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Abstract  

The epidemiology of head and neck squamous cell carcinomas (HNSCC), 

primarily those of the oropharynx, has changed dramatically over the last two 

decades. Specifically, HNSCC appears to be a distinct entity that is related to 

infection by human papilloma virus (HPV)(Vokes et al., 2015) (Fakhry et al., 2008). 

Moreover, the incidence of HPV-associated oropharyngeal (OP) cancers is rising, 

likely as a consequence of changing life styles and sexual behaviors. These tumors 

appear to be biologically and clinically distinct from other HNSCC tumors affecting 

predominantly middle-aged white men having no or only a brief history of tobacco 

consumption.  The cell cycle regulatory protein, p16, is usually over expressed in 

HPV-OPSCC, and its detection using immunohistochemistry and in situ hybridization 

is a reliable surrogate marker for the disease (Ang et al., 2012). When compared to 

traditional head and neck cancer that is associated with the repeated insult of 

tobacco use, HPV-related OPSCC has a favorable natural history and is more 

responsive to treatment. As a result, patients with this cancer have improved long-

term survival and consequently are more likely to experience chronic therapy-

induced morbidity (Ang et al., 2012). The purpose of this thesis is to provide a 

comprehensive review of the molecular mechanisms that underlie HPV-mediated 

OPSCC, and the licensed prophylactic HPV vaccinations available, and to discuss the 

current thoughts on whether to deescalate potentially damaging treatments in these 

patients.  
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Introduction:  

Squamous cell carcinoma, SCC, is the most common cancer type to affect the 

mucosal surfaces of the upper aerodigestive tract (Cooper et al., 2009). While the 

incidence of SCC in most of the major sites in the head and neck has reduced or 

remained static, the incidence of OPSCC has increased worldwide (Fakhry et al., 

2015) (Chaturvedi et al., 2013). Additionally HNSCC has been associated with 

tobacco consumption and the incidence in these anatomical sites reflects smoking 

rates (Sturgis et al., 2007). Together with a decreasing trend in tobacco use in the 

developed countries, there has been a subsequent decreasing rate of head and neck 

cancer in mucosal sites excluding the oropharynx (Carvalho et al., 2005).  This raises 

the question of they the oropharynx is not included in this trend and I speculate 

there is an alternative source of oropharyngeal carcinoma.  

For the past 25 years HPVs have been known to cause approximately 5% of 

all human cancer (Stein et al., 2014).  Etiologically they are associated with 

carcinomas of the cervix, anus, penis, vulva, and vagina.  (Pytynia et al., 2014). 

Although it can be detected in numerous aerodigestive cancers of the head and neck, 

it is most prevalent in orophayngeal squamous cell carcinoma (OPSCC) (Zandberg et 

al., 2013) (Gillison et al., 2003).  Since HPV infection has been recognized as a causal 

factor in a subset of OPSCCs, it has been proposed that cancers associated with HPV 

infection have led to the changes in OPSCC incidence (Stein et al., 2015).  

Gillison et al. generated evidence in support of the causal relationship 

between HPV infection and OPSCC. The team assayed tumor specimens from 253 

patients with newly diagnosed or recurrent HNSCC for the presence of HPV genome 
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by polymerase chain reaction (PCR), Southern blot hybridization, and in situ 

hybridization (ISH). HPV was detected in 25% of the specimens and HPV type 16 

was detected in 90% of the HPV-positive tumors and was localized within the nuclei 

of cancer cells in the preinvasive, invasive, and lymph node positive disease (Ang et 

al., 2012; Gillison et al., 2000).  

It was in 2007 that that the International Agency for Research on Cancer 

concluded that HPV type 16 is a cause of oropharyngeal carcinoma. (Ang et al., 

2012). This finding marked an important shift in the epidemiology of this cancer. 

Historically patients with HNSCC had extensive tobacco and alcohol use histories 

and were older. The “new” head and neck cancer patients with HPV-positive HNSCC 

are younger, predominantly male, and tend to be more promiscuous with a higher 

number of sexual partners and an early age of first sexual encounter (D'Souza et al., 

2007) (Gillison et al., 1999).  

HNSCC represents the eighth most common cancer worldwide (Stein et al., 

2015). It is categorized as the sixth most common cancer and cause of mortality and 

morbidity within the United States(Stein et al., 2014). Current standard of care 

includes a combination of surgery, radiation, and chemotherapy. In recent studies 

and clinical trials it has been consistently reported that HPV-positive cancer patients 

have improved response to treatment compared to HPV-negative cancers (Rischin 

et al., 2010) (Ang et al., 2010) (Nichols, Palma, Dhaliwal, et al., 2013) (Hong, 

Dobbins, et al., 2010). Thus, an important prognostic factor in OPSCC is HPV status. 

Furthermore, studies have demonstrated HPV-positive and HPV-negative HNSCCs to 

have unique molecular differences possibly contributing to the improved response 
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to treatment in HPV-positive HNSCCs. This has brought awareness to the possibility 

of de-intensifying treatment in HPV-positive patients. The implications for this 

therapy, which are currently under examination, would eventually allow a subset of 

patients to undergo treatments with less toxicity. Additionally, prophylactic 

vaccinations against HPV infection have high efficacy with the potential to decrease 

HPV-mediated HNSCC, however it is currently too soon to acknowledge vaccines 

will lead to decreased incidence of HPV positive OPSCC.  

 

Incidence 

As previously noted, traditionally, SCC of the upper aerodigestive tract has 

been strongly associated with tobacco and alcohol consumption.  Public health 

efforts have reduced the smoking rate in the United States from 40% in 1965 to 

20% currently. (Pytynia et al., 2014) Given the strong relationship between tobacco 

use and HNSCC, it was anticipated that the occurrence of HNSCC would begin to 

decrease a few decades following the decline of tobacco use.  

Recently numerous groups have revealed a rising incidence of OPSCC, 

particularly in white men (Andrew stein 2-7).  Chaturvedi et al. found in analyzing 

SEER data that the incidence of all oropharyngeal carcinomas increased significantly 

from 1973-2004, with a reported annual increase of 0.8%. Of note it was interesting 

that the incidence of base on tongue and tonsil carcinomas increased most 

dramatically (with annual incremental rates of 1.27% and 0.6% respectively), 

whereas pharyngeal wall cancers were stable. In contrast, the incidence of HNSCC 

originating at anatomical sites unrelated to HPV infection (oral cavity) declined 
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between 1973 and 2004, at a yearly rate of 1.85%. In summary, the proportion of 

HNSCC that originated from oropharynx has increased from 18% in 1973 to 31% in 

2004.  (Chaturvedi et al., 2008) (Ang et al., 2012). Thus, with the emergence of these 

data there have been strides made to better understand why the incidence of OPSCC 

is increasing, while other cancers of head and neck are decreasing.   

