 
is important to keep this in perspective with many patients fortunate 
enough to survive this cancer often having to deal with life-long side 
effects from aggressive treatment. [53]

Prevention
The overall seriousness of HPV-positive HNSCC has resulted in methods 
of reducing the burden of these cancers to be explored. There exists a 
distinct need to educate the population regarding the risk of exposure 
to HPV associated with sexual activities. Further, the public needs to 
acknowledge the importance of barrier contraception for penetrative 
intercourse as a possible means of avoiding HPV infection, in light of 
research remaining unconvincing regarding the route of infection. 
Moreover, the utilisation of prophylactic vaccines against HPV as a 
primary prevention health strategy in women to prevent a proportion 
of cervical cancers offers a way in which to prevent HPV infection in 
males. [14] 

Specific immune responses can be generated against HPV 16 and 
18 with reports of the efficacy of these vaccines being described as 
between 90 and 100 percent. [13,14] The vaccine induces immunity 
against HPV 16 and 18 with high levels of titres of antibodies being 
reported 6.4 years post-vaccination. [57] Females are currently 
receiving these vaccines through subsidised programs, and a subsidised 
program has recently been announced in Australia for males. [13,58] It 
is expected HPV-positive HNSCC incidence will dramatically decrease in 
future years with the vaccination programs. 

Integrated Discussion 
Current literature reports that HPV is a highly infectious agent. 
Whilst there does not appear to be a body of evidence that refutes 
this finding, the exact route of transmission has yet to be confirmed. 
Orogenital sex has emerged as one recent theory regarding infection, 
[59-61] however, this view has been questioned with the finding 
that open-mouth kissing may explain transmission. [26] From this, 
it appears that this variation in studies may be explained by the fact 
that sexual behaviours are difficult to study. Future research should 
accept that skin-to-skin contact of intimate nature is the route of 
transmission and instead focus on developing sex education programs. 
This is particularly important considering the increased acceptance of 
discussion regarding sexual practices. 

With an expected increase in the incidence of HPV-positive HNSCC 
into the foreseeable future, it is critical that practitioners are educated 
regarding the presentation of HPV-positive HNSCC. Whilst various 
clinical presentations have been described, it is also important to 
acknowledge that a younger population will likely present as people 
experimental with sex earlier in life, thus leading to increased possibility 
of HNSCC development, [1,22] as well as other HPV-associated cancers. 
[18,19] The current viewpoint of research has highlighted the need 
to fully investigate a painless enlarging neck mass and has accepted 
that the presentation of HNC is clinically challenging. There has been a 
calling for the development of non-invasive screening tools. [62] This is 

