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BACKGROUND—Human papillomavirus type 16 (HPV16) E6 antibodies are a promising
biomarker of oropharyngeal cancer (OPC); however, seropositivity among non-OPC cases is not
well characterized.

METHODS—Pre-treatment sera from 260 (38 OPC, 222 non-OPC) incident head and neck
cancers diagnosed at the University of Pittsburgh between 2003 and 2006 were tested for HPV16
(L1,E1,E2,E4,E6,ET7) and non-HPV16 E6 (HPV6,11,18,33) antibodies. Sensitivity and specificity
of HPV16 E6 antibodies for HPV-driven tumors was evaluated among tumors with known HPV
status (n=25).

RESULTS—63.2% of OPC versus 27.5% of non-OPC cases were HPV16 seropositive; HPV16
E6 seroprevalence was 60.5% and 6.3% respectively, odds ratio 22.8 (95% confidence interval
[CI] 9.8-53.1). Sensitivity and specificity of HPV16 E6 antibodies for HPV-driven OPC was
100% [95%CI:50%-100%; n=6] and 100% [95%CI:60%—-100%, n=4] compared to 0% (n=2) and
0% (n=13) for non-OPC cases.

CONCLUSIONS—HPV16 antibodies were significantly more common in OPC versus non-OPC
cases, particularly HPV16 E6 antibodies.

Keywords

human papillomavirus 16; HPV16; HPV16 E6; HPV antibodies; HPV seropositivity;
oropharyngeal cancer; OPC; non-oropharyngeal cancer; non-OPC

INTRODUCTION

A rapid increase in the incidence of oropharyngeal cancer (OPC) has been reported in many
parts of the developed world'~8, which has been attributed to a rise in the subset caused by
HPV infection. It is increasingly evident that the focal point of this epidemic is the US,
where the incidence of OPC has risen by more than 200 percent over the past several
decades and where it is estimated that more than 70% of OPCs are caused by HPV16
infection.

HPV16 serology has been recently identified as a potentially promising early biomarker for
OPC. A prospective European-based study by Kreimer and Johannson et al conducted with
pre-diagnostic serum found that 34.8% of patients with OPC were seropositive for HPV16
E6 compared to only 0.6% of controls1. Additionally, these antibodies were present more
than 10 years prior to diagnosisZ®.

In addition to OPC, HPV has also been implicated in causing a small proportion of head and
neck squamous cell carcinomas (HNSCC) outside of the oropharynx (~15%)1. Yet, HPV16
serology has not been fully evaluated among this subset of cancers, especially within the US.
Of 5 previous studies that compared HPV16 antibody profiles among participants with
HNSCC using the same multiplex serology assay as Kreimer and Johannson et al0: 12-16,
only 1 study was conducted within a US-based population. Likewise, only 3 of these studies
had information regarding HPV tumor status'2 13. 15; thus, little is known about what
proportion of individuals with HPV-driven HNSCCs mounts detectable HPV16 antibody
responses and whether this proportion varies by anatomic site within the head and neck.
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The main aim of this case-case analysis was to describe HPV16 seropositivity among
HNSCC cases within a clinical US population and to compare HPV16 seroprevalence
among OPC and non-OPC cases using the same multiplex serology assay used by Kreimer
and Johannson et all® which has demonstrated the best risk stratification capabilities of any
assay to date with a specificity of 99.5% for oropharyngeal cancer. Additionally, we took
advantage of existing data on a small subset (n=25) of individuals with known HPV tumor
status as determined by the current clinical gold standard of concurrent HPV in situ
hybridization (ISH) and p16 immunohistochemical (IHC) staining. Among this subset, our
aim was to estimate what proportion of individuals with HPV-driven HNSCCs mounts an
HPV16 antibody response and to determine whether this proportion differs by anatomic site.

MATERIALS AND METHODS

Study Population

Previously untreated incident cases of HNSCC were identified prospectively using an IRB-
approved tissue banking study at the Department of Otolaryngology at the University of
Pittsburgh Cancer Institute. Four milliliters of peripheral blood were collected without
anticoagulant in red top vacutainers and allowed to coagulate for 15 to 30 minutes at room
temperature. Sera were separated by centrifugation. All specimens were immediately
aliquoted, frozen, and stored in a dedicated —80°C freezer. No more than one freeze-thaw
cycle was allowed for each sample.

