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Abstract

Performance of commercially available human papillomavirus (HPV) assays (approved for
cervical HPV detection) is unknown for detecting HPV-related oropharyngeal cancer (HPV-OPC).
Assays for detection of HPV DNA [ELISA (DEIA) and Cobas], and RNA (Aptima) in oral rinse
samples, and serum HPV oncogene antibodies were evaluated. Sensitivity and specificity of each
test was explored among HPV-OPC cases and controls. Biomarker prevalence was evaluated
among 294 "at-risk™ people (screening) and 133 "high-risk" people [known to previously have oral
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oncogenic HPV (oncHPV) DNA and/or HPV16 E6/E7 antibodies detected]. HPV16 E6 antibodies
had the best overall test performance with sensitivity of 88%, compared with oral HP\VV16 DNA
sensitivity of 51% by DEIA and 43% by Cobas (each £< 0.001). Specificity was comparable in
each of these tests (=98%). When positivity for any oncHPV type was compared with HPV16 for
the same test, sensitivity was comparable (60% vs. 51%, 40% vs. 43%, and 92% vs. 88% for
DEIA, Cobas, and E6 antibodies, respectively), but specificity was reduced (93%—-97%). Aptima
had poor sensitivity (23%). Sensitivity decreased when cotesting HPV16 oral rinse DNA and E6
antibodies (37%-48%), or multiple E antibodies (69%—72%). HPVV16 DNA were detected in ~2%
of the at-risk by either DEIA or Cobas and up to 15% of the high-risk population. HP\VV16 E6
seroprevalence was 2.3% and 2.4% in the at-risk and high-risk populations, respectively. Oral rinse
HPV testing had moderate-to-poor sensitivity for HPV-OPC, suggesting many true positives would
be missed in a potential screening scenario. HPV16 E6 serum antibody was the most promising
biomarker evaluated.

Introduction

Human papillomavirus—related oropharynx squamous cell cancers (HPV-OPC) are
dramatically increasing in incidence in the United States and globally (1-3). Oral HPV
infection (4) and circulating antibodies (5-7) to HPV oncogenes precede the development of
HPV-OPC. However, natural history data from the detection of infection to the pivotal
carcinogenic events that herald this malignant transformation remain lacking. In contrast,
cervical neoplasia studies have robust long-term natural history data that have elucidated the
progression (and risk factors) for incident and persistent cervical HPV infection, dysplasia,
and malignancy (8, 9).

Cervical HPV testing has clinical utility with validated performance properties. The U.S.
Preventive Services Task Force now recommends the use of oncogenic HPV testing alone
every 5 years with or without cytology as an alternative to cytology alone every 3 years (10);
clinical laboratories use validated, FDA-approved, and commercially available tests for
cervical HPV detection (11). In contrast, there are no analogous FDA-approved tests to
detect clinically relevant oral HPV infections.

Indeed, for oral HPV, studies to date are limited to large cross-sectional and small size or
short-term natural history studies (12-14) in which HPV detection has been performed by
PCR and linear array and/or quantitative PCR in research laboratories. Use of either oral
HPV detection (15) or HPV serum antibodies (16) in screening scenarios remains
investigational. However, current data support the potential role of oral or plasma HPV DNA
in clinical surveillance of patients with oropharyngeal cancer posttreatment (for recurrence)
(17-21). A roadblock at present for investigational and clinical purposes is the lack of
universally accepted or FDA-approved oral HPV detection method. Therefore, we sought to
determine the performance of two commercially available cervical HPV assays applied to
oral rinse among individuals with newly diagnosed HPV-OPC and at-risk for HP\V-OPC.
There are currently no commercially available HPV serum antibody detection tests, but as
these markers have been suggested to have utility for HPV-OPC detection in previous
research (5-7) they were similarly explored in this study.
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Materials and Methods

As described below, samples from the biorepository of multiple cohort studies were included
in this study. These studies were Institutional Review Board (IRB)-approved and all
participants provided informed consent. This study was conducted in accordance with the
U.S. common rule.

