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Abstract
Head and neck cancer is one of the most common types of cancers in the world. However, the 
dynamics of the disease has changed in the past decades. A disease once characterized by smoking 
and drinking has more recently been associated with HPV. Additionally, prognosis for HPV 
associated disease seems far more improved to the non-HPV associated counterpart. Further 
investigations suggest the development of HPV associated oropharyngeal squamous cell carcinoma 
may in fact be a distinct form of cancer whose natural history needs to be pursued. Head and neck 
cancer and cervical cancer share characteristics in that high risk sexual behavior and exposure to 
and infection of HPV increases their risk however, it has been stated that HPV positive head and 
neck cancer has improved survival outcomes for patients. We believe that due to increased rates of 
HPV associated head and neck cancer yet it's receptiveness to therapy, it may be beneficial to study 
the natural history of HPV in its relationship with head and neck cancer in order to promote a 
higher quality of life in individuals with HPV positive condition.

Introduction
Head and neck cancer is one of the most common types of cancer in the world. Oropharyngeal 

cancer, one of the most common cancer types, has recently had a dynamic shift in the past few 
decades. A disease once strongly associated with smoking and drinking is now associated with HPV, 
a virus more commonly associated with cervical cancer. As our understanding of the disease and 
cancer grow, further exploration on the development of the cancer is key to understanding how 
to treat it correctly. Thus, by understanding the disease and exploring curative modalities, we can 
further improve patient survival and quality of life.

Characteristics of oropharyngeal cancer
Head and neck cancer is a term used to describe a set of different tumors that develop in the 

throat, larynx, nose, sinuses, and mouth. It is one of the most common cancers in the world. It has 
a global incidence of approximately 300,400 patients per year and global death rate of 145,400 per 
year [1]. In the US alone, there were an estimated 45,780 diagnoses and 8,650 deaths related to Head 
and Neck Cancer [2]. 

The most common malignancy in the head and neck region is squamous cell carcinoma. 
Although it has demonstrated a steady decline in nearly all subsites over the past few years, 
oropharyngeal squamous cell cancers have shown a distinct overall increase [3]. Oropharyngeal 
squamous cell carcinoma incidence increased from 1973 to 2004 in the US particularly in younger 
male white individuals [4, 5]. Specifically, oropharyngeal squamous cell cancer associated with HPV 
has increased 225% from 1988 to 2004. However, at the same time, survival has improved [3]. The 
increase in incidence and improving survival are attributed to the increase in HPV related disease 
[3-5].

Risk factors
Head and neck cancer has many established risk factors including tobacco products and alcohol 

use [6-9]. It has been estimated that around 30% of oropharyngeal cancer and 23% of laryngeal 
cancer worldwide can be attributed to alcohol consumption [10]. Although the effect of alcohol and 
tobacco use may vary, the combined affect of both exposures accounts for a majority of head and 
neck cancers [6]. It has been found that the increased alcohol and tobacco consumption trends have 
also increased the risk of head and neck cancer in the past 45 years [11-14]. Tobacco use appears 
to be a stronger risk factor for head and neck cancer than alcohol consumption. However, all who 
smoke and drink develop head and neck cancer thus there may be some undefined risk factor among 
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women and the young [11]. It has been hypothesized that hormones 
may play a protective role specifically with estrogen exposure [15]. 
Aside from smoking and drinking, the use of betel quid and areca nut 
also has a strong impact on cases in India and Taiwan. Betel quid and 
areca nut have both been implicated in other forms of cancer as well 
as other impairments [16,17].

Although oropharyngeal cancer has many conventional risk 
factors such as smoking and drinking, there seems to be many 
unconventional risk factors as well. Oral hygiene and malfunctioning 
dentures appear to be a key factor in some cases. It is believed that this 
may be because certain bacteria are allowed to grow which convert 
ethanol into acetaldehyde a major carcinogen [18,19]. However, it 
was found that there is some genetic influence in the metabolism of 
alcohol which promotes this risk factor.

In the past few decades, there has been a dramatic shift from 
carcinogen-exposed mucosal transformation to malignancy to 
predominantly virally mediated cancer. The recent decline in HPV-
negative oropharyngeal cancer parallels the declines in smoking in 
the United States [20]. The etiology of oropharyngeal squamous cell 
carcinoma has dramatically shifted over the past few decades. The 
gradual shift in disease etiology to that of a predominantly HPV-
positive process directly manifests in the current clinical presentation 
of oropharyngeal patients in the care giver's office. 