Between 2003 and 2006, a total of 1,213 individuals with head and neck cancer were treated
at the University of Pittsburgh Cancer Institute, of which 736 (61%) were enrolled as part of
the tissue banking study (453 incident and 283 prevalent cases). Of the 453 incident cases of
head and neck cancer, all incident HNSCC cases that had a serum sample collected prior to
treatment or within 7 days post-treatment and for which the serum specimen was still
available for testing were included in this current analysis (N=260). Incident HNSCC cases:
i) that declined to provide a serum sample; ii) for whom a serum sample was not collected
within 7 days post-treatment and iii) for whom a serum sample was collected, but the sample
was no longer available for testing were excluded from this study (N=193). The protocol
was approved by the University of Pittsburgh Institutional Review Board; all participants
provided written informed consent.

Laboratory Methods

Serologic Testing—Frozen serum samples were sent on dry ice to the German Cancer
Research Center (DKFZ, Heidelberg, Germany). Serology testing was performed using
multiplex assays by laboratory staff who were blinded to the cancer status of the
participants!4 17-19. Antigens were affinity-purified, bacterially expressed fusion proteins
with A~terminal Glutathione S-transferase. Samples were analyzed for HPV16 antibodies to
the major capsid protein (L1), the early oncoproteins (E6, E7), and other early proteins (E1,
E2, E4). Additionally, seroreactivity against the E6 protein from the following HPV types
was also assessed; HPV6, HPV11, HPV18, and HPV33. Antibody levels were quantified as
median fluorescence intensity (MFI) and dichotomized as positive or negative based on
defined cutpoints. For all proteins with the exception of HPV16 E6, MFI cut-offs were based
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on 5 standard deviations above the mean antibody level among 371 HPV DNA-negative,
Korean female self-reported virgins, after iterative exclusion of outliers, as previously
described?0. The following MFI cutoffs were used for the HPV16 proteins: L1, 331; E1,

150; E2, 550; E4, 1940; E7, 972. The following MFI cutoffs were used for the E6 proteins of
non-HPV16 types: HPV6, 250; HPV11, 265; HPV18, 600; and HPV33, 501. For HPV16
E6, the cutoff for seropositivity was elevated from the standard cutoff of 484 to 1,000 MFI.
Previous work from our group demonstrated that increasing the seropositivity cutoff to 1,000
results in an increased specificity for oropharyngeal cancer without a concurrent decrease in
sensitivity10,

HPV tumor testing methods—As part of clinical management, information regarding
HPV tumor status was available for a subset of participants (n=25). Paraffin tumor tissue
sections were evaluated for HPV expression using a combination of p16 overexpression and
HPV DNA in situ hybridization (ISH) methods as previously described??. Briefly,
immunohistochemical (IHC) evaluation of p16 overexpression was conducted on
deparaffinized tissue sections using the monoclonal antibody p16INK4 (BD Pharmingen,
dilution 1:200; San Diego, CA); p16 immunoreactivity in =70% of cells was considered
positive?2. ISH was performed with a probe set specific for HPV types: HPV 6, 11, 16, 18,
31, 33, 35, 45, 51, and 52 (Dako Cytomation, Carpinteria, CA). Cases dual positive for p16
and HPV ISH were considered HPV-driven; those dual negative were considered HPV-
negative and those with discordant results were considered inconclusive and thus, were not
included within this analysis.