HOTSPOT study population (OPC case and controls)

To evaluate sensitivity and specificity of the HPV biomarkers a pilot study was performed
among 133 incident HPV-OPC and 134 noncancer controls from the HOTSPOT study (22).
Noncancer controls from HOTSPOT included 101 partners/spouses of HPV-OPC cases as
well as a convenience sample of 33 healthy volunteers enrolled from free oral cancer
screening events. All 133 cases had confirmed oncogenic HPV-positive oropharyngeal
cancer; many did not have HPV-type-specific tumor testing, but 68 were confirmed to be
HPV16-positive (22).

MOUTH study population (at-risk and high-risk groups)

From a different cohort, the MOUTH (Men and 93 women Understanding Throat HPV)
study (23), individuals at increased risk of oncogenic oral HPV infection and HPV-OPC
were enrolled (called the at-risk group hereafter). Eligibility included: (i) men 35-69 years
old with 3 or more lifetime oral sex partners (11), (ii) women with history of cervical
dysplasia and/or their partners, and (iii) partners of patients with HPV-OPC. The MOUTH
cohort is actively enrolling; this analysis included samples from the first 294 individuals
enrolled 2017-2018.

In addition, 133 high-risk participants in a cohort of HIV-infected and HIV at-risk
individuals in the MACS WIHS Combined Cohort study or CCS (24) who had persistent
HPV biomarkers at the end of a previous research study (13, 25) were also enrolled into
MOUTH study during the same time period and included in this analysis (called the high-
risk group hereafter). This included 119 participants who had persistent oncogenic oral HPV
infection and 14 participants with HPV16 E6 and/or E7 oncogene antibodies detected during
the previous study. These participants were analyzed separately given their higher risk
profile.

Participants in the at-risk group were primarily male, white, middle aged, with at least a
college education (Table 1). Participants enrolled in the high-risk group included racially
diverse men and women, most with HIV infection, many with only a high-school education
and current cigarette use (Table 1).

Oral rinse sample collection and processing

Oral rinse samples were collected using 10 mL saline (MOUTH study) or Scope (HOTSPOT
study) by 30-second oral rinse and gargle. Samples were stored at 4°C until processed.
Samples were collected from HOTSPOT cases around time of HPV-OPC diagnosis and
before any therapy was received.
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For the MOUTH study, sample processing was performed centrally by the Johns Hopkins
Biospecimen Repository. Samples were centrifuged at 3,000 x g for 10 minutes, pellet was
resuspended in 10 mL saline, recentrifuged at 3,000 x g for 10 minutes, and pellet resuspend
in 1.5 mL of normal PBS. Samples were then divided in two equal volume aliquots (750 uL
each) and half to be tested was stored at —80°C until shipped to DDL (on dry ice). Oral rinse
samples were tested by DDL where they were vortexed then diluted 2.5 times PreservCyt
medium, from starting volume of 750 L, in a 13 mL Sarstedt tube. Samples that for any
reason had a lower volume (500 to <750 pL) were instead diluted 3.5-fold to have sufficient
input volume for all assays. This dilution factor was based on pilot testing performed at
DDL to ensure reproducibility after dilution (Fig. 1).

HPV-OPC cases and control samples from the HOTSPOT study biorepository were similarly
processed except these pellets had been previously resuspended in 1.0 mL of PBS and
aliquoted into 500 pL instead (22). The same sample dilution factor of 2.5 was used for these
HOTSPOT samples, although their original volume was 500 pL (Fig. 1).

Oral HPV detection

A schematic of sample testing is shown in Fig. 1. Al MOUTH and HOTSPOT oral rinse
HPV results reported in this paper were tested centrally by DDL Diagnostic Laboratory
using study biorepository samples. DNA was extracted using the NucliSENS easyMAG.
DNA specimens were tested for the presence of HPV DNA by PCR amplification using the
SPF10 primer system (version 1 system Labo Biomedical Products). HPV SPF10 PCR
products were detected using the DNA Enzyme Immuno-assay (called DEIA hereafter)
detection system. All samples which tested positive for HPV DNA by SPF10 DEIA were
then tested by SPF10 LIPA to detect the following 13 oncogenic HPV types: 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, and 66, as well as 12 nononcogenic HPV types: 6, 11, 34, 40,
42,43, 44, 53, 54, 68/73, 70, and 74 not reported on in this article (26, 27).

