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Abstract

Background: Case-control studies from the early 2000s demonstrated that HPV-related 

oropharyngeal cancer (HPV-OPC) is a distinct entity associated with number of oral sex partners. 

Using contemporary data, we investigated novel risk factors (sexual debut behaviors, exposure 

intensity, and relationship dynamics) and serological markers on odds of HPV-OPC.

Methods: HPV-OPC patients and frequency-matched controls were enrolled in a multi-center 

study from 2013–2018. Participants completed a behavioral survey. Characteristics were compared 

using χ2 for categorical and t-test for continuous variables. Adjusted odds ratios (aOR) were 

calculated using logistic regression.
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Results: 163 HPV-OPC cases and 345 controls were included. Lifetime number of oral sex 

partners was associated with significantly increased odds of HPV-OPC (>10 partners, odds 

ratio[OR]=4.3, 95% confidence interval[CI]=2.8–6.7). After adjustment for number of oral sex 

partners and smoking, younger age at first oral sex (<18 vs.>20 years, aOR=1.8, 95% CI=1.1–3.2) 

and oral sex intensity (>5 sex-years, aOR=2.8, 95% CI=1.1–7.5) remained associated with 

significantly increased odds of HPV-OPC. Type of sexual partner such as older partners when a 

case was younger (OR=1.7, 95% CI=1.1–2.6) or having a partner who had extramarital sex 

(OR=1.6, 95% CI=1.1–2.4) was associated with HPV-OPC. Seropositivity for antibodies to 

HPV16 E6 (OR=286, 95% CI=122–670) and any HPV16 E protein (E1,E2,E6,E7; OR=163, 95% 

CI=70–378) was associated with increased odds of HPV-OPC.

Conclusion: Number of oral sex partners remains a strong risk factor for HPV-OPC, however 

timing and intensity of oral sex are novel independent risk factors. These behaviors suggest 

additional nuances of how and why some individuals develop HPV-OPC.

Precis:

In this most comprehensive behavioral case-control study of HPV-related oropharyngeal cancer to 

date, ever performing oral sex and number of partners remain strong risk factors for HPV-related 

oropharyngeal cancer. Measures of oral sexual behavior including early age and intensity of 

exposure are independent risk factors, suggesting these behaviors may explain additional nuances 

of how and why some people develop HPV-related oropharyngeal cancer.
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Introduction

The epidemiology of head and neck cancer has changed dramatically in recent decades. 

Human papillomavirus (HPV) has driven an increase in incidence of oropharynx cancer 

(OPC) in the United States and other countries,1,2 which is thought to be explained by trends 

in oral sexual behavior.3 Case-control studies have demonstrated strong associations 

between sexual behaviors and odds of HPV-OPC.4–9 However, these studies focused 

primarily on number of sexual partners without other contextual data about relationship 

dynamics, intensity of exposure, or order of acts at sexual debut.

It has been hypothesized, though not fully examined, that the sequence of specific sexual 

behaviors at debut may predispose to HPV infection.10 Depending on site of initial mucosal 

exposure, serologic response may also differ.11,12 For example, it has been posited that those 

whose initial exposure to HPV is through vaginal sex have a more robust immune response 

which decreases chances of subsequent acquisition when exposed to HPV orally. 

Conversely, exposure to oral HPV without the initial anogenital HPV exposure may increase 

the risk of oral HPV acquisition, persistence, and HPV-OPC. However, there is little such 

data to support these hypotheses.

Therefore, we performed a comprehensive contemporaneous examination of sexual and 

other novel risk factors for HPV-OPC. To better understand the role of other behavioral 
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factors in HPV-OPC risk, we explored differences in sexual behavior, relationship dynamics, 

and serologic response to HPV between cases of HPV-OPC and controls

Methods

Study Participants

Participants were enrolled in a previously described multicenter case-control study of 

squamous cell carcinomas called the Papillomavirus Role in Oral cancer Viral Etiology 

study (PROVE).13 Briefly, cases with newly diagnosed OPC were enrolled between 2013 

and 2018 at three National Comprehensive Cancer Network-designated cancer centers: the 

Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins Hospital (JHH, Baltimore, 

MD), University of California San Francisco Helen Diller Family Comprehensive Cancer 

Center (UCSF, San Francisco, CA) and Tisch Cancer Institute at Icahn School of Medicine 

at Mount Sinai (MSHS, New York, NY). Cases had incident OPC and no prior history of 

malignancy (except skin cancer) or systemic chemotherapy. Controls were adult patients 

from otolaryngology clinics without a chief complaint related to cancer. Consent was 

obtained from all participants and the study was approved by the institutional review board 

at each site.