Statistical Analyses

Characteristics of the HNSCC cases were evaluated by OPC versus non-OPC; a chi-square
test was used to evaluate differences by OPC status. The proportion of cases seropositive for
HPV16 proteins (L1, E1, E2, E4, E6 and E7) and E6 proteins from non-HPV16 types
(HPV®, 11, 18, 33) was calculated separately by OPC versus non-OPC; odds ratios (OR)
and 95% confidence intervals (CI) were calculated in univariate analyses using logistic
regression. Due to cross-reactivity of HPV16 E6 antibodies with E6 proteins of certain
phylogenetically related non-HPV16 types, an additional analysis was conducted restricting
to individuals seronegative for HPV16 E6. Univariate logistic regression was used to
evaluate determinants of HPV16 E6 seropositivity by OPC status. Patient characteristics
evaluated included age, smoking status, alcohol consumption and tumor stage (I-11 vs. 11—
IV). Among individuals with known HPV tumor status, the proportion of HPV-driven cases
seropositive for HPV16 E6 (sensitivity) and the proportion of HPV-negative cases
seronegative for HPV16 E6 (specificity) was calculated by OPC versus non-OPC; 95% Cls
for sensitivity and specificity estimates were calculated using a modified Wald method. All-
cause mortality for HPV16 E6 seropositive and seronegative OPC and non-OPC cases was
evaluated by Cox proportional hazards regression; years since cancer diagnosis was used as
the time variable. The adjusted hazard ratio (aHR) was calculated by including age at
diagnosis, tumor stage (I-11 vs. I11-1V), treatment and smoking history into the model. A
sensitivity analysis using time since treatment as the time variable provided similar results
(data not shown). All analyses were performed by STATA-SE Version 12.1.
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RESULTS

Participant Characteristics

Of the 260 participants, 85.4% (N=222) were diagnosed with cancers outside of the
oropharynx (non-OPC) (Table 1). 94% of non-OPC tumors originated from either the oral
cavity or larynx; the three most common non-OPC tumor sites were oral tongue (30.6%,
N=68), floor of mouth (11.7%, N=36) and supraglottis (11.3%, N=25). Of the 260
participants, 14.6% (N=38) were diagnosed with oropharyngeal cancer (OPC); the vast
majority (94.8%) of oropharyngeal tumors arose from either the tonsil (63.2%, n=24) or
base of tongue (31.6%, n=12) (Supplemental Table 1).

Compared to non-OPC cancer cases, participants with OPC were significantly younger at
diagnosis (median age 53.5 versus 62.0 years, £=0.002) and more likely to receive
multimodality treatment (84.2% versus 42.8% receiving two or more modes of treatment,
F£<0.001); Table 1. A greater proportion of OPC cancer patients also tended to be non-
smokers (34.2% versus 21.1%, P=0.07) and to have a history of alcohol use (79.0% versus
62.5%, P=0.06) compared to participants with non-OPC. Cases of OPC and non-OPC were
similar in terms of gender, race, tumor grade and stage.

Seroreactivity Against HPV16 Proteins, OPC versus Non-OPC

Seroreactivity against HPV16 proteins was common among cases of OPC and non-OPC
(Table 2); overall 32.7% (85 out of 260) of participants were seropositive for at least 1 of the
HPV16 proteins tested (L1, E1, E2, E4, E6 and E7). Participants with OPC had a 4.5 times
greater odds (95% CI: 2.2-9.3) of being seroreactive against at least 1 HPV/16 protein
compared to non-OPC cases; seroprevalence was 63.2% and 27.5% for OPC and non-OPC
cases, respectively. Of the HPV16 proteins tested, seroreactivity against HPVV16 E6 was
most common among OPC cases. Participants with OPC had a 22.8 times greater odds (95%
Cl: 9.8-53.1) of being seroreactive against HPV16 E6; 60.5% (23 out of 38) of participants
with OPC tested seropositive for HPVV16 E6 compared to 6.3% (14 out of 222) of
participants with non-OPC. The 14 HPV16 E6 seropositive non-OPC cases were classified
as originating from the following anatomic sites: floor of mouth, n=>5; oral tongue, n=4; and
1 case each of gingiva (upper); hypopharynx (NOS); larynx (overlap lesion); larynx
(supraglottis); pharynx (NOS). Following a detailed chart review, none of the 14 HPV16
seropositive non-OPC cases had evidence of being misclassified cases of OPC.

Age, gender, smoking and alcohol consumption were not associated with HPV16 E6
seropositivity for either cases of OPC or non-OPC. Only increased tumor stage (111-1V
versus I-11) was significantly associated with HPV16 E6 seropositivity; OR 10.3 (95% ClI:
1.3-80.3) and 14.7 (95% CI: 1.5-139.8) for cases of non-OPC and OPC, respectively
(Supplemental Table 2).