The remaining oral rinse sample volume was used to perform additional HPV DNA testing
by both Cobas (Roche Cobas HPV Test) and E6/E7 mRNA detection using Aptima
(Hologic) according to the manufacturer's standard instructions for cervical cytology
specimens in PreservCytSolution (Hologic Corp). The Cobas test identifies 14 oncogenic
HPV types, including: HPV 16 and 18 specifically as well as a combined result for other
oncogenic HPV types: 31, 33, 35, 39, 45, 51,52, 56, 58, 59, 66, and 68. Note the Cobas
definition of oncogenic is similar to that used for DEIA but not identical as the Cobas probe
includes type 68, which the DEIA study definition did not. Aptima identifies an oncogenic
combined result for any of the same 14 oncogenic types as Cobas used: HPV16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68. As 150 (99.3%) of 151 DEIA negative samples for
the HOTSPOT study were also negative by Aptima, samples that were DEIA negative in the
MOUTH study were assumed to be Aptima negative. Samples that were positive by DEIA
for HPV DNA were tested by Aptima (when remaining volume allowed). HPV 68 is
included in the classification of oncogenic types by Cobas and Aptima, but was not
considered oncogenic in our DEIA analysis (28).

Cancer Prev Res (Phila). Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

D'Souza et al.

Page 5

Blood collection and processing

Participants had blood collected in an SST tube at study enrollment. After collection, tubes

were inverted five times to allow clot formation and stored at 4°C until ready to process.

Samples were spun at 1,942 x g for 15 minutes at room temperature, serum layer was
removed and stored at —80°C until tested.

Serology HPV antibody detection

Serum for MOUTH were tested for E1, E2 antibodies to HPV types 16, 18, and E6 and E7
oncogene antibodies to HPV types 16, 18, 31, 33, 35, 45, 52, and 58. HOTSPOT serum was
similarly tested, but did not include testing for HPV 35 or 52). All MOUTH and HOTSPOT
antibody testing was performed centrally by the German Cancer Research Center (DKFZ)
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 described previously (29). Median fluorescence intensity (MFI)
values were dichotomized as antibody positive or negative, using lab established cut-off
values (6).

Statistical analysis

Results

Sensitivity for HPV-OPC was calculated as the number of individuals positive by each HPV
biomarker of interest out of those known to be diagnosed with HPV-OPC (HOTSPOT
cases). Specificity was calculated as the number of individuals negative for HPV by each
biomarker out of those not diagnosed with HPV-OPC (this "noncancer control group”
included HOTSPOT controls as well as the MOUTH at-risk group). Prevalence of each HPV
biomarker was explored alone and in some cotesting scenarios, and pattern of positivity
across tests was compared. Analysis was performed considering prevalence of any
oncogenic HPV type (called oncHPV here after), as well as to HPV16 specifically.

To understand whether detection of HPV biomarkers in oral exfoliated cells and serum could
discern participants with HPV-OPC from participants without known malignancy,
sensitivity, and specificity were calculated (Table 2). The sensitivity of oral HPVV16 DNA to
detect HPV-OPC cases was only moderate, by DEIA and Cobas (51% vs. 43%, £=0.19).
Specificity of HPV16 DNA was high by both DEIA (99%) and Cobas (98%; Table 2).