Data Collection

At enrollment, each participant completed a survey, provided a blood sample, and a tumor 

sample was obtained from cases. Medical record abstraction was performed. The behavioral 

risk survey was available in Mandarin, Spanish, and English and was administered through 

computer assisted self-interview (CASI) taken on either a tablet or computer. The survey 

included detailed questions on lifetime and recent sexual behaviors including number of 

partners, age of sexual initiation, type and order of sexual acts, partner dynamics, use of 

substances with sex, and extramarital sex. Data on demographics, substance use, and 

comorbidities were also collected.

Cases were centrally tested for p16 immunohistochemistry (MTM Laboratories, Heidelberg, 

Germany) and HPV16 E6/E7 RNA in situ hybridization (ISH; RNAscope®, Advanced Cell 

Diagnostics, Hayward, CA) at Johns Hopkins and interpreted by a head and neck pathologist 

(L.M.R.) to determine whether they were HPV-related.12

Specimen Testing

Serum was obtained before initiation of treatment and tested for antibodies to E6 and E7 for 

oncogenic HPV types 16, 18, 31, 33, 35, 45, 52, and 58 and E1, E2, E4 for HPV types 16 

and 18 at the German Cancer Research Center (DKFZ, Heidelberg, Germany). In brief, 

multiplex serology, an antibody detection method based on glutathione S-transferase (GST) 

capture ELISA was used in combination with fluorescent bead-based technology.14,15 Each 

antibody response was considered seropositive or seronegative based upon standardized 

cutoff values for median fluorescence intensity (MFI).16

Medical record abstraction was performed at the time of diagnosis for tumor site, tumor 

stage, and nodal stage using American Joint Committee on Cancer (AJCC) 7th edition,17 
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with additional abstraction later to record primary treatment modality. Data were stored 

using RedCap (Vanderbilt University, Nashville, TN).

Analysis

This analysis was restricted to HPV-positive cases who answered the “ever” oral sex survey 

question (97% included) and controls frequency-matched by age (decade of age), sex, race 

(White Non-Hispanic [NH], Black NH, Hispanic, Asian/Pacific Islander, Other/Multiracial), 

and study site. HPV-positivity was defined as being p16-positive and ISH-positive (RNA 

and/or DNA). For this analysis, all available matched controls who answered the survey 

question on whether they ever performed oral sex were included. Characteristics of cases 

and matched controls were compared using χ2 for categorical and t-test for continuous 

variables. Odds ratios (OR) and 95% confidence intervals were calculated using conditional 

logistic regression. Multivariable models were performed adjusting for tobacco use (pack-

years) and number of lifetime oral sex partners (categorical) to understand the independent 

effect of other sexual risk factors after these two known risk factors were controlled for, and 

adjusted OR (aOR) was reported. Similar adjusted models were run adjusting for lifetime 

number of vaginal sex partners instead of oral sex partners to understand the impact of oral 

sex specifically separate from general sexual exposure.

Variables were evaluated as both continuous and categorical variables, and alternative 

cutoffs were examined for categorical variables to explore dose response and ensure 

consistency of result regardless of selected cutoff (results not shown). Intensity of exposure 

was illustrated by sex-years, a novel metric defined as number of partners per ten years since 

sexual debut,18 analogous to how pack-years describes tobacco history and drink-years 

characterizes alcohol use.19 Never smoking was defined as <1 pack-year. Statistical 

significance was defined when the two-sided p-value was less than 0.05. The analysis was 

performed using STATA version 15.1 (College Station, TX).

