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ABSTRACT 

Head and neck cancer (HNC) is one of the top ten cancers in the world, and is caused by 

tobacco use, alcohol consumption and Human Papillomavirus (HPV). HPV associated HNC 

patients have improved survival rates compared to non -HPV associated HNC patients. This 

improved survival is due to HPV- positive tumors favorable response to chemotherapy and 

radiation. The literature has shown that there is a racial disparity in survival rates between 

Caucasians and African Americans, with African Americans having poorer survival rates.  

The aim of this study is to determine if the racial disparity among HNC patients is due to 

a difference in HPV prevalence between races. HPV prevalence in HNC was assessed by a meta-

analysis of published articles (30/247) that reported race specific HPV prevalence. We also 

conducted a pooled analysis in which authors that assessed HPV in HNC were invited to submit 

their datasets. Meta-pooled prevalence estimates revealed that 20% of African American HNC 

patients had HPV-positive tumors, compared to 44% in Caucasians. However for both African 

American HNC patients and Caucasian HNC patients there was low to moderate heterogeneity 

between the studies (Q-test p-value = p < 0.001, I
2
 = 18.87%, and p= 0.008. I

2
 =65.47% 

respectively). The prevalence of HPV in African Americans was 60% and in Caucasians it was 

39%. African Americans had a risk of oropharyngeal cancer that was no different from 

Caucasians (OR: 1.38, 95% CI: 0.53-3.62) but had an increased risk of death from oropharyngeal 

cancer (HR: 2.39, 95% CI 1.03-5.55) compared to Caucasians. The results of the pooled analysis 

does not support the concept that African Americans HNC patients have a lower prevalence of 

HPV, but substantiates the notion that African Americans have worse survival than Caucasians. 

However, these are preliminary results as the pooled analysis is still being conducted, the 

inclusion of more datasets in the analysis could alter these preliminary findings.  
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CHAPTER 1 

INTRODUCTION 

Head and neck cancer (HNC) is the sixth most common cancer in the world accounting 

for 3% of all cancer cases.  In 2012, there were an estimated 52,610 new cases of cancers of the 

oral cavity, larynx and pharynx and 11,500 deaths attributed to the disease in the United States 

(Siegel, Naishadham, & Jemal, 2012). Although tobacco and alcohol use are the primary risk 

factors for developing head and neck cancer, HPV has been established as the primary risk factor 

for oropharyngeal cancer (a subsite of head and neck cancer)(Chaturvedi et al., 2011; Gillison, 

Zhang, et al., 2012).    There is a 61% survival rate among head and neck cancer patients, 

however studies show patients with HPV associated head and neck cancer have an increased 

chance of survival in comparison to non HPV associated head and neck cancer patients (Dansky 

Ullmann, Harlan, Shavers, & Stevens, 2012; Fakhry et al., 2008; Rischin et al., 2010; Siegel, 

Ward, Brawley, & Jemal, 2011).  This difference in mortality among HNC cases has promoted 

mandatory HPV testing in most institutions among newly diagnosed patients in order to 

determine proper course of treatment since HPV associated head and neck cancer responds 

favorably to chemotherapy and radiation (Marur, D'Souza, Westra, & Forastiere, 2010). 

African American males have the highest rates of incidence of head and neck cancer, but 

when compared to their Caucasian male counterparts their mortality rates are more than doubled 

(Ragin, Modugno, & Gollin, 2007).  Settle et al. suggests that this disparity may be explained at 

least partially by the difference in HPV prevalence in HNC patients between races. The study 

reported that among head and neck cancer patients, Caucasian males have higher rates of oral 

HPV infection than Caucasian women, and African Americans (Settle et al., 2009). However, 

there are few published studies that have examined if there is a racial disparity in HPV 
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prevalence in head and neck cancer, and the studies that have been identified have relatively 

small numbers of African American patients.  Larger studies need to be conducted to substantiate 

these findings.  

In this study we have conducted a systematic review of the literature to determine 

whether the existing literature supports the notion that racial disparities in HPV associated head 

and neck cancer survival can be explained by differences in HPV prevalence among race. We 

have also conducted a pooled analysis of published datasets to further validate the findings of the 

meta- analysis. 
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CHAPTER 2 

 

BACKGROUND 

Human papillomavirus  

 Human Papillomavirus are DNA viruses that have an affinity for the basal cells of the 

epithelial mucosa (Ragin et al., 2007). There are over 150 types of Human Papillomaviruses and 

these types can be categorized into 5 main genera based on their DNA sequence, life cycle and 

disease association. The five genus groups of human papillomavirus are: Alpha-papillomavirus, 

Beta-papillomavirus, Gama- papillomavirus, Mu- papillomavirus, and Nu-papillomavirus. These 

genuses along with 11 additional non-human infecting genera comprise the papillomaviridae 

family (Betiol, Villa, & Sichero, 2013; de Villiers, Fauquet, Broker, Bernard, & zur Hausen, 

2004; Joseph & D'Souza, 2012). These 5 genera are genetically and phylogenetically different 

from one another. The L1 gene open reading frame which codes for the HPV viral capsid is one 

of the genomic sequences that is used to determine genetic homology and phylogenetic 

differences among the HPV genera (de Villiers et al., 2004; García-Vallvé, Alonso, & Bravo, 

2005). There are also biological differences among the 5 genera of HPV. For example Alpha- 

papillomaviruses infect both mucosal and cutaneous epithelia, whereas the other 4 genera only 

infect cutaneous epithelia (Doorbar et al., 2012). HPV 16 and the other high risk HPV types are 

members of the Alpha- papillomavirus family (Bravo, de Sanjosé, & Gottschling, 2010; Lindel et 

al., 2009).  

HPV is more commonly classified as high or low risk types. There are about 15 HPV 

types that are classified as high risk because of their role in promoting carcinogenesis (Muñoz et 

al., 2003) Munoz et al. was the first study to use epidemiological evidence to categorize high risk 

HPV types based on their ability to cause cervical cancer. In this pooled case-control analysis of 



4 
 

2,506 women with cervical cancer and 2, 491 controls Munoz found that there were 15 HPV 

types (HPV 16, 18, 31,33,35, 45,51, 52,56, 58,59, 68,73,39,82) that either had odds ratios over 

45 or were only detected in cervical cancer cases when compared to the controls. This evidence 

was not only supported the idea that HPV had a significant role in the development of cervical 

cancer but also that there were “high risk” types that increased the risk of cervical cancer over 

other HPV types.   More than 90 % of non- cervical HPV related cancers and 70 % of cervical 

cancers are caused by HPV 16 and HPV 18. HPV causes 50- 85% of all oropharyngeal 

cancers(Cogliano et al., 2005; D’Souza, Zhang, D’Souza, Meyer, & Gillison, 2010).  Other 

cancers such as anal, penile, and vaginal cancer are also associated with high risk HPV infection 

(Chaturvedi, 2010; Lowy & Schiller, 2012). Low risk types such as HPV 6 and HPV 11 are more 

commonly known for causing skin lesions and genital warts.  

HPV can also be classified as cutaneous and mucosal types depending on whether the 

virus has an affinity to infect the skin or the mucosa, respectively(Cardoso & Calonje, 2011).  

The cutaneous types are common in the population but typically only cause common warts such 

as plantar warts(Bernard, 2005; Cardoso & Calonje, 2011). The mucosal groups are commonly 

divided into high risk and low risk types, which is dependent upon viral ability to promote 

carcinogenesis.  Mucosal HPV are the only types associated with HNC.  

Many studies have assessed and determined the mechanism by which HPV promotes 

carcinogenesis (Boyer, Wazer, & Band, 1996; Chung & Gillison, 2009; Hubbert, Sedman, & 

Schiller, 1992; Munger et al., 1989). HPV is a DNA virus that consists of two capsid proteins 

(L1 and L2) and 3 oncoproteins E5, E6 and E7(Howard & Chung, 2012). The L1 and L2 proteins 

ensure attachment and entry into the host cell.  Upon infection the oncoproteins interfere with the 

function of the host cells tumor suppressor proteins p53, pRb and p21. This interference leads to 
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DNA damage, uncontrolled cell growth, and inability of defective cells to die thus leading to 

carcinogenesis(Ragin et al., 2007).  The oncoproteins regulation affects a variety of other 

proteins that are downstream of the tumor suppressors such as p16. When E7 binds to pRb this 

attachment disrupts its normal ability to regulate p16, and as a result there is a high level of p16 

expressed in HPV-positive cells. The increased level of p16 serves as a surrogate marker of HPV 

infection, and is often used to determine HPV presence in cancers such as oropharyngeal 

cancer(Howard & Chung, 2012).  

Methods of HPV Detection 

There are a variety of methods employed in research and clinical settings to identify HPV 

infection in patients.  Nucleic acid amplification methods such as Polymerase Chain Reaction 

(PCR) involve the use of small fragments of DNA known as primers to bind to recognized 

regions of DNA that are unique to the HPV genome and amplify that region.  In the case of PCR 

the amplified region can now be detected using other methods such as direct genome sequencing. 

The PCR product can also be detected in microarray analysis, where the amplified DNA will 

only bind to complementary DNA on the microarray chip, and emit detectable signals(Ge et al., 

2012).  The Linear Array (Roche), and INNO LiPA (Innogenetics ) assays are other PCR based 

methods that detect and genotype HPV DNA (Donà et al., 2011). Reverse transcriptase PCR 

(RT-PCR) is another method to detect HPV.  Similar to traditional PCR, RT-PCR utilizes RNA 

which is then reverse transcribed into cDNA and then detected by sequencing or microarray 

technologies that were described previously (Kimple, Torres, Yang, & Kimple, 2012).  

