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Abstract

Background—=Given the current epidemic of human papillomavirus (HPV)-related
oropharyngeal cancer (OPC), a screening strategy is urgently needed. The presence of serum
antibodies to HPV16 early (E) antigens is associated with an increased risk for OPC. The purpose
of this study was to evaluate the diagnostic accuracy of antibodies to a panel of HPV16 E antigens
in screening for OPC.

Corresponding author: Erich M. Sturgis, MD, MPH, Department of Head and Neck Surgery, Unit 1445, The University of Texas MD
Anderson Cancer Center, 1515 Holcombe Boulevard, Houston, TX 77030. Phone: 713-792-5432. Fax: 713-794-4662.
gsturgis@mdanderson.org.

These authors contributed equally to this work
Conflict of interest disclosures: Dr. Anderson has served as a consultant and has stock options with Provista Dx and FlexBioTech.
No other authors have any conflicts to report.

Author contributions: KRD: formal analysis, data curation, writing-original draft, and visualization; KSA: conceptualization,
methodology, validation, resources, writing-original draft, supervision; MSF: investigation, writing-review & editing; DC: software,
formal analysis, writing-review & editing; JN: formal analysis, writing-review & editing; NL: formal analysis, writing-review &
editing; QW: resources, writing-review & editing, and funding acquisition; GL: data curation, writing-review & editing; EMS:
conceptualization, resources, supervision, project administration, writing-original draft, and funding acquisition.

Precis: The presence of serum antibodies to HPV16 early antigens may be used to identify at-risk individuals who would benefit from
further screening. A trained algorithm that incorporates information about multiple early antibodies showed high sensitivity and
specificity and may be advantageous for risk stratification in future screening trials.
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Methods—This case-control study included 378 patients with OPC; 153 patients with non-
oropharyngeal head and neck cancer (non-OPC); and 782 healthy control subjects. Tumor HPV
status was determined by p16 immunohistochemistry and HPV in situ hybridization. HPVV16 E
antibody levels in serum were identified by ELISA. A trained binary logistic regression model
based on the combination of all E antigens was pre-defined and applied to the dataset. We
calculated sensitivity/specificity of the assay to distinguish HPV-related OPC from controls.
Logistic regression analysis was used to calculate odds ratios (OR) with 95% confidence intervals
(CI) for the association of head and neck cancer with antibody status.

Results—Of the 378 patients with OPC, 348 had p16-positive OPC. HPV16 E antibody levels
were significantly higher among patients with p16-positive OPC but not among patients with non-
OPC or among controls. Serology showed high sensitivity and specificity for HPV-related OPC
(binary classifier: sensitivity, 83% and specificity, 99% for p16-positive OPC).

Conclusions—A trained binary classification algorithm that incorporates information about
multiple E antibodies showed high sensitivity and specificity and may be advantageous for risk
stratification in future screening trials.
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Human papillomavirus; oropharyngeal cancer; head and neck neoplasms; serum antibodies;
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Introduction

Human papillomavirus (HPV)-related oropharyngeal cancer (OPC) has now reached
epidemic proportions in many areas of the world, and the incidence is increasing
substantially every year. As a result, in the United States (U.S.), the incidence of OPC in
men is now greater than the incidence of cervical cancer in women and is expected to
continue to increase over the next several decades in the U.S. and parts of Europe and
Asia 16

Primary prevention of OPC through vaccination against HPV is possible; however,
population-level effects will take decades to realize. If current incidence trends continue and
no changes are made in screening or early detection, rates of HPV-related OPC are not
expected to decrease until 2060.2 It is currently not possible to detect precursor lesions for
HPV-related OPC or even early-stage HPV-related OPC, and no effective screening
paradigm exists. If early-stage disease could be detected, modern transoral surgical
techniques would allow for localized treatment of the tonsils or base of tongue to reduce
cancer morbidity and mortality, a hallmark of a successful screening program. Additionally,
if a group at high risk for HPV-related cancers were confirmed, strategies for HPV-related
cancer prevention, such as immune modulation, could be explored.