Test characteristics of oral rinse biomarkers were similar when considering any oncogenic
HPV (oncHPV). Sensitivity of oncHPV DNA for identification of HPV-OPC was similar to
that for HPV16 (DEIA: 60% vs. 51%, P= 0.14; Cobas: 49% vs. 43%, P = 0.36). Specificity
of oncHPV was consistently high using oncHPV or HPV16 by eitherDEIA (97% vs. 99%, P
= 0.10) or Cobas (97% vs. 98% P =0.12). Sensitivity was low when tested by Aptima as
only 23% of HPV-OPC cases had oncHPV E6/E7 mRNA detected (P< 0.001). Given
heterogeneity in study populations (Table 1), the same analysis was performed when
restricted to only men, and the test characteristics were the same (Supplementary Table S1).
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When considering HPV oncogene antibodies in serum, sensitivity and specificity were
generally high. HPV16 E6 antibodies had a sensitivity of 88% and specificity of 98%, which
was the best overall test performance of any of the biomarkers evaluated (Table 2). Inclusion
of E7 did not improve performance properties (Table 2). Seropositivity for any of four
HPV16 oncogenes (E1, E2, E6, and/or E7) had marginally higher sensitivity than HPV16 E6
seropositivity alone (96% vs. 88% P = 0.06) but significantly lower specificity (91% vs.
98%. £<0.001). In contrast, requiring positivity for three of four HPVV16 oncogenes (=3 of
E1, E2, E6, and E7) had lower sensitivity than HPV16 alone (72% vs. 88%, 2= 0.009) but
increased specificity (100% vs. 98%, P = 0.04).

When considering the ability of oral HPV16 biomarkers to correctly categorize cases and
controls, E6 antibodies (88%) had the highest sensitivity relative to oral rinse DEIA (51%),
or Cobas (43%; each £<0.001), and specificity was similar (98%, 99%, and 98% for
HPV16 E6 antibodies, DEIA and Cobas respectively, > 0.67). HPV16 E6 seropositivity
had significantly higher specificity than when considering E6 antibodies to any oncHPV
type (98% vs. 93%, £=0.006), while sensitivity remained similarly high (88% vs. 92%, P=
0.32). In the scenario of HPV16 cotesting, when requiring biomarker positivity by both oral
rinse and serum tests, sensitivity decreased (P < 0.001), but specificity increased to 100%
(Table 2). Considering biomarker positivity for either oral rinse or serum biomarkers yielded
high sensitivities (each >90%, Table 2), but it was not significantly higher than when using
HPV16 E6 antibody alone. For example, HPV16 detection by either E6 antibody and/or
DEIA DNA resulted in sensitivity of 91% versus E6 antibody alone which was 88% (P =
0.47). Specificity was similar when cotesting with HPV16 E6 antibody and/or DEIA (97%)
or, both E6 antibody and DEIA (100%, £= 0.01) or E6 antibody alone (98%, P= 0.36;
Table 2).

Next, prevalence of each HPV biomarker was explored within the at-risk population (Table
3). Most HPV16 biomarkers were detected in <2.5% of at-risk participants screened,
including when tested for in oral rinse by DEIA (2.0%) or Cobas (2.4%), or in serum by
HPV16 E6 antibodies (2.3%). Seroprevalence of HPV16 E6 and E7 antibodies were 2.3%
and 5.2%, respectively (Table 3). When considering prevalence of any oncHPV type among
at-risk participants, biomarker prevalence remained <7%, including by DEIA (4.4%), Cobas
(4.8%), mRNA by Aptima (0.3%), or serum E6 antibodies (6.4%).

These same biomarkers were also explored in the high-risk population of 133 individuals
from the MACS WIHS Combined Cohort Study (CCS) who previously had HPV
biomarkers detected, on average, 2.5 years prior to the first MOUTH study visit (IQR of
1.3-7.1 years). Prevalence of oral HPV16 biomarkers was elevated in the high-risk group
compared with the at-risk group, as expected (Table 3), by both DEIA (10.5% vs. 2.0%) and
Cobas (15.0% vs. 2.4%). HPV16 E6 antibody prevalence was similar in the high-risk and at-
risk groups (2.4% vs. 2.3%, P=0.98). Although these participants had oncHPV detected by
DEIA at their previous study visit, more than half of these participants now tested negative
for oncHPV DNA using DEIA (Table 3).