HPV
Most patients enrolled in therapeutic trials for squamous-cell 

carcinoma of the head and neck has oropharyngeal squamous cell 
carcinoma, which in a subgroup of these patients is caused by infection 
with human papillomavirus [21]. This subgroup is defined by the 
presence of high risk types of HPV in tumor cells, predominantly 
HPV type 16. The prevalence of oral HPV infection follows a bimodal 
curve with the first peak observed predominantly between 30 to 34 
and the second peak at age 60 to 64 [22]. Men have a significantly 
higher prevalence than women.

The overall survival rates of HPV positive disease is high between 
48% to 80% 5 year survival rates [23,24]. However, recurrence seems 
to be a major developing problem with regards to HPV positive 
disease. 

Evidence over the last decade has found that a growing 
incidence in head and neck cancer is strongly correlated with human 
papilloma virus. Research thus far has identified that the biology and 
epidemiology of HPV positive oropharyngeal cancer is distinctly 
different from HPV negative cancer typically caused by tobacco and 
alcohol exposure [25-29].

Because of this epidemiological shift in head and neck cancer, 
younger white male patients with limited exposure to tobacco and 
alcohol have begun to manifest the disease. These individuals tend 
to have histories notable for increased number of sexual encounters, 
specifically oral sex [25]. Thus, sexual activity may be a risk factor 
for oropharyngeal cancer. In the past few decades, not only have 
causes of genital and anal cancers risen due to HPV but also a subset 
of head and neck cancer. HPV is responsible for an estimated 30,000 
oropharyngeal cancers cases, 25% of all head and neck cancers [31]. 
HPV is now a major cause of oropharyngeal cancer in developed 
countries [31-33]. HPV has also been detected in a smaller subset of 
laryngeal (24%) and oral cavity (23%) cancers [31]. HPV is detected 
in the tumor of these oropharyngeal cancers, where it is localized 
to the cell nuclei, transcriptionally active, clonal, and not found in 

the surrounding benign tissue [34]. It has been hypothesized that 
the natural history of HPV in oral cancer may differ from that of 
cervical cancer [31] with studies indicating associations with DNA 
methylation in both human and viral genomes altering expression 
[35]. Epidemiologic evidence for the role of HPV in oropharyngeal 
cancer is equally strong. Case–control studies consistently show 
that oropharyngeal cancer patients have a higher average number of 
lifetime sexual partners (a surrogate for oral HPV exposure) and are 
more likely to have current oral HPV infection than matched controls 
[21,29,36].

Many believe that HPV causes a clinically unique form of 
oropharyngeal squamous cell carcinoma [37]. Aside from having 
completely different risk factors, HPV positive oropharyngeal cancer 
appears to have better survival when compared to HPV negative 
patients whether they were treated with radiotherapy alone, induction 
chemotherapy, or radiation with concurrent cisplatin chemotherapy 
[34,34,38]. Although the mechanism is unclear, clearly HPV plays a 
key role in the development of HPV positive cancer. At least 90% 
of HPV-positive cancers are associated with high risk or oncogenic 
HPV type 16 [31], and oral infection confers an approximate 50-
fold increase in the risk of HPV-positive cancer [39]. HPV has been 
identified as an independent prognostic factor for survival and 
progression-free survival among patients with oropharyngeal cancer 
which may be consistent with hypothesis that HPV-positive and 
HPV negative oropharyngeal squamous cell carcinomas are distinct 
and have different causes [34] risk factor profiles [21] and survival 
outcomes.

Risk factors for oral HPV and transmission
The main prevalence sites of HPV include the epithelium of 

the vagina, vulva, penis, anal canal, cervix, perianal region, crypts 
of the tonsil, and oropharynx. There exist multiple pathways for 
HPV transmission to the oral cavity including sexual transmission, 
Autoinfection, and rarely through perinatal transmission of the 
neonate during its passage through an infected birth canal of the 
mother [5,40]. Oral HPV acquisition was found to be more positively 
associated with number of recent oral sex and open mouth kissing 
partners than with the number of vaginal sex partners [5,41]. Sexual 
behavior has consistently been associated with increased oral HPV 
prevalence.

