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Abstract

Background—Human papillomavirus (HPV)-positive oropharyngeal cancer (HPV-OPC) is 

distinct from HPV-unassociated head and neck cancer. However, whether risk factors for HPV-

positive oropharyngeal and nonoropharyngeal cancer are the same is unclear.

Methods—Incident cases of HPV-positive head and neck cancer and matched non-cancer 

controls were enrolled in a multi-institutional, prospective study examining risk factors, 

biomarkers, and survival.

Results—HPV-nonOPC (n=20) were more likely to be ever smokers than controls (n=80, OR 

3.49, 95%CI 1.11–10.9) and HPV-OPC (n=185, OR 3.28, 95%CI 1.10–10.2). Compared with 

HPV-OPC, HPV-nonOPC were less likely to have had over 3 oral sexual partners (OR 0.29, 

95%CI 0.06–0.9), more likely to have multimorbidity (OR 3.30, 95%CI 1.04–10.5), and less likely 

to have antibodies to HPV16 E6 (90% vs. 28%, OR 0.05, 95%CI 0.02–0.2). HPV-nonOPC had 

worse 4-year OS (77% vs. 96%, p=0.001) and RFS (69% vs. 94%, p<0.001) than HPV-OPC.

Conclusions—HPV-positive nonoropharyngeal cancers are distinct from HPV-OPC.
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Introduction

Human papillomavirus-associated oropharyngeal squamous cell carcinoma (HPV-OPC) is 

considered a distinct disease entity from HPV-negative head and neck cancer.1 HPV 

transcripts are also present in2 and appear to play a causative role3 in a small proportion (2–

10%)2 of nonoropharyngeal (HPV-nonOPC) head and neck cancers. Although the improved 

prognosis conferred by HPV-positive tumor status appears to be limited to the oropharynx 

where the majority of North American cases are HPV-positive,4,5 the prognostic role of p16 

(INK4A) overexpression in nonoropharyngeal cancers has been variable.4–9 It is unclear 

whether HPV-positive tumors have a unique phenotype in nonoropharyngeal sites.

Risk factor profiles for head and neck squamous cell cancer (HNSCC) have been previously 

explored by HPV tumor status, although few of the HPV-positive cases described were non-

oropharyngeal.10 Sexual exposure has been shown to be strongly associated with a diagnosis 

of HPV-positive head and neck cancer, when the oropharynx is predominantly involved.10,11 

In contrast, tobacco and alcohol use are strongly associated with cases without exposure to 

HPV11 or at nonoropharyngeal sites where HPV tumor status was not examined.12,13 

Furthermore, HPV-OPC patients tend to be younger, are more likely to be male and white14 

and have a lower comorbidity index15 compared to non-oropharyngeal HNSCC.

In light of the significant shifts in HNSCC epidemiology16 and staging1 due to HPV, there 

remains interest in characterizing HPV-positive nonoropharyngeal (HPV-nonOPC) cancers. 

Whether risk factor and HPV biomarker profiles resemble those of HPV-negative cancers or 

HPV-OPC may give context for how to conceptualize the role of HPV in nonoropharyngeal 

cancers.

Materials and Methods

Study Participants

Participants were enrolled between 2013 and 2018 in a multicenter, case-control study of 

squamous cell carcinomas (SCCs) called the Papillomavirus Role in Oral Cancer Viral 

Etiology study (PROVE). Enrollment occurred at three NCCN-designated Comprehensive 

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 (New York, NY). Case eligibility criteria included 

incident head and neck SCCs, and no prior radiation or head and neck cancer. Controls were 

adult patients attending otolaryngology clinics for chief complaints that did not include 

cancer. Written consent was given by all enrollees, and institutional review boards at each 

site approved the study.
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Data Collection

At enrollment, participants completed a survey and gave a pre-treatment blood sample. For 

cases, a tumor sample was obtained and medical record abstraction was performed for tumor 

site, tumor and nodal stage using American Joint Committee on Cancer (AJCC) 7th edition,
17 vital and recurrence status, and for missing smoking data. The computer-assisted survey 

included questions on demographics, behavioral risk factors, comorbidities and health status. 

Data were stored using RedCap (Vanderbilt University, Nashville TN).