Results

The study population consisted of 163 incident HPV-OPC cases and 345 matched controls 

with similar demographic characteristics (Table 1). The majority were male, 50–69 years of 

age, currently married or living with a partner, and identified as heterosexual. Cases were 

more likely to have a history of sexually transmitted infection than controls (p=0.003).

Sexual Behaviors

Differences in sexual behaviors between cases and controls are shown in Table 2. Oral sex 

timing, number, and intensity of partners were each associated with the diagnosis of HPV-

OPC. HPV-related OPC cases were more likely than controls to have ever performed oral 

sex (98.8% vs. 90.4%, p<0.001) and to have performed oral sex at the time of sexual debut 

(Figure 1A; 33.3% in cases vs. 21.4% in controls, p=0.004; OR 1.8, 95% CI 1.2–2.8). Age 

of first performing oral sex was significantly younger among HPV-OPC cases than controls 

(Figure 1B; <18 years vs. >20 years, 37.4% vs. 22.6%, p<0.001; OR 3.1, 95% CI 2.0–5.0). 

Number of lifetime oral sex partners was higher among those with HPV-OPC (Figure 1C; 

>10 partners, 44.8% vs. 19.1%, p<0.001; OR 4.3, 95% CI 2.8–6.7). Intensity of oral sexual 
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exposure, measured by sex-years (number of partners per ten years) was significantly higher 

among cases than controls (Figure 1D; >5 sex-years, 30.8% vs. 11.1%, p<0.001, OR 5.6, 

95% CI 3.3–9.6). After adjustment for lifetime number of oral sex partners and tobacco use 

(pack-years), ever performing oral sex (aOR 4.4, 95% CI 1.1–18.9), early age of first oral 

sex encounter (<18 years vs. >20 years, aOR 1.8, 95% CI 1.1–3.2) and oral sex intensity (>5 

oral sex-years, aOR 2.8, 95% CI 1.1–7.5) each remained significantly associated with 

increased odds of HPV-OPC.

Other sexual behaviors were also associated with diagnosis of HPV-OPC. Odds of HPV-

OPC increased with higher number of lifetime vaginal sex partners and deep kissing partners 

(each p<0.001, Table 2). Number of vaginal sex-years was also associated with HPV-OPC 

(p<0.001). Both number of vaginal sex partners and vaginal sex-years were associated with 

HPV-OPC after adjustment for smoking (pack-years) and number of lifetime oral sex 

partners. Models that adjusted for number of vaginal sex partners showed the associations 

with oral sexual behaviors all remained significant and were not explained by number of 

vaginal sex partners.

We examined odds of HPV-OPC in terms of relationship dynamics and characterized partner 

type. Increased number of casual sex partners was associated with odds of HPV-OPC 

(Figure 2A; >10 casual partners, 37.5% vs. 24.6%, p<0.001; OR 3.0, 95% CI 1.8–5.1). 

Extramarital sex (Figure 2B; 43.9% vs. 36.0%, p=0.002; OR 1.6, 95% CI 1.1–2.4) and 

suspicion that a partner had extramarital sex (10.8% vs. 4.2%, p=0.002; OR 3.4, 95% CI 

1.6–7.5) were each associated with increased odds of HPV-OPC. Increased odds of HPV-

OPC were also observed for those who had a sexual partner at least ten years older when the 

participant was younger than age 23 (Figure 2C; 30.0% vs. 20.0%, p=0.01; OR 1.7, 95% 

CI=1.1–2.6). Once number of lifetime oral sex partners and smoking were included in the 

model, only suspicion of extramarital sex remained associated with HPV-OPC. Associations 

were similar when explored only among men or only among women (Supplemental Table 

3), although there was insufficient power to explore the associations among women due to 

limited numbers.

Substance Use

Substance use was also examined. There was no association between ever or current 

cigarette use, alcohol use, pack-years of smoking, or drink-years and odds of HPV-OPC 

(Table 3). Some types of drug use were associated with increased odds of HPV-OPC 

including ever marijuana use (p=0.001), ever cocaine use (p=0.01) and joint-years of 

smoking marijuana (p=0.01). However, after adjustment for oral sex behaviors, these 

associations did not remain significant.