Multiple groups have compared the percentage of HPV-positive OPSCCs 

within different time periods. In the Netherlands, a 5% to 29% increase in 

prevalence of HPV in OPSCC between 1990 and 2010 was reported (Rietbergen et 

al., 2013). Hong et al. demonstrated an increase from 19% in 1987 to 1990 to 47% 

for 2001 to 2005 in Australia (Hong, Grulich, et al., 2010). From 1988 to 2004 there 

was a 225% population level increase in HPV-positive OPSCC in the United States 

and a concomitant 50% decrease in HPV-negative OPSCC.  The percentage of OPSCC 

cases that were HPV-positive increased from 16.3% in 1984-1989 to over 70% in 

2000-2004 in the Unites States (Chaturvedi et al., 2011). Chaturvedi et al. projected 

that by 2020 the incidence of HPV-positive OPSCC will be greater then the incidence 

of cervical cancer, and by 2030 half of all head and neck cancer will be related to 

HPV (Chaturvedi et al., 2011; Pytynia et al., 2014). A systematic review by Stein et al. 

was conducted to examine the prevalence of HPV in OPSCC over time worldwide. 

Due to the small number of articles for individual countries they were not able to 

examine trends over time for each nation. Thus, they examined broader regions and 

determined if HPV prevalence changed over time in North America, throughout 

Europe, and worldwide. Their data demonstrated a significant increasing trend of 

HPV-positive OPSCCs over time worldwide, within North America and Europe. Of 
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note, the prevalence of HPV-positive OPSCC in North America increased in the 

1990s, rose dramatically at the turn of the 21st century, and has evidently plateaued 

within the last decade. Europe however, demonstrated a gradual increase in HPV 

prevalence that has continued to the present day. Kreimer and coworkers 

previously revealed HPV type 16 to be the most prevalent subtype in OPSCC. All 

three regions evaluated by Stein and coworkers demonstrated a similar trend with 

at least 90% of HPV positive cancers represented by HPV 16 (Stein et al., 2015). 

 

The Human Papillomavirus 

The human papillomavirus is an encapsulated, non-enveloped double 

stranded DNA virus that belongs to the family Papillomaviridae (Allen et al., 2010). 

There are well over 100 genotypes, or subtypes, based on differences in ability to 

infect mucosal surfaces and DNA sequence (Allen et al., 2010). The subtypes able to 

affect mucosal surfaces are further categorized into low-risk or high-risk. Benign 

neoplasms such as papillomas, and genital warts, are associated with low risk HPV 

types, the most important being HPV 6, 11, 42, and 43 (Allen et al., 2010). Mucosal 

HPV types found in precancerous and cancerous lesions have been designated as the 

high-risk types which include types 16, 18, 31, 33, etc (Rautava et al., 2012). In high-

risk types, the oncogenes E6 and E7 are important for immortalization and 

transformation, which will be discussed in further detail later.  

Like other sexually transmitted infections, HPV is transmitted through 

unprotected sexual contact with an infected partner (D'Souza et al., 2014). Exposure 

to HPV is quite common, with estimated point prevalence in genital samples of 43-
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62% (Pytynia et al., 2014). Current literature shows that at any given time roughly 

7% of the population has a prevalent oral/oropharyngeal infection (Pytynia et al., 

2014). The lifetime oral exposure rate is unknown, but an estimated 65-100% of 

sexually active adults have been exposed to HPV at any anatomic site (Pytynia et al., 

2014). Initial oral HPV natural history studies suggest that oral HPV persistence is 

similar to that known for angogenital HPV infection and that most prevalent 

infections clear within a year on their own (D'Souza et al., 2011).  

 

Characteristics of the HPV Positive Patient  

Patients with HPV-positive cancers tend to be younger and have distinct risk 

factors including higher number of sexual partners, earlier age at first sexual 

encounter, and prior history of sexually transmitted infections (Stein et al., 2014).  

In a 2008 analysis of SEER data from 1973 to 2004 patients with tumors likely to be 

HPV-positive by sub site were significantly younger, at 61 years (Chaturvedi et al., 

2008). This was also seen in a series of 193 patients with HPV-positive cancers 

where patients were more likely to be less than 55 years old (Smith et al., 2004). 

Additionally, age was identified as a difference between HPV-positive and HPV-

negative tumors in a study from Sweden. Patients with HPV-positive tumors were 

younger with a mean age of 59 years compared to patients with HPV-negative 

tumors, who had a mean age of 66 years (Mellin et al., 2000).  

While overall population trends have shown that the incidence of OPSCC is 

higher in men compared to women and more common in black people compared to 

other races, when HPV status is taken into consideration the trend is different. HPV 
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OPSCC is predominantly identified in white men when compared to women 

(Chaturvedi et al., 2008). Furthermore, there is an association between educated 

middle class patients and positive HPV status (Smith et al., 2004).       

As previously mentioned, tobacco is a well-known risk factor for head and 

neck cancer and has a synergistic effect with alcohol. This has been further 

examined in a large multicenter consortium study including 25,000 patients (Winn 

et al., 2015). In contrast, studies investigating HPV status have demonstrated that 

HPV-positive cancer patients are more likely to be non-smokers and with overall 

tobacco use lower than HPV-negative patients. Hong et al. examined the combined 

effect of human papillomavirus and smoking on the survival outcomes and 

determined whether smoking can modify the beneficial effect of human 

papillomavirus. In this study 403 patients from 9 centers were followed. In this 

cohort of patients, 30% of the HPV-positive tumor patients were nonsmokers 

compared with less than 5% in the HPV-negative group (Hong et al., 2013). Gillison 

et al. also reported similar findings (Gillison et al., 2008).  While HPV-positive 

patients have the benefit of HPV-mediated carcinoma they also demonstrate less 

insult from known carcinogens, such as tobacco use.  