Southern blot is the original method for DNA detection and is considered the gold 

standard for DNA detection. Southern blot is a tedious process that involves the isolation of large 
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quantities of HPV DNA, running the DNA on an agarose gel for separation, transferring of the 

DNA onto a nitrocellulose membrane and then probing the membrane with a fluorescent or 

radiolabeled probe for DNA detection (Kimple et al., 2012; Venuti & Paolini, 2012).  In situ 

hybridization (ISH) is another common method used to detect HPV infection and is similar in 

methodology to the Southern blot.  This method utilizes a fluorescent labeled or radiolabeled 

DNA probe to bind to complementary HPV DNA located in a section of tissue (Abreu, Souza, 

Gimenes, & Consolaro, 2012). The final main method of HPV recognition is 

immunohistochemistry (IHC) of p16, a surrogate marker for HPV infection.  IHC requires 

fluorescent labeled antibodies to bind to p16 (Pannone et al., 2012).  

Human papillomavirus and Head and Neck Cancer  

     The majority of head and neck cancer cases are caused by tobacco and alcohol use.  Head and 

neck cancer caused by tobacco and alcohol use has a distinct characterization when compared to 

HNC caused by HPV. Tobacco and alcohol -associated HNC tends to have keratinization of the 

squamous epithelial cells. There are also genetic differences for example there are mutations in 

p53, and p16. In tobacco and alcohol-associated HNC p53 is overexpressed, unlike in HPV 

associated HNC where p16 is overexpressed.  Another primary difference is that studies suggest 

that the HPV- related head and neck cancer patients are younger than the non -HPV related HNC 

(El-Mofty & Lu, 2003; Joseph & D'Souza, 2012). The primary risk factors differ between the 

two populations; for HPV- HNC cases the primary risk factor is sexual exposure to HPV, 

however among non HPV HNC cases tobacco and alcohol is the primary risk for cancer 

development (Joseph & D'Souza, 2012; Lassen, 2010; Ragin et al., 2007). Another major 

difference is HPV infected head and neck cancer patients have better survival rates.  The three 

year survival rate for HPV related HNC is 82% whereas HNC cancer patients without HPV 
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infection have a 57 % survival rate(Joseph & D'Souza, 2012).   Multiple studies have shown that 

this difference in survival is attributed to the fact that HPV HNC responds favorably to radiation 

and chemotherapy treatments due to less genetic alterations accumulated in the cancer cell 

compared to one that is etiologically linked to tobacco and alcohol (Gillison, Zhang, et al., 2012; 

Mehanna et al., 2012; Sethi et al., 2012; Smith, Rubenstein, Hoffman, Haugen, & Turek, 2010; 

Stephen et al., 2012; Straetmans et al., 2009).  

        Worldwide the incidence of head and neck cancer has declined over the years, however 

over the past two decades the incidence of oropharyngeal cancer has increased.  For example in 

the U.S. the prevalence for HPV in head and neck cancer rose from 16% in the late 1980’s to 

72% in the 2000’s(D’Souza et al., 2010; Ernster et al., 2007; Fakhry et al., 2008).  This rise in 

oropharyngeal cancer incidence can be attributed to the increase of HPV infection in the 

population (Chaturvedi et al., 2011; Gillison, Alemany, et al., 2012). This drastic increase of 

incidence is primarily seen only in Caucasian males; these alarming rates have not been 

demonstrated in Caucasian women or other ethnicities.  

HPV infection is a major public health concern and a global health burden. HPV is a 

sexually transmitted virus and its causative role in cervical cancer alone accounted for 275,000 

deaths worldwide in 2008(Arbyn et al., 2011). There are approximately 21,400 new cases of non 

-cervical HPV related cancers in the United States each year and approximately 97,200 

worldwide (Chaturvedi, 2010; Siegel et al., 2012). In an effort to reduce the HPV associated 

cancer incidence, two HPV vaccines; Guardasil and Cervarix have been developed and approved 

for vaccination in girls. The FDA approved the use of Guardasil for vaccination in boys in 2009. 

(Betiol et al., 2013; Lowy & Schiller, 2012). With the development and administration of the 

current HPV vaccines and second generation vaccines on the horizon there is hope that there will 



8 
 

be a decrease in the incidence of HPV-related cancers in the not so distant future. However the 

magnitude of this future decrease in HPV related cancer incidence is dependent upon multiple 

factors such as the accessibility of the vaccines to developing countries, and the adherence of the 

population to participate in the vaccination.  

Racial Disparities in HPV -Associated Head and Neck Cancer 

    Among HPV associated head and neck cancer patients there seems to be a racial disparity in 

survival outcomes. Although there are few publications that have investigated the role of race in 

HPV prevalence of head and neck cancer, there are some notable studies that have supported the 

idea that a disparity in survival exists between African Americans and Caucasian head and neck 

cancer patients.  For example in the multicenter phase 3 trial conducted by Settle et al. African 

Americans faired far worse than Caucasians with an overall survival of 25.2 months compared to  

69.2 months  after treatment with chemotherapy and chemoradiation.   This study attributed the 

difference in survival to the 34 % prevalence of HPV infected tumors in the white population, 

since the African American population only had 4% prevalence of HPV infected tumors(Settle et 

al., 2009).  

     Additional studies such as Chernock et al. have also examined the phenomena of low 

prevalence of HPV in African American oropharyngeal tumors. In this study 11.5 % of African 

Americans with oropharyngeal cancer had HPV positive tumors while 63.5 % of the Caucasian 

population had HPV positive tumors. After further analysis they found that disease free survival 

was associated with marital status, tumor stage, and treatment type but not race(Chernock Rd, 

2011). Worsham et al. also conducted a study that found no difference in survival between 

African Americans and Caucasians with HPV-positive oropharyngeal tumors. However African 
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Americans with HPV negative tumors had poorer survival outcomes when compared to HPV 

positive African Americans and HPV negative Caucasians (Worsham et al., 2013). These studies 

support the idea that the racial disparity in survival of head and neck cancer may be due to lower 

prevalence of HPV in tumors that arise in African Americans compared to Caucasians, but the 

limited number of African Americans in each of these studies weakens the validity of these 

findings. Studies with larger samples of African Americans are required to discern whether the 

prevalence of HPV is significantly different compared to Caucasians and whether the racial 

disparity in survival of head and neck cancer is associated with low HPV prevalence in African 

American oropharyngeal tumors.  
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CHAPTER 3 

METHODS 

A Pubmed search was conducted (from inception to April 2013)  using the search terms 

“("human papillomavirus"[All Fields] OR "HPV"[All Fields]) AND ("squamous cell 

carcinoma"[All Fields] OR "cancer"[All Fields]) AND ("oropharyngeal"[All Fields] OR 

"oropharynx"[All Fields] OR "head and neck"[All Fields] OR "tonsil"[All Fields]) to identify 

relevant articles (Dayyani et al., 2010).  This search generated 796 articles for review.  The 

inclusion criteria consisted of all publications that tested for HPV or P16 in head and neck cancer 

tumors and reported HPV/P16 prevalence; this stipulation yielded 308 original articles that 

conditionally qualified for the analysis. Studies that used serology methods to detect HPV were 

excluded from the analysis as this method does not differentiate which tissue site in the body is 

HPV positive. In addition, case reports and studies that recruited only HPV positive- head and 

neck cancer tumors/patients were excluded.  Additional exclusion criteria were: studies with 

HNC patients that were co-infected with other diseases such as HIV, and studies that classified 

HNC as HPV-related and HPV non-related tumors based on tumor site without directly testing 

for HPV in the tissue.  

After accounting for all the study inclusion and exclusion criteria, there were 276 articles 

that were eligible for the study. There were 29 studies with overlapping study populations among 

authors with multiple publications; therefore we included cases from the most recent publication 

from these authors. Of the 247 publications that qualified for the pooled and meta-analysis, the 

corresponding authors (listed in the articles) were invited to join the study via email. Researchers 

who agreed to participate in the study were sent an instruction form describing how to send the 

dataset and a questionnaire listing which variables were going to be included in the pooled 
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analysis.  To date 19% (46/217) of the eligible studies have agreed to join the pooled analysis 

and of those studies that have agreed to collaborate we have 3 completed datasets that are ready 

to be included in this preliminary pooled analysis. A schematic of the study design can be found 

in Figure 1.  Since the recruitment period is still ongoing this analysis serves as a preliminary 

study until recruitment has ended.  

 

Figure 1. Flow chart of racial disparities in HPV prevalence in HNC patients study design 
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Statistical Methods 

Meta-analysis  

All 247 articles that qualified for the meta-analysis were reviewed for race-specific HPV 

prevalence rates.  First author name, publication year, method of HPV detection, HPV types 

detected, HPV prevalence rates and tumor site were extracted from the 30 qualifying articles and 

analyzed in Comprehensive meta- analysis software version 2 (Biostat Inc., Englewood NJ, 

USA). Pooled meta-prevalence estimates were derived from studies that contained HPV race 

specific data using a random effects model of tumor site stratified Forest plots (oropharynx 

versus mixed tumor sites).  The Q and I statistics were used to assess heterogeneity among the 

studies. The I
2
 statistic measures the amount of heterogeneity between studies in the meta-

analysis. I
2
 percentages around 25 % or less, would indicate low heterogeneity , values between 

25%-50% would indicate moderate heterogeneity, and percentages greater than 50% would  

suggest large heterogeneity (Huedo-Medina, Sánchez-Meca, Marín-Martínez, & Botella, 2006). 

Egger’s test was performed to identify any publication bias in the meta-analysis. Significance 

levels for all tests were two sided p-values < 0.05.  

Pooled Analysis 

All variables in the received datasets were recoded into a standard format in Microsoft 

Excel 2010 (Microsoft, USA). All calculations in the pooled analysis were performed using 

STATA version 10 software (StataCorp, College Station, TX, USA).  Chi-square and fisher’s 

exact tests were performed to determine significant differences between the covariates (gender, 

age, ethnicity, smoking, alcohol consumption, history of metastasis/recurrence, and tumor site) 

of the HPV positive and HPV negative population.  Next, a pairwise analysis was conducted to 
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determine which covariates would be included in the regression analysis; the significance level 

was set to a p value < 0.05. Adjusted ORs were calculated from multivariable logistic regression 

model to determine the risk of HPV positivity between ethnic groups. In addition, univariate 

analysis of Kaplan Meier graphs provided insight on the rate or survival between ethnic groups. 