It is unclear whether HPV can be casually transmitted to the oral 
cavity. A study showed there was some association between open 
mouth-kissing in a small study size however the prospect needs to 
be further evaluated [42]. Oral HPV in children is incredibly rare 
[43]. Concordant oral and cervical is also rare which indicates auto 
inoculation from one area to another is uncommon [44-46]. It has 
been shown that oral HPV infection in one spouse was associated 
with a fourfold increase of Oral HPV in the other spouse in a study of 
pregnant women and tenfold increased risk of persistent infection in 
the other spouse [47].

Other risk factors have consistently been associated with 
increased odds of prevalent oral HPV. HIV infection is associated 
with significantly increased oral HPV prevalence suggesting that 
immunosuppression may impact oral HPV. Even with adjusting for 
sexual behavior, Oral HPV prevalence appears higher than men than 
in women [48]. Oral HPV appears to also increase with age however 
the reason behind this unusual age-related prevalence pattern 
remains unclear.
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HPV effect on cancer development (Angiogenesis/
metastasis)

Once HPV has come into contact with tissue within the throat 
and mouth, it forces its way into individual cells. Smoking and 
drinking also increase the likelihood of cancer however it appears 
upon entering cell tissue the virus promotes viral oncogenes [49].

HPV is a small DNA based virus that infects keratinocytes of 
the skin and mucous. Of the greater than 100 types of HPV, HPV 16 
comprises 90% of all infections [31]. HPV 16 is not the only form of 
HPV that is a potential risk factor for head and neck cancer. Non- 
HPV 16 genotypes account for 9% of HPV related Oropharyngeal 
carcinoma [46]. The main key HPV types aside from 16 implicated 
with head and neck cancer are 18, 33, and 52 [47]. The clinical 
characteristics are largely similar to HPV 16 and thus the favorable 
prognosis is also applicable to these cases. HPV itself encodes for 
many genes that induce tumorigenesis including E6 and E7. The E6 
oncoprotein causes ubiquitin mediated degradation of p53, a key gene 
that functions in regulating the cell cycle and tumor suppression. E7 
inhibits the ability of retinoblastoma tumor-suppressor genes, thus 
inhibiting its ability to repress the expression of replication enzyme 
genes. 

Of the major head and neck cancers HPV seems to be affecting 
most prevalently in Oral and Oropharyngeal Cancer. In a study done 
in the Czech Republic, it was found that 51.5% of samples tested 
had some trace of HPV with 80% of these cases specifically being 
HPV 16 [3]. In addition, it appears that the rate of HPV prevalence 
is different depending on the location 25% in oral cases and 57% in 
oropharyngeal and distinctly higher in nonsmokers and nondrinkers. 
HPV 16 has previously been implicated in the development of cervical 
cancer along with HPV 18 [4]. Studies have shown that HPV positive 
oropharyngeal cancer has distinctly better outcomes given the same 
treatment [50-52].

It has been known that HPV infection has led to virtually all cases 
of cervical cancer [26,40]. Molecular evidence also provides evidence 
that supports that HPV is involved in the pathogenesis of a sect of 
squamous cell carcinomas of head and neck cancer. Genomic data 
of oncogenic HPV is detected in at least 26% of all squamous cell 
carcinomas of head and neck cancer worldwide. However molecular 
evidence of oropharyngeal squamous cell carcinoma is more rigorous 
in which viral integration and expression of viral oncogenes (E6 and 
E7) have been shown [47].

Head and neck cancer and cervical cancer share characteristics in 
that high risk sexual behavior and exposure to and infection of HPV 
increases risk [53]. Although high risk sexual behavior, exposure to, 
and infection of HPV have all been strongly associated with squamous 
cell carcinomas of head and neck, there has been no studies indicated 
the association of all three with head and neck cancer. 

It has been confirmed that HPV positive head and neck cancer 
has improved survival outcomes for patients in both single and 
multicenter clinical trials [54]. The risk factors and demographic and 
tumor characteristics of HPV-positive patients differ from those of 
HPV negative patients. HPV-positive tumors were more likely than 
HPV-negative tumors to arise from the oropharynx, to be poorly 
differentiated, and to have basaloid features. 