It has been suggested that a change in trend of sexual behaviors has led to 

higher rates of HPV infection and ultimately HPV-positive OPSCCS. Infection of the 

uterine cervical and ango-genital region with high-risk HPV is transmitted through 

sexual contact, thus the mode of infection in the oropharynx has been investigated 

through sexual behavior (Chung et al., 2014; zur Hausen, 1994).  In a hospital-based, 

study self-reported sexual behaviors were associated with HPV-related cancers. The 
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increasing numbers of lifetime sex partners, infrequent use of protected sex, and 

having a sexually transmitted disease in the past were all associated positively with 

HPV-positive tumors (Hay et al., 2015). In a case control trial to identify risk factors 

for HPV-related oropharyngeal cancer it was found that 26 sexual partners or more, 

and more than 6 oral sexual partners were independent risk factors (D'Souza et al., 

2007). There is further support for sexual exposure etiology in the increasing 

incidences of herpes simplex 1 and 2 genital infections and genital wart infections in 

recent birth cohorts. These are considered surrogate markers for oral sex, risky 

sexual behavior, and HPV exposure (Chaturvedi et al., 2011).  

The United States remains the only country with studies spanning a 

significant time period that appear to support the perception of increasing oral 

sexual behavior. The number of men who ever engaged in oral sex rose from 10% in 

the 1940s to approximately 50% by the 1970s and continued to rise to 75% by 

1991 and 85% by 2010 (D'Souza et al., 2014). Furthermore, men exhibit greater 

rates of oral HPV infection as compared to women alluding to the possibility of sex 

specific factors promoting this interaction or more efficient viral transmission from 

women to men (D'Souza et al., 2014). OPSCCs seen at the 21st century in North 

America could reflect the more dramatic increase in oral sexual behavior in the 

1970s and 1980s. These practices may be more gradually changing in many nations 

such as Europe accounting for the more steady increase in HPV-positive OPSCCs 

(Stein et al., 2015).  
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Clinical and Histological Presentation  

HPV-associated HNSCC most commonly arises in the lingual and palatine 

tonsils (Klussmann et al., 2001). These tumors arise from tonsillar crypts, are not 

associated with dysplasia of surface epithelium, show lobular growth, are 

permeated by infiltrating lymphocytes, do not undergo clinically significant 

keratinization, and have a prominent basaloid morphology (Begum et al., 2008). 

Patients with HPV-positive OPSCC have two common presentations: (1) a 

symptomatic mass of the tonsil or base of tongue, with or without accompanying 

lymphadenopathy, and (2) an asymptomatic neck mass without a symptomatic 

primary site (Allen et al., 2010). From a clinical standpoint, HPV-positive tumors 

present predominantly at an early T stage and advanced nodal stage (Hafkamp et al., 

2008). Generally, HPV-associated oropharyngeal cancers at presentation are stage 

III or IV. Nodal metastases are typically cystic and multilevel (Goldenberg et al., 

2008).  

 

Methods Used to Detect the Presence of HPV Biologic Activity in Tumor 

Specimens  

There is not yet a unanimously accepted detection method for determining 

tumor HPV status (Jordan et al., 2012). This may contribute to the reported 

variations in HPV prevalence. Methods commonly utilized include HPV detection by 

polymerase chain reaction (PCR), in situ hybridization (ISH), or the detection of p16 

by immunohistochemistry (IHC) (Jordan et al., 2012). Whereas each method has its 
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limitations, p16 IHC and HPV16 ISH are currently preferred for identification, and 

these methods have been used in the clinical trials that that established HPV as an 

important prognostic factor related to these cancers (Fakhry et al., 2008) (Jordan et 

al., 2012).  

Stein et al. investigated whether the detection method utilized, specifically 

ISH versus PCR, led to a difference in reported HPV prevalence.  The estimated HPV 

prevalence was 63.1% and 63.3% for ISH and PCR, respectively. Thus, there was no 

statistical difference between the mean HPV prevalence detected by ISH compared 

to PCR (Stein et al., 2014).   

Moreover, HPV DNA presence does not directly correlate with viral 

involvement in the carcinogenic process and may reflect a transient infection that 

does not carry any risk of neoplastic transformation. The presence of transcripts E6 

and E7 represents biologically active HPV DNA and can be directly measured using 

reverse transcriptase PCR (RT-PCR) (Allen et al., 2010).  Expression of these high-

risk HPV oncogenes remains the gold standard for categorizing a tumor as caused 

by HPV (Jordan et al., 2012). Studies that consider HPV-positive tumors only as HPV 

DNA positive could have included false positives cases, as it has been shown 14-50% 

of HPV DNA positive OPSCC are negative for E6/E7 mRNA expression (Mirghani et 

al., 2014) (Jordan et al., 2012) (Weinberger et al., 2006). Smeets et al. demonstrated 

HPV DNA by PCR in 24/143 frozen oropharyngeal tumors, but could confirm viral 

involvement by E6/E7 expression analysis in only 50% of the DNA positive samples 

showing the presence of HPV DNA does not mean the virus is biologically active 

(Smeets et al., 2007).   
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While HPV tumorigenesis is well understood and will be discussed later, its 

two major oncogenes E6 and E7, inactivate p53 and pRB respectively. Specifically, 

the downstream effects of E7 lead to overexpression of the cell cycle regulatory 

protein p16. It has repeatedly been shown to be over expressed in HPV-positive 

HNSCC patients and has been studied primarily via immunohistochemistry (IHC) 

(Allen et al., 2010). Thus, the p16 protein serves as a surrogate marker for HPV 

positivity in OPSCC (Smeets et al., 2007). For further reference, Allen et al provides a 

lengthy discussion summarizing strengths and weaknesses of the various methods 

utilized within the field (Allen et al., 2010).  

Furthermore, Smeets et al. aimed to find a reliable test algorithm to assess a 

directly carcinogenesis-related HPV involvement in both frozen and formalin fixed 

paraffin embedded (FFPE) tumor specimens of HNSCC. Of all PCR based methods on 

FFPE specimens, only detection of E6 mRNA showed both a sensitivity and 

specificity of 100%. However, a limitation is that the HPV type should be known, and 

similar assays for HPV types other than 16 still need to be developed. While the 

other single methods showed limitations, combinations of the methods were 

considered. It was concluded from their series that a positive staining of p16 with 

IHC, confirmed with GP5+/6+ PCR, showed a 100% specificity and sensitivity 

(Smeets et al., 2007).  