Hazard Ratios were calculated using Cox regression analysis to elucidate if there is a difference 

in cancer survival between ethnicities.  Confounding variables that were found to be associated 

with HPV status and ethnicity at a significance level of P <0.05, were adjusted for in the logistic 

and cox regression models. The smoking, alcohol consumption, and history of 

recurrence/metastasis covariates were all coded as binary variables and defined as follows:  ever 

smoker/never smoker, ever drinker/never drinker, history of recurrence or metastasis/ no history 

of recurrence or metastasis. The age covariate was categorizes into tertiles (20-49, 50-59, and 

60+).  The tumor site covariate was defined as oral cavity (lip, gum, floor of mouth, hard palate, 

cheek and mouth), oropharynx (base of tongue, lingual tonsil, soft palate, uvula, tonsillar fossa, 

tonsillar pillar, tonsil, vallecula, wall of oropharynx), larynx (epiglottis, glottis supraglottis, 

subglottis, laryngeal cartilage, hypopharynx, pyriform sinus, postscricoid region, wall of 

hypopharynx, hypopharyngeal aspect of aryepiglottic fold), or unknown primary tumor.  The 

ethnicities were defined as White, Black or Asian.  
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CHAPTER 4 

 RESULTS 

Meta -Analysis 

With regard to the meta-analysis, 30 of the 247 articles reported race specific HPV 

prevalence and were included in the analysis. The 30(12%) studies that provided race-specific 

HPV prevalence are summarized in Table 1 and the other 217 studies that did not provide race-

specific HPV prevalence are summarized in Table 2. All articles that were eligible for the overall 

study (Table 1 and Table 2) were invited to join the pooled analysis. The study populations 

described in Table 1 ranged in size from small (n=25) to medium size (n=506).   African 

American HNC cancer patients ranged from as low as one patient to as many as 64 patients in a 

single study. The studies in Table 2 ranged from small studies (n=4) to large studies (n= 2214). 

Studies tested for HPV in formalin fixed paraffin embedded, and fresh frozen tissues using a 

variety of methods including: PCR, immunohistochemistry and in situ hybridization HPV was 

detected in various tumor tissues ranging from the oropharynx, larynx, hypopharynx paranasal 

sinus and oral cavity (Table 1 and Table 2). 
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Table 1. Description of studies (30 of 247 papers) that provided race-specific HPV prevalence in HNC cancer 

Study N HPV-positive status by race Tissue 

source 

Tumor site (N) Methods HPV types  

Baumann et al (2009) 
38 

White (5/36 ); Black (1/2 ) FFPE Larynx PCR 

HPV 16, 26, 31, 39, 

52 

Chernock et al (2011) 
174 

White (94/148 ), Black (3/26  ) FFPE Oropharynx ISH HPV 16 

Chuang et al (2008) 
59 

White (20/47 ), Black (0/10 ) 

Other (0/2 ) 

FFPE, 

Oral rinse 

Oropharynx (23), Oral 

cavity (23), hypopharynx 

(2) unknown (2), larynx (9) 

PCR, 

ISH HPV 16 

Compton et al (2011) 
25 

White (7/16 ), Black (4/9 ) FFPE Unknown FISH   

Weinberger et al 2010 
102 

White (25/86), Black (0/16) FFPE Oropharynx PCR HPV 16, 18 

Wang et al (2012) 
177 

White (22/99), Black (6/64), 

other (4/14)   FFPE 

Cohort 1; Oropharynx (24), 

nonoropharynx (118).  

Cohort 2; Oropharynx (23), 

nonoropharynx (12). PCR HPV 16 

Wang et al (2012) 
309 

White (216/286), others (14/23) FFPE Oropharynx PCR HPV 16 

Agrawal et al (2008) 
135 

White (43/118), Black (0/13), 

others (1/4) 

Oral 

rinse, 

FFPE 

Lips and oral cavity (43), 

oropharynx (52), 

nasopharynx (1), 

hypopharynx (4), larynx 

(26), paranasal sinuses (5), 

unknown (4) 

PCR, 

ISH HPV 16 

Ang et al (2010) 
323 

White (190/278), others (16/45) FFPE Oropharynx ISH HPV 16 

Fakhyr et al (2008) 
96 

White (36/81), others (2/15) FFPE Oropharynx 
PCR, 

HPV 16, 33, 35 
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ISH 

Gillison et al (2008) 
240 

White(86/207), Black (3/27), 

other (3/6) 

FFPE, 

VENOUS 

SAMPLE, 

ORAL 

RINSE 

Oropharynx (114), 

unknown (6), paranasal (7), 

larynx (49), oral cavity (54), 

hypopharynx (7), 

nasopharynx (3) 

PCR, 

ISH HPV 16 

Gillison et al (2012) 
506 

 white (253/408), Nlack (22/74), 

other (16/24) FFPE Oropharynx IHC p16 

Lewis et al (2010) 
239 

White (132/208), other (6/30)  FFPE Oropharynx 

ISH, 

PCR 

HPV 16, 18, 31, 33, 

35,45, 

51,52,56,58,59,68,70 

Lohavanichbutr et al  

(2009) 
119 

White (37/106), other (4/13) 

Fresh 

frozen Oropharynx, oral cavity PCR 

HPV 16, 32, 35, 45, 

53 

Loyo et al (2011) 
63 

White (53/60), Black (0/1), other 

(2/2)   

Oral cavity (4), oropharynx 

(79), larynx (3), 

hypopharynx (2), others (6) ISH HPV 16 

Maxwell et al 2010 
124 

White,(98/116); Black,  (2/5); 

other (2/3) FFPE Oropharynx (124) PCR HPV 16, 18, 35 

Posner et al (2011) 
111 

White (54/100), Black (1/8), 

others (1/3) FFPE Oropharynx PCR HPV 16 

Ragin et al (2006) 
125 

White (29/117), others (1/8) FFPE 

Oral cavity (91), 

oropharynx (34) PCR HPV 11, 16, 33, 52 

Sedaghat et al (2009) 
49 

White (20/35), Black (2/4), 

others (4/10) FFPE Oropharynx ISH HPV 16 

Table 1. (continued) 
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Sharma et al (2012) 
228 

white (59/207), others (7/21):  FFPE 

Oral cavity (166), 

oropharynx (62) PCR   

Simonato et al (2008) 
29 

White (4/20), others (1/9) FFPE Oral cavity PCR   

Stephen et al (2010) 
77 

White (15/45), Black (5/31), 

other(1/1) FFPE Larynx PCR HPV 16 

Tezal et al (2012) 
124 

White (44/109), others (6/15) FFPE 

Oral cavity (31), 

oropharynx (49), larynx 

(44) PCR HPV 16 

Ji et al (2009) 
202 

White 85/202 FFPE unknown PCR HPV 16 

Settle et al(2009) 

237 

White 66/196, Black 1/28,  other 

1/13 FFPE 

hypopharynx (35), Larynx 

(55), oral cavity (28), 

oropharynx (119) PCR HPV16 

Worsham et al (2013) 

118 

White (36/68) 

Black(15/49,)other( 0/1) FFPE oropharynx PCR HPV 16 

Guan et al (2010) 
200 

White (137/186) others (10/14) FFPE oropharynx PCR HPV16 

Arthur et al (2011) 

143 

White (37/133) Black (1/4) other 

(0/6) FFPE 

oral cavity (35), pharynx 

(108) PCR  

D’souza et al (2010) 

255 
White( 86/220) other (6/35) FFPE 

oropharynx(119) oral cavity 

(63), larynx (53) paranasal 

sinus (8), hypopharynx (8) 

nasopharynx (3)  Unknown 

(4) ISH HPV16 

Gllison et al 2000 

253 

White (52/202) Black (10/48) 

other (0/3) 

Fresh 

frozen 

nasopharynx (2) oral cavity 

(84) oropharynx (60) 

hypopharynx (21) larynx 
ISH,PCR 

HPV16, 31, 33, , 18, 

11 

Table 2.  All 217 eligible studies that assessed HPV prevalence in HNC patients 

• FFPE – Fixed formalin paraffin embedded, PCR- polymerase chain reaction,  ISH – is situ hybridization,. 
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(86) 

Study  N Tissue Source Tumor Site  Methods HPV Types 

Agoston et al. 

(2010) 
141 

FFPE Oropharynx (141) PCR, ISH HPV 16, 58 

Agrawal et al 

(2011) 
32 

    

Argiris et al. 

(2011) 
31 

FFPE 

Oropharynx (16), Oral cavity (3), 

Larynx(4), Nasopharynx(3) 

Hypopharynx(3), Unknown primary(2). ISH  

Al - swiahb et al 

(2010) 
274 

FFPE  PCR, ISH HPV 16, 18 

Anderson et al 

(2011) 
50 

Paraffin 

embedded Oropharynx (50) PCR  HPV 16, 18 

Andrews et al 

(2008) 
18 

Paraffin 

embedded Oropharynx (18) PCR HPV 16, 18 

Argiris et al. 