HPV16 L1 seroreactivity, a sign of cumulative exposure to HPV16, was commonly observed
among both OPC and non-OPC cases. Among non-OPC cases, seroreactivity against HP\V16
L1 was the most common of all HPV16 antigens tested (14.9%, 33 out of 222). Yet, HPV16
L1 seroprevalence was still highest among OPC cases 55.3% (21 out of 38); OR 7.1, 95%
Cl: 3.4-14.8.
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OPC cases were also more likely than non-OPC cases to be seroreactive against multiple

HPV16 proteins. Of the 24 HPV16 seropositive OPC cases, 23 (95.8%) were seroreactive
against 2 or more HPV16 proteins compared to only 21.3% of non-OPC cases (13 out of

61); £<0.0001. Among OPC cases, seroreactivity against all 6 HPV16 proteins was most
common, 23.4% (9 out of 38) of OPC cases were seroreactive against L1, E1, E2, E4, E6
and E7 compared to none of the non-OPC cases; £<0.0001.

Seroreactivity Against non-HPV16 E6 Proteins, OPC versus Non-OPC

Seroreactivity against E6 proteins from non-HPV16 types was less common (Table 3);
overall 7.7% (20 out of 260) participants were seropositive for at least 1 of the non-HPV16
EG6 proteins tested (HPV6, 11, 18, 33). Compared to non-OPC cancer cases, participants
with OPC had a 9.6 greater odds (95% CI: 3.7-25.4) of being seroreactive against non-
HPV16 E6 proteins; 29.0% (11 out of 38) of OPC and 4.1% (9 out of 222) of non-OPC
cancer cases were seroreactive against at least 1 non-HPV16 E6 protein. OPC cases had an
11.1 (95% CI: 2.5-48.5) and 14.5 (95% ClI: 4.1-51.2) fold greater odds of being seroreactive
against E6 proteins from HPV11 and HPV33 than non-OPC cases, respectively. Due to
cross-reactivity of HPV16 E6 antibodies with E6 proteins of certain phylogenetically related
non-HPV16 types, an additional analysis was conducted restricting to HPV16 E6
seronegatives. None of the associations remained statistically significant following
restriction of the analyses to HPV16 E6 seronegatives.

Sensitivity and Specificity of HPV16 E6 Seropositivity for HPV-driven Cancer

Of the 260 cases of HNSCC, 9.6% (n=25) had both p16 immunohistochemistry (IHC) and
HPV in situ hybridization (ISH) test results; 15 non-OPC and 10 OPC (Table 4). 13.3% (n=2
out of 15) of the non-OPC cases were HPV-driven compared to 60% (n=6 out of 10) of OPC
cases. All 6 HPV-driven OPC cases were seropositive for HPV16 E6 (sensitivity=100%
[95% CI: 50%-100%]) and all the HPV-negative OPC cases were HPV16 E6 seronegative
(n=4; specificity=100% [95% CI: 60%-100%]). Neither the HPV-driven (n=2) nor the HPV-
negative (n=13) non-OPC cases had detectable HPV16 E6 antibodies.

Cumulative Survival All-Cause Mortality

5-year survival rates were highest among HPV16 E6 seropositive patients; 91.3% and 64.3%
for HPV16 E6 seropositive OPC and non-OPC patients, respectively. 5-year survival for
HPV16 E6 seronegative non-OPC and OPC patients was 50.0% and 40.0%, respectively
(Figure 1). Compared to non-OPC HPV16 E6 seronegative patients, HPV16 E6 seronegative
OPC was associated with more than a 2 fold increased hazard of death (aHR, 2.4 [95% CI:
1.3-4.6; P=0.006]) while HPV16 E6 seropositive OPC was associated with a 90% reduction
(@aHR, 0.1 [95% CI: 0.02-0.5; P=0.005]) (Table 5). No significant differences in all-cause
mortality were observed for non-OPC cases by HPV16 E6 serostatus; aHR for HPV16 E6
seropositive versus seronegative non-OPC cases was 0.6 (95% CI: 0.2-1.3; P=0.16).