The complex effect of HPV on prognosis and treatment 
Several studies have shown that patients with oropharyngeal cell 

carcinoma with HPV-positive tumors have a better prognosis than 

patients with HPV negative tumors [55]. Patients tend to have better 
overall and disease specific survival rates [56]. Significant prognostic 
factors were the presence of HPV, extracapsular spread and tumor 
size with HPV being the most significant prognostic factor. It was 
also found that HPV status was associated with positive therapeutic 
response and survival. Patients with head and neck cancer of the 
oropharynx or larynx had improved overall survival and after 
adjusting for age, tumor stage and ECOG performance status, lower 
risks of progression and death.

Several case series have supported an inverse association between 
tumor HPV status and the presence of p53-inactivating mutations in 
head and neck cancers [34,57]. There appears to be a clearly better 
response to chemotherapy and radiation in HPV positive cancer 
patients compared to HPV negative ones [34,57]. This is likely due 
to an intact p53 which would not necessarily exist in HPV negative 
cancer. This intact p53 would then be activated leading to apoptosis 
due to the chemotherapy induced stress. However, it has been shown 
that HPV positive oropharyngeal cancer still showed improved 
prognosis relative to HPV negative patients both with and without 
p53 mutations which appears to be enigmatic [58]. The biological 
basis for improved survivability is unclear.

In the largest retrospective analysis of the impact of HPV on 
outcome, the 3-year overall survival was 82.4 % (77.2 to 87.6) in the 
HPV positive subgroup and 57.1% (48.1 to 66.1) in the HPV negative 
subgroup and the three-year progression free survival was 73.7% 
(67.7 to 79.8) and 43.4% (34.4 to 52.4) respectively [34]. Tobacco use 
had a distinct negative impact on prognosis, independent of HPV.

In another studying using E6 to E7 PCR methods, it was found 
that 82% of HPV positive patients were alive after 5 years while only 
35% of HPV negative patients [59].

In a prospective study, it was found that HPV positive head and 
neck cancer had a 61% lower risk of death and a 62% lower risk of 
progression when compared to HPV negative patients after adjusting 
for age, tumor stage, and ECOG performance status [38].

Recurrence
The most common site for recurrence is the neck and the pharynx 

[39,60]. Standard therapy for patients with recurrence consists of 
surgical resection although success rates are not generally high for 
this form of treatment. Reirradiation is also possible, but due to 
toxicity of treatment and treatment related deaths the dangers of the 
treatment greatly outweigh the benefits so many clinicians avoid this 
modality. The majority of patients with recurrence are treated with 
chemotherapy regiments [22,61,62]. Thus, these patients are treated 
with palliative chemotherapy. For these patients, survival is between 
6 and 10 months [63,64].

Few studies have reported on outcomes of patients with 
metastatic or recurrent HPV positive head and neck cancer [65,66]. 
Because HPV positive patients are more susceptible to treatment 
it can be suggested that recurrent cancer may not be as susceptible 
and require more aggressive treatment. Some clinical trials suggest a 
median overall survival with recurrent HPV ranging from 11 months 
to 12 months [67]. Of the few studies on metastatic/recurrent HPV 
positive head and neck cancer, one study indicates that HPV positive 
head and neck cancer appears to have favorable prognosis after 
recurrent/metastatic cancer. Systemic treatment leads to a prolonged 
disease-free period even after metastasis [68]. Studies suggest more 
aggressive treatment may improve overall survival however parallel 
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comparisons are difficult. The potential benefit of a multimodality 
approach compared to using chemotherapy alone in the metastatic or 
recurrent setting may greatly improve overall survival [69].

Treatment
Treatment of head and neck cancer mainly focuses on surgical 

resection, radiation therapy, and/or chemo therapy. Primary treatment 
strongly varies with the anatomic site and stage of disease. For most 
early cancers, surgical resection is the cornerstone of treatment [70]. 
The main goal of surgery is the removal of all cancerous tumors and 
some surrounding tissue. This is to reduce the risk of recurrence. 
Certain anatomic sites such as tonsils, base of tongue, and floor of 
the mouth maybe treated with radiotherapy instead. An early stage 
of head and neck cancer is associated with excellent prognosis, thus 
surgical resection or radiation alone is considered sufficient treatment 
[71]. 