Additionally, Jordan et al. evaluated the reliability of p16 IHC and HPV16 ISH 

in comparison with the gold standard test for HPV oncogene expression for type 16 

alone and for all high-risk types. Their research found that a combination of HPV16 

ISH positive and p16 IHC positive had the highest specificity in comparison with the 
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gold standard, with a false positive rate of approximately 3%. By contrast, their 

analysis indicated that p16 IHC or HPV 16 ISH alone might result in misclassification 

of roughly 17% to 19% of tumors, with the majority for each test being false positive 

and false negative, respectively. They concluded that the current laboratory 

methods used in the large clinical trials have high sensitivity and specificity for 

OPSCC caused by HPV (Jordan et al., 2012). Ultimately standardizing a reliable 

method of detection is important for prognostic reasons and determining tapered 

therapies targeted for the appropriate individual.   

 

HPV Life Cycle  

HPV specifically infects the basal keratinocytes of stratified squamous 

epithelium, which explains its propensity to infect and cause cancer or warts of the 

cervix, anus, penis, vagina, and upper aerodigestive tract (Khariwala et al., 2015). 

Infection requires basal epithelial cells capable of proliferation. The virus gains 

access to the basal layer of stratified squamous epithelium through structural 

breaks in the stratified epithelial structure (Allen et al., 2010). The HPV life cycle is 

tightly linked to the host cell biology. Initial infection occurs in basal cells, a single 

layer of undifferentiated proliferating cells. HPV infection of basal cells leads to the 

activation of a cascade of viral gene expression resulting in the replication of the 

viral genome. The first viral genes to be expressed are E1 and E2 that form a 

complex mediating DNA replication. E5, E6, and E7 possess proliferation-

stimulating activity that blocks exit from the cell cycle and enhance the proliferation 

of infected cells (Kanodia et al., 2007). As infected cells divide viral genomes are 
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partitioned into daughter cells. Individually, the daughter cells will migrate to the 

suprabasal layers and undergo differentiation. In uninfected cells differentiation 

would lead to exit from the cell cycle, but infected cells remain in the cell cycle due 

to E7 (Kanodia et al., 2007). After entry into the suprabasal layer, later viral gene 

expression is initiated and structural proteins are expressed. Capsids are formed 

containing the viral genome and mature virus particles are released from the 

uppermost layers of the epithelium (Kanodia et al., 2007).  

 

Figure 1. HPV life cycle  

 

 

Figure taken from Venuti et al highlighting the expression of HPV genes during the 

life cycle (Venuti et al., 2011).   
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Transforming Properties of E7 

The E7 protein does not possess any intrinsic enzymatic or DNA-binding 

activities but function by binding to several cellular factors (Moody et al., 2010). It is 

the most important driver in deregulating the cell cycle. The HPV type 16 E7 protein 

has the capability to induce cellular proliferation through several pathways by 

disrupting the activity of cyclin-dependent kinase (CDK) inhibitors p21 and p27, and 

activation of CDKs and destabilization of the retinoblastoma (Rb) tumor suppressor 

protein (Rautava et al., 2012).   

The best characterized of these interactions is with the Rb tumor suppressor 

and related members p107 and p130 (Moody et al., 2010) The Rb family members 

are instrumental in controlling cell cycle progression through regulating the activity 

of the E2F family of transcription factors (Dyson, 1998). E2F binding sites are found 

in the promoters of many genes that are involved in regulating cell cycle 

progression, differentiation, mitosis, and apoptosis (DeGregori et al., 2006).  In 

normal cells, Rb represses transcription of E2F dependent promoters by directly 

binding to E2F to maintain a cell in a quiescent state (Tommasino, 2014).  At the 

appropriate time Rb will be phosphorylated by various CDK complexes resulting is 

the disassociation of Rb from E2F allowing for cell cycle progression and DNA 

synthesis. The binding of E7 to Rb disrupts this complex, resulting in activation of 

E2F regulated transcription. Cyclin A and cyclin E, which are positive regulatory 

subunits of CDKs, accumulate and this results in activation of CDKs and cell cycle 

progression (Tommasino, 2014; Zerfass et al., 1995).  Furthermore, E7 proteins also 

target Rb and its family members for proteasomal degradation through the 
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ubiquitin dependent pathway further preventing the association of Rb with its E2F 

partners (Boyer et al., 1996). One CDK inhibitor, p16, which prevents the 

phosphorylation of Rb, is overexpressed when Rb is inactivated by E7. Normally 

overexpression would result in cell cycle arrest but with E7 this is nullified. Thus, as 

previously mentioned, over expression of p16 has been suggested to be a useful 

biomarker for evaluating HPV pathogenic activity (Narisawa-Saito et al., 2007).  

Besides its ability to target E2F complexes, E7 contributes to immortalization 

through interaction with key proteins that control cell cycle progression. CDK 

inhibitors P21 and p27 are important regulators of growth arrest during epithelial 

differentiation. They target CDK2, which is important for progression to DNA 

synthesis through interaction with cyclin E and cyclin A. E7 deregulates the cell 

cycle via directly binding with p21 and p27 neutralizing their inhibitory effects on 

the cell cycle (Tommasino, 2014). In turn CDK2 activity remains high further 

stimulating cell cycle progression (Moody et al., 2010) (Jones et al., 1997). 
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Figure 2. Where CDKs and Cyclins Occur in the Cell Cycle  

 

 

 

CDK4- control of G1 phase of cell cycle in complex with cycD  

CDK2-control of G1-S phase of cell cycle in complex with cycE and cyc A 

CDK1-control of M phase of cell cycle in complex with cycB 

Cyclin D-control of G1 phase of cell cycle in complex with CDK4 

Cycln E-control of G1-S phase of cell cycle in complex with CDK2 

Cyclin A-control of S phase of cell cycle in complex with CDK2 

Cyclin B-control o M phase of cell cycle in complex with CDK1 

(Lim et al., 2013) 
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Figure 3. CDK/cyclin complexes regulate Rb/E2F and the Transforming 

properties of the E7 protein  

During the G1 phase of the cell cycle, CDK4, cyclin D and CDK2/cyclin E complexes sequentially 

phosphorylate Rb, leading to the activation of E2F proteins. This cluster of genes encodes cell cycle 

regulators required for G1-S transition, such as cyclin A, allowing for cell cycle progression (Lim et 

al., 2013).  