Tumor testing

Centralized tumor HPV testing was performed prospectively at Johns Hopkins and 

interpreted by two head and neck pathologists (W.H.W. and L.M.R.). P16 

immunohistochemistry (MTM Laboratories, Heidelberg, Germany) was performed on each 

tumor, with p16 expression considered positive if ≥70% strong and diffuse nuclear and 

cytoplasmic staining pattern was observed.18,19 In addition, in situ hybridization (ISH) was 

performed for HPV16 E6/E7 RNA ISH (RNAscope®, Advanced Cell Diagnostics, 

Hayward, CA). In cases that were p16-positive but HPV16 RNA ISH-negative, additional 

testing was done using a E6/E7 RNA ISH probe (RNAscope, Advanced Cell Diagnostics) 

that included 18 high-risk HPV types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 

66, 68, 73, and 82).20 Cases were thus defined as HPV-related if they were HPV16 RNA 

ISH positive, or HPV HR probe E6/E7 RNA ISH positive.

A head and neck pathologist (LR) reviewed all available histologic sections and classified 

the morphology of each case.

Human papillomavirus serology

Sera were tested for antibodies to HPV major capsid protein (L1) and early proteins 

(oncoproteins E6 and E7) from oncogenic HPV types 16, 18, 31, 33, 35, 45, 52, and 58 and 

non-oncogenic HPV types 6 and 11. Regulatory proteins E1 and E2 were tested from HPV 

types 16 and 18. Testing was performed at the German Cancer Research Center (DKFZ, 

Heidelberg, Germany) using multiplex serology, an antibody detection method based on 

glutathione S-transferase (GST) capture ELISA, in combination with fluorescent bead-based 

technology, in a procedure that has been previously described.21 Median fluorescence 

intensity (MFI) values were dichotomized as antibody positive or negative, using 

standardized cutoff values.22,23

Analysis

Analysis was restricted to cases that were HPV-positive; that is, where transcriptional 

activity of high-risk HPV types was detected in tumor by in situ hybridization (ISH). The 

analytic population represented 90% of 205 enrolled oropharyngeal cancer cases, 18% of 34 

larynx, 9% of 111 oral cavity, and all 3 nasopharyngeal cancers.

HPV-nonOPC cases were each matched with four unique controls on the basis of sex, age 

(within 5 years), and race (white non-Hispanic, non-white). For the case-control analysis, 

conditional logistic regression was used to estimate odds ratios (ORs) and 95% confidence 

intervals (CI) for odds of a diagnosis of HPV-nonOPC cancer. For the case-case and serum 
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biomarker analysis, logistic regression models were used to estimate ORs and 95% CIs for a 

diagnosis of HPV-nonOPC compared with HPV-OPC. Due to known differences in HPV 

serology by sex and age,24,25 seroprevalence ORs were adjusted for these variables. Chi-

squared tests were used to compare categorical variables including tumor characteristics and 

demographics. The effect of tumor anatomic site on survival was evaluated with Kaplan-

Meier, log-rank, and Cox proportional hazards methods. Patients were censored at death, 

administrative censoring, or loss to follow-up. Associations were considered statistically 

significant where two-sided p-value was less than 0.05. STATA version 15.1 (College 

Station, TX) was used for analysis.

Results

Risk factors in HPV-nonOPC compared to controls

There were 20 HPV-nonOPC, including oral cavity (10, 50%), larynx (6, 30%), nasopharynx 

(3, 15%), and hypopharynx (1, 5%). The majority of cases were men (172, 84%) and white 

(175, 85%), with overall median age of 59 years (interquartile range 53–65). Compared to 

age-, sex-, and race-matched controls, HPV-nonOPC were similar in terms of income and 

education. A significantly lower proportion of HPV-nonOPC were married or living with a 

partner than controls (Supplemental Table 1).

HPV-nonOPC cases and controls were similar by history of tonsillectomy, oral hygiene, 

obesity, sexual exposure, or prevalent comorbidities (Table 1, Supplemental Table 2, Figure 

1). Several measures of tobacco use were significantly associated with the diagnosis of HPV-

nonOPC cancer. These included increased odds of HPV-nonOPC among ever tobacco users 

(OR 3.49, 95%CI 1.11–10.9), those with greater than 10 pack-years of cigarette smoking 

(OR 18.88, 95%CI 2.34–152.6), or greater than 30 years of cigarette use (OR 7.49, 95%CI 

1.97–28.4).