Serum Biomarkers

HPV serum antibodies were compared among cases and controls (Table 4). Seropositivity 

for HPV16 E6 was extremely common among cases (93.6%) and rare among controls 

(6.4%). HPV16 E6 seropositivity (OR 286, 95% CI 122–670) and seropositivity for any 

HPV16 E protein (E1, E2, E6, or E7; OR 163, 95% CI 70–378) were associated with a 280-
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fold and 160-fold increase in odds of HPV-OPC, respectively. HPV16 L1 antibodies were 

associated with a 34-fold increase in odds of HPV-OPC (OR 34, 95% CI 18–60).

Next, the number of HPV types individuals were seropositive to were considered for anti-

E6, E7, and L1 (Table 4). In addition to the strong association of HPV16 E6 seropositivity, 

overall odds increased with E6 seropositivity to number of HPV types (1–2 vs. 0 types, OR 

118, 95% CI 52–265) and had further increased odds of HPV-OPC in those with ≥3 vs. 0 

types (OR 1020, 95% CI 123–8436). Similarly, odds of HPV-OPC increased with number of 

HPV types seropositive for anti-E7 (≥3 vs. 0 types, OR 712, 95% CI 95–5301) and anti-L1 

antibodies (≥3 vs. 0 types, OR 14 95% CI 8–25).

HPV16 E6 Seropositive Controls

Of interest, there were 9 controls with HPV16 E6 seropositivity. Reflective of all the 

controls, a majority were male (n=7, 77.8%) and non-Hispanic white (n=7, 77.8%), with a 

median age of 59 years (IQR 54.6–65). They presented for otologic or laryngological 

evaluation and none had any known past or current medical history of any HPV-related 

cancer (anal, cervical, or penile). One reported a non-melanoma skin cancer. Compared to 

HPV16 E6 seronegative controls, these participants reported statistically similar sexual 

behaviors.

Discussion

HPV-related oropharyngeal cancer is now widely recognized as a distinct disease entity.
1,7,20,21 Since the time HPV was first suggested as having a causal role in OPC, several case-

control studies have pointed to sexual behavior, specifically oral sexual behavior10,22–24 as a 

risk factor for this malignancy. While lifetime number of oral sex partners, a surrogate for 

oral exposure5 to HPV, is known to be associated with risk for HPV-OPC, this is the first 

study to demonstrate that other contextual factors such as the timing and intensity of oral sex 

are also associated with diagnosis of HPV-OPC. These findings underscore the importance 

of oral sex as a risk factor for HPV-OPC and that the association between oral sex and HPV-

OPC is independent of general sexual exposure.

Younger age at oral sex debut is independently associated with increased odds of HPV-OPC. 

While early oral sex debut may be a surrogate for either riskier sexual behavior or higher 

lifetime potential exposure to HPV, it remained significant after adjusting for total number of 

both oral and vaginal sex partners, suggesting early oral sex may be capturing a different 

aspect of risk. Changing behavioral norms have shifted the population average toward an 

earlier age of sexual debut,25 and younger generations are more likely to perform oral sex at 

sexual debut.3 The finding that earlier age of oral sex may increase odds of HPV-OPC 

suggests this societal change in behavior could be one reason for the increasing incidence of 

HPV-OPC.26

The finding that timing of oral sexual behavior is associated with HPV-OPC led us to 

investigate other variables at sexual initiation, specifically order of acts at sexual debut. This 

is the first study to examine sequence of acts at sexual debut and association with risk of 

HPV-OPC. It has previously been speculated that order of sexual acts at debut might in part 
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explain increasing HPV-OPC rates,10 but there has been no data to support this hypothesis. 