(2010) 
39 

FFPE 

Oropharynx (23), oral 

cavity(3),hypopharynx(3), larynx(5), 

nasopharynx(3), unknown(2) ISH  

Armas et al 

(2008) 
32 

FFPE 

Oropharynx (11), hypopharynx (8), 

tongue (3), buccal mucosa (1), unknown 

(9) PCR, ISH HPV 16, 18 

Barwad et al 

(2011) 
111 

FNA 

Oropharynx (40), Oral cavity (34), 

nasopharynx (20) unknown (17) PCR  

Bhattacharya et 236 Fresh frozen Oral cavity (200), larynx (19), Orofacial PCR HPV 16, 18 

Table 2. All 217 eligible studies that assessed HPV prevalence in HNC patients 
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al (2009) region (200) 

Begum et al 

(2009) 
53 

FFPE 

Oropharynx (21), larynx (8), 

hypopharynx (14), oral cavity (6), 

sinonasal tract (4) ISH  HPV 16, 18 

Bennet et al 

(2010) 
16 

Fresh frozen, 

Paraffin 

embedded Tonsils PCR HPV 16 

Best et al (2010) 
67 

FFPE Oropharynx ISH HPV 16 

Bishop et al 

(2011) 
24 

FFPE FNAC 

Palatine tonsil (9), base of tongue (5), 

oral cavity (4), larynx (2), skin (2), 

maxillary sinus (1), unknown (1) PCR, ISH HPV 16 

Bishop et al 

(2011) 
9 

FFPE Oropharynx ISH HPV 16 

Black et al 

(2010) 
16 

FFPE 

Ocular (1), hypopharynx (1), tonsil (8), 

retromolar (1), tongue (3), anal (1), 

lymph node (1) PCR HPV 6, 16, 69 

Boland et al 

(2012) 
27 

Paraffin 

embedded 

Maxilla (6), submaxillary gland (6), base 

of tongue (1), soft palate (2), other(12) ISH HPV 16 

Brockton et al 

(2011) 
55 

FFPE  PCR, ISH  

Brotherston et al 

(2011) 
51 

 

base of tongue (22), tonsil (28), 

unknown(1)   

Brunner et al 

(2012) 
38 

FFPE 

Oral (29), paranasal (7), larynx(1), 

external auditory canal(1) ISH HPV 16, 18 

Table 2 (continued) 
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Byers et al 

(2010) 
47 

FFPE Oropharynx (27), unknown (15). ISH  

Calicino et al 

(2012) 
49 

FFPE 

Oral cavity (9), oropharynx (26), 

hypopharynx (2), larynx (10), other (2) PCR  

Cao et al (2011) 
64 

FFPE 

Oral cavity (10), oropharynx(2), base of 

tongue (18), tonsil (20), pharyngeal wall 

(2) hypohharynx (6), larynx (2), other (2) PCR HPV 16,18 

Carpenter et al 

(2011) 
16 

FFPE 

Palatine  (13), base of tongue (2), soft 

palate (1) PCR, ISH  

Charfi et al 

(2008) 
52 

FFPE 

Tonsils (15), Tonsils and lateral 

oropharynx (37) PCR HPV 16 

Chaturvedi et al 

(2011) 
271 

FFPE Oropharynx PCR, ISH HPV 16, 35, 33, 58, 18, 26, 52, 45 

Chau et al 

(2011) 
53 

FFPE 

Oropharynx (20), larynx (14), oral cavity 

(10) paranasal sinus (3), hypopharynx(2), 

unknown (4) PCR, ISH HPV 16 

Chen et al 

(2012) 
32 

FFPE 

Oropharynx (17), nonoropharynx (12), 

unknown (3) PCR HPV 16, 58, 33, 18, 35 

Chenevert et al 

(2012) 
13 

FFPE Unknown ISH  

Cheng et al 

(2012) 
60 

FFPE Oropharynx PCR HPV 16, 18, 58 

Chien et al 

(2008) 
111 

FFPE Tonsils PCR, ISH HPV 6, 11, 16,18 

Table 2 (continued) 
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Chung et al 

(2009) 
46 

FFPE Tonsil PCR, ISH HPV 16 

Chung et al 

(2010) 
25 

FFPE 

Oral cavity (8), oropharynx (11), 

hypopharynx (1), larynx (4), unknown (1) PCR   

Cohen et al 

(2011) 
50 

FFPE Oropharynx PCR HPV 16, 33, 59 

Dahlstrom et al 

(2008) 
 

        

Deng et al 

(2012) 
184 

Fresh frozen 

hypopharynx (55), oropharynx (48), oral 

cavity (31), larynx (26), paranasal sinus 

(11), nasopharynx (13) PCR HPV 16 

Dictor et al 

(2010) 
31 

Nodal 

aspirate 

Oropharynx (11), mesopharynx (2), 

nasopharynx (3), tongue (1), larynx (3), 

unknown (6), oral cavity (1), paranasal 

sinus (1), preauricular skin (3) PCR HPV 16, 26 

Doxtader et al 

(2011) 
34 

FFPE Oropharynx PCR, ISH  

D'souza et al 

(2010) 
255 

FFPE Oropharynx (119), nonoropharynx (136) ISH HPV 16 

El mofty et al 

(2008) 
93 

FFPE 

Oropharynx (32), oral (35), 

larynx/hypopharynx (26) ISH  

Eliassen et al 

(2011) 
4 

FFPE Tongue PCR  

Ernoux et al 75 
FFPE Hypopharynx  PCR HPV 16, 18, 33, 39, 51,53, 58, 59, 66 

Table 2 (continued) 
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(2010) 

Evans et al 

(2011) 
30 

FFPE Tonsils PCR, ISH HPV 16, 52, 11, 18 

Farshadpour et 

al (2011) 
16 

FFPE Oropharynx PCR, FISH  

Feher et al 

(2010) 
65 

 Oropharynx PCR  

Fei et al (2009) 
85 

FFPE Tonsils PCR  

Fischer et al 

(2010) 
365 

FFPE 

Oropharynx (85), oral cavity (117), 

larynx (48), hypopharynx (38)   

Fischer et al 

(2010) 
102 

 Oropharynx   

Friedland et al 

(2011) 
60 

FFPE Tonsils (20), nontonsillar (40)  HPV 16 

Fukasawa et al 

(2012) 
63 

FFPE Larynx PCR HPV 16, 6, 18, 31, 33 

Furniss et al 

(2008) 
193 

FFPE  PCR HPV 16 

Fury et al (2011) 
42 

FFPE Oropharynx(39), larynx(3) PCR HPV 16 

Fury et al (2011) 
46 

FFPE Tonsils PCR  

Gao et al (2012) 
150 

FFPE Oropharynx PCR HPV 16, 18, 33, 35 

Ghosh et al 149 
FFPE Oropharynx (140), larynx (9) 

PCR, Southern 
HPV 16, 18 
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(2012) blot 

Gilbert et al 

(2011) 
42 

FFPE 

Oropharynx (27), nonoropharynx (11), 

unknown (4) PCR HPV 16, 18 

Glombitza et al 

(2010) 
52 

FFPE 

Hypopharynx (3), Larynx (1), Paranasal 

Sinus (1), Oropharynx (47) PCR HPV 16, 33 

Goldenberg et al 

(2008) 
100 

FFPE 

Oropharynx (44), larynx (23), oral cavity 

(22), skin (2), unknown (6), hypopharynx 

(3) PCR, ISH HPV 16 

Granata et al 

(2012) 
120 

FFPE Oropharynx PCR   

Gudleveciene et 

al (2009) 
48) 

FFPE 

Oropharynx (7), hypopharynx (7), larynx 

(18), oral cavity (13), other (3) PCR HPV 16 

Hafkamp et al 

(2008) 
77 

FFPE Tonsils PCR, FISH HPV 16 

Halmos et al 

(2012 
10 

FFPE Larynx PCR HPV 16, 18 

Hannisdal et al 

(2010) 
137 

FFPE Tonsil PCR HPV 16, 18, 31, 33, 67 

Hao et al (2011) 
55 

FFPE 

Oropharynx (27), larynx (13), 

hypopharynx (10), lips and oral cavity 

(1), unknown (4) PCR  

Heath et al 

(2011) 
83 

FFPE Oropharynx PCR HPV 16 

Heusinkveld et 50 FFPE Oropharynx (21), oral cavity (16), PCR HPV 16 

Table 2 (continued) 
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al (2011) hypopharynx (13) 

Hoff et al (2011) 
1166 

    

Hoffmann et al 

(2009) 
78 

FFPE 

Tonsils (20), larynx (22), hypopharynx 

(24), unknown (10) PCR HPV 16, 18 

Hong et al(2010) 
489 

FFPE  Tonsils PCR HPV 16, 18, 33, 35, 39 

Hong et al 

(2011) 
302 

FFPE Oropharynx PCR HPV 16, 18 

Hong et al(2012) 
266 

FFPE Oropharynx PCR HPV 16, 18, 35, 56, 59 

Hristosova et al 

(201) 
42 

FFPE 

Oropharynx (17), oral cavity (9), 

hypopharynx (7), larynx (5), nasopharynx 

(2), unknown (2) IHC  

Huang et al  

(2012) 
624 

FFPE    

Huang et al 

(2010) 
103 

FFPE Oral cavity PCR HPV 16, 18 

J. Lewis et al 

(2012) 
16 

FFPE Oropharynx PCR, ISH  

J. Lewis et al 

(2010) 
149 

FFPE Oropharynx PCR  

Jamaly et al 

(2012) 
110 

FFPE 

Oropharynx (8),Larynx (32), epiglottis 

(14), buccal mucosa (21), tongue (13) PCR. ISH HPV 16, 18 

Jannapurredy et 40 
FFPE Oropharynx (7),  ISH  

Table 2 (continued) 
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al (2010) 

Jansen et al 

(2012) 
46 

FFPE Oropharynx   

Janus et al 

(2012) 
24 

Fresh frozen Oropharynx  HPV 16 

Jarboe et al 

(2011) 
16 

FFPE Oropharynx HC2, ISH  

Ji et al (2009) 
202 

FFPE  PCR HPV 16 

Jo et al (2009) 
24 

FFPE, Fresh 

frozen Oropharynx (14), others (10) PCR HPV 16 

Jo et al (2009) 
31 

 

Oropharynx (14), oral cavity (1), 

sinonasal (4), laryngeal (11), 

hypopharyngeal (1) PCR, ISH HPV 16 

Joo et al (2011) 
55 

 Oropharynx ISH  

Joo et al (2011) 
156 

FFPE Oropharynx (66), oral cavity (90) ISH 

HPV 16, 18. 31, 33, 35, 39, 45, 51, 

52. 56, 66 

Jordan et al 

(2012) 
235 

FFPE Oropharynx PCR HPV 16 

Jung et al (2010) 
231 

FFPE Oropharynx ISH HPV 16, 33 

Jung et al (2012) 
144 

FFPE Oropharynx ISH, PCR  

Junor et al 

(2012) 

cohort 

1(118), 

cohort 2  
FFPE Oropharynx  HPV 6, 18, 33, 35, 51, 52, 56 
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(136) 

