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Abstract

IMPORTANCE—Human papillomavirus–related oropharyngeal carcinoma (HPV-OPC) is 

increasing in incidence in the United States. Although HPV-OPC has favorable prognosis, 10% to 

25% of HPV-OPCs recur. Detection of human papillomavirus (HPV) DNA in oral rinses is 

associated with HPV-OPC, but its potential as a prognostic biomarker is unclear.

OBJECTIVE—To determine whether HPV DNA detection in oral rinses after treatment for HPV-

OPC is associated with recurrence and survival.

DESIGN, SETTING, AND PARTICIPANTS—Prospective cohort study of patients with 

incident HPV-OPC diagnosed from 2009 to 2013 at 4 academic tertiary referral cancer centers in 

the United States. Oral rinse samples were collected at diagnosis and after treatment (9, 12, 18, 

and 24 months after diagnosis), and evaluated for HPV DNA. Among an initial cohort of 157 

participants with incident HPV-OPC treated with curative intent, 124 had 1 or more posttreatment 

oral rinses available and were included in this study.

MAIN OUTCOMES AND MEASURES—Disease-free survival (DFS) and overall survival (OS) 

were estimated by the Kaplan-Meier method, and the association of HPV DNA detection in oral 

rinses with survival was evaluated using Cox regression analysis.

RESULTS—Oral HPV type 16 (HPV16) DNA was common at diagnosis (67 of 124 participants 

[54%]). In contrast, oral HPV16 DNA was detected in only 6 participants after treatment (5%), 

including 5 with HPV16 DNA also detected at diagnosis (persistent oral HPV16 DNA). Two-year 

DFS and OS were 92% (95% CI, 94%-100%) and 98% (95% CI, 93%-99%). Persistent oral 

HPV16 DNA was associated with worse DFS (hazard ratio, 29.7 [95% CI, 9.0-98.2]) and OS 

(hazard ratio, 23.5 [95% CI, 4.7-116.9]). All 5 participants with persistent oral HPV16 DNA 

developed recurrent disease, 3 with local disease involvement. In contrast, just 9 of 119 

participants (8%) without persistent oral HPV16 DNA developed recurrent disease, only 1 (11%) 

with local disease involvement. Median (range) time from earliest posttreatment oral HPV16 DNA 

detection to recurrence was 7.0 (3.7-10.9) months.

CONCLUSIONS AND RELEVANCE—Human papillomavirus type 16 DNA in oral rinses is 

common at diagnosis but rare after treatment for HPV-OPC. Our data suggest that, although 

infrequent, persistent HPV16 DNA in posttreatment oral rinses is associated with poor prognosis 

and is a potential tool for long-term tumor surveillance, perhaps more so for local recurrence.

Human papillomavirus (HPV) infection is responsible for the majority of oropharyngeal 

carcinomas (OPCs) in the United States.1 Human papillomavirus–positive tumor status 

confers significantly improved prognosis; however, approximately 10% to 25% of patients 
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experience disease progression after treatment, most within the first 2 years.2-6 Importantly, 

even after progression, HPV-related OPC (HPV-OPC) responds favorably to salvage 

treatment. Surgical salvage in particular is associated with improved outcomes for both 

HPV-positive and HPV-negative OPC, so surgically treatable HPV-positive disease is the 

most favorable scenario for patients with OPC progression.2,7-9 Currently, 35% to 45% of 

progressive HPV-OPCs have already spread to distant sites at the time of diagnosis, 

decreasing the feasibility of surgical salvage.2,7 Earlier diagnosis of progressive or recurrent 

disease than is currently possible, and especially of local or locoregional disease amenable to 

surgical treatment, would hasten initiation of salvage therapy and may improve outcomes.