mailto:ross.smith@my.jcu.edu.au


A M
S J

Australian Medical Student Journal56

References
[31] Poeta M, Manola J, Goldwasser M, Forastiere A, Benoit N, Califano J, et al. TP53 
mutations and survival in squamous-cell carcinoma of the head and neck. N Engl J Med 
2007;357(25):2552-61.
[32] Hafkamp H, Speel E, Haesevoets A, Bot F, Dinjens W, Ramaekers F, et al. A subset 
of head and neck squamous cell carcinomas exhibits integration of HPV 16/18 DNA and 
overexpression of p16INK4A and p53 in the absence of mutations in p53 exons 5-8. Int J 
Cancer 2003;107(3):394-400.
[33] Chen A, Marsit C, Christensen B, Houseman E, McClean M, Smith J, et al. Genetic 
variation in the vitamin C transporter, SLC23A2, modifies the risk of HPV16-associated head 
and neck cancer. Carcinogenesis 2009;30(6):977-81.
[34] Smith E, Ritchie J, Pawlita M, Rubenstein L, Haugen T, Turek L, et al. Human papillomavirus 
seropositivity and risks of head and neck cancer. Int J Cancer 2007;120(4):825-32.
[35] Schlecht N, Burk R, Adrien L, Dunne A, Kawachi N, Sarta C, et al. Gene expression 
profiles in HPV-infected head and neck cancer. J Pathol 2007;213(3):283-93.
[36] Ziober B, Turner M, Palefsky J, Banda M, Kramer R. Type I collagen degradation by 
invasive oral squamous cell carcinoma. Oral Oncol 2000;36(4):365-72.
[37] Purdue M, Hashibe M, Berthiller J, La Vecchia C, Dal Maso L, Herrero R, et al. Type of 
alcoholic beverage and risk of head and neck cancer-a pooled analysis within the INHANCE 
Consortium. Am J Epidemiol 2009;169(2):132-42.
[38] Qin D. Carcinogenesis of Human Papillomavirus in Head and Neck Squamous Cell 
Carcinoma. Mechanisms of Oncogenesis 2010;12:179-86.
[39] Marur S, Forastiere A. Head and neck cancer: Changing epidemiology, diagnosis, and 
treatment. Mayo Clin Proc 2008;83(4):489-501.
[40] Cerezo L, Raboso E, Ballesteros A. Unknown primary cancer of the head and neck: A 
multidisciplinary approach. Clin Transl Oncol 2011;13(2):88-97.
[41] Paz I, Cook N, Odom-Maryon T, Xie Y, Wilczynski S. Human papillomavirus (HPV) in head 
and neck cancer. An association of HPV 16 with squamous cell carcinoma of Waldeyer’s 
tonsillar ring. Cancer 1997;79(3):595-604.
[42] Ringstrom E, Peters E, Hasegawa M, Posner M, Liu M, Kelsey K. Human papillomavirus 
type 16 and squamous cell carcinoma of the head and neck. Clin Cancer Res 
2002;8(10):3187-92.
[43] Quon A, Fischbein N, McDougall I, Le Q, Loo B, Pinto H, et al. Clinical role of 18F-FDG 
PET/CT in the management of squamous cell carcinoma of the head and neck and thyroid 
carcinoma. J Nucl Med 2007;48 Suppl 1:58S-67S.
[44] Patel S, Shah J. TNM staging of cancers of the head and neck: Striving for uniformity 
among diversity. CA Cancer J Clin 2005;55(4):242-5.
[45] Matzinger O, Zouhair A, Mirimanoff R, Ozsahin M. Radiochemotherapy in locally 
advanced squamous cell carcinomas of the head and neck. Clinical Oncol (R Coll Radiol) 
2009;21(7):525-31.
[46] Yao M, Epstein J, Modi B, Pytynia K, Mundt A, Feldman L. Current surgical treatment of 
squamous cell carcinoma of the head and neck. Oral Oncol 2007;43(3):213-23.
[47] Porceddu S, Campbell B, Rischin D, Corry J, Weih L, Guerrieri M, et al. Postoperative 
chemoradiotherapy for high-risk head-and-neck squamous cell carcinoma. Int J Radiat 
Oncol Biol Phys 2004;60(2):365-73.
[48] Moore E, Olsen K, Kasperbauer J. Transoral robotic surgery for oropharyngeal 
squamous cell carcinoma: A prospective study of feasibility and functional outcomes. 
Laryngoscope 2009;119(11):2156-64.
[49] Weinstein G, O’Malley B, Desai S, Quon H. Transoral robotic surgery: Does the ends 
justify the means? Curr Opin Otolaryngol Head Neck Surg 2009;17(2):126-31.
[50] Cohen M, Weinstein G, O’Malley B, Feldman M, Quon H. Transoral robotic surgery and 
human papillomavirus status: Oncologic results. Head Neck 2011;33(4):573-80.
[51] Bonner J, Harari P, Giralt J, Azarnia N, Shin D, Cohen R, et al. Radiotherapy plus cetuximab 
for squamous-cell carcinoma of the head and neck. New Engl J Med 2006;354(6):567-78.
[52] Giro C, Berger B, Bolke E, Ciernik I, Duprez F, Locati L, et al. High rate of severe radiation 
dermatitis during radiation therapy with concurrent cetuximab in head and neck cancer: 
results of a survey in EORTC institutes. Radiother Oncol 2009;90(2):166-71.
[53] Peterman A, Cella D, Glandon G, Dobrez D, Yount S. Mucositis in head and neck cancer: 
Economic and quality-of-life outcomes. J Natl Cancer Inst Monogr 2001;(29):45-51.
[54] Ang K, Harris J, Wheeler R, Weber R, Rosenthal D, Nguyen-Tan P, et al. Human 
papillomavirus and survival of patients with oropharyngeal cancer. N Engl J Med 
2010;363(1):24-35.
[55] Fakhry C, Westra W, Li S, Cmelak A, Ridge J, Pinto H, et al. Improved survival of 
patients with human papillomavirus-positive head and neck squamous cell carcinoma in a 
prospective clinical trial. J Natl Cancer Inst 2008;100(4):261-9.
[56] Charfi L, Jouffroy T, de Cremoux P, Le Peltier N, Thioux M, Freneaux P, et al. Two 
types of squamous cell carcinoma of the palatine tonsil characterized by distinct etiology, 
molecular features and outcome. Cancer Lett 2008;260(1-2):72-8.
[57] Romanowski B, de Borba P, Naud P, Roteli-Martins C, De Carvalho N, Teixeira J, et al. 
Sustained efficacy and immunogenicity of the human papillomavirus (HPV)-16/18 AS04-
adjuvanted vaccine: Analysis of a randomised placebo-controlled trial up to 6.4 years. 
Lancet 2009;374(9706):1975-85.
[58] Petaja T, Keranen H, Karppa T, Kawa A, Lantela S, Siitari-Mattila M, et al. Immunogenicity 
and safety of human papillomavirus (HPV)-16/18 AS04-adjuvanted vaccine in healthy boys 
aged 10-18 years. J Adolesc Health 2009;44(1):33-40.
[59] Winder D, Ball S, Vaughan K, Hanna N, Woo Y, Franzer J, et al. Sensitive HPV detection 
in oropharyngeal cancers. BMC Cancer 2009;9:440.
[60] Hill A. The environment and disease: Association or causation? Proc R Soc Med 
1965;58:295-300.
[61] Huang L, Seow K. Oral sex is a risk factor for Human Papillomavirus-Associated 
nasopharyngeal carcinoma in husbands of women with cervical cancer. Gynecol Obstet 
Invest 2010;70(2):73-5.
[62] El-Naggar A, Mao L, Staerkel G, Coombes M, Tucker S, Luna M, et al. Genetic 
heterogeneity in saliva from patients with oral squamous carcinomas: Implications in 
molecular diagnosis and screening. J Mol Diagn 2001;3(4):164-70.
[63] Weinberger P, Yu Z, Haffty B, Kowalski D, Harigopal M, Brandsma J, et al. Molecular 
classification identifies a subset of human papillomavirus-associated oropharyngeal 