Several multimodality treatments exist for later staged cancer. 
Patients with later stage disease are treated with a combined therapy 
due to nodal metastasis. Patients are usually diagnosed at later 
stages and thus require multiple levels of treatment. Chemotherapy 
may be used in conjunction with radiation therapy. The efficacy 
of chemo radiotherapy in head and neck cancer has been well 
established, irrespective of HPV status [72]. Chemotherapy can be 
given either prior to or concurrently with radiotherapy. The addition 
of chemotherapy leads to greater improvements in survival with 
concurrent chemo radiotherapy proving superior to induction 
chemotherapy [73]. The standard treatment in head and neck cancer 
is currently high-dose cisplatin in conjunction with radiation therapy.

Those with HPV positive head and neck cancer had a higher 
baseline and post treatment overall quality of life compared to 
HPV negative patients. These scores were not affected by the 
primary treatment modality [74]. Later stage cancer may require 
reconstructive surgery. This can be necessary if portions of the jaw, 
skin, pharynx, or tongue are required to be removed due to infection 
of the tumor. Usually this type of operation is to help restore the 
person's appearance and function.

Side effects of surgery depend on the type and location of the 
surgery. Common side effects include temporary or permanent loss 
of normal voice impaired speech, and hearing loss. Difficulty with 
oral motor functions including chewing and swallowing after surgery 
may also be a problem.

The most common type of radiation therapy is external beam 
radiation therapy. Radiation therapy is optimal when given at 
1.8 Gy per day with a dose level of approximately 60 Gy [75]. 
Intensity-modulated radiation therapy uses advanced technology 
to more accurately direct the beams of radiation at the tumor thus 
reducing damage the surround tissues. Early on optimization of 
radiation therapy was experimented on determining there was no 
survival advantage over standard once-daily fractionation [73,76]. 
Patients going through radiation therapy may experience difficulties 
swallowing, skin irritation, dry mouth, bone pain, nausea, fatigue, 
mouth sores and damage to salivary glands as well as fibrosis of the 
surrounding tissue.

Chemotherapy is the use of drugs to destroy cancer cells. These 
drugs focus on reducing the cell's ability to divide and grow as well 
as promoting apoptosis. The most common form of treatment is 
combination drug therapy TPF, docetaxel, cisplatin, and fluorouracil. 
Bleomycin, docetaxel alone, hydroxyurea, and methotrexate are also 

prescribed for head and neck cancer. Chemotherapy is commonly 
given either intravenously or orally. Chemotherapy regimens usually 
consist of a specific number of cycles given over a set period.

Targeted therapy is when specific genes, proteins, and tissue 
environment are targeted to reduce the growth and survival of cancer 
cells. EGFR has shown exceptional prowess as a primary target for 
head and neck cancer however targeted therapy is often expensive 
however [77]. Targeting EGFR has been a proven method of treating 
head and neck cancer through the drug Cetuximab. Cetuximab, 
an EGFR inhibitor, is the only targeted therapy approved for head 
and neck cancer. Many other targets have been identified in recent 
years including PIK3CA, Notch 1, ALK 1, and hedgehog however all 
require additional research. PIK3CA maybe a new target for targeted 
therapies as it would appear that there is some increase in mutation 
of PIK3CA in HPV positive patients [78-81]. In fact, several reports 
indicate that mutations in PIK3CA ranging between 6 and 20% of 
head and neck cancers.

Following diagnosis of the oral cavity and pharynx cancer, the 
5-year relative survival is close to 40% in the United States and in 
Europe, although it varies substantially from country to country. 
Moreover, the prognosis is generally better for women and 
malignancies arising from the hypopharynx.

There has been some debate in the level of treatment necessary 
to treat HPV positive head and neck cancer as although traditionally 
multi-modality therapy is used it does not appear to be a necessity. 
HPV positive head and neck cancer prognosis is generally favorable, 
independent of treatment modality [59]. It can be suggested that 
reducing the aggressiveness of treatment may still produce similar. 
Currently treatment is defined by stage and site of disease and is 
independent of HPV status.

Conclusion
The incidence of HPV related head and neck cancer appears to be 

growing specifically in younger patients. With unique risk profiles, 
factors, and presentation, HPV positive disease acts distinctly 
different with an apparently better prognosis compared with the HPV 
negative counterpart. Further investigation on treatment modality 
is necessary not only for primary infection but recurrent disease as 
well. Advancements in treatment information will be able to guide 
treatment methodology and enhance our understanding of disease.
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