To that end, the viral etiology of HPV-OPC, and the resultant association of HPV-specific 

biomarkers with HPV-OPC, presents an opportunity to potentially enhance posttreatment 

disease surveillance strategies and facilitate earlier diagnosis of progressive or recurrent 

disease. One such biomarker is human papillomavirus type 16 (HPV16) DNA in oral 

exfoliated cells, which is detected in up to two-thirds of HPV-OPC cases before treatment, 

and persists in a small subset of cases after treatment.10-14 Initial single-center studies 

suggest that HPV16 DNA detection in posttreatment oral rinses may also be associated with 

disease recurrence.11,15 Therefore, in this study we evaluated the prognostic and diagnostic 

implications of HPV16 DNA detection in serially collected posttreatment oral rinses within 

a prospective multicenter cohort of patients with HPV-OPC.

Methods

Study Population

The study population was a prospective multi-institutional cohort of participants with 

incident OPC diagnosed from 2009 through 2013 as previously described.13 Briefly, 

participants were enrolled at time of diagnosis, before treatment initiation (“diagnosis”). 

Oral rinse samples were prospectively collected with behavioral and clinical data. Computer-

assisted self-interview surveys were administered at diagnosis and then at 12 and 24 months 

after diagnosis to collect behavioral and demographic data, including self-designated race 

because HPV-OPC incidence and behavioral risk factors vary by race.16 Medical record 

abstraction was performed annually, with abstraction last updated in October 2014 for all 

participants. Tumor HPV status was determined by in situ hybridization for HPV DNA and 

immunohistochemical analysis for p16, as previously described.13 Clinical care, including 

treatment regimen and posttreatment disease surveillance, was carried out consistent with 

established national guidelines17 at the 4 participating academic head and neck oncology 

centers.

Participants eligible for this analysis had HPV-OPC treated with curative intent, clinical 

follow-up for at least 12 months after diagnosis, and at least 1 posttreatment oral rinse. This 

study was approved by the institutional review board at all study sites, and all participants 

gave written informed consent.
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HPV Detection in Oral Rinses

Oral rinse and gargle samples were collected using 10 mL of Scope mouthwash at diagnosis 

and again after treatment, at 9, 12, 18, and 24 months after diagnosis. Oral rinse samples 

were tested for 36 types of HPV DNA using PGMY 09/11 primers and line-blot 

hybridization as described previously.13,18 Types of HPV considered high-risk were types 

16, 18, 31, 33, 35, 39, 45, 51, 56, 58, 59, 68, and 73. Persistent oral HPV DNA detection 

was defined as detection of the same high-risk HPV (HR-HPV) type at diagnosis and in at 

least 1 posttreatment oral rinse. Clearance of HR-HPV DNA was defined as detection of the 

HR-HPV type at diagnosis but at no time during follow-up. A new oral HPV “infection” was 

defined as detecting DNA from an HR-HPV type in 1 or more posttreatment rinses that was 

not detected at diagnosis. Oral rinses at diagnosis were also evaluated for HPV16 viral load 

using TaqMan quantitative polymerase chain reaction as previously described.13,19 Oral 

HPV16 viral load was considered either undetectable or detectable, and detectable viral load 

was further categorized by number of copies in 2 μL of oral rinse sample as either low (<160 

[median detectable viral load]) or high (≥160).

Analytic Methods

Frequency and percent, or median and interquartile range (IQR), of participant 

characteristics were described overall and by eligibility for this analysis. Viral load was 

reported as both a categorical and a continuous variable by characteristics of interest. 

Categorical variables were compared using χ2 or Fisher exact tests, and continuous 

variables, using the Wilcoxon non-parametric rank-sum test.

Survival rates were estimated using the Kaplan-Meier method.20 Overall survival (OS) was 

defined as time from diagnosis to death from any cause, with censoring at last follow-up. 

Disease-free survival (DFS) was defined as time from diagnosis to disease recurrence, with 

censoring at last follow-up or death. Survival curves were compared using the log-rank test. 

Risk factors for mortality and recurrence were explored using Cox regression models.