Risk factors in HPV-nonOPC compared to HPV-OPC

In case-case comparison of HPV-nonOPC and HPV-OPC, HPV-nonOPC were more likely to 

be female and less likely to be married or living with a partner (Supplemental Table 1). In 

addition, HPV-nonOPC were significantly more likely to be ever tobacco users (OR 3.28, 

95%CI 1.10–10.2), to have smoked more than 10 pack-years (OR 3.66, 95%CI 1.23–10.9), 

and to have used cigarettes for more than 30 years (OR 7.78, 95%CI 2.40–25.2, Table 1, 

Figure 1). As anatomic subgroups were different by sex and marital status, measures of 

tobacco exposure were examined in multivariate analysis controlling for these factors. 

Although HPV-nonOPC cases compared with HPV-OPC were not significantly associated 

with ever tobacco use after adjustment for sex and marital status (aOR 3.09, 95%CI 0.83–

11.5), this group remained significantly associated with greater than 10 pack-years of 

smoking history (aOR 3.66, 95%CI 1.03–12.9) and over 30 years of cigarette use (aOR 5.97, 

95%CI 1.46–24.4) after the same adjustment. A sensitivity analysis including only survey-

reported smoking exposure showed similar results.

There were notable differences in oral sexual behavior between HPV-nonOPC and HPV-

OPC cases, although both had HPV-positive cancer. HPV-nonOPC cases were significantly 
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less likely to have had oral sex (OR 0.08, 95%CI 0.01–0.6) and to have had >3 lifetime oral 

(OR 0.29, 95%CI 0.06–0.9) sexual partners compared with HPV-OPC cases (Table 1, Figure 

1).

Prevalent comorbidities were then examined. Multimorbidity was defined as the presence of 

two or more chronic conditions. HPV-nonOPC were more likely to have a history of anemia 

(OR 5.37, 95%CI 1.46–19.7) and multimorbidity (OR 3.30, 95%CI 1.04–10.5) compared 

with HPV-OPC; however, these differences were not independent of sex and marital status 

(aORanemia 2.95, 95%CI 0.69–12.7; aORmultimorbidity 2.60, 95%CI 0.77–8.8, Supplemental 

Table 2, Figure 1).

Tumor histology and HPV status

Although the predominant type of both HPV-nonOPC (75%) and HPV-OPC (91%) 

evaluable cases were found to be non-keratinizing, HPV-nonOPC were significantly less 

likely to be non-keratinizing (p=0.03). Out of the total HPV positive tumors, eight (4%) 

tumors were of the keratinizing histologic subtype, and HPV-nonOPC cases were more 

likely to be keratinizing than HPV-OPC (15% vs. 3%, p=0.008).

All HPV-nonOPC and 98% of HPV-OPC tumors were p16-positive (Supplemental Table 3). 

Notably, the proportion of HPV16 positive cases as detected by RNA and/or DNA in situ 
hybridization was significantly lower for nonoropharyngeal (70%) compared with 

oropharyngeal (91%) cases (p=0.005).

Serum biomarkers

Next, differences in serum biomarker prevalence were explored as an indirect marker of 

HPV viral exposure. Compared with controls, HPV-nonOPC cases (70% of which were 

HPV16 tumor positive) were significantly more likely to be seropositive to any high-risk 

HPV type L1 (50% vs. 21%, OR 4.22, 95%CI 1.36–13.1) viral capsid protein, and high-risk 

HPV E6 (44% vs. 4%, OR 22.86, 95%CI 4.55–114.7) oncoproteins (Figure 2). Similar 

findings were observed when HPV16 specific antibodies were examined. HPV-nonOPC 

cases and controls were found to have similarly low seroprevalence of E6 and E7 proteins of 

all other HPV types examined (Supplemental Table 4).

Next, prevalence of HPV serum biomarkers was compared by site grouping. Sera from HPV-

nonOPC participants had a significantly lower prevalence of antibodies to high-risk HPV16 

E6 proteins overall (28% vs. 90%, OR 0.05, 95%CI 0.02–0.2) compared to HPV-OPC. This 

finding persisted when comparisons were restricted to participants with HPV16-positive 

tumors (36% vs. 93%, OR 0.05, 95%CI 0.01–0.2). HPV-nonOPC cases had a lower 

seroprevalence of antibodies to E6 and E7 oncoproteins of most other high-risk HPV types 

examined compared with HPV-OPC (Supplemental Table 4). Non-oropharyngeal cases 

positive for HPV type 16 were not limited to sites adjacent to the oropharynx.