Kakuta et al 

(2010) 
71 

FFPE 

Tongue (37), gingiva (19), bucal mucosa 

(5), mouth floor (5), soft palate (2), palate 

(1), lower lip (1), maxillary sinus (1)  HPV 16 

Zhao et al 

(2012) 
135 

FFPE 

Oropharynx (38), larynx (35), oral cavity 

(54), hypopharynx (8) ISH  

Zhang et al 

(2008) 
62 

FFPE 

Oropharynx (45), oral cavity (6), 

hypopharynx (2), larynx (5), unknown (3) ISH  

Zhang et al 

(2012) 
30 

FNA  , FFPE 

Oropharynx (13), oral cavity (13), 

larynx/hypopharynx(4) ISH  

Zengel et al 

(2012) 
26 

FFPE Tonsils (12), base of tongue (14) PCR HPV 16, 33, 58 

Zarco et al 

(2012) 
43 

FFPE Oropharynx PCR HPV 6, 16, 43, 56 

Young et al 

(2011) 
240 

FFPE Oropharynx PCR, FISH  

Chen et al 

(2012) 
165 

FFPE Oral cavity   

Wu et al (2012) 
114 

FFPE Oropharynx PCR  

Worden et al 

(2008) 
66 

Surgical 

resection, 

biopsy Oropharynx PCR HPV 16 

Won et al (2012) 
121 

FFPE Oropharynx(61), Oral cavity (60) ISH  

Winter et al 45 
FFPE genitourinary sites (8), anorectal site (8),   
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(2008) lung (8), head and neck (21) 

Wilson et al 

(2012) 
27 

 Oropharynx ISH  

Westra et al 

(2008) 
89 

FFPE 

Oral cavity (38), larynx (20), tonsil (21), 

hypopharynx (6), palate (4) ISH HPV 16 

Weiss et al 

(2010) 
131 

FFPE 

Tonsil (45), Base of tongue (32), floor of 

mouth (15), anterior 2/3rd of tongue (19), 

soft palate (9), hypopharynx (7), posterior 

pharyngeal wall (3), unknown (1) PCR HPV 16 

Weinberger et al 

(2010) 
77 

FFPE Oropharynx PCR HPV 16 

Wansom et al 

(2011) 
46 

FFPE base of tongue (26), tonsil (19),  PCR HPV 16 

Attner et al 

(2010) 
95 

FFPE Base of tongue PCR HPV 16 

Attner et al 

(2011) 
153 

FFPE Tonsil PCR HPV 16 

D'souza et al 

(2007) 
100 

oral rinse, 

FFPE,frozen 

samples Oropharynx PCR, ISH HPV 16 

Gillison et al 

(2012) 

Cohort 

1 (306), 

cohort 2 

(190 ) 
FFPE Oropharynx PCR, ISH   

Kaminagakura et 

al (2011) 
Young 

group 
FFPE Oropharynx PCR HPV 16, 18 
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(47), 

older 

group 

(67) 

Kanicka et al 

(2011) 
33 

FFPE Larynx, sinonasal ISH HPV 6, 11 

Kies et al (2010) 
47 

FFPE 

Oral cavity (1), oropharynx (41), larynx 

(2), hypopharynx(2), nasopharynx(1) ISH   

Klozar et al 

(2008) 
81 

FFPE Oropharynx (71), oral cavity (10) PCR HPV 16, 26, 33 

Klussman et al 

(2009) 
60 

FFPE Oropharynx PCR, ISH  

Kong et al 

(2009) 
82 

FFPE 

Oropharynx (49), oral cavity (13), 

larynx(7), hypopharynx (7)nasopharynx 

(3), others (3) 

PCR, Primer 

hybridization HPV 16, 18, 33 

Kotb et al (2010) 
46 

 

Oropharynx (22), larynx (11), 

hypopharynx (8), oral cavity (2), lymph 

node metastases (3) 

PCR, 

Hybridization HPV 16, 33, 35 

Kumar et al 

(2008) 
225 

FFPE Oropharynx PCR  

Lajer et al 

(2012) 
41 

FFPE, Fresh 

frozen tonsil (31), cervix (10) PCR  

Lassen et al 

(2009) 
794 

 

Larynx (428), oropharynx (200), oral 

cavity (92), others (74) Hybridization HPV 16 

Lau et al (2010) 
55 

FFPE Oropharynx (28), larynx (14), 

hypopharynx (9), lip and oral cavity (1), 
PCR, ISH  
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unknown (3) 

Le et al (2012) 
498 

    

Lee et al (2008) 
173 

FFPE Oropharynx PCR HPV 16, 18 

Lee et al (2011) 
22 

FFPE Tongue (8), tonsil (7), larynx(7) ISH  

Lewis et al 

(2010) 
239 

FFPE Oropharynx ISH, PCR HPV 16, 33 

Lewis et al 

(2012) 
87 

FFPE 

Oral cavity (45), larynx (31), 

hypopharynx (11) ISH, PCR HPV 16 

Lill et al (2011) 
45 

FFPE Oropharynx ISH, PCR HPV 18 

Lim et al (2011) 
73 

FFPE 

Oropharynx (51), oral cavity (2), larynx 

(12), hypopharynx (8) ISH  

Lindel et al 

(2009) 
51 

FFPE 

Oropharynx (29), hypopharynx (13), 

larynx (6), oral cavity (2), unknown (1) PCR HPV 6, 8,18 

Lindquist et al 

(2012) 
73 

FFPE Tonsils (55), base of tongue (18) PCR HPV 16 

Lo et al (2010) 
30 

FFPE Nasopharynx PCR, ISH HPV 16, 18 

Lopes et al 

(2011) 
145 

Fresh frozen, 

Paraffin 

embedded Oral cavity PCR HPV 16, 18 

Mills et al 

(2012) 
62 

FFPE Oropharynx PCR, ISH  

Kumar et al 50 
FFPE Oropharynx PCR HPV 16 
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(2012) 

Lajer et al 

(2012) 
49 

FFPE, Fresh 

frozen Oropharynx PCR, ISH  

Lingen et al 

(2012) 
409 

FFPE Oral cavity PCR HPV 16, 18, 31, 33, 35, 39, 45 

Luginbuhl et al 

(2012) 
48 

FFPE Tonsils ISH HPV 16 

Ma et al (2012) 
32 

FFPE Oropharynx  HPV 16 

Machado et al 

(2010) 
92 

FFPE, Fresh 

frozen 

Oropharynx (22), oral cavity (53), others 

(17) PCR HPV 6, 16, 18, 33, 35, 53, 58 

Mansour et al 

(2012) 
30 

Fresh frozen  PCR HPV 16 

Marsit et al 

(2008) 
698 

FFPE 

Oral cavity (355), pharynx (202), larynx 

(139), PCR HPV 16 

Massand et al 

(2011) 
18 

FFPE 

 Tongue (4), tonsil (2), larynx 

(7),paranasal sinus (1), soft palate/tonsil 

(1),hypopharynx (1), nasal cavity (1), 

nose/hard palate/maxilla (1) ISH HPV 16 

Maxwell et al 

(2010) 
124 

FFPE Oropharynx (124) PCR HPV 16, 18, 35 

Mcbride et al 

(2012) 
132 

  Oropharynx (128), others (4)     

Mclemore et al 25 
FFPE 

Larynx (26), oropharynx (9), oral cavity PCR, dot blot 
HPV 16, HPV 26/69 
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(2010) (4), nasal cavity (1) hybridization. 

Mendelhson et 

al (2010) 
71 

FFPE 

Oral cavity (41), oropharynx (12), glottic 

(18) PCR, ISH  

Mendez et al 

(2011) 
73 

 Oral cavity (50), oropharynx (23)  HPV 16 

Merlano et al 

(2012) 
317 

 

hypopharynx (78), rhinopharynx (22),oral 

cavity (40), larynx (63), oropharynx 

(106), unknown (8) PCR HPV 16, 18 

Meyer et al 

2008) 
270 

Fresh frozen     HPV 16 

Pino et al (2012) 
27 

FFPE 

anogenital area (16), head and neck (6), 

extragenital skin region (5) PCR HPV 6, 4/8,11, 35/45 

Mirghani et al 

(2011) 
14 

FFPE Oropharynx PCR HPV 16 

Miyahara et al 

(2011) 
83 

FFPE Oropharynx PCR  

Moeller et al 

(2009) 
98 

FFPE 

Oropharynx (77), larynx (12), 

hypopharynx (9) PCR, ISH   

Molinolo et al 

(2012) 
317 

FFPE  PCR HPV 16, 18 

Monsjour et al 

(2011) 
45 

FFPE 

Oral cavity (20), oropharynx (20), larynx 

(2), hypopharynx (3) PCR HPV 16, 35, 66 

Montaldo et al 68 
Fresh frozen Oropharynx PCR HPV 6, 16, 31, 55 
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(2010) 

Morshed et al 

(2008) 
130 

FFPE larynx PCR  

Nichols et al 

(2009) 
68 

FFPE Oropharynx ISH HPV 16 

O'Regan et al 

(2008) 
24 

FFPE Oropharynx PCR HPV 16 

Pai et al (2009) 
41 

FFPE 

Branchial cleft cyst (25), oropharynx 

(15), larynx (4), oral cavity (4), unknown 

(3) PCR HPV 16 

Pannone et al 

(2012) 
86 

FFPE Oral cavity (64), oropharynx (22) PCR, ISH HPV 16 

Park et al (2011) 
93 

FFPE Oropharynx PCR HPV 16 

Park et al (2012) 
58 

FFPE Oropharynx (22), unknown (36) ISH HPV 16 

Park et al (2011) 
22 

FFPE Oropharynx PCR, ISH HPV 16 

Scapoli et al 

(2008) 
314 

FFPE, Fresh 

frozen Oral cavity PCR, ISH HPV 16 

Pintos et al 

(2008) 
72 

FFPE Oral cavity PCR HPV 16 

Preuss et al 

(2008) 
106 

FFPE Oropharynx PCR HPV 16, 33 

Quon etal (2011) 
48 

FFPE Oropharynx PCR  
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Rades et al 