Concordance of results across biomarkers was explored to inform the potential for
misclassification (false positives or negatives). Among 294 at-risk participants, there was
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poor agreement across biomarkers (Fig. 2A). Only one participant (0.3%) had HPV16
biomarkers detected in both oral rinse and serum (i.e., was positive for HPVV16 by DEIA,
Cobas, and E6 antibody). Only one (0.3%) at-risk participant had oral oncHPY mRNA
detected (not the same individual). Consistent with the similar sensitivity and specificity of
Cobas and DEIA, there was good concordance of these tests for HPV16 (kappa = 0.92) or
oncHPV (kappa = 0.81). Seven (of 293, 2.4%) at-risk participants had oral HP\VV16 DNA
detected by either DEIA or Cobas, of which 6 of 7 (86%) had oral HPV16 detected by both
tests. Eleven (3.7%) at-risk participants had oral oncHPV DNA detected by both DEIA and
Cobas, and another five had discrepant oncHPYV findings by Cobas and DEIA (Fig. 2A).

There was a lack of a clear pattern of positivity across biomarkers studied with few at-risk
participants having multiple biomarker positivity. Indeed, there was poor concordance of
HPV16 E6 seropositivity and oral HPVV16 DNA detection. Although 90% of subjects were
negative by both tests, most (12/13, 92%) of those with HPVV16 E6 (n=4) or E7 (n=9)
antibodies detected had no oral HPV16 infections detected (Fig. 2). To further explore
patterns of biomarker positivity, results were compared across tests among subjects positive
for any oncHPV in the at-risk (Fig. 2A) or high-risk (Fig. 2B) populations. The majority of
those with oral oncHPV DNA detected by either DEIA (7/8, 88%) or Cobas (9/10, 90%) did
not have HPV16 E6 or E7 antibodies (Fig. 2A). A similar pattern of biomarker positivity
was found among the 133 high-risk participants (Fig. 2B). Having oncHPV biomarkers in
both oral rinse and serum was rare (4%, 5/133), as was having HPV mRNA (Aptima: 6%,
8/133). Only 70% (47/67) of the oral oncHPV infections detected by DEIA or Cobas were
consistently detected by both assays. Oral oncHPV DNA was detected by DEIA but not
Cobas in 6 (4.5%) participants, and by Cobas but not by DEIA in 14 (10.5%) participants.
Among the high-risk participants, there were 5 subjects with both oral oncHPV infection
and HPV16 E6 or E7 antibodies, representing 38% (5/13) of those with antibodies and 7.5%
(5/67) of those with oral oncHPV infection (Fig. 2B).

Discussion

While there may be a future opportunity to screen for HPV-OPC, no validated biomarkers
have yet been identified to reliably detect HPV-OPC at an early stage. Evidence of strong
performance characteristics for biomarkers would be needed to support any future screening
strategies. This study suggests that oral rinses tested for oncHPV (or HPVV16) DNA or
mRNA with commercially available tests each have good specificity but moderate to poor
sensitivity for HPV-OPC, implying they would miss many true-positives. HPV16 E6 serum
antibody appears to be the most promising biomarker of those evaluated and was the only
one with high sensitivity and specificity.

When considering potential biomarkers for screening, it is important to contemplate the
ideal properties of a screening test (30). First, high specificity is critical for screening the
general population, given the potential harm of a false positive test. High sensitivity,
although often considered less critical than specificity when screening healthy populations,
is also important so that affected individuals are not falsely reassured by a false negative test.
That is why some screening scenarios use sequential screening with a high sensitivity test
first to catch most cases and a high specificity test second to reduce the number of false-
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positives. To be useful, a screening test should be validated, widely available, safe to
administer, and have a reasonable cost. Given these criteria, of the biomarkers evaluated in
this study, HPV16 E6 antibodies have sufficiently high specificity and sensitivity.