The rationale underlying this hypothesis is that first genital exposure to HPV results in a 

robust immune response, generating sufficient immunity when HPV is introduced orally. We 

found that cases were more likely to have performed oral sex at debut. Conversely, controls 

were more likely to have performed solely vaginal sex as first sexual act. Our behavioral 

data therefore support the theory that when first exposure to HPV is via oral mucosa without 

preceding genital exposure, a weaker immune response is produced and infection is more 

likely to persist.10,11

Another potential component of HPV-OPC risk described in this analysis is a novel measure 

of sexual intensity (measured by sex-years, a calculation of the number of oral sex partners 

per 10 years across different ages).18 Similar to how pack-years describes tobacco history 

and drink-years characterizes alcohol use,19 the new metric of sex-years characterizes 

cumulative sexual exposure over time as a surrogate for potential exposure to HPV. Our data 

suggest that higher concentration and intensity of partner exposure is an independent 

predictor of HPV-OPC risk, as evidenced by an association of increased sex-years with 

HPV-OPC even after adjusting for number of oral sex partners.

This paper also illustrates, to our knowledge for the first time, that partner behaviors and 

relationship dynamics may influence risk of HPV-OPC development. Cases of HPV-OPC 

were more likely to report history of casual partners and extramarital sex, similar to what has 

been reported in cervical cancer.27,28 These findings also support the concept of sexual 

networks, which have been investigated in HIV and infectious disease epidemiological 

studies.29 A sexual network is a collection of dyads linked by sexual contact who share a 

similar risk profile for social and behavioral norms.30 Although this data may be colored by 

recall bias, it suggests that an individual’s risk of HPV-OPC is impacted by not just their 

own practices, but by their partner’s behaviors and exposures.

Age-disparate relationships have also been associated with risk of cervical cancer,31 HIV 

infection,32 and other sexually transmitted infections.33 An increased risk of HPV-OPC was 

observed in those who had a significantly older sexual partner at a young age. This finding 

may reflect the hypothetically broader viral exposure burden which the older partner shares 

with the younger partner. It may also be a surrogate for power imbalance in a relationship or 

non-consensual sex, although the association was no longer significant after adjustment for 

number of vaginal sex partners.

Previous studies have found an independent association between marijuana and HPV-OPC.
8,20,34 In this analysis, marijuana use was associated with HPV-OPC in univariate analysis, 

but after adjustment this association was lost, consistent with other studies.35–39 The 

inconsistent data concerning marijuana and its association with HPV-OPC highlights the 

potential confounding between drug use and sexual practices34,40 and the evolving trends of 

casual marijuana use.41–43

Consistent with prior literature, seropositivity for antibodies to early HPV16 oncoproteins 

E6 and E7 was associated with diagnosis of HPV-OPC. E6 oncoprotein seroprevalence in 

this study was similar to other studies,24,44,45 although some prospective cohort studies 
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reported lower seroprevalence.16,46 While the presence of E1, E2, and E4 have been reported 

in a prospective cohort,47 in this case-control analysis we evaluate the breadth of early 

oncoproteins. A combined biomarker consisting of anti-HPV16 E1, E2, E6 and E7 

antibodies has been previously suggested as a marker for HPV-OPC risk,47 and our findings 

would support this; almost all cases were positive for HPV16 E1, E2, E6, or E7. However, 

10% of controls were seropositive to at least one E protein, suggesting low specificity for 

this combined biomarker.

Seropositivity for HPV16 E6 has high specificity for HPV-OPC, and seroprevalence is rare 

in individuals without cancer.48,49 Prior studies have reported HPV16 E6/E7 seroprevalence 

rates from <1%16,49 to 4%5 in non-cancer controls. While HPV16 L1 seroconversion occurs 

soon after infection and denotes past exposure, development of E6/E7 antibodies occurs 

after initiation of carcinogenesis and therefore indicates conversion to a malignant state.50 

The HPV16 E6 seroprevalence observed in nine controls is therefore notable, and may 

herald later diagnosis with HPV-OPC or another HPV-driven malignancy (anal cancer).49

This report is the first to show that seropositivity for increasing number of distinct HPV 

types is associated with greater risk of HPV-OPC. We also examined the composition of 

HPV types in those who were seropositive for antibodies to more than one HPV E6 type. 