 

 

 

 

Abrogation of Growth Arrest Through Degradation of p53  

A consequence of the effects on Rb-E2F by E7 is an increase in the levels of 

tumor suppressor p53, which regulates growth arrest and apoptosis after DNA 

damage, thus increasing the susceptibility of E7 expressing cells to apoptosis 

(Narisawa-Saito et al., 2007). The most characterized function of the E6 protein to 

counter this is to promote degradation of p53 through its interaction with a protein, 
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E6 associated protein (E6AP), an E3 ubiquitin ligase. E6-AP does not interact with 

p53 in the absence of E6. HPV16 E6 proteins retarget E6-AP to induce 

ubiquitination and rapid proteasomal degradation of p53 (Moody et al., 2010).  

While the degradation of p53 via the E6-E6AP complex reduces the levels of p53, 

remaining p53 can still be activated in response to DNA damage and other cellular 

stresses. E6 proteins may also interact with cellular factors important for 

transcriptional activity of p53. Under cellular stress conditions, p53 is acetylated, a 

modification that is essential for its transcriptional activity. E6 interferes with the 

activity of two proteins specifically involved in p53 acetylation, p300 and CRED-

binding protein (CBP), (Moody et al., 2010) (Patel et al., 1999). The overall effect is 

to block the transcriptional response downstream of p53, leading to continued cell 

proliferation, even under conditions of cellular stress.  

 

Immortalization Through the Activation of Telomerase    

Each round of DNA replication leads to erosion of the chromosomal 

telomeric termini. Telomere shortening represents a cell-autonomous mechanism 

that restricts proliferative capacity. Certain cell types that must undergo a large 

number of cell divisions, express telomerase, a protein that prevents telomere 

erosion (Munger et al., 2004). Telomerase reverse transcriptase (TERT) is 

expressed in specific germ cells, proliferative stem cells of renewal tissue, and 

cancer cells. The expression of TERT reconstitutes telomerase activity and 

suppresses senescence. Telomerase activity is hardly detected in most somatic 

tissue, as telomeres shorten with each cell division eventually leading to aging 



 24

(Narisawa-Saito et al., 2007). For cells to become immortal they must find a way to 

express telomerase. The E6 protein successfully activates transcription of 

telomerase reverse transcriptase (TERT) inducing telomerase activity and 

maintaining telomere length contributing to immortalization. The E6 protein 

activates the TERT promoter and telomerase through E6/E6AP interaction with 

Myc. NFX1-91, a transcriptional repressor of the TERT promoter, is degraded in a 

E6/E6AP dependent manner allowing Myc to bind to the promoter and further 

increase TERT expression and telomerase activity (Narisawa-Saito et al., 2007) 

(Munger et al., 2004) (Moody et al., 2010). Increased telomerase activity in 

combination with E7 protein inactivating Rb is crucial to immortalization. 

 

Evading the Immune System  

The foundation of persistent infection established through immune escape 

can result in cellular transformation, and is orchestrated predominantly by E5, E6, 

and E7.  T-cells recognize infected cells through interactions between their 

receptors and viral peptides bound to major histocompatibility (MHC) complexes on 

the surface of infected cells (Kanodia et al., 2007).  HPV induced dysregulation of 

this antigen processing, and down regulation of peptide MHC complexes on the 

surface of infected cells would protect these cells from immune attack. HPV-positive 

tumors exhibit loss of MHC class I. Immunogenic peptides from both E6 and E7 

proteins are not adequately processed and presented by the HPV positive cells 

which correlates with reduced expression of human leukocyte antigen (HLA) Class I, 

low molecular mass proteins (LMP), and the transporters of antigenic peptides 
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(TAP) (Kanodia et al., 2007). The E7 protein of HPV16 represses the promoter for 

MHC class I heavy chain expression which ultimately inhibits transcription of genes 

associated with antigen presentation reducing viral peptides presented on the 

surface of infected cells and helps the virus to escape detection by cytotoxic T-cells 

(CTL) (Kanodia et al., 2007).  

Named for their ability to interfere with viral replication, interferons are 

soluble factors that can limit viral infections as well as activate and attract cells of 

the immune system. Type I Interferon (INF) is produced by infected cells and has 

anti-viral, anti-proliferative, anti-angiogenic, and immune stimulatory properties. 

Interferons also serve as a bridge between innate and adaptive immunity through 

the stimulation of INF stimulated gene (ISG) transcription.  Binding of type I INF to 

their receptor stimulates signal transduction via formation of ISG factor -3(ISG-F-3) 

transcription complex, which in turn binds INF-stimulated response element (ISRE) 

with subsequent initiation of transcription (Kanodia et al., 2007). INF regulatory 

factors (INFR) are a family of transcription factors that mediate both virus and INF 

signaling pathways. They play essential role in regulating the expression of INF 

genes, ISG and other cytokines via binding to the ISRE. HPV has evolved mechanisms 

to avoid these effects as well. Specifically, E7 inhibits induction if INF-alpha and 

genes stimulated by it via loss of ISG factor-3 transcription complex (Kanodia et al., 

2007).  

The E6 protein also targets the INF pathway by binding to IRF-3, a factor that 

is produced constitutively in most cells and is present in the cytoplasm in an 

inactive form. E6 binding to IRF-3 inhibits its trans-activation function, thereby 
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preventing transcription of INF-beta mRNA. STAT-1 is a key transcription factor 

that regulates the IFN response (Moody et al., 2010).  E6 down regulates STAT-1 and 

reduces the binding of STAT-1 to ISRE impairing Jak-STAT activation and interfering 

specifically with INF mediated signaling (Kanodia et al., 2007).   

Furthermore, E5 plays a role in escaping both innate and adaptive immunity 

which is extensively discussed in a review by Venuti et al (Venuti et al., 2011). 

Immune escape mediated by E5 seems to be a complex process impacting different 

pathways by general mechanisms, such as endosomal alkalization, and specific ones 

such as binding to MHC I heavy chain and chaperones. Understanding these 

mechanisms could allow for future therapies that not only help to prevent HPV 

infection, but also interfere with HPV immune escape programs.  