Overall and recurrence-free survival

Median follow up time was 2.2 years (IQR 1.6–3.6). Ten deaths occurred, four among the 20 

HPV-nonOPC (20%) and six deaths among the 181 HPV-oropharyngeal (4%, p=0.001) for 
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whom survival data was available. Overall survival at four years was significantly worse for 

HPV-nonOPC (77% vs. 96%, p=0.001, Figure 3A), with a hazard ratio of 6.12 (95% 

CI=1.73–21.7). The poorer survival among HPV-nonOPC remained significant after 

controlling for tobacco use and age (aHR=4.05, 95%CI 1.10–14.9). Similar results were 

found when adjusting for pack years (results not shown).

Eleven recurrences were observed, 5 among the 19 HPV-non-oropharyngeal and 6 among 

the 171 HPV-OPC (26% vs. 4%, p=0.004) with recurrence data available. Similar to overall 

survival, recurrence-free survival was significantly worse among HPV-nonOPC (69% vs. 

94%, p<0.001; HR 7.25, 95%CI 2.21–23.8) among HPV-nonOPC independent of tobacco 

use and age (aHR 7.61, 95%CI 2.05–28.2, Supplemental Table 5).

An additional analysis comparing HPV-nonOPC to 135 HPV-negative nonoropharyngeal 

cases enrolled in the larger PROVE cohort revealed similar overall and recurrence-free 

survival by HPV tumor status conferred by either HPV ISH or p16 IHC (data not shown).

Discussion

This is the first study to our knowledge designed to examine risk factors of patients with 

HPV-positive nonoropharyngeal (HPV-nonOPC) compared with HPV-positive 

oropharyngeal (HPV-OPC) squamous cell cancers. In this prospective, case-control and 

case-case comparison, nonoropharyngeal cancers with confirmed HPV oncogene expression 

were found to be distinct from HPV-positive oropharyngeal cases in terms of behavior, 

biomarkers, comorbidity, and prognosis. In many ways, HPV-nonOPC were found to 

resemble HPV-negative HNSCC. Our findings support consideration of this relatively rare 

entity as different from HPV-OPC, and align with current guidelines that recommend against 

routine testing of p16 and HPV in nonoropharyngeal sites,19 outside the clinical trial setting.

Lifetime sexual exposure and younger age of oral sexual debut have previously been shown 

to be associated with oral HPV infection in population-level data.26 Landmark case-control 

data have also demonstrated that lifetime sexual exposure is associated with oropharyngeal 

cancer,11 and with HPV- HNSCC when comprised largely of oropharyngeal cancers.10 

Sexual exposure is a surrogate for HPV exposure and although not previously examined, 

was expected to be a risk factor for HPV-nonOPC. Surprisingly, we found similar sexual 

exposure among HPV-nonOPC cases and controls, and significantly lower oral sexual 

exposure among HPV-nonOPC than among HPV-OPC. In this way, HPV-nonOPC cancers 

resemble HPV-negative subsets in existing data.10

Tobacco is a well-known risk factor for HNSCC27 and for oral HPV infection.28 Some 

reports have found an additive or synergistic role of tobacco and HPV exposure in HPV-

HNSCC,29 whereas others found no interaction.30,31 Herein, tobacco exposure was 

significantly associated with HPV-nonOPC, similar to HPV-negative HNSCC in existing 

literature.10 Consistent with our findings, a higher prevalence of tobacco use among HPV-

nonOPC compared with HPV-OPC cancers has been reported elsewhere.7,32

We found that the prevalence of anemia and multimorbidity was significantly higher among 

HPV-nonOPC compared with HPV-OPC patients. These results again suggest similarity 
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between HPV-nonOPC and HPV-negative HNSCC. Prognostic studies describe worse 

performance status14,33 and higher rates of anemia33 among those with HPV-unassociated 

HNSCC. In addition, large database analyses have demonstrated higher comorbidity indices 

in nonoropharyngeal compared with oropharyngeal34 and in HPV-negative compared to 

HPV-positive cancers.15

Alhough HPV-nonOPC behavioral risk factors and comorbidities resemble HPV-negative 

HNSCC rather than HPV-OPC, biological characteristics examined tell a different story. 