Seropositivity for HPV16 and HPV33 anti-E6 together was common, and antibodies to these 

two HPV types were identified together in 81.7% of cases. However, the antibody cross-

reactivity of phylogenetically-related HPV types likely explains these findings47,51,52 as it is 

rare that multiple infections cause HPV-OPC (<5%).53 HPV16 drives 85–90% of HPV-OPC,
53–55 while HPV33 is responsible for 3–5% of cases.56,57 The association we see with 

increasing number of HPV types and HPV-OPC diagnosis may rather reflect the antibody 

levels of the causative HPV type which thereby increases risk of cross-reactivity.

This study has strengths and limitations. This is a multi-institutional study with frequency-

matched controls, centrally tested HPV tumor and blood biomarkers, and detailed behavioral 

data collected via a confidential computer assisted self interview (CASI). As with all self-

reported behaviors, we cannot rule out the potential for recall bias or misreporting.

Even with this limitation, this data adds novel context and depth to our understanding of 

HPV-OPC. As HPV-OPC incidence in the United States continues to rise,58 these findings 

have important public health implications and inform epidemiological understanding of head 

and neck cancer. While this detailed contextual understanding of HPV-OPC risk does not 

have direct implications for current disease detection or screening, we illustrate the 

complexity of the association between sexual practices and risk of oropharyngeal cancer, 

and these novel risk factors may contribute to identification of cohorts enriched for oral 

HPV.59

Conclusion

In conclusion, this study provides the most comprehensive behavioral picture of HPV-related 

oropharyngeal cancer to date. Ever performing oral sex and number of partners remain 

strong risk factors for HPV-OPC. Measures of sexual behavior including timing (age) of oral 
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sex and intensity of exposure (partners per 10 years) are independent risk factors for HPV-

OPC, suggesting these behaviors may explain additional nuances of how and why some 

people develop HPV-OPC.
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Figure 1: 
Black squares represent unadjusted odds ratios of HPV-OPC for case subjects versus 

controls. Vertical lines represent 95% confidence intervals. Red asterisks represent statistical 

significance. Odds ratios and 95% confidence intervals were derived from conditional 

logistic regression analysis for case-control comparison. A: Odds of HPV-OPC if a 

participant reported performing oral sex at sexual debut. B: Dose-response relationship for 

age of first oral sex encounter. C: Dose-response relationship of number for people 

performed oral sex on in lifetime. D: Dose-response relationship for oral sex-years, a 

measure of intensity of oral sexual partners defined as number of partners performed oral 

sex on per ten years since sexual debut.
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Figure 2: 
Black squares represent unadjusted odds ratios of HPV-OPC for case subjects versus 

controls. Vertical lines represent 95% confidence intervals. Red asterisks represent statistical 

significance. Odds ratios and 95% confidence intervals were derived from conditional 

logistic regression analysis for case-control comparison. A: Dose-response relationship of 

number of casual sex partners and risk of HPV-OPC. B: Odds of HPV-OPC by presence or 

suspicion of extramarital sex C: Odds of HPV-OPC when a participant reported having a 

sexual partner greater than 10 years older when they were under 23 years old
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Table 1:

Baseline demographics for HPV-OPC cases and controls

Characteristic Cases Controls p-value

n=163 n=345

Sex 0.36

 Male 85.3% 82.0%

 Female 14.7% 18.0%

Age group 0.10

 18–29 0.6% 0.3%

 30–39 1.8% 1.5%

 40–49 15.9% 10.1%

 50–59 38.7% 31.6%

 60–69 33.1% 39.4%

 70–79 7.4% 14.2%

 80–89 2.5% 2.9%

Race 0.65

 Non-Hispanic White 87.1% 85.5%

 Non-Hispanic Black 6.1% 8.4%

 Other 6.8% 6.1%

Study site 0.14

 JHU 68.0% 76.0%

 UCSF 16.0% 13.3%

 MSHS 16.0% 10.7%

Currently married or living with a partner 0.57

 No 22.7% 25.0%

 Yes 77.3% 75.0%

Income 0.74

 <$15,000 5.3% 2.9%

 $15,000–49,999 10.6% 12.2%

 $50,000–99,999 27.2% 28.0%

 $100,000–199,999 36.4% 37.6%

 >$200,000 20.5% 19.3%

Highest degree 0.35

 No High school 4.3% 2.3%

 High school 17.2% 15.1%

 Some college 19.0% 18.3%

 College 34.4% 31.1%

 Graduate 25.1% 33.2%

Sexual orientation 0.34

 Heterosexual 95.7% 93.6%

 Homosexual/Bisexual/Other/Not sure 4.3% 6.4%

History of sexually transmitted infection 0.003
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Characteristic Cases Controls p-value