 

Treatment 

Standard of care for locally advanced ( T3-T4 or N2-N3) oropharyngeal 

cancer is surgery and postoperative radiotherapy with or without cisplatin or 

concurrent chemo-radiotherapy.  This was established after publication of a 

multicenter, randomized, controlled trial undertaken in France (Calais et al., 2000). 

In this study patients were assigned at random to radiation therapy alone or the 

same radiation therapy with concomitant chemotherapy. Three-year survival, 

disease-free survival, local regional recurrence and death from oropharyngeal 

cancer were all significantly improved with combined therapy. Of note there were 

greater acute toxic effects in the concomitant group such as feeding tube 
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dependence, mucositis related weight loss, and myelosuppression (Calais et al., 

2000) (Marur et al., 2010).  

The current approaches to treatment and survival achieved in older 

individuals with a history of repeated insult with tobacco and alcohol are not 

optimal for the increasingly prevalent “new” head and neck cancer patient. 

Favorable prognosis in patients with head and neck cancer is linked to limited 

tobacco and alcohol use, good performance status, and no comorbid disorders, all of 

which are correlated to increased likelihood that the tumor is HPV-related (Marur et 

al., 2010).  

It has been suggested that individuals with HPV-positive oropharyngeal 

cancer are more responsive to chemotherapy and radiation with subsequent 

increased survival rates compared to those with HPV-negative tumors. Absence of 

exposure to tobacco also increases the probability that TP53 is not mutated 

(Bristow et al., 1996; Butz et al., 1996; Dahm-Daphi, 2000). Gillison et al. suggested 

that increased survival in patients with HPV-positive cancer might also be attributed 

to the absence of field cancerization related to tobacco and alcohol exposure 

(Gillison et al., 2000). Slaughter et al. first introduced the concept of field 

cancerization in the 1950s when studying histologic features of the carcinogenic 

transformation process of the mucosa in HNSCC (Slaughter et al., 1953). In 

numerous cases they observed independent tumors and abnormal epithelium. The 

concept of field cancerization refers to large areas of the aerodigestive tract mucosa 

affected by long term exposure to carcinogens, resulting in genetically altered fields 

in which multifocal carcinomas can develop because of independent genetic events 
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(Jaiswal et al., 2013; Slaughter et al., 1953).  Tabor et al. proposed the following 

definition of field cancerization: “the presence of one or more areas consisting of 

epithelial cells that have genetic alterations” (Tabor et al., 2003).   

Furthermore, research suggests that HPV positive tumors are more sensitive 

to cytotoxic chemotherapy and DNA damage induced apoptosis. Cisplatin was found 

to decrease transcription of E6 protein and restore function of p53. (Liu et al., 2000) 

(Liu et al., 2008).  

 

De-intensifying Treatment in the HPV-Positive Patient  

Several single Institutional studies over the past decade have indicated that 

patients with HPV-positive oropharyngeal carcinomas have superior prognosis 

when compared to those with HPV-negative tumors independent of nodal status, 

age, stage, tumor differentiation, or gender (Fakhry et al., 2008; Gillison, 2004) (Ang 

et al., 2010; Lindquist et al., 2007; Mellin et al., 2000). A meta-analysis of published 

literature through 2007 showed that compared to HPV-negative OPSCC, patients 

with HPV-positive tumors had a 28% reduction in the risk of death and a 49% 

reduction in the risk of disease recurrence (Chaturvedi, 2012) (Ragin et al., 2007). 

While these studies displayed weaknesses such as small sample size with 

heterogeneity of tumor sites, stage, treatment administered, and assay method there 

was notable consistency (Mellin et al., 2000) (Gillison et al., 2000) (Schwartz et al., 

2001) (Lindel et al., 2001).  

This encouraged more recent studies, which used archival tumor specimens 

of defined patients, enrolled into phase II and phase III trials and receiving specific 
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protocol treatment regimens.  These additional studies have lead to firm evidence 

showing that, relative to HPV status, positive tumors respond better to current 

standard treatment, including radiation alone, surgery with or without adjuvant 

radiation, and also combinations of radiation with chemotherapy (Fakhry et al., 

2008) (Ang et al., 2010) (Rischin et al., 2010) (Posner et al., 2011). For example, in 

2008 a prospective clinical trial in patients with HNSCC that correlated tumor status 

related to HPV and outcome was published (Fakhry et al., 2008). This study 

analyzed a phase II clinical study testing non-surgical management of individuals 

with clinical stage III or IV OPSCC. All tumors were assessed for HPV 16 by ISH and 

p16 status by immunohistochemistry. Treatment included induction chemotherapy 

with two cycles of carboplatin and paclitaxel followed by weekly paclitaxel 

concurrent with standard fractionation radiation therapy. These patients were 

predominantly white men with fewer then 20 pack years of cigarette use.  HPV 16 

was detected in 63% of oropharyngeal tumors and all showed high expression of 

P16. HPV status correlated with positive treatment response, progression-free 

survival, and overall survival and all outcomes were better for the HPV-positive 

population versus HPV negative group. Respective response rates to induction 

chemotherapy were 82% versus 55%; response at completion of chemoradiation 

was 84% versus 57%; progression-free survival at 2 years was 86% versus 53% 

and overall survival at two years was 95% versus 62%.  When restricted to patients 

with oropharyngeal carcinoma, a similar trend was found. Comparing HPV-positive 

to HPV-negative tumors overall survival at 2 years was 94% and 58%, respectively, 

and progression-free survival at 2 years was 85% and 50% (Fakhry et al., 2008) 
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(Marur et al., 2010). This generated further interest incorporating specifically P16 

status and tobacco use into design of clinical trials with less toxic treatment 

regimens.  

Rischin et al. studied the significance of p16 expression and survival 

outcomes in another retrospective analysis of a large phase III trial. This protocol 

randomized patients with previously untreated stage III of IV squamous cell 

carcinoma of the oral cavity, oropharynx, hypopharynx or larynx to receive 

radiotherapy with cisplatin or radiotherapy plus tirapazamine and cisplatin. 

Individuals with HPV-positive cancers had a 2 year overall survival of 94% and 2 

year failure-free survival of 86% compared with 77% and 75% respectively to HPV-

negative tumors. When co-expression of HPV and p16 was taken into consideration 

and associated with survival outcomes, individuals with HPV-positive, P16 positive 

tumors had 2 year survival of 95% versus 88% compared to those with HPV-

negative, P16 positive cancers and 71% to those with HPV-negative p16 negative 

tumors (Rischin et al., 2010).  