[1] Goon P, Stanley M, Ebmeyer J, Steinsträsser L, Upile T, Jerjes W, et al. HPV & head and 
neck cancer: A descriptive update. Head Neck Oncol 2009;1(1):36.
[2] Karim-Kos H, de Vries E, Soerjomataram I, Lemmens V, Siesling S, Coebergh J. Recent 
trends of cancer in Europe: A combined approach of incidence, survival and mortality for 
17 cancer sites since the 1990s. Eur J Cancer 2008;44(10):1345-89.
[3] Termine N, Panzarella V, Falaschini S, Russo A, Matranga D, Lo Muzio L, et al. HPV in oral 
squamous cell carcinoma vs head and neck squamous cell carcinoma biopsies: A meta-
analysis (1988-2007). Ann Oncol 2008;19(10):1681-90.
[4] Kreimer A, Clifford G, Boyle P, Franceschi S. Human papillomavirus types in head 
and neck squamous cell carcinomas worldwide: A systematic review. Cancer Epidemiol 
Biomarkers Prev 2005;14(2):467-75.
[5] Hashibe M, Brennan P, Benhamou S, Castellsague X, Chen C, Curado M, et al. Alcohol 
drinking in never users of tobacco, cigarette smoking in never drinkers, and the risk of head 
and neck cancer: Pooled analysis in the International Head and Neck Cancer Epidemiology 
Consortium. J Natl Cancer Inst 2007;99(10):777-89.
[6] Herrero R, Castellsagué X, Pawlita M, Lissowska J, Kee F, Balaram P, et al. Human 
papillomavirus and oral cancer: The International Agency for Research on Cancer 
multicenter study. J Natl Cancer Inst 2003;95(23):1772-83.
[7] Gillison M, D’Souza G, Westra W, Sugar E, Xiao W, Begum S, et al. Distinct risk factor 
profiles for human papillomavirus type 16-positive and human papillomavirus type 
16-negative head and neck cancers. J Natl Cancer Inst 2008;100(6):407-20.
[8] Heck J, Berthiller J, Vaccarella S, Winn D, Smith E, Shan’gina O, et al. Sexual behaviours 
and the risk of head and neck cancers: A pooled analysis in the International Head and Neck 
Cancer Epidemiology (INHANCE) consortium. Int J Epidemiol 2010;39(1):166-81.
[9] Näsman A, Attner P, Hammarstedt L, Du J, Eriksson M, Giraud G, et al. Incidence of 
human papillomavirus (HPV) positive tonsillar carcinoma in Stockholm, Sweden: An 
epidemic of viral-induced carcinoma? Int J Cancer 2009;125(2):362-6.
[10] Chaturvedi A, Engels E, Anderson W, Gillison M. Incidence trends for human 
papillomavirus-related and -unrelated oral squamous cell carcinomas in the United States. 
J Clin Oncol 2008;26(4):612-9.
[11] Hocking J, Stein A, Conway E, Regan D, Grulich A, Law M, et al. Head and neck cancer in 
Australia between 1982 and 2005 show increasing incidence of potentially HPV-associated 
oropharyngeal cancers. Br J Cancer 2011;104(5):886-91.
[12] Silver H, Dietrich M, Murphy B. Changes in body mass, energy balance, physical 
function, and inflammatory state in patients with locally advanced head and neck cancer 
treated with concurrent chemoradiation after low-dose induction chemotherapy. Head 
Neck 2007;29(10):893-900.
[13] Hong A, Grulich A, Jones D, Lee C, Garland S, Dobbins T, et al. Squamous cell carcinoma 
of the oropharynx in Australian males induced by human papillomavirus vaccine targets. 
Vaccine 2010;28(19):3269-72.
[14] Munoz N, Kjaer S, Sigurdsson K, Iversen O, Hernandez-Avila M, Wheeler C, et al. Impact 
of human papillomavirus (HPV)-6/11/16/18 vaccine on all HPV-associated genital diseases 
in young women. J Natl Cancer Inst 2010;102(5):325-39.
[15] Orth G, Jablonska S, Jarzabek-Chorzelska M, Obalek S, Rzesa G, Favre M, et al. 
Characteristics of the lesions and risk of malignant conversion associated with the type 