DISCUSSION

In our case-case analysis of 260 incident HNSCCs, participants with OPC were significantly
more likely than participants with non-OPC to be seroreactive against HPV16; the majority
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(63.2%) of OPC cases were seropositive for at least 1 of the HPV16 proteins tested
compared to a minority (27.5%) of non-OPC cases. Of the HPV16 proteins tested,
seroreactivity against HPV16 E6 was most common among OPC cases; the majority of OPC
cases were seropositive for HPV16 E6 (60.5%) compared to 6.3% of non-OPC cases,
respectively. Among HPV16 seropositive cases, individuals with OPC were more likely than
non-OPC cases to be seroreactive against multiple HPV16 proteins; 23.4% of HPV16
seropositive OPC cases were seroreactive against all 6 proteins tested compared to none of
the HPV16 seropositive non-OPC cases. Among the subset of 25 cases with known HPV
tumor status, estimated sensitivity and specificity of HPV16 E6 serology for HPV-driven
OPC was 100% and 100%, respectively, compared to 0% and 0% for non-OPC cases. All
participants (n=6) with confirmed HPV-driven OPC tumors were seropositive for HPV16 E6
compared to none of the participants with HPV-negative OPC tumors (n=4); all non-OPC
cases were HPV16 EG6 seronegative regardless of HPV status of the tumor. In terms of
survival, compared to HPV16 E6 seronegative non-OPCs, HPV16 EG6 seropositivity was
associated with a significantly reduced hazard of death among OPC patients and a
suggestive reduction among non-OPCs. Among HPV16 E6 seronegative cases, OPC was
associated with more than a 2 fold increased hazard of death compared to non-OPC.

Five previous studies have compared HPV16 antibody profiles among participants with head
and neck cancer using a multiplex serology assay used by Kreimer and Johannson et al, an
assay that has demonstrated the best risk stratification capabilities of any assay to

date19 12-15 |n these studies, HPV16 E6 seroprevalence ranged from 3% (Central Europe)4
to 64% (US)12 for OPC cases and 1% (Western Europe)10 to 6% (Brazil)13 for non-OPC
cases. This variation in HPV16 E6 seroprevalence by study is most likely a reflection of the
wide geographic variation in the portion of HNSCC:s attributable to HPV infection; the
proportion of OPCs due to HPV infection has been estimated to be as low as 15% in Central
and South America and as high as 60% in North Americall. Thus, when comparing HPV16
E6 seroprevalence estimates between studies, it is important to consider the underlying
population from which those estimates were generated. Only 1 of the 5 previous studies was
conducted within a US population and therefore, is most directly comparable to our current
analysis!2. In a study of 170 oral cavity and 74 OPCs recruited from two US hospitals,
Smith et al2 reported that 9.4% of oral cavity and 63.5% of OPCs were seropositive for E6
and/or E7 proteins of HPV types 16, 18 or 33. Comparison between our current study and
the previous study is difficult given that Smith et al'2 did not report data on HPV16 E6
serology separately and that our study did not assess for seroreactivity against the E7
proteins of HPV18 or HPV33. However, 12.6% (28 out of 222) of the non-OPC and 63.2%
(24 out of 38) of the OPCs in our study were seroreactive against E6 proteins from either
HPV16, 18 or 33; a finding in line with that reported by Smith et all2. Despite
methodological differences in assignment of HPV tumor status, a similar trend in decreased
sensitivity among non-OPC compared to OPC cases was also noted among both studies.
Smith et all2 reported that of 34 participants with HPV-driven OPC tumors, all were
seropositive for HPV16 E6 and/or E7 positive (sensitivity=100%) compared to 5 out of 19
participants with HPV-driven non-OPC tumors (sensitivity=26%); (n.b. specificity was not
reported). Although based on a small number of HPV-driven tumors (n=8), here we report a
similar sensitivity for HPV-driven OPC and non-OPC, 100% (6 out of 6) and 0% (0 out of
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2), respectively. Thus, data from this study as well as the study by Smith et al2 suggest that,
among HPV-driven HNSCCs, the oropharynx may be uniquely suited to induce antibody
responses to HPV infection compared to other sites within the head and neck given the
proximity of the oropharynx to the lymphatic system.

This theory is further bolstered by our finding that of the individuals with detectable HPV16
antibodies, OPC cases were approximately 5 times more likely than non-OPC cases to
mount antibody responses against multiple HPV16 proteins. Of the 24 HPV/16 seropositive
OPC cases, 95.8% (n=23) had detectable antibodies against at least 2 or more HPV16
proteins and 23.7% were seroreactive against all 6 HPV16 proteins tested (L1, E1, E2, E4,
E6, E7). In comparison, of the 61 HPV16 seropositive non-OPC cases, only 21.3% (n=13)
were seroreactive against at least 2 or more HPV16 proteins and no individual had detectable
antibodies against all 6 HPV16 proteins.