Specificity, sensitivity, positive predictive value (PPV), and negative predictive value (NPV) 

of HPV16 DNA detection in posttreatment rinses as a predictor of recurrence (considered as 

binary) were also explored. Oral rinse results at the 9- and 12-month visits and the 18- and 

24-month visits were combined for some analyses. There were no discordant oral HPV16 

DNA detection results at these pairs of visits. P < .05 was considered statistically significant. 

Data analysis was performed using STATA 11.2.

Results

Study Population

Of the 157 participants with HPV-OPC, 124 (79%) had at least 1 posttreatment oral rinse 

sample and were therefore eligible for this analysis. The characteristics of the study 

population are summarized in Table 1. The majority of participants were male (90%), white 

(98%), married or living as married (85%), and never-smokers (58%). Most participants had 

small tumors (65%) and advanced nodal (70%) and overall stage (82%). Compared with 

ineligible participants, eligible participants were more likely to be married (P = .03), had 
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higher income (P = .009), and had fewer pack-years of smoking (P = .02) (eTable 1 in the 

Supplement).

HPV Detection in Oral Rinses at Diagnosis and After Treatment

Detection of HPV16 DNA in oral rinses was common in participants at diagnosis (67 of 124 

[54%]) (Table 2). A median (range) of 3 (1-4) posttreatment oral rinses was available per 

participant. Nearly all (113 [91%]) participants had an oral rinse at 9 to 12 months after 

diagnosis, and 89 (72%) had an oral rinse at 18 to 24 months. Detection of HPV16 DNA in 

oral rinses was rare after treatment. Only 6 of 124 participants (5%) had detectable HPV16 

DNA in any posttreatment oral rinse, including 4% prevalence (4 of 113) at 9 to 12 months 

and 3% (3 of 89) at 18 to 24 months after diagnosis. Most oral HPV16 DNA detected at 

diagnosis cleared after treatment (62 of 67 participants [93%]).

Detailed characteristics of the 6 participants with HPV16 DNA detected in any 

posttreatment oral rinse are displayed in Table 3. The most common pattern observed among 

these 6 participants was persistent detection of oral HPV16 DNA at diagnosis and in all 

posttreatment rinses (4 participants [patients 1-4]) (timeline shown in eFigure 1 in the 

Supplement). In contrast, 1 participant (patient 5) had oral HPV16 DNA detected at 

diagnosis that cleared temporarily but was again detected at 18 and 24 months. Finally, there 

was 1 participant (patient 6) in whom oral HPV16 DNA was not detected at diagnosis, then 

was newly detected at 12 months, and subsequently cleared.

Oral rinses were also evaluated for DNA from 12 other HR-HPV types besides HPV16 

(called HR-HPV hereafter) (Table 2). High-risk–HPV DNA was less common than HPV16 

DNA in oral rinses at diagnosis, observed in 27 (22%) compared with 67 (54%) of 

participants (P < .001). Most type-specific HR-HPV infections present at diagnosis cleared 

after treatment (21 of 28 [75%] infections corresponding to 20 of 27 [74%] participants), 

whereas 7 (25%) infections persisted (corresponding to 7 [26%] participants) (Table 2). 

Interestingly, there were also 14 new type-specific HR-HPV infections detected after 

treatment in 12 participants. Thus, the majority of times that non-HPV16 HR-HPV DNA 

was detected after treatment appeared to represent newly detectable, as opposed to 

persistent, HR-HPV infections (14 of 21 type-specific infections [67%]). Participants with 

vs without newly detected type-specific HR-HPV infections did not significantly differ with 

regard to sexual behaviors, smoking status, or other characteristics (eTable 2 in the 

Supplement).

Recurrence and Survival

Median (IQR) follow-up time was 33 (24-41) months. There were 14 recurrences and 6 

deaths observed during follow-up among the 124 participants. All 6 deaths were from 

recurrent disease. Two years after diagnosis, disease-free survival (DFS) was 92% (95% CI, 

94%-100%) and overall survival (OS) was 98% (95% CI, 93%-99%).