Serum antibodies to HPV16 early (E) antigens have emerged as promising biomarkers that
could aid in identifying individuals at high risk for OPC who could then go on to further
screening. Detection of these antibodies has been shown to be both a marker of increased
risk for OPC and other HPV-related cancers and a prognostic marker for patients with OPC
and is rare among individuals without known cancer.”13 In a previous study, we showed that
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compared to seronegative patients, patients seropositive for HPVV16 E antibodies had
approximately 250 times the risk of HPV-positive OPC.2 In the study reported here, we
improved upon our previous work by exploring the diagnostic accuracy of a panel of HPV16
E antibodies for HPV-related OPC in a completely independent and much larger cohort of
patients with more robust tumor HPV testing.

Study design and participants

This case-control study included participants in a prospective molecular epidemiological
study of head and neck cancer conducted at The University of Texas MD Anderson Cancer
Center who were recruited from February 2003 through January 2013. All patients with
newly diagnosed, histologically confirmed, previously untreated squamous cell carcinoma of
the head and neck (sites included were oral cavity, oropharynx, hypopharynx, and larynx)
who had tumor p16 expression data available were included in the present analysis. Control
subjects were healthy visitors to the institution with no previous history of cancer other than
non-melanoma skin cancer. Control subjects were frequency matched on age (5 years) and
sex to case subjects. None of the patients or control subjects included here were included in
our previous studies of HPV serology.?10 Written informed consent was obtained from all
participants. At the time of recruitment, participants provided demographic and exposure
information as well as blood samples for biological testing. For cases, this occurred prior to
the initiation of treatment. Blood samples were collected using a standard protocol and
stored at -80°C until use. The study was approved by the MD Anderson Institutional Review
Board.

Determination of HPV status by p16 immunohistochemistry (IHC) and HPV in situ
hybridization (ISH)

Tumor p16 expression was evaluated in paraffin-embedded tumor tissue using IHC
performed with the CINtec histology kit (\entana Medical Systems, Tucson, AZ), per our
routine clinical practice. Tumor p16 expression is considered a valid surrogate marker for
OPC tumor HPV status and is the marker used to determine HPV status for OPC in the new
American Joint Committee on Cancer (AJCC) staging system (8™ edition)14.15; therefore,
patients with OPC whose tumors exhibited positive p16 expression were considered to have
HPV-positive tumors. HPV ISH was performed using the ISH-catalyzed signal-amplification
method for biotinylated probes for HPV types 16, 18, 31, 33, and 51 (Enzo, Farmingdale,
NY).

HPV DNA cloning and expression

Plasmids containing HPV16 genes® were expressed as C-terminal glutathione S-transferase
(GST)-fusion proteins using human HeLa cell lysatel” (Thermo Scientific, Waltham, MA)
per the manufacturer's instructions. The HPV16 E2 gene was expressed as N- and C-
terminal fragments for optimal protein expression.” GST was expressed to serve as a
negative control protein. All recombinant DNA research was performed according to the
guidelines of the National Institutes of Health under institutional biologic safety review and
approval.
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Enzyme-linked immunosorbent assay (ELISA)

ELISAs were performed at Arizona State University essentially as described,8 with
modifications.1® Protein was expressed from template cDNA and captured onto 96-well
plates coated with anti-GST antibodies (GE Healthcare, Piscataway, NJ). Sera were diluted
1:100 and blocked with Escherichia colilysate and 0.2% milk-PBST. Horseradish
peroxidase-labeled anti-human IgG antibodies (Jackson ImmunoResearch Laboratories,
West Grove, PA) were added at 1:10,000 and detected using Supersignal ELISA Femto
chemiluminescent substrate (Thermo Scientific). Luminescence was detected as relative
light units (RLU) on a Glomax 96 microplate luminometer (Promega, Madison, WI1) at 425
nm. To control for nonspecific and GST-specific antibodies, the ratio of RLU for individual
HPV-specific antibodies to RLU for the control GST-antigen was measured. Samples were
analyzed simultaneously in duplicate and investigators were blinded with respect to case-
control and HPV status of the samples. Quality control measures were previously
published.®