n=163 n=345

 No 73.3% 84.5%

 Yes 26.7% 15.5%

Abbreviations: JHU, Johns Hopkins University, UCSF, University of California; MSHS, Mount Sinai Health System

Bolding indicates statistical significance.
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Table 2:

Sexual behavior of HPV-OPC cases vs. controls 1

Characteristic Cases Controls p-value OR (95%CI) aOR (95% CI)*

Oral Sex Behaviors n=163 n=345

Ever performed oral sex <0.001

 No 1.2% 9.6% Ref Ref

 Yes 98.8% 90.4% 8.5 (2.0–35.9) 4.4 (1.1–18.9)

Oral sex at debut 0.004

 No 66.7% 78.6% Ref Ref

 Yes 33.3% 21.4% 1.8 (1.2–2.8) 1.4 (0.9–2.2)

Age at first oral sex encounter (years) <0.001

 >20 26.48% 50.1% Ref Ref

 18–20 36.2% 27.3% 2.5 (1.6–4.0) 2.1 (1.3–3.5)

 <18 37.4% 22.6% 3.1 (2.0–5.0) 1.8 (1.1–3.2)

Oral sex partners <0.001

 0-≤5 36.2% 66.7% Ref N/A

 >5-≤10 19.0% 14.2% 2.5 (1.4–4.3)

 >10 44.8% 19.1% 4.3 (2.8–6.7)

Oral Sex-Years (# partners/10 years since sexual debut) <0.001

 0–1 27.8% 56.1% Ref Ref

 >1–5 41.4% 32.9% 2.5 (1.6–4.0) 1.7 (0.8–3.5)

 >5 30.8% 11.1% 5.6 (3.3–9.6) 2.8 (1.1–7.5)

Other Sexual Behaviors

Vaginal sex at debut 0.003

 No 34.6% 22.0% Ref Ref

 Yes 65.4% 78.0% 0.5 (0.4–0.8) 0.7 (0.5–1.2)

Vaginal sex partners <0.001

 0-≤5 17.2% 46.5% Ref Ref

 >5-≤10 20.4% 20.4% 2.7 (1.5–4.9) 2.7 (1.4–5.2)

 >10 62.4% 33.2% 5.1 (3.1–8.3) 3.2 (1.7–6.0)

Vaginal sex-years(# partners/10 years since sexual debut) <0.001

 0–1 9.6% 36.1% Ref Ref

 >1–5 46.5% 46.1% 3.8 (2.1–7.0) 3.5 (1.8–6.8)

 >5 44.0% 17.8% 9.3 (4.9–17.6) 5.7 (2.6–12.5)

Deep kissing partners <0.001

 0-≤5 9.3% 28.3% Ref Ref

 >5-≤10 15.5% 25.7% 1.8 (0.9–3.7) 1.7 (0.8–3.5)

 >10 75.2% 46.0% 4.9 (2.7–9.0) 2.6 (1.3–5.3)

Casual partners <0.001

 0–1 19.4% 38.6% Ref Ref

 2–10 43.1% 36.8% 2.3 (1.4–3.8) 1.6 (1.0–2.8)
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Characteristic Cases Controls p-value OR (95%CI) aOR (95% CI)*

Oral Sex Behaviors n=163 n=345

 >10 37.5% 24.6% 3.0 (1.8–5.1) 1.2 (0.6–2.2)

Relationship Dynamics

Extramarital sex by either partner 0.002

 No 45.3% 59.8% Ref Ref

 Yes 43.9% 36.0% 1.6 (1.1–2.4) 1.0 (0.6–1.5)

 I suspect my partner did 10.8% 4.2% 3.4 (1.6–7.5) 3.6 (1.6–8.3)