HPV-nonOPC demonstrate a biological similarity to HPV-OPC in that both entities exhibit a 

clear association with HPV exposure in contrast to controls (Figure 2). Despite this, we 

demonstrate a weaker strength of the association with HPV among HPV-nonOPC compared 

to HPV-OPC cases. First, HPV-nonOPC tumors are less likely than HPV-OPC to harbor 

HPV16, although HPV16 is associated with most HPV-OPC.35 Second, HPV-nonOPC are 

significantly less likely to be non-keratinizing than HPV-OPC, which is typically non-

keratinizing.36 In contrast, HPV-unassociated laryngeal, hypopharyngeal and oral cavity 

SCC is classically keratinizing.37 Despite a significantly lower proportion of non-

keratinizing tumors among HPV-nonOPC, however, the predominant histological subtype 

among both HPV-positive entities was still non-keratinizing, consistent with their shared 

viral etiology. Third, HPV-nonOPC patients had a lower seroprevalence of antibodies to 

oncogenic proteins specific to most high-risk HPV types examined when compared with 

HPV-OPC patients, among whom these antibodies were near ubiquitous. This is consistent 

with the previously reported low sensitivity of HPV serology for HPV-driven tumors outside 

the oropharynx.38

Although not explored in the present study, there are a few potential reasons for the lower 

seroprevalence among HPV-nonOPC. There may be differences in immune response or 

different mechanisms of immune tolerance among lymphoid and other epithelial sites. This 

is consistent with the greater local immune infiltrate in HPV-OPC compared to HPV-

nonOPC tumors,3 with the caveat that infiltrates do not necessarily represent antigen-

specific cells. In addition, the lower seroprevalence may be a function of lower overall HPV 

exposure resulting in less frequent seropersistence. The differences in seroprevalence 

provide clues to how these tumors may respond to treatment. Both HPV oncoproteins and 

mutations represent cancer neoantigens that can render a tumor susceptible to immune 

recognition. It has been proposed that in pre-malignant lesions that ultimately progress and 

transform to cancer, an immune suppressive microenvironment is generated which blocks 

these responses from eliminating the tumor cells.39 These mechanisms are known to differ 

across cancer types and could underlie the differences in behavior of HPV-nonOPC versus 

HPV-OPC.

Our behavioral and biomarker results suggest that while HPV is implicated in oncogenesis 

in HPV-HNSCC, a second hit of field cancerization is more often required in 

nonoropharyngeal sites. Indeed, over 80% of the HPV-nonOPC patients included herein 

were smokers compared to less than half of the HPV-OPC patients. This hypothesis implies 

that possibly a greater number of oncogenic mutations may be present in HPV-nonOPC than 

HPV-OPC cancers. The biological role of HPV outside the oropharynx, and how HPV 

infection may interact with tobacco exposure in tumorigenesis, presently remains unclear.

Windon et al. Page 7

Head Neck. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Our study represents a valuable addition to the current understanding of the significance of 

HPV outside the oropharynx, which has been called into question for two reasons. First, the 

prevalence of HPV in nonoropharyngeal sites is low. 40 Although not well understood, this is 

thought to be partly due to oral mucosal epithelium as a barrier to HPV infection compared 

with the reticulated endothelium lining the palatine and lingual tonsillar crypts.41 Second, 

although the prognostic significance of p16 overexpression in nonoropharyngeal sites has 

been previously examined with discordant results, there does not appear to be a survival 

benefit conferred by HPV.42 We observed a significantly worse survival among HPV-

nonOPC compared with HPV-OPC cases, which again supports consideration of these 

entities as distinct. The prognostic difference may be partially explained by tobacco 

exposure, however, the persistence of a survival difference among those with tobacco 

exposure implies that there are other etiologic factors.

We present findings from a multi-institutional, prospective case-control study with 

centralized biomarker testing. We acknowledge the limited sample size due to low numbers 

of HPV-nonOPC cancers among the HNSCC in our study, consistent with global prevalence 

rates.40 This limited our to perform a survival analysis stratified by tumor or nodal stage, and 

may have limited our detection of additional risk factor differences. In addition, behavioral 

surveys may be subject to recall bias and it is possible exposures were reported differently 

by cases and controls.