The landmark study performed as part of the Radiation Therapy Oncology 

Group (RTOG) 0129 trial was designed to assess potential confounders by including 

a larger number of participants thereby allowing for control of additional factors. 

The study used tumor specimens from a large phase III trial for HNSCC to assess the 

demographics and independent prognostic significance of HPV tumor status (Ang et 

al., 2010). Included in this trial were patients with pathologically confirmed stage III 

or IV squamous cell carcinoma of the oropharynx, larynx, hypopharynx, or oral 

cavity without distant metastasis that were randomized to receive high dose 
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cisplatin concurrently with either accelerated fractionation (with acceleration by 

means of concomitant boost radiation) or standard fractionation radiotherapy. The 

accelerated fractionation radiotherapy consisted of the delivery of 72 Gy in 42 

fractions over 6 weeks, with concomitant boost of twice daily irradiation for 12 

treatment days. Standard fractionation radiotherapy consisted of the delivery of 70 

Gy in 35 fractions over a 7-week period. Cisplatin was administered intravenously 

on days 1 and 22 in the accelerated group, and on days 1, 22 and 43 in the standard 

group. Tumor specimens were evaluated for HPV16 DNA by ISH and for p16 

expression by IHC assays. After an average follow up of 4.8 years there was no 

significant difference in the 3-year overall survival rate between the accelerated and 

the standard fractionation radiotherapy groups. Next, data for all the patients with 

oropharyngeal carcinoma were combined for analysis of the association between 

HPV tumor status and treatment outcomes. It was found that patients with HPV-

positive tumor status had better survival outcomes compared to HPV-negative 

patients. The 3-year survival rates were 82.4% and 57.1%, and the 3-year rates of 

progression-free survival were 73.7% and 43.4% respectively (Ang et al., 2010). The 

large sample size of this study enabled assessment of the interaction between tumor 

HPV status and smoking (Ang et al., 2010). Tobacco smoking was found to be 

independently associated with overall survival and progression-free survival both in 

the subgroup of patients with orophayrngeal carcinoma and in the entire study 

population. It was found that the risk of death and cancer relapse or death increased 

significantly by 1% for each additional pack year of tobacco smoking, and the 

magnitude of the tobacco effect was similar for patients with HPV-positive or 
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negative carcinomas. Based on these studies, a model for risk stratification has been 

generated based on HPV status, smoking history, tumor stage and nodal 

involvement. A classification of low, intermediate, or high-risk disease has been 

generated, predicting 3 year overall survivals of 93%, 70.8%, and 46.2% 

respectively (Ang et al., 2010).  

Based on current data, less intense treatment in HPV positive OPSCCs is a 

reasonable goal as there is overall improved survival rate.  However, the extent to 

which the superior survival for a patient with HPV-positive OPSCC depends on the 

administered therapy is unclear. Studies indicate that tumor HPV status is a strong 

determinant of superior survival, regardless of treatment strategy such as surgery 

(Licitra et al., 2006), radiation therapy (Lindquist et al., 2007) (Lassen et al., 2009), 

concurrent chemoradiation therapy (Ang et al., 2010), or induction chemotherapy 

plus concurrent chemotherapy (Settle et al., 2009). On average the 5-year survival 

rates amongst the subgroups with HPV-positive status is 75%-80% as opposed to 

45%-50% in the HPV-negative population. Existing data indicates heavy smokers 

and patients with p16 negative tumors and advanced disease still bear a relatively 

poor prognosis despite HPV induced carcinogenesis (Fakhry et al., 2014). Further 

studies are recommended to determine which patients would benefit from lessened 

therapy before de-intensified therapy can be considered the standard. A review 

article by Mirghani et al. is an excellent resource that discusses the ongoing clinical 

trials for HPV positive OPSCC and altered treatment protocols based on the 

established therapeutic modalities (Mirghani et al., 2015). Additionally, Hay and 

Ganly have put together a review identifying the current clinical trials and 
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treatments under investigation in HPV positive tumors. These clinical trials are 

summarized into surgical trails, trials using modification of standard radiotherapy 

and chemotherapy techniques, and new agents and immune therapies (Hay et al., 

2015).  Hopefully with the maturity of several ongoing prospective trials, convincing 

results will be generated to guide future treatments.  

 

Available Prophylactic Vaccinations  

The increasing incidence of HPV positive OPSCC raises the important issue of 

the efficacy of the vaccinations against HPV.  Over 90% of HPV-positive OPSCC cases 

can be attributed to HPV type 16 (Kreimer et al., 2005) (Pytynia et al., 2014). In the 

United States there are currently two prophylactic vaccinations available. The first is 

the quadrivalent vaccine, Gardasil (HPV4), which protects against HPV types 6, 11, 

16, and 18. This vaccine was first licensed in 2006 for use in females aged 9-26 

years old. In 2009 this was expanded to include males (D'Souza et al., 2011). It is 

now approved in 129 countries and over 205 million doses have been distributed 

worldwide as of December 31, 2015 (Garland et al., 2010). Gardasil is recommended 

for use in girls and boys ages 11 and 12, but it can be given as early as 9 years. For 

girls aged 13-26 who have not received vaccination, it is recommended that a 

vaccination regimen be given. In boys, vaccination is recommended until age 21 

(Khariwala et al., 2015). Gardasil is administered via an intramuscular injection at 0, 

2 and 6 months (Khariwala et al., 2015) (Markowitz et al., 2007). Clinical indications 

for the vaccine now include anal cancer prevention, preventing genital warts, and 

prevention of cervical vaginal and vulvar cancers (D'Souza et al., 2011).  Clinical 
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trials of this vaccine have demonstrated high vaccine efficacy, >98%, for the 

prevention of anal, cervical, vaginal, and vulvar pre cancers (Lu et al., 2011) 

(Garland et al., 2010). As expected, efficacy is lower when analysis included 

individuals already infected with vaccine type HPV at time of vaccination (Lu et al., 

2011).  In looking at the at-risk population in the United States, Markowitz et al 

found that the rate of persistent HPV infection went from 11.5% in 2003-2006 

(prevaccine era) to 5.1% in 2007-2010. In this group of patients, the efficacy rate 

was 82% for those who received at least one dose of the vaccination (Markowitz et 

al., 2013).  