When <age 23, had partner >10 years older 0.01

 No 70.0% 80.0% Ref Ref

 Yes 30% 20.0% 1.7 (1.1–2.6) 1.1 (0.7–1.8)

*
Adjusted for number of lifetime oral sex partners and pack-years of smoking

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; Ref, reference group

Bolding indicates statistical significance with p<0.05.
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Table 3:

Comparison of substance use among HPV-OPC cases and controls

Prevalence

Characteristic Cases Controls p-value OR (95%CI) aOR (95%CI)*

Ever Substance Use n=163 n=345

Cigarette Smoking 0.19

 Never 54.5% 60.7% Ref Ref

 Ever 45.5% 39.3% 1.3 (0.8–1.9) 1.2 (0.8–1.8)

Current Smoking 0.77

 No 92.6% 93.3% Ref Ref

 Yes 7.4% 6.7% 1.1 (0.5–2.4) 1.0 (0.4–6.7)

Alcohol Use 0.51

 Never 2.2% 3.3% Ref Ref

 Ever 97.8% 96.7% 1.5 (0.4–5.6) 1.5 (0.4–5.7)

Marijuana Use 0.001

 Never 23.3% 37.5% Ref Ref

 Ever 76.7% 62.5% 2.0 (1.3–3.0) 1.4 (0.9–2.2)

Cocaine Use 0.01

 Never 70.1% 79.9% Ref Ref

 Ever 29.9% 20.1% 1.7 (1.1–2.6) 1.2 (0.8–2.0)

Intensity of Substance Use

Pack-years of smokers 0.42

 0-<1 54.5% 60.7% Ref Ref

 1-<10 14.1% 11.8% 1.3 (0.7–2.4) 1.2 (0.6–2.2)

 10+ 31.4% 27.5% 1.3 (0.8–2.0) 1.2 (0.8–1.9)

Drink-years 0.69

 0 2.6% 2.9% Ref Ref

 >0-<10 8.0% 6.7% 1.9 (0.4–8.1) 1.8 (0.4–8.4)

 10+ 90.1% 90.4% 1.6 (0.4–5.8) 1.5 (0.4–6.0)

Joint-years of marijuana 0.01

 0 50.7% 69.7% Ref Ref

 >0-<10 12.0% 8.7% 1.9 0.8–4.7) 1.2 (0.4–3.1)

 10+ 37.3% 21.6% 2.4 (1.3–4.3) 1.6 (0.8–3.1)

*
Adjusted for number of lifetime oral sex partners

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; Ref, reference group

Bolding indicates statistical significance.
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Table 4:

HPV seroprevalence and odds of HPV-OPC among cases and controls

Antibody Seroprevalence Cases Controls p-value OR (95% CI)

n=146 n=304

 HPV16 E6 <0.001

  Negative 4.8% 95.2% Ref

  Positive 93.6% 6.4% 286 (122–670)

 HPV16 E7 <0.001

  Negative 30.1% 93.1% Ref

  Positive 69.9% 6.9% 31 (18–55)

 Any HPV 16 E protein (E1, E2, E6, E7) <0.001

  Negative 4.8% 89.1% Ref

  Positive 95.2% 10.9% 163 (70–378)

 HPV 16 L1 <0.001

  Negative 30.8% 93.8% Ref

  Positive 69.2% 6.3% 34 (18–60)

Number of HPV types seropositive for:

 Number seropositive for E6 <0.001

  0 5.5% 89.4% Ref

  1–2 74.0% 10.2% 118 (52–265)

  ≥3 20.6% 0.3% 1020 (123–8436)

 Number seropositive for E7 <0.001

  0 21.2% 84.5% Ref

  1–2 19.9% 15.1% 5.2 (2.8–9.5)

  ≥3 58.9% 0.3% 712 (95–5301)

 Number seropositive for L1 <0.001

  0 26.0% 74.3% Ref

  1–2 31.5% 17.1% 5.3 (3.1–8.9)

  ≥3 42.5% 8.6% 14 (8–25)

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; Ref, reference group; HPV, human papillomavirus

Bolding indicates statistical significance.
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