Disappointingly, oral rinse HPV biomarkers, although easier than the venipuncture required
for antibody detection, had inferior sensitivity. HPV16 E6 antibody, however, appeared
favorable in the context of these screening principles as a promising biomarker, and had
sensitivity and specificity for HPV-OPC comparable with that observed for HPV biomarkers
used in the established cervical cancer screening program (31-34). Cervical cancer and HPV-
OPC have a shared viral etiology, and the success of the U.S. cervical screening program,
which includes HPV detection, provides promise for its oropharyngeal counterpart. Given
that there are tradeoffs in identifying optimal screening tests, the properties of tests currently
used for cervical cancer screening may provide a benchmark for consideration of OPC
screening biomarkers. This and other articles (15) begin to serve as validation for the
performance of these tests, although more analysis is needed and no HPV biomarker tests
are currently FDA approved (or otherwise sufficiently validated to have been endorsed by
professional practice) for HP\-OPC screening.

Few studies have explored the test characteristics of HPV biomarkers for HPV-OPC. To our
knowledge, this is the first study to formally evaluate the sensitivity and specificity of Cobas
and Aptima in oral rinse samples to detect HPV-OPC. Utility of oncogenic HPV DNA
detected by DEIA was evaluated in a recent systematic review (by our group) in 7 studies of
OPSCC (n=15) or HNSCC (n = 2) patients; our findings are consistent with the estimates in
these heterogeneous studies, which found sensitivity of 55% and specificity of 94% for
HPV-OPC (15). Some recent studies of incident HPV-OPC have reported high prevalence of
oral oncHPV among cases, suggesting higher sensitivity than that found here (35).
Performance of HPV16 E6 antibodies for HPV-OPC has been explored in a few studies
previously, which reported high sensitivity (90%-96%) and specificity (96%—-98%),
comparable to that reported here (16, 36, 37).

The performance of oral and serum HPV markers among healthy individuals has not
previously been compared, although both oral HPV DNA (38, 39) and HPV serum antibody
(36, 40, 41) detection have emerged as candidate screening biomarkers for HPV-OPC.
HPV16 biomarkers in both rinse and serum were rare among the at-risk population screened,
and the pattern of biomarker detection was not consistent. Indeed, there was poor agreement
of these biomarkers among healthy individuals in a screening population. While HPV16 E6
antibody testing had the best performance of the biomarkers evaluated, this marker is rare
even among the selected at-risk and high-risk populations included in this study. As most
individuals with HPV16 E6 antibodies are not expected to have clinically evident disease,
the number needed to screen to detect a case of HPV-OPC cancer is expected to be very
high, decreasing enthusiasm (42). However, these data support the prospective evaluation of
serologic HPV antibody detection in at-risk populations to determine whether appropriate
surveillance of HPV16 E6-positive individuals might lead early detection and improved
treatment outcomes, which remains unknown.
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It was notable that the performance of HPV16-specific, not any oncogenic biomarkers had
the best performance for HPV-OPC, which may reflect that most (~90%) HPV-OPC in the
United States are HPV/16-positive tumors (43). This is in contrast to the cervical HPV
paradigm where the distribution of oncogenic types in premalignancy and malignancy is
broad. While HPV-type-specific infection was unavailable for some HPV-OPC cases in this
study, it is assumed that the vast majority of tumors were HPV16-positive. As non-HPV16
oncogenic infections are responsible for the minority of an already rare cancer, detection of
other oncogenic oral HPV infections appears to be less predictive, as supported by HPV16
biomarkers having better tests characteristics for HPV-OPC. The addition of nonHPV16
oncogenic types by antibody did not appear to yield improvement by sensitivity; however,
decreased specificity. Consideration of adding nonHPV16 oncogenic oral rinses to HPV16
E6 also did not improve the properties of the standalone biomarker. Therefore, going
forward it appears that rather than trying to modestly improve sensitivity by detection of any
oncogenic infection, HPV16 detection alone may yield the highest number of cases of
interest, because having high specificity is critical when the prevalence is rare.

This study had several limitations and strengths. The serologic HPV antibody test evaluated
is not commercially available and is not an FDA-approved test. Strengths include that
samples were centrally processed and tested and samples were prospectively collected
within the same research protocols. Two of the tests included (Cobas and Aptima) are
commercially available HPV tests, FDA-approved for cervical HPV testing but not oral HPV
detection.