(2011) 
170 

FFPE 

Oropharynx (112), oral cavity (24), 

hypopharynx (14), larynx (24) CISH HPV 16 

Rautava et al 

(2012) 
106 

Fresh frozen 

lip (5), oral cavity (37), oropharynx 

(31),nasopharynx (8), hypopharynx (15), 

larynx (10) PCR 

HPV 16, 18, 30, 31, 33, 35, 56, 58, 

59, 66 

Regia et al 

(2010) 
86 

FFPE Oral cavity PCR HPV 16, 18 

Ribeiro et al 

(2011) 
2214 

Oral cells, 

fresh frozen 

samples 

Oral cavity (687), oropharynx (439), 

hypopharynx/larynx (1088) PCR HPV 16, 52, 62 

Richards et al 

(2009) 
26 

  PCR HPV 16 

Rischin et al 

(2010) 
172 

FFPE Oropharynx PCR, ISH  

Ritta et al (2008) 
59 

FFPE 

Oral cavity (25), oropharynx (22), larynx 

(12) PCR HPV 16 

Rizzo et al 

(2008) 
77 

FFPE 

Oral cavity (10), oropharynx (22), larynx 

(38), hypopharynx (7) PCR HPV 16 

Romanitan et al 

(2008) 
115 

FFPE Oral cavity (46), tonsil (31), tongue (38) PCR HPV 16 

Rubenstein et al 

(2011) 
109 

FFPE Oropharynx PCR HPV 16, 33 

S. Gosh et al 

(2008) 
186 

FFPE, Fresh 

frozen 

Orofacial (9), oral cavity (164), larynx 

(13), nasopharynx (2) PCR HPV 16, 18 
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S. Lee et al 

(2011) 
95 

FFPE Glottic PCR HPV 16 

Saini et al 

(2009) 
60 

buccal swab, 

cervical 

scrapings 

Cervix (30), nasopharynx (16), larynx 

(3), oral cavity (5), sinonasal (2), tonsil 

(2), oropharynx (1), parotid gland (1) PCR HPV 16 

Smith et al 

(2012) 
301 

FFPE 

Oral cavity (170), larynx/hypopharynx 

(41), oropharynx (90) PCR HPV 16, 18, 33 

Schache et al 

(2011) 
108 

FFPE, Fresh 

frozen Oropharynx PCR, ISH HPV 16 

Schlecht et al 

(2011) 
109 

FFPE, Fresh 

frozen 

Oropharyx (30), hypopharynx (8), larynx 

(32), oral cavity (38), nasopharynx (2) PCR, ISH HPV 16 

Seraj et al 

(2012) 
94 

FFPE Tongue PCR HPV 16, 18 

Sethi et al 

(2011) 
385 

FFPE Oropharynx (81), others (304) PCR HPV 16 

Shanesmith et al 

(2011) 
131 

FFPE Oral cavity and Oropharynx PCR 

HPV 6, 11,16, 18, 31, 33, 35, 45,  52, 

82, 84 

Sharma et al 

(2012) 
228 

FFPE Oral cavity (166), oropharynx (62) PCR   

Shi et al (2010) 
111 

FFPE, Fresh 

frozen Oropharynx PCR, ISH HPV 16 

Shonka et al 

(2010) 
69 

FFPE Oropharynx   

Siebers et al 7 FFPE Tongue PCR, ISH  

Table 2 (continued) 
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(2008) 

Marques- Silva 

et al (2012) 
75 

FFPE 

Oropharynx (22), oral cavity (28), larynx 

(17), hypopharynx (8) PCR HPV 16, 18 

Singhi et al 

(2010) 
256 

FFPE Oropharynx (175), nonoropharynx (81) ISH HPV 16 

Sinha et al 

(2010) 
152 

 Oropharynx   

Slebos et al 

(2012) 
20 

Fresh frozen Oropharynx PCR  

Smeets et al 

(2009) 
39 

Fresh frozen  Oropharynx (10), oral cavity (29) 

Genomic 

hybridization  

Vivenza et al 

(2012) 
140 

FFPE, Fresh 

frozen 

Hypopharynx (40), oropharynx (36), oral 

cavity (26), larynx (30), rhinopharynx 

(6), others (2) PCR HPV 16 

Snietura et al 

(2010) 
59 

FFPE Oral cavity and Oropharynx PCR HPV 16 

Soderberg et al 

(2008) 
36 

Fresh frozen Oral cavity and Oropharynx PCR  

Spector et al 

(2012) 
73 

 Oropharynx ISH  

St Guily et al 

(2011) 
523 

FFPE Oral cavity (209), Oropharynx (314)  HPV 16, 18, 54 

Stenner et al 48 
FFPE Tonsils PCR HPV 16 

Table 2 (continued) 
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(2011) 

Stephen et al 

(2010) 
25 

FFPE Larynx PCR HPV 6, 11, 16/33 

Stevens (2011) 
98 

FFPE 

Larynx (4), oral cavity(18), oropharynx 

(59), others (17) ISH HPV 16, 16/18, 33, 45, 16/82 

Straetmans et al 

(2009) 
81 

FFPE Tonsils PCR, ISH HPV 16 

Stransky et al 

(2011) 
92 

 

Oral cavity , oropharynx, larynx, 

hypopharynx, sinonasal cavity PCR HPV 16 

Sullivan et al 

(2011) 
764 

FFPE Oropharynx IHC  

Szabo et al 

(2011) 
71 

FFPE 

Tonsil (10), base of tongue (6), glottic 

(20), supraglottic (16), hypopharynx (19), 

metastasis (7) IHC, ISH, PCR HPV 16, 18, 33 

Tachezy et al 

(2009) 
86 

FFPE, Fresh 

frozen, oral 

washings Oral cavity and Oropharynx PCR HPV 16, 26, 33 

Tang et al 

(2011) 
168 

FFPE 

Oropharynx (109), larynx (10), 

hypopharynx (13), nasopharynx (30), oral 

cavity (4), unknown (2) IHC  

Thavaraj et al 

(2012) 
20 

FFPE Oral cavity PCR, ISH, IHC HPV 16 

Thomas et al 

(2011) 
47 

FFPE Oral cavity, oropharynx, larynx PCR, ISH, IHC HPV 16 

Table 2 (continued) 
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 FFPE – Fixed formalin paraffin embedded, PCR- polymerase chain reaction, ISH – is situ hybridization, FISH- fluorescent in situ 

hybridization.  

 

 

 

 

Thurlow et al 

(2010) 
71 

  IHC  

Toustrup et al 

(2011) 
323 

FFPE 

Larynx (100), hypopharynx (44), 

oropharynx (141), rhynopharynx (38) IHC  

Ukpo et al 

(2009) 
211 

FFPE Oropharynx PCR, ISH, IHC HPV 16 

Van Zeeburg et 

al (2008) 
21 

FFPE, fresh 

frozen 

Head and neck (16), esophageal (2). 

Anogenital (3) PCR, IHC HPV 16, 33 

 
 

    

Table 2 (continued) 
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From the 30 studies that provided race-specific HPV prevalence data, a meta-pooled prevalence for African Americans and 

Caucasians was estimated (Figure 2). The analysis determined that overall and irrespective of head and neck sub-site, 44 % of 

Caucasian HNC patients were HPV-positive (Figure 2a) compared to 20% of African American HNC patients (Figure 2b).  When 

stratified by tumor site 62% of Caucasian oropharyngeal cancer patients were HPV positive, whereas 26 % of African American 

oropharyngeal cancer patients were HPV positive. Among HNC cancer patients with primary tumors in mixed sited, Caucasians had a 

25% HPV prevalence rate compared to 15% HPV prevalence in African Americans. However the Q test for heterogeneity determined 

that the studies included in the meta-analysis were heterogeneous (Q test, p=0.008) for Caucasian HPV prevalence in HNC patients 

and for African American HPC prevalence in HNC (Q test p < 0.001). The I
2
 test determined that among studies used to calculate the 

meta prevalence of HPV in Caucasian HNC patients there was approximately large heterogeneity (65%) between the studies, whereas 

in the studies used to determine the pooled prevalence in African Americans there was approximately 19% ,low heterogeneity.  Even 

when stratified for tumor site, moderate heterogeneity was still observed for HPV prevalence in White oropharyngeal cancer patients 

(Q test, p= 0.001, I
2
 test = 33.22%) and low heterogeneity was observed for HPV prevalence in African American oropharyngeal 

patients ( Q test, p <0.001, I
2
 test= 15.74%).  As expected, moderate heterogeneity was also observed among the studies combined 

with primary tumors involving various sites in Caucasians (Q test <0.001, I
2
 test = 48.13%), while low heterogeneity was observed for 

African Americans with primary tumors from multiple head and neck sub-sites ( Q test < 0.001, I
2
 test = 7.72%).  There was no 

evidence of publication bias (Egger’s test p-value : African Americans = 0.136; Whites = 0.260).  
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1 N = 2000, Test for heterogeneity: I2=33.22, Q=16.47 (p=0.001), d.f.=11;
2 N = 2175, Test for heterogeneity: I2=48.13, Q= 32.77 (p<0.001), d.f. = 17
3 N = 4175, Test for heterogeneity: I2=65.47, Q= 83.97 (p=0.008), d.f. = 29

Forest plotStudies 

Oropharyngeal cancers

Prevalence (95% CI)

Chernock et al, 2011 0.66 (0.58 - 0.73)

Weinberger et al, 2010 0.29 (0.21 - 0.40)
Wang et al, 2012B 0.76 (0.70 - 0.80)

Ang et al, 2010 0.68 (0.63 - 0.74)
Fakhry et al, 2008, 0.44 (0.34 - 0.55)

Gillison et al, 2012 0.62 (0.57 - 0.67)
Lewis et al, 2010 0.64 (0.57 - 0.70)