Detection of HPV16 DNA in oral rinses at diagnosis was not associated with DFS (P = .15) 

or OS (P = .14). In contrast, persistent HPV16 DNA detection in oral rinses (eg, both at 

diagnosis and any time after treatment) was associated with a greater than 20-fold increased 

risk of recurrence (hazard ratio [HR], 29.7 [95% CI, 9.0-98.2]) and death (HR, 23.5 [95% 
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CI, 4.7-116.9]) in univariate analysis (Table 1, Figure). After adjustment for pack-years of 

smoking and tumor stage, persistent detection of oral HPV16 DNA remained associated 

with both DFS (adjusted HR [aHR], 35.8 [95% CI, 8.6-149.1]) and OS (aHR, 16.1 [95% CI, 

2.8-92.7]). Number of pack-years of cigarette smoking was also associated with worse DFS 

(HR, 1.4 [95% CI, 1.1-1.8] per 10 pack-years) and OS (HR, 1.5 [95% CI, 1.1-2.1]) in 

univariate analysis, consistent with previous research,21 although these associations were no 

longer significant after adjustment for persistent oral HPV16 DNA and tumor stage (aHR for 

DFS, 1.2 [95% CI, 1.0-1.5] and aHR for OS, 1.3 [95% CI, 0.9-1.8]). Sex, alcohol use, tumor 

subsite, age, and study site were not significantly associated with DFS or OS.

All 5 participants with persistent oral HPV16 DNA detected developed recurrent disease and 

3 died of disease, whereas the 1 participant with newly detected oral HPV16 DNA after 

treatment that subsequently cleared (patient 6) was alive without disease at last follow-up, 23 

months after diagnosis (Table 3, eFigure 1 in the Supplement). The median (range) time 

from first posttreatment detection of oral HPV16 DNA to recurrence was 7.0 (3.7-10.9) 

months for the 4 participants with study visits prior to recurrence (patient 2 did not have any 

posttreatment study visits until after recurrence).

Four of the 5 participants with persistent oral HPV16 were originally treated with 

chemoradiation therapy and the fifth with surgery and adjuvant radiation therapy, which did 

not differ from the overall study population (P = .65, Fisher exact test) or from the 9 

participants who experienced disease recurrence but did not have persistent oral HPV16 

DNA (P = .30).

Three of the recurrences among the 5 participants with persistent oral HPV16 DNA included 

local disease (Table 4). In comparison, nearly all recurrences among participants without 

persistent oral HPV16 DNA were regional and/or distant, without local disease (8 of 9 

[89%]; P = .10, Fisher exact test) (Table 4). Overall, only 3 participants developed isolated 

local or locoregional recurrence without distant disease; 2 of these had persistent oral 

HPV16 DNA (patients 3 and 4) and 1 did not.

We estimated the ability of persistent HPV16 DNA in oral rinses to predict future recurrence 

by considering only oral rinses collected within 9 to 12 months after diagnosis and 

evaluating recurrence risk only within 12 to 24 months after diagnosis, eg, recurrences 

within approximately 1 year subsequent to the oral rinse sampling. There were 3 participants 

with persistent oral HPV16 DNA detected at 9 to 12 months, of whom all 3 experienced 

disease recurrence between 12 and 24 months after diagnosis. In contrast, there were 108 

participants without persistent oral HPV16 DNA at 9 to 12 months, of whom 4 (4%) 

experienced recurrence. Therefore, although there were few events, detection of HPV16 