Statistical analysis

Since few patients had tumors of the hypopharynx or larynx, patients with such tumors were
grouped with patients with oral cavity tumors, and this group is hereafter referred to as
patients with non-oropharyngeal cancer (“non-OPC”). Patients with p16-positive and p16-
negative OPC were analyzed separately because of the clinical significance of p16
expression in OPC. The analysis was repeated for patients concordant for p16-positive/HPV-
ISH-positive OPC. Patients with non-OPC were analyzed together regardless of p16/ISH
status as they are considered HPV-unrelated. Cutoff values for positivity were determined
using 247 control subjects from a previous study who were not included in the present
analysis.? Cutoff values were defined as three standard deviations from the mean RLU ratio
for each individual antigen and were as follows: E1, 2.2; NE2, 2.4; CE2, 2.3; E4, 2.3; E5,
1.7;E6,2.4; E7,2.2; L1, 1.9; and L2, 1.9. A sample with an RLU ratio equal to or above the
cutoff value was considered positive for that antigen.

A trained binary logistic regression classifier based on the combined RLU ratio of all E
antigens®20 was applied to the dataset. The binary classifier was implemented in MATLAB
R2014b. Our classifier used to calculate the probability of being Positive or Negative for
HPV-related OPC based on the combination of the different levels of antibodies against
these antigens. We applied the maximum likelihood estimation (MLE) to fit the binary
logistic regression to a training data set, which results in the optimization of each of the
weights in the logistic regression. The decision boundary for a binary logistic regression lies
where the prediction probability is 0.5.2 Therefore, we have defined a probability of being
Positive for HPV-related OPC at > 0.5. In order to evaluate the predictive power of our
classifier, our trained model was applied to an independent data set.29 Subsequently, our
trained and validated binary logistic regression model was applied to the dataset presented in
this case-control study. A more detailed description of the classifier is included as an
appendix (Appendix A).

Test sensitivity, specificity, area under the curve (AUC), Cohen's kappa coefficient, and
diagnostic accuracy were calculated to evaluate the ability of the assay to correctly classify
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pl6-positive and p16-positive/HPV ISH-positive OPC. Diagnostic accuracy was calculated
as the proportion of subjects correctly classified by the test in the total study population.

Significant differences between groups were determined using chi-square or Fisher's exact
tests for categorical variables and Student's t-test or Mann-Whitney test for continuous
variables. McNemar's chi-square test was used to determine significant differences in
sensitivity and specificity between the classifier and individual antibodies. Odds ratios (OR)
with 95% confidence intervals (CI) were calculated using logistic regression. The
hierarchical backward elimination approach was used to select variables for inclusion in the
multivariable models. Variables that were not significant at p<0.05 by the Wald statistic were
removed one by one and a decision to include each variable was based on the likelihood
ratio test. None of the interaction terms tested were significant and therefore not included in
the analysis. None of the variables included in the models violated the assumption of
linearity. The Hosmer-Lemeshow goodness-of-fit test was used to determine overall model
fit. Variables included were sex, smoking, and alcohol use for the model of non-OPC vs.
controls and smoking and alcohol use for the models of p16-positive OPC and p16-positive/
ISH-positive OPC vs. controls. Observations with missing values were dropped from the
multivariable analysis.

Statistical significance was set at p<0.05 and all tests were 2-sided. Stata 12.0 (StataCorp LP,
College Station, TX), was used for all statistical analyses. MATLAB and Stata script are
available upon request.