Maxwell et al, 2010 0.85 (0.77 - 0.90)
Posner et al, 2011 0.54 (0.44 - 0.64)
Sedaghat et al, 2009 0.57 (0.41 - 0.72)
Guan et al, 2010 0.73 (0.67 - 0.80)
Worsham et al, 2013 0.53 (0.41 - 0.64)
Sub-total1 0.62 (0.55 - 0.69)

Ji el al, 2009 0.42 (0.36 - 0.49)
D'Souza et al 2010 0.34 (0.28 - 0.40)
Baumann et al, 2009 0.14 (0.06 - 0.29)
Chuang et al, 2008 0.43 (0.29 - 0.57)
Compton et al, 2011 0.44 (0.23 - 0.68)
Wang  et al, 2012A 0.22 (0.15 - 0.32)
Agrawal et al, 2008 0.36 (0.28 - 0.46)
Gillison et al, 2008 0.42 (0.35 - 0.84)
Lohavanichbutr et al, 2009 0.35 (0.27 - 0.44)
Loyo et al, 2011 0.88 (0.78 - 0.94)
Ragin et al, 2006 0.25 (0.18 - 0.33)
Sharma et al, 2012 0.29 (0.23 - 0.35)

Simanoto et al, 2008 0.20 (0.08 - 0.43)
Stephen et al, 2012 0.33 (0.21 - 0.48)

Others/mixed

Tezal et al, 2012 0.40 (0.32 - 0.50)
Settle et al, 2009 0.34 (0.27 - 0.41)
Gillison et al,2000 0.26 (0.20 - 0.32)
Arthur et al, 2011 0.28 (0.21 - 0.36)
Sub-total2 0.35 (0.30 - 0.40)

Overall3 0.44 (0.40 - 0.48)

-1.00 -0.50 0.00 0.50 1.00

A.
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Figure 2.  HPV prevalence in Head and Neck Cancer patients by tumor site and race. A). Forrest plot and prevalence estimates of 

studies that reported HPV prevalence in Caucasians HNC patients. B). Forrest plot and prevalence estimates of studies that reported 

HPV prevalence in African American HNC cancer patients.  

 

Pooled Analysis (preliminary results)  

      Patient Demographics 

 All HNC sites  

Oropharynx Group 

Studies
Forest plot

Prevalence (95% CI) 

Chernock et al, 2011 0.12 (0.04 - 0.30)

Weinberger et al, 2010 0.03 (0.002 - 0.34)
Gillison et al 2012 0.30 (0.20 - 0.41)

Maxwell et al, 2010 0.40 (0.10 - 0.80)
Posner et al, 2011 0.13 (0.02 - 0.54)
Sedaghat et al, 2009 0.50 (0.12 - 0.88)

Worsham et al, 2013 0.31 (0.19 - 0.45)

0.26 (0.17 - 0.37)
Other Head & neck cancers
Baumann et al, 2009 0.50 (0.06 - 0.94)
Chuang et al, 2008 0.05 (0.003 - 0.45)
Compton et al, 2011 0.44 (0.18 - 0.75)
Wang et al, 2012 A 0.09 (0.04 - 0.19)

Agrawal et al, 2008 0.04 (0.002 - 0.38)

Gillison et al 2008 0.11 (0.04 - 0.29)

Stephen et al, 2012 0.16 (0.07 - 0.33)

Settle et al, 2009 0.04 (0.005 - 0.21)

Gillison et al, 2000 0.21 (0.12 - 0.35)

Arthur et al, 2011

Sub-total1

0.25 (0.03 - 0.76)

Sub-total2 0.15 (0.10 - 0.24)

Overall3 0.20 (0.15 - 0.27)

-1.00 -0.50 0.00 0.50 1.00

1 N=182, test for heterogeneity: Q=7.12 (p<0.001), I2=15.74, d.f=6;  
2 N=237, test for heterogeneity: Q=9.75 (p<0.001), I2=7.72, d.f=9. 
3 N= 419, test for heterogeneity: Q=19.72 (p<0.001), I2=18.87, d.f.=16.

B.
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A description of the patient characteristics can be found in Table 3.  Of the 462 patients (three datasets), there were 

121(35.5%) patients who were HPV-positive. Within the HPV positive population 81 % were men and 19% were woman, compared 

to the HPV negative population that consisted of 94% men and 6% women. African Americans only accounted for 4 % of the HPV 

negative population and 15% of the HPV-positive population.  Asians represented 71% of the HPV negative HNC patients and 39% of 

HPV-positive whereas there were only 26% and 46%, respectively of Caucasians in the two groups. Age was not associated with HPV 

status. Approximately 90-91 % of both populations had a history of metastasis or recurrence.  Both HNC groups have a significantly 

greater number of smokers compared to non- smokers. The HPV negative population had equal numbers of alcohol drinkers and non-

drinkers, however in the HPV positive group 62% of participants identified as drinkers and 38% identified as non-drinkers. Primary 

tumors were predominantly located in the oropharynx for both HNC populations; 81% for HPV- negative and 98% for HPV- positive 

HNC patients.  

 Oropharyngeal cancer and Non Oropharyngeal cancer patient demographics 

Table 3 further stratifies patient demographics by oropharyngeal cancer patients (OPC) and non -oropharyngeal cancer 

(NOPC) patients. Among HPV- positive oropharyngeal cancer 81 % were men and 19% were women in, whereas the HPV – negative 

oropharyngeal cancer patients consisted of 95% men and 5% women. Age and history of metastasis/recurrence was not associated 

with HPV status. Caucasians accounted for 15 % of the HPV- negative OPC population and 47% of the HPV positive OPC 

population. African Americans comprised 4% of the HPV- negative OPC patients and 15% of the HPV-positive OPC patients. Asians 
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made up 81% of the HPV- negative OPC population and 38% of the HPV- positive OPC population.  Within the HPV - negative OPC 

population 89% of the patients were ever smokers and 44% were alcohol users, whereas in the HPV - positive OPC population 74 % 

identified as ever smokers and 62 % were alcohol users.  

In the non -oropharyngeal cancer patients (Table 3)there were 86 % men and 14% women in the HPV –negative population, 

compared to 100 % of the HPV- positive population being men. There were no African Americans in the NOPC population. There 

were 73 % Caucasians in the HPV- negative NOPC population compared to 33% in the HPV -positive group. Asians accounted for 27 

% of the HPV- negative NOPC patients and 67 % of the HPV- positive NOPC population.  All HPV- positive NOPC patients 

identified as smokers and 67 % identified as alcohol users. However in the HPV-negative NOPC population 88 % identified as 

smokers and 73 % were alcohol users.  Among the NOPC population gender, age, ethnicity, smoking, alcohol use, history or 

recurrence/metastasis variables were not associated with HPV status.  

Table 3. Characteristics of the 462 head and neck cancer patients in pooled analysis 

 All HNC Sites (n=462) Oropharynx  ( n=393) Non-Oropharynx (n=69) 

Study n = 3 HPV - HPV + P-

value 

HPV - HPV + P-

value 

HPV - HPV + P-

value 

   Gender
1 

  0.00   0.000   1.00 

           Male  318(94) 98(81)  262(95) 95(81)  56(86) 3(100)  

           Female 22(6) 23(19)  13(5) 23(19)  9(14) 0(0)  
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   Age   0.831   0.198   0.570 

           20-49 120(35) 39(32)   110(40) 38(32)  10(15) 1(33)  

           50-59 111(33) 42(35)  96(35) 41(35)  15(23) 1(33)  

           60+ 110(32) 40(33)  69(25) 39(33)  41(62) 1(33)  

Race   0.000   0.000   0.141 

           White 87(26) 56(46)  39(15) 55(47)  48(73) 1(33)  

           Black  12 (4) 18(15)  12(4) 18(15)  ----- -----  

           Asian 242(71) 47(39)  224(81) 45(38)  18(27) 2(67)  

Smoking
1 

  0.000   0.000   1.00 

         Never smoker 37(11) 28(25)  29(11) 28(26)  8(12) 0(0)  

         Ever smoker 296(89) 83(75)  238(89) 80(74)  58(88) 3(100)  

Alcohol use   0.038   0.003   1.00 

        No alcohol use 165(50) 39(38)  147(56) 38(38)  18(27) 1(33)  

        Alcohol users 165(50) 63(62)  117(44) 61(62)  48(73) 2(67)  

History/Recurrence 

or metastasis
1 

212(90) 42(91) 1.00 193(91) 40(91) 1.00 19(83) 2(100) 1.00 

No History of       

recurrence or 

metastasis 

23 (10) 4 (9)  19(9) 4(9)  4(17) 0(0)  

Site
1 

  0.00       

         Oral cavity  24 (7) 1( 1)  ------ ------  ------ ------  

Table 3 (continued) 
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         Oropharynx 275(81) 118(98)  ------ ------  ------ ------  

         Larynx 33 (10) 2(1)  ------ ------  ------ ------  

         unknown 9 (3) 0 (0)  ------ ------  ------ ------  

1
 Fisher’s exact test 

 

Risk of HPV positive status in head and neck cancer  

 To determine the risk of having HPV- positive tumors in head and neck cancer between ethnicities we calculated a logistic 

regression model that adjusted for age, smoking, gender, tumor site, and alcohol consumption. African Americans were 3.38 (95% CI, 

1.36-8.43, p = 0.009) times more likely to have HPV- positive tumors than there Caucasian counterparts in head and neck cancer, but 

in oropharyngeal cancer there was no significant risk (aOR: 1.38, 95%: 0.53- 3.62, p = 0.508) of African Americans having HPV- 

positive tumors (Table 4).  On the other hand, Asians were found to have a decreased risk of having HPV- positive tumors in head and 

neck cancer (aOR: 0.42, 95% CI: 0.23-0.76, p= 0.004) and in oropharyngeal Cancer (aOR: 0.19. 95% CI: 0.10-0.38, p = 0.00) (Table 

4) when compared to Caucasians.  