DNA in oral rinses at 9 to 12 months after diagnosis in our study population had high 

specificity (100% [95% CI, 96%-100%]), PPV (100% [95% CI, 29%-100%]), and NPV 

(96% [95% CI, 91%-99%]), but low sensitivity (43% [95% CI, 12%-80%]), in predicting 

any subsequent recurrence within the following year. Interestingly, all 3 recurrences 

predicted by the presence of persistent oral HPV16 DNA involved local disease (1 local, 1 

locoregional, and 1 locoregional and distant), compared with none of the 4 recurrences in 

participants without persistent oral HPV16 DNA (2 regional and distant, 2 distant only; P 
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= .03, Fisher exact test). When only recurrences involving local disease were considered in 

this analysis, specificity and PPV remained at 100% (95% CI, 97%-100% and 29%-100%, 

respectively), whereas sensitivity increased to 100% (95% CI, 29%-100%), as did NPV 

(100% [95% CI, 97%-100%]).

In contrast to the observed association of persistent oral HPV16 DNA detection with 

survival, persistent detection of DNA from HR-HPV types other than HPV16 was not 

associated with survival (P = .40 and .65 for DFS and OS, respectively). Among the 7 

participants with persistently detected HR-HPV other than HPV16 (including HPV 33, 39, 

45, 51, and 52 and 2 participants with HPV59), there was only 1 recurrence, in a participant 

with persistent oral HPV52 DNA who developed pulmonary metastases.

HPV16 Viral Load in Oral Rinses at Diagnosis

There were 57 participants with detectable HPV16 viral load in oral rinses at diagnosis, 56 

(98%) of whom also had HPV16 DNA detected by line-blot hybridization (eTable 3 in the 

Supplement). Median (IQR) detectable HPV16 viral load in oral rinses at diagnosis was 161 

(21-846) copies/2 μL. Participants with larger tumors more commonly had a detectable oral 

HPV16 viral load than those with smaller tumors (62% vs 43%; P = .05), and current 

smokers were more likely than never or former smokers to have high (>160 copies/2 μL) 

viral load (46% vs 21%; P = .04). High viral load was also more common in participants 

with tonsil compared with nontonsil tumors (39% vs 11%; P < .001).

Higher HPV16 viral load in oral rinses at diagnosis was associated with significantly worse 

OS (P for trend = .01) but was not significantly associated with worse DFS (P for trend 

= .06) in univariate analysis (Table 1, eFigure 2 in the Supplement). After adjustment for 

number of smoking pack-years and tumor stage, higher HPV16 viral load in oral rinses at 

diagnosis continued to be associated with OS (P for trend = .05) but not DFS (P for trend 

= .11).

Discussion

Although most HPV-OPCs respond favorably to treatment, a subset of patients experience 

disease progression.2-6 There is a need for clinically relevant biomarkers of disease 

recurrence to facilitate timely initiation of aggressive diagnostic investigation and 

subsequent salvage treatment to potentially improve outcomes for the growing population of 

HPV-OPC survivors. Detection of recurrent local or locoregional disease prior to distant 

spread is particularly desirable given the favorable response of HPV-OPC to surgical 

salvage. We have demonstrated that persistent HPV16 DNA detection in posttreatment oral 

rinses, although infrequent, is predictive of HPV-OPC recurrence, perhaps even more so for 

local recurrence, and is associated with survival. Furthermore, we observed a clinically 

meaningful lead time from first positive posttreatment oral rinse result to diagnosis of 

recurrence (median, 7 months). Therefore, HPV16 DNA detection in oral rinses may prove a 

valuable tool for long-term posttreatment surveillance of HPV-OPC for local recurrence.

Our study corroborates in a multicenter, prospective cohort setting the findings of 2 previous 

smaller cohort studies that described an association of HPV16 DNA detection in 

Rettig et al. Page 8

JAMA Oncol. Author manuscript; available in PMC 2020 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



posttreatment oral rinses with survival. Chuang et al15 detected HPV16 DNA in oral rinses 

from 2 of 20 patients with HPV-OPC or HPV-positive unknown primary tumors from 1999 

through 2005, both of whose disease recurred 3.5 months after the oral rinse sample was 

collected. Ahn et al11 reported that of 83 patients with OPC and unknown primary tumors 

from 1999 to 2010 (72 HPV positive), 4 had HPV16 DNA detected in posttreatment oral 

rinses, and 3 subsequently had recurrent cancers (aHR for recurrence-free survival, 10.7 

[95% CI, 2.4-48.5]). The higher HR that we report (aHR, 35.8 [95% CI, 8.6-149.1]) is likely 

explained by our restriction to patients with HPV-OPC and use of persistent, rather than any, 

posttreatment oral HPV16 DNA for our analysis. Risk estimates may also be influenced by 

different laboratory methods for HPV detection in each study. Of note, 1 additional study by 

Koslabova et al14 did not observe prognostic significance of posttreatment oral HPV16 DNA 

detection. Reasons for this discrepancy are unclear but may relate to their use of a single 

posttreatment oral rinse, heterogeneous patient population, and/or limited clinical follow-up.

The consistent finding that HPV16 DNA detection in posttreatment oral rinses is predictive 

of recurrence in our and several previous studies supports its potential utility as a clinical 

test. Our study has several strengths. First, the multisite, prospective cohort design and 

recent calendar period (2009-2013) lend generalizability and current relevance to our 

findings. We included only participants with HPV-OPC, decreasing heterogeneity. Finally, 

the serial collection of posttreatment oral rinse samples at predefined intervals allowed us to 

preliminarily describe a time lag from first HPV16 DNA–positive oral rinse to recurrence.

These findings highlight the question of what HPV16 DNA detected in posttreatment rinses 

represents pathophysiologically. We hypothesize that the persistent presence of oral HPV16 

DNA represents in most cases integrated or episomal viral DNA in persistent or recurrent 

microscopic disease that may not yet be detectable by conventional methods. Of note, our 

laboratory methods cannot distinguish between HPV DNA in infectious viral particles and 

integrated or episomal HPV DNA in tumor cells (for this reason, we have largely referred to 

“oral HPV DNA detection” rather than “oral HPV infection”). However, it has been shown 

that most HPV16 strains detected in oral rinses of patients with HPV-OPC are genetically 

identical to the HPV16 found in corresponding tumors.12 Furthermore, we previously 

reported that partners of patients with HPV-OPC do not exhibit a higher than expected 

prevalence of HPV16 DNA detection in oral rinses.13 Taken together, this is more consistent 

with noninfectious fragments of HPV16 DNA in exfoliated tumor cells, rather than an active 

infection, as the primary source of the HPV16 DNA detected in oral rinses from patients 

with HPV-OPC.

Although based on few events, our analysis of the predictive value of persistent oral HPV16 

DNA at 9 to 12 months after diagnosis demonstrated high specificity, sensitivity, PPV, and 

NPV for subsequent recurrence involving local disease in the following year. This is 

clinically significant, in that isolated local or locoregional tumor is more amenable to 

salvage treatment, especially surgical salvage. Although only 2 of the 5 participants with 

persistent oral HPV16 DNA had such isolated local or locoregional recurrence, it is 

conceivable that earlier and more aggressive diagnostic workup for the remaining 3 

participants, precipitated by an HPV16-positive oral rinse, may have facilitated detection of 

disease at a more limited, and therefore treatable, stage.
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The low sensitivity of our assay for any recurrence, including regional and distant disease, is 

not surprising because regional or distant metastastic disease would not, in the absence of a 

direct connection to the primary site, be expected to shed tumor cells into an oral rinse. A 

potential strategy to increase sensitivity for recurrence overall is to combine oral rinses with 

plasma-based testing for HPV16 biomarkers, such as HPV16 DNA or antibodies to HPV16 

antigens, which has also been shown to be sensitive for HPV-OPC and is less anatomically 

constrained.11,14,22

The prognostic value of persistent oral HR-HPV DNA detection in posttreatment oral rinses 

was limited in our study to HPV16, whereas persistence of other HR-HPV types was not 

associated with recurrence or survival. Because HPV16 is responsible for more than 90% of 

HPV-OPCs,23,24 DNA from other HR-HPV types is less likely to be etiologically related to 

tumor recurrence. In addition, the demographic characteristics of our study population are 

such that a relatively high baseline prevalence of oral HR-HPV DNA detection is expected: 

the prevalence of oral HR-HPV infection in the general population is 3.7% but is greater 

among men in their mid-50s with high numbers of lifetime oral sex partners,25 all 

characteristics typical of patients with HPV-OPC. This may also explain the high rate of 

newly detected non-HPV16 HR-HPV DNA after treatment, which was also noted in 

previous studies.12,14

Our finding that HPV16 viral load in oral rinses at diagnosis was associated with worse 

survival has not to our knowledge been previously reported, and the clinical relevance is 

unclear because there were few events in our study. It is possible that higher viral copy 

number may correlate to some measure of disease activity, for example, tumor size, and 

portend increased resistance to treatment. Additional studies are necessary to replicate and 

further characterize this association. The higher viral load among smokers is consistent with 

previously reported data from the general population,26 and the association of detectable 

viral load with tumor size is not surprising because larger tumors would be expected to shed 

more tumor cells; however, the significantly increased viral load in participants with tonsillar 

compared with other oropharyngeal tumors was unexpected. This may reflect a differential 

capacity of an oral rinse to sample tumor tissue depending on primary site of disease.

The conclusions of this study are limited by the infrequency of persistent oral HPV16 DNA 

detection and small number of deaths and recurrences. In addition, the lack of posttreatment 

disease surveillance standardization restricted analysis of the timing of oral rinse results 

relative to clinical and imaging findings. Finally, eligible participants were significantly 

more likely than ineligible participants to have several characteristics associated with 

improved prognosis after head and neck cancer treatment, in that they were more likely to be 

married, had higher income, and had fewer pack-years of smoking, which may have biased 

our results.

Conclusions

Detection of HPV16 DNA in oral rinse samples is common at diagnosis but rare after 

treatment for HPV-OPC. Our data suggest that persistent HPV16 DNA detection in 

posttreatment oral rinses, although uncommon, is associated with poor prognosis and may 
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be predictive of disease recurrence, in particular local recurrence. Therefore, HPV16 DNA 

detection in oral rinses is a potentially useful tool for long-term tumor surveillance for the 

growing population of HPV-OPC survivors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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At a Glance

• Among patients with human papillomavirus–positive oropharyngeal cancer 

(HPV-OPC), 10% to 25% experience disease progression after treatment. 

Earlier diagnosis of progressive or recurrent disease may allow for earlier 

treatment and improved outcomes.

• Human papillomavirus type 16 (HPV16) DNA was detected in oral rinses 

from 54% of 124 patients with HPV-OPC at diagnosis but was persistently 

detected after treatment in 4% of patients with HPV-OPC.

• All participants with persistent oral HPV16 DNA detected after treatment 

experienced disease recurrence, with a median of 7.0 months between the first 

HPV16-positive posttreatment oral rinse and recurrence.

• Although infrequent, persistent HPV16 DNA detection in posttreatment oral 

rinses was associated with disease-free (hazard ratio, 29.7 [95% CI, 9.0-98.2]) 

and overall survival (hazard ratio, 23.5 [95% CI, 4.7-116.9]).

• Detection of HPV16 DNA in oral rinses after treatment for HPV-OPC may be 

a useful adjunct to current posttreatment tumor surveillance strategies, 

potentially facilitating earlier diagnosis of progressive or recurrent HPV-OPC.
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Figure. 
Survival by Detection of Persistent Human Papillomavirus Type 16 (HPV16) DNA in 

Pretreatment and Posttreatment Oral Rinse Samples

Persistent HPV16 indicates detection of HPV16 DNA in oral rinses both at diagnosis and at 

any posttreatment visit.
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