Figure 1 and Supplemental Table 1 show the distribution of antibody levels for 782 control
subjects, 153 patients with non-OPC, 348 patients with p16-positive OPC, and 30 patients
with p16-negative OPC included in this study. Compared with controls, patients with p16-
positive OPC had significantly higher levels of all antibodies measured; there was no
significant difference in antibody levels between control subjects and patients with non-
OPC. The top two outliers for antibody levels among patients with non-OPC were one
patient with an oral cavity tumor and one patient with a larynx tumor, both of whom had
HPV-related (p16-positive and HPV ISH-positive) non-OPC, a rare entity. Although median
levels of E1, E2, and L2 were significantly higher among patients with p16-negative OPC
than among controls, these results should be interpreted with caution given the small sample
size (Supplemental Table 1). Only 2% of controls and 5% of patients with non-OPC were E6
and/or E7 antibody-positive, while 74% of patients with p16-positive OPC and 76% of
patients with p16-positive/ISH-positive OPC were (Table 1). Using the binary classifier, 1%
of controls, 3% of patients with non-OPC, 83% of patients with p16-positive OPC, and 85%
of patients with p16-positive/ISH-positive OPC had positive results (Table 1). We did not see
a difference in seropositivity for the binary classifier when p16-positive OPC was stratified
by stage (AJCC 7t ed. TNM I/11, 85% vs 111/1V, 83%; p=1.0) although seropositive patients
were more likely to present with T1-T3 tumors and N2c-N3 disease (Chi-square p=0.06 and
p=0.05, respectively). Due to the low number of p16-positive OPC cases with stage I/11
disease we did not do any further analyses to determine a possible association between
seropositivity and stage at diagnosis.

Cancer. Author manuscript; available in PMC 2018 December 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dahlstrom et al. Page 6

Demographic and exposure characteristics of the study population are shown in Table 1.
Controls and patients with non-OPC had similar low rates of positivity for the tested
antibodies; patients with p16-positive OPC had much higher rates of positivity (Table 1).
Among the 66 patients with p16-positive, HPV ISH-negative OPC, 16 of the 21 tested (76%)
had HPV16 DNA identified in tumor tissue by polymerase chain reaction, while among the
22 patients with p16-positive, HPV 1SH-negative non-OPC, only 2 of the 10 tested (20%)
had HPV16 DNA identified in tumor tissue (data not shown).

Evaluation of HPV16 E antibodies as a potential diagnostic biomarker for HPV-related OPC

The performance of HPV16 E antibodies as a marker for HPV-related OPC is shown in
Table 2. Overall, the antibody assay performed well. The sensitivity of the binary classifier
was 83% and the specificity was 99%, resulting in correct classification of 94% of
individuals with p16-positive OPC. Compared with individual antibodies, the binary
classifier had superior sensitivity (p<0.001 for all) and performed better with respect to
specificity for E1, E5, and E6 and/or E7 (p<0.001 for E1 and E5; p=0.012 for E6 and/or E7;
data not shown). The classifier performed equally well for p16-positive/ISH-positive OPC
(sensitivity, 85%, diagnostic accuracy, 95%).

Association between HPV16 E antibodies and non-OPC and p16-positive OPC

Presence of antibodies significantly increased the risk for p16-positive OPC but not non-
OPC (Table 3). Specifically, the classifier showed the strongest association with HPV-related
OPC (OR, 453; 95% CI, 199-1030 for p16-positive OPC and OR, 565; 95% CI, 239-1335
for p16-positive/ISH-positive OPC). In contrast, none of the associations between antibody
status and non-OPC were significant.

Discussion

In this large case-control study, we found that patients with HPV-related OPC were
significantly more likely than cancer-free controls to have HPV16 E antibodies and a trained
binary classification algorithm had high sensitivity and specificity for HPV-related OPC.
Antibody positivity among patients with non-OPC occurred at rates similar to those
observed in controls.

Association between seropositivity for HPV16 E antibodies and HPV-related cancers,
including OPC has been observed in previous studies by our group and others.8:9.12.13.22-24
In data from the European Prospective Investigation Into Cancer and Nutrition cohort, which
included 638 patients with head and neck cancer and 1,599 control subjects, antibodies to E6
were present in fewer than 1% of controls and 35% of OPC cases; furthermore, antibodies
could be detected more than 10 years before diagnosis.® Using the same multiplex assay,
these results were validated in Prostate, Lung, Colorectal and Ovarian Cancer Screening
Trial (PLCO) where antibody levels were found to remain elevated and stable for up to 13
years prior to diagnosis.12 Moreover, the 10-year cumulative incidence of OPC among
seropositive individuals 6.2% among men and 1.3% among women.!2 In a previous study of
256 OPC cases and 250 controls, we found that seropositivity for E2, E6, and/or E7 was
associated with OPC risk (OR, 249.1; 95% Cl, 99.3-624