 

Table 4. Logistic regression: Likelihood of HPV Positive infection in Head and Neck Cancer  

 Odds Ratio (95% CI)* 

Head and neck cancer  

Table 3 (continued) 
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          Race  

               White Ref (1.0) 

               African American 3.38 (1.36-8.43) 

               Asian 0.42(0.23-0.76) 

  

Oropharyngeal cancer  

          Race  

               White Ref (1.0) 

               African American 1.38 (0.53-3.62) 

               Asian 0.19 (0.10-0.38) 

 *Adjusted for gender, smoking, alcohol consumption, tumor site, and age 

 

Survival analysis of HPV- related head and neck cancer by race 

 A Kaplan Meier graph was generated to assess the relationship between survival and HPV positive HNC by race (Figure 3). 

The graph shows that African American and Asian HPV-positive HNC patients have worse survival rates than Caucasian HPV- 

positive HNC patients. A log- rank test for equality confirmed that the poor survival rates of African American and Asian HNC 

patients compared to the Caucasian HNC patients were statistically significant (p=0.008) (Figure 3). To further determine the 

relationship of race and HPV status with survival outcomes in oropharyngeal cancer we developed a cox regression model that 
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adjusted for age, alcohol consumption, tumor site and gender. Table 5 shows that HPV- positive oropharyngeal cancer patients have a 

better survival outcome than HPV- negative oropharyngeal cancer patients (HR: 0.44, 95% CI: 0.29-0.67, p = 0.00).  African- 

Americans oropharyngeal cancer patients have an increased risk of death compared to Caucasians (HR: 2.39, 95% CI: 1.03-5.55, p = 

0.042).  Asians oropharyngeal cancer patients have a poorer survival outcome than Caucasian oropharyngeal cancer patients (HR: 

2.61, 95% CI; 1.43-4.79) (Table 5).  

   

Figure 3. Kaplan Meier Survival Analysis of Head and Neck Cancer patients by race 

*log-rank test p-value =0.008
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Table 5. Overall Risk of Death in Oropharyngeal Cancer Patients 

 Hazard Ratio (95% CI)* 

Oropharyngeal cancer  

          HPV status  

               HPV-negative Ref (1.0) 

               HPV - positive 0.44(0.29-0.67) 

  

         Race  

              Caucasian Ref (1.0) 

               African American 2.39(1.03-5.55) 

                Asian 2.61(1.43-4.79) 

  

To further analyze how racial differences may impact survival in HPV-related oropharyngeal cancer, we conducted another 

cox regression model (adjusted for age, gender, site, alcohol consumption) and stratified the model by race.  In table 6 we see that 

Caucasians and Asian oropharyngeal cancer patients with HPV- positive tumors better survival outcomes than their HPV- negative 

counterparts. HPV-positive Caucasians have an 87 % decreased risk of death than HPV -negative Caucasians (HR: 0.13, 95% CI: 

0.03-0.063, p = 0.011) and Asians have a 49 % decreased risk of death (HR: 0.51, 95% CI: 0.31- 0.82 p = 0.006). African Americans 
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with HPV- positive oropharyngeal cancer had a marginal decreased risk of death compared to HPV-negative oropharyngeal but these 

findings were not statistically significant (HR: 0.94, 95% CI: 0.24- 3.66, p= 0.925).  

Table 6. Survival Analysis of HPV- related Oropharyngeal Cancer by race  

 Hazard Ratio (95% CI)* 

Oropharyngeal  cancer  

          African American  

               HPV-negative Ref (1.0) 

               HPV - positive 0.94 (0.24-3.66) 

  

        Caucasian  

               HPV-negative Ref (1.0) 

               HPV - positive 0.13 (0.03-0.63) 

  

        Asian  

               HPV-negative Ref(1.0) 

               HPV-positive 0.51 (0.31-0.82) 

*Adjusted for age, alcohol consumption, gender and tumor site 

 



49 
 

CHAPTER 5 

CONCLUSION 

The pooled prevalence estimates from the meta-analysis (Figure 2) was inconclusive due to the amount of heterogeneity in the 

studies. The heterogeneity observed could be due to differences in study design: such as patient recruitment or HPV detection 

methods. However although there was heterogeneity in the study a pooled prevalence of 20% HPV positive tumors in African 

American HNC cancer patients and a 44% prevalence rate of HPV positive tumors in Caucasian Head and Neck Cancer patients 

would support the hypothesis that African Americans have a lower HPV prevalence rate than Caucasians as demonstrated in a number 

of studies(Chernock Rd, 2011; Gillison, Zhang, et al., 2012; Settle et al., 2009). Even when stratified for oropharyngeal and mixed 

tumor sites Caucasians had a higher prevalence of HPV then African Americans. Future efforts to resolve the heterogeneity in the 

meta-analysis could involve stratifying the studies by HPV detection method.  

African American HNC patients were found to be 3.38 (95% CI: 1.36-8.43) times more likely to have HPV positive tumors 

than Caucasians (Table 4) after adjusting for confounding variables.  However the African Americans in the pooled analysis were all 

derived from one study and were all oropharyngeal cancer. This is a limitation, and may have caused bias in the adjusted odds ratio. 

Since these results are only preliminary and include 3 of the 46 studies that have agreed to participate in the pooled analysis. Further 

analysis of the complete pooled dataset is needed to substantiate this preliminary finding. In our preliminary study, we observe that  in 

a race stratified model for oropharyngeal cancer  there was no increased likelihood of African Americans having HPV positive tumors 

(adjusted OR: 1.38, 95% CI: 0.53-3.62 )(Table 4).  HNC Asians were 58% less likely to have HPV positive tumors when compared to 
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Caucasians. Among Asians with oropharyngeal cancer, they were 81% less likely to have HPV positive tumors when compared to 

Caucasians (Table 4).  This decreased risk may be attributed to the rise in incidence of HPV-negative head and neck cancers in the 

Asian population.  Tobacco, alcohol, and betel nut chewing in Asian populations has been linked to increase risk of HPV-negative 

head and neck cancers (Chen et al., 2011; Lee et al., 2012).  

 Kaplan Meier analysis showed that HPV -positive HNC African Americans and Asians have poorer survival rates than HPV-

positive HNC Caucasians (Figure 3).  Multivariable survival analysis further validates that HPV positive Oropharyngeal patients have 

better survival outcomes than HPV- negative Oropharyngeal patients as seen in numerous studies (Gillison, Zhang, et al., 2012; Lill et 

al., 2011; Posner et al., 2011; Settle et al., 2009) yet African American Oropharyngeal cancer patients were found  to be twice as likely 

to die (adjusted HR: 2.39 ) (Table 5) than Caucasian OPC patients. In addition OPC-African Americans with HPV -positive tumors 

did not have an increased likelihood of survival when compared to OPC- African Americans with HPV – negative tumors (adjusted 

HR 0.94, 95% CI:  0.24-3.66) (Table 5).  These preliminary findings suggest three main conclusions: 1) African Americans OPC 

patients aren’t less likely to have HPV positive tumors than White OPC patients 2) a racial disparity in survival between African 

Americans OPC patients and Caucasians OPC patients still exists even when HPV positive status is adjusted and 3) HPV-positive 

African Americans have the same survival rate as HPV-negative OPC African Americans. To further deduce the reason for the 

difference in survival between African American and Caucasian OPC patients we would have liked to stratify our analysis by smoking 

status , however there were not enough patients in the sample to run the analysis. Limitations to this study include that there were only 
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30 African Americans in the pooled analysis, the African Americans were all from the same study and had oropharyngeal cancer.   

These results are subject to change with the inclusion of additional patients from other datasets.  

Asian OPC patients also had an increased likelihood of death when compared to Caucasians (adjusted HR 2.61, CI: 1.43-4.79) 

(Table 5). This is the first study to my knowledge to assess racial disparities in survival between Asian HNC patients and Caucasian 

HNC patients.  Asian OPC patients with HPV positive tumors have a better survival outcome than Asians OPC patients with negative 

tumors (Adjusted HR: 0.52, 95%CI: 031-82) (Table 6).These results suggest that HPV positive status leads to a better prognosis 

among Asian OPC patients , but when compared to White OPC patients Asians has a poorer survival rate.   
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CHAPTER 6 

DISCUSSION 

     There is an apparent racial disparity in HNC survival in the literature, and the current hypothesis is that that this disparity is due to 

a difference in HPV prevalence between racial groups(Settle et al., 2009).  The aim of this study was to determine if there truly is a 

difference in HPV prevalence among race that accounts for the observed differences in survival. Although other factors such as access 

to health care, socioeconomic status, risk behaviors,  and biological differences may account for some of the racial disparity in HNC 

survival studies have assessed these factors and there still exist a difference in survival between races(Bach et al., 2002; D'Souza et al., 

2007; Gillison et al., 2008).  

      Our preliminary results suggest that African Americans HNC patients have the same risk of HPV positive tumors as Caucasian 

HNC patients.  Even in our preliminary findings African American HNC patients still have a poorer rate of survival. This disparity 

could be attributed to the difference in smoking between Caucasian and African American HNC patients.  Smoking is the primary risk 

factors for HPV –negative HNC, and these patients have a worse prognosis compared to HPV – positive HNC patients.  We were not 

able to assess how smoking status may affect survival in African American HNC patients due to the small number of African 

Americans in the analysis.  However once all of the datasets are collected we plan to examine this relationship. 

       One advantage to the study is that we conducted a pooled analysis simultaneously with the meta-analysis to substantiate the 

findings. Another major advantage is that we are collecting international datasets so it will be possible to assess racial disparities 
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among multiple ethnic groups.  One major limitation to the study is that this preliminary pooled analysis only contained 3 datasets. 

The pooled analysis is still ongoing, at the time of this analysis we have received 3 datasets and 42 more datasets are anticipated. 

Therefore we hope to have a substantial amount of participating studies to incorporate into the final analysis. Another limitation to the 

study is because the study has broad inclusion criteria, the meta-analysis may inherently have too much heterogeneity because of the 

diversity of the study designs included in the analysis.  Once the pooled analysis is complete we would like to reassess the survival 

analysis and HPV prevalence by race, as well as stratify these models by smoking status to try to discern the true cause of the racial 

disparity in survival in HNC cancer patients 
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