In terms of survival, results of this current study are in line with our previous findings1? that
HPV16 E6 seropositivity is associated with a reduced hazard of death among OPC patients.
It is well documented that HPV-positive OPC patients have significantly improved overall
survival compared to HPV-negative cases23. Based on our sensitivity data, the increased
survival among HPV16 E6 seropositive OPCs is most likely the result of HPV16 E6
antibodies marking the HPV-positive subset of OPC. Our data was also suggestive of a
reduced hazard of death for HPV16 E6 seropositive non-OPCs, although most likely due to
the small number cases (N=14 [6.3%)]), this finding did not reach statistical significance.
Interesting, among HPV16 E6 seronegative cases, OPC was associated with more than a 2
fold increased hazard of death compared to non-OPC.

Although it is unclear as to why, this may be due to non-OPC sites being surgically
salvageable if primary therapy fails, which is not the case for OPC. Although our findings
are consistent with previous work in other US populations, it is important to note that our
study included a subsample of head and neck patients seen at the University of Pittsburgh
Cancer Institute between 2003 and 2008. Therefore, our findings may lack generalizability.
Additionally, our findings must be interpreted with caution given our limited sample size.
Comparisons between OPC and non-OPC were based on a small number of OPC cases
(n=38). Likewise, our estimates of sensitivity and specificity were based on a small subset of
previously tested tumors (n=25) which represented 10% of our full cohort; thus our
sensitivity and specificity estimates lack precision. However, our study also had several
strengths. We analyzed a large number of serum samples from HNSCC cases from a well-
documented population of individuals seen at one medical center. This gave us access to
numerous demographic and clinical variables for analysis as well as allowed us to conduct
detailed chart reviews when necessary to confirm clinical details. For the serological
analyses, we used the same highly specific multiplex serology assay used by Kreimer and
Johannson et al in the first prospective study of the HPV16 E6 markerl® and for assignment
of HPV tumor status, we used the current clinical gold standard of HPV ISH and p16 IHC
staining.

In conclusion, compared to HNSCCs arising from anatomic sites outside of the oropharynx,
OPCs were significantly more likely to be seroreactive against HPV proteins, in particular
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HPV16 E6 (>60% of OPCs were seropositive). The higher seroprevalence of HPV16 E6
antibodies among OPC patients is most likely due to the higher proportion of OPCs
attributable to HPV infection as well as the proximity of the oropharynx to lymphatic
system. Taken together, our results suggest that HP\VV16 E6 antibodies may have potential
clinical utility as a marker for OPC, yet perhaps limited utility for non-OPC. However, larger
studies are needed to more precisely estimate the sensitivity of HPV16 E6 serology for both
HPV-driven OPC and non-OPC and; thus, will be important for determining the potential
clinical utility of this biomarker for detection of HPV-driven HNSCCs.
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Highlights

. We tested 260 incident head and neck cancers for HPV antibodies

. 63.2% of OPC and 27.5% non-OPC cases were seroreactive against HPV16
proteins

. HPV16 E6 antibodies were most common, 60.5% and 6.3% for OPC versus
non-OPC

. A subset of cases had known HPV status (N=25)

. 100% (N=6) and 0% (N=2) of HPV-driven OPC and non-OPC cases had E6
antibodies
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o Cumulative All-Cause Mortality
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Follow-up Time From Diagnosis (Years)
No. At Risk
Non-OPC E6 Seronegative 208 152 112 96 51 6
Non-OPC E6 Seropositive 14 10 10 9 7 3
OPC E6 Seronegative 15 10 6 6 3 0
OPC EB6 Seropositive 23 21 21 18 16 5
Figure 1.

Cumulative all-cause mortality for non-OPC HPV16 E6 seronegative cases (blue), non-OPC
HPV16 E6 seropositive cases (red), OPC HPV16 E6 seronegative cases (green) and OPC

HPV16 E6 seropositive cases (yellow).
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