of human papillomavirus involved in epidermodysplasia verruciformis. Cancer Res 
1979;39(3):1074-82.
[16] Syrjänen K, Syrjänen S, Lamberg M, Pyrhönen S, Nuutinen J. Morphological and 
immunohistochemical evidence suggesting human papillomavirus (HPV) involvement in 
oral squamous cell carcinogenesis. Int J Oral Surg 1983;12(6):418-24.
[17] de Oliveira D, Bacchi M, Macarenco R, Tagliarini J, Cordeiro R, Bacchi C. Human 
papillomavirus and Epstein-Barr virus infection, p53 expression, and cellular proliferation 
in laryngeal carcinoma. Am J Clin Pathol 2006;126(2):284-93.
[18] Miralles-Guri C, Bruni L, Cubilla A, Castellsague X, Bosch F, de Sanjose S. Human 
papillomavirus prevalence and type distribution in penile carcinoma. J Clin Pathol 
2009;62(10):870-8.
[19] De Vuyst H, Clifford G, Nascimento M, Madeleine M, Franceschi S. Prevalence and 
type distribution of human papillomavirus in carcinoma and intraepithelial neoplasia of the 
vulva, vagina and anus: A meta-analysis. Int J Cancer 2009;124(7):1626-36.
[20] Parkin D. The global health burden of infection-associated cancers in the year 2002. Int 
J Cancer 2006;118(12):3030-44.
[21] de Villiers E-M, Fauquet C, Broker T, Bernard H-U, zur Hausen H. Classification of 
papillomaviruses. Virology 2004;324(1):17-27.
[22] Mannarini L, Kratochvil V, Calabrese L, Gomes Silva L, Morbini P, Betka J, et al. Human 
Papilloma Virus (HPV) in head and neck region: Review of literature. Acta Otorhinolaryngol 
Ital 2009;29(3):119-26.
[23] Munoz N, Bosch F, Castellsague X, Diaz M, de Sanjose S, Hammouda D, et al. Against 
which human papillomavirus types shall we vaccinate and screen? The international 
perspective. Int J Cancer 2004;111(2):278-85.
[24] Dayyani F, Etzel C, Liu M, Ho C, Lippman S, Tsao A. Meta-analysis of the impact of 
human papillomavirus (HPV) on cancer risk and overall survival in head and neck squamous 
cell carcinomas (HNSCC). Head Neck Oncol 2010;2(1):15.
[25] Cates W. Estimates of the incidence and prevalence of sexually transmitted diseases 
in the United States. American Social Health Association Panel. Sex Transm Dis 1999;26(4 
Suppl):S2-7.
[26] D’Souza G, Agrawal Y, Halpern J, Bodison S, Gillison M. Oral sexual behaviors associated 
with prevalent oral human papillomavirus infection. J Infect Dis 2009;199(9):1263-9.
[27] Syrjanen S. HPV infections and tonsillar carcinoma. J Clin Pathol 2004;57(5):449-55.
[28] Luxton J, Nath R, Derias N, Herbert A, Shepherd P. Human papillomavirus type 
16-specific T cell responses and their association with recurrence of cervical disease 
following treatment. J Gen Virol 2003;84(Pt 5):1063-70.
[29] Oda D, Bigler L, Lee P, Blanton R. HPV immortalization of human oral epithelial cells: A 
model for carcinogenesis. Exp Cell Res 1996;226(1):164-9.
[30] Munger K, Phelps W, Bubb V, Howley P, Schlegel R. The E6 and E7 genes of the human 
papillomavirus type 16 together are necessary and sufficient for transformation of primary 
human keratinocytes. J Virol 1989;63(10):4417-21.



Volume 2, Issue 2 | 2011

Australian Medical Student Journal 57

[65] Kim J, Andres-Beck B, Goldie S. The value of including boys in an HPV vaccination 
programme: A cost-effectiveness analysis in a low-resource setting. Br J Cancer 
2007;97(9):1322-8.

cancers with favorable prognosis. J Clin Oncol 2006;24(5):736-47.
[64] Kim J, Goldie S. Cost effectiveness analysis of including boys in a human papillomavirus 
vaccination programme in the United States. BMJ (Clinical Research Ed) 2009;339:b3884.