In conclusion, patients with HPV-positive nonoropharyngeal cancer have a risk factor profile 

that resembles HPV-negative HNSCC attributed mainly to tobacco exposure. Although the 

predominant morphology is similar among HPV-nonOPC and HPV-OPC, we found key 

differences in HPV biomarker prevalence, and significantly worse survival for HPV-

nonOPC. These findings are important for understanding the population at risk for HPV-

positive HNSCC and generating hypotheses regarding biological differences by anatomic 

location. Furthermore, our results support consideration of HPV tumor status as a 

distinguishing clinical and prognostic feature primarily among head and neck cancers in the 

oropharynx.

Supplementary Material
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Figure 1. 
Odds ratios for the diagnosis of HPV-nonOPC versus (vs) A) noncancer controls and B) 

HPV-OPC. Squares represent odds ratios. Vertical lines represent 95% confidence intervals, 

and horizontal lines represent null associations.

HPV, human papillomavirus; nonOPC, nonoropharyngeal; OP, oropharyngeal; vs, versus
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Figure 2. 
Antibody seroprevalence among HPV-positive oropharyngeal (HPV-OPC) cases, HPV-

positive nonoropharyngeal (HPV-nonOPC) cases, and matched noncancer controls. Bars 

represent 95% confidence interval. High risk denotes any one of HPV types 16, 18, 31, 33, 

35, 45, 52, 58. “E proteins” are defined as seropositive for any three of E1, E2, E6, E7 for 

HPV type 16.
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Figure 3. 
Overall survival (panel A) and recurrence-free survival (panel B), stratified by HPV-positive 

nonoropharyngeal (HPV-nonOPC) and HPV-positive oropharyngeal (HPV-OPC) primary 

tumor sites.

A. Overall survival was 80% for HPV-nonOPC at 4 years compared with 96% for HPV-OPC

B. Progression-free survival was 69% vs. 94% for HPV-nonOPC and HPV-OPC, 

respectively, at 4 years.
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Table 1.

Risk factors for human papillomavirus (HPV) -positive nonoropharyngeal (HPV-nonOPC) compared with 

matched controls, and with HPV-oropharyngeal cancer (HPV-OPC).

HPV-nonOPC 
N=20

Matched 
controls N=80

HPV-nonOPC cases 
vs. controls

HPV-OPC 
N=185

HPV-nonOPC vs. 
HPV-OPC

N (%) N (%) OR (95% CI) N (%) OR (95% CI)

History of tonsillectomy 3 (50) 26 (42) 2.05 (0.19–22.0) 42 (45) 1.24 (0.24–6.5)

Excellent/very good oral 
hygiene

11 (69) 40 (53) 2.04 (0.57–7.4) 97 (57) 1.67 (0.56–5.0)

Obese 3 (19) 19 (26) 0.64 (0.17–2.5) 44 (26) 0.67 (0.18–2.5)

Sexual exposure

Age at sexual debut <18 9 (60) 25 (35) 2.79 (0.89–8.7) 109 (65) 0.80 (0.27–2.4)

Ever oral sex 13 (87) 60 (81) 2.79 (0.35–10.8) 166 (99) 0.08 (0.01–0.6)

>3 lifetime oral sex partners 7 (47) 35 (47) 0.88 (0.23–3.3) 126 (75) 0.29 (0.06–0.9)

>3 lifetime vaginal sex partners 10 (77) 42 (63) 1.34 (0.32–5.5) 148 (93) 0.27 (0.10–1.1)

Substance use

Ever tobacco use 16 (80) 40 (51) 3.49 (1.11–10.9) 100 (55) 3.28 (1.10–10.2)

>10 pack years 9 (60) 5 (11) 18.88 (2.34–152.6) 43 (29) 3.66 (1.23–10.9)

>30 year cigarette use 9 (64) 7 (12) 7.49 (1.97–28.4) 25 (19) 7.78 (2.40–25.2)

Alcohol use ≥15 days/month 9 (45) 38 (48) 0.91 (0.34–2.4) 68 (37) 1.41 (0.56–3.6)

Regular marijuana use 5 (50) 21 (49) 0.40 (0.06–2.7) 47 (36) 1.79 (0.49–6.5)

>10 pot years 1 (14) 8 (18) 0.78 (0.07–8.9) 28 (36) 0.30 (0.03–2.6)

Ever cocaine/heroin/
methamphetamine use

4 (29) 15 (21) 1.40 (0.39–5.0) 56 (34) 0.79 (0.24–2.6)
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