The second vaccine, Cervarix (HPV2), is a bivalent vaccine with protection 

against HPV types 16 and 18. This vaccine was licensed for use in the United States 

in 2009 for prevention of cervical cancers (D'Souza et al., 2011).  This vaccine is 

officially approved only for females aged 9-26 years old and administered as a 3-

shot series given intramuscularly at 0,1 and 6 months (Khariwala et al., 2015) 

(Markowitz et al., 2007). Similar to HPV4, HPV2 has shown very high efficacy, >97% 

in the prevention of vaccine type HPV-related cervical pre-cancers, and lower 

efficacy when individuals already infected were included in analysis (Lu et al., 

2011).  

Garland et al. conducted a systematic review assessing the global impact and 

effectiveness of the HPV4 vaccine on HPV infection and disease in real world 

settings over a decade of use. Results demonstrated a substantial reduction in HPV 

6, 11, 16, 18 infection, genital warts, and cervical lesions. To briefly highlight results 

of the reductions in HPV infection prevalence, within 6 years of HPV4 availability 
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infections (HPV 6,11,16,18) among Australian women 18-24 years old decreased by 

86% after 3 doses and by 76% after 1 dose, compared to unvaccinated women. 

Similar reductions (89%) were reported in the US for sexually active females ages 

14-24 years who received at least 1 dose. Prevalent HPV 16 and 18 infections 

declined 70-80% among females <25 years old in Australia during the vaccine era, 

similar to studies of US adolescents, 62-88%. Declines of 26-56% were reported for 

prevalent HPV 16 and 18 infections in American women in their 20s.  Similar 

declines, approximately 35-45%, were reported for females 13-22 years old in 

Sweden, 20-25 years old in Germany, and 15-19 years old in Belgium.  HPV 6 and 11 

infections decreased 75-88% in Australian females <25 years old, 70-80% in 

American teenagers, and 40-50% in American women in their 20s. Additionally, 

HPV 6 and 11 infection decreased by 40% and 72% respectively in Swedish females 

ages 13-22. Globally, only 6.2% of females reaching 15 years of age in 2014 had 

received the vaccine, despite licensure in 129 countries, with 64 countries having 

HPV vaccines in their national immunization programs (Garland et al., 2010).  

While several studies have demonstrated strong efficacy of both vaccines 

through 5 years (Romanowski, 2011) (Villa et al., 2006), currently there is not an 

indication for prevention of HPV-mediated OPSCC, as long term studies evaluating 

the vaccine effect on OPSCC development are still in the early stages.  Of note, 

Herrero et al. studied a group of 7,466 women in Costa Rica and showed that 

vaccination against high-risk HPV, types 16 and 18, decreases the prevalence of oral 

infection in those vaccinated, with an estimated efficacy of 93% (Herrero et al., 

2013).  Further conclusions related to oral infection and OPSCC will need to be 
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drawn from longitudinal studies comparing rates of HNSCC before and after 

introduction of HPV vaccines, or studies evaluating prevention of oral HPV infection 

among those vaccinated. Since HPV 16 is the predominant causal factor of HPV 

positive OPSCC, it is likely that the vaccine will help prevent HPV 16 infection and 

subsequent development of OPSCC when given prior to HPV 16 exposure, however, 

there is no indication at this time.   

 

Future Therapeutic Approaches  

While practicing safe sex, limiting tobacco and alcohol consumption, and 

receiving the prophylactic vaccinations against HPV should lessen the risk of 

developing HPV mediated OPSCC, what can be done for the already infected 

individual? Experimental therapies include vaccines, targeted therapy, and 

immunotherapy. Therapeutic vaccines against HPV aim to induce cytotoxic T-

lymphocyte responses to HPV early regulatory proteins, such as E6 and E7, to 

eliminate infected cells. While strategies are being explored, data are primarily 

coming from HPV-induced ango-genital malignancies (Kenter et al., 2009).  A phase 

II trial testing a therapeutic vaccine composed on HPV 16 E6 and E7 peptides in 

women with HPV 16 positive vulvar intraepithelial neoplasia has shown promising 

results.  

Additionally John Hopkins Hospital is leading a phase I trial evaluating the 

safety and practicality of a vaccine against HPV16 E7 protein. In this study 

Cyclophosphamide, an immune-modulatory agent, is given to enhance immune 

response against HPV infected cells. Another phase I trial actively recruiting 
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participants is looking into a vaccination with a p16INK4a peptide that can induce a 

p16INK4a specific T cell response in advanced HPV-induced genital and HNSCC 

(Mirghani et al., 2015).  

It has been suggested that HPV-induced tumors use the programmed death-

1/programmed death ligand -1 (PD-1/PD-L1) pathway as an adaptive mechanism 

against antitumor immunity. Several studies have shown that elevated expression of 

PD-L1 is indicated in HPV positive tumors (Pai, 2013) (Lyford-Pike et al., 2013) 

(Yang et al., 2013). These findings need to be confirmed and may provide a rationale 

to develop strategies targeting this pathway. Furthermore, the phosphoinositide 3-

kinase (P13K) signaling pathway plays a regulatory role in cellular processes such 

as proliferation, survival, motility and angiogenesis (Vivanco et al., 2002).  

Publications have reported activating mutations in P1K3CA (the gene 

encoding the catalytic subunit) are found in in a percentage of HNSCC and more 

frequent in HPV-positive tumors (Chiosea et al., 2013; Nichols, Palma, Chow, et al., 

2013). Several studies exploring the pre-clinical efficacy of P13K targeted therapy in 

animal models have shown promising results (Molinolo et al., 2012). These studies 

might provide a rationale for this type of targeted therapy in individuals specifically 

harboring P1K3CA mutations.  

 

In conclusion, HPV infection is now recognized as a major etiologic factor for 

oropharyngeal cancers. HPV-positive oropharyngeal cancers represent a distinct 

epidemiologic entity clinically and biologically, with substantially improved 

outcomes when compared to HPV negative cancer patients. Opportunities for 
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primary and secondary prevention need to be further assessed, including use of the 

HPV vaccines as well as therapeutic vaccines and targeted treatments for patients 

with HPV-positive oropharyngeal cancers. Overall, the prospects for reducing the 

incidence of HPV-mediated HNSCC appear to be very good, first by reducing the 

frequency of infection, and second through the treatment of persons already 

infected with the virus. 
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