Screening in the general population is clearly not presently warranted, given the potential
harm of identifying screen-positive individuals without detectable cancer for whom
surveillance, risk, and benefit are unclear. There is at this time unclear benefit from
screening to outweigh to psychologic harm and potential false positives for screening for
HPV-OPC, even with this promising biomarker. ldentification of healthy individuals with
HPV16 E6 may be harmful given the absence of evidence-based surveillance guidelines,
lack of knowledge about the lead time between biomarker positivity and cancer, and no
current data to support improvement in survival outcomes, reduction in therapy, or morbidity
from those detected earlier by this biomarker.

Furthermore, HPV16 E6 serum antibodies are known to also be elevated in individuals with
anal premalignancy or cancer, although interestingly for cervical cancer they are often
absent or detected later and at a low titer. The fact that HP\VV16 E6 antibody seropositivity
may have utility for screening for anal cancer (44) as well as OPC is an important
consideration for appropriate triage/evaluation of biomarker positive individuals. Like HPV-
OPC, anal cancer is another HPV-related cancer for which optimal screening approaches
remain unclear (45-47), and research suggests these same HPV DNA biomarkers (DEIA and
Cobas) also have high specificity and moderate sensitivity for anal precancer (48, 49). The
low prevalence of E6 antibodies, even among the high-risk group of HIV-infected
individuals and men who have sex with men in this study, supports a possible higher positive
predictive value of this marker in highlighting those as risk. Some studies have suggested
higher antibody titers are associated with cancer progression, suggesting titer level or cutoff
should also be explored.
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While general population screening is not warranted, screening among select higher-risk
groups may be appropriate if future clinical studies demonstrate that the harm to benefit ratio
is favorable, natural history of disease is changed, and that outcomes are improved by earlier
detection. For example, groups with higher oncogenic oral HPV prevalence, such as middle
aged men who smoke and have a higher number of lifetime oral sexual partners (11) would
have a higher positive predictive value from these tests and have a higher HPV-OPC risk.
Groups with high anxiety about HPV-OPC and a risk profile indicating increased cancer
risk, such as spouses or partners of patients with HP\V-OPC and women with a history of
cervical dysplasia or cancer and their spouses or partners, might also benefit. These
questions warrant further investigation within clinical trials.
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Refer to Web version on PubMed Central for supplementary material.
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Oral rinse sample 500 pL
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133 cases & 134 controls
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Dilution factor 2.5 (to 1,250 uL)
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Test 1: SPF10 DEIA
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133 cases & 134 controls
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MOUTH

Oral rinse sample 750 pL
N =427

294 screening & 133 high-risk

HOTSPOT & MOUTH
Serum sample 500 puL

O

!

Dilution factor 2.5 (to 1,875 ulL)

Given limited volume, alternated order of test done 2nd/3rd;
doing Cobas second in half and Aptima second in half

/

Test 2: Aptima (then
depleted) N = 26
16 cases & 10 controls

Test 2: Cobas (then
depleted) N = 65
33 cases & 32 controls

Tested for Cobas & Aptima
N =176
84 cases & 92 controls

Figurel.

Test 1: SPF10 DEIA
N =427

Test 2: Cobas
N =427

Test3: Aptima
(only if DEIA+)
N =108

HOTSPOT MOUTH
N=134 N =298

89 cases & 172 screening &

45 controls 126 high-risk

\/

Tested for antibodiesto
HPV16: E1, E2, E6, E7
Any oncogenic HPV: E6, E7
N =432

Flowchart of sample dilution and testing, by sample type (oral rinse and serum) and study
population (HOTSPOT and MOUTH).
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Pattern of HPV biomarker detection among subjects positive to at least one of the following
5 biomarkers in the at-risk (MOUTH screening population, A) and high-risk (MACS/WIHS
population, B), with color indicating a positive result to each assay, including: (i) DEIA
oncogenic oral HPV DNA (yellow), (ii) Cobas oncogenic oral HPV DNA (orange), (iii)

HPV16 E7 serum antibodies (pink), (iv) HPV16 E6 serum antibodies (bright red), (v)

Aptima oncogenic HPV RNA (dark red). Shaded gray areas represent biomarker results not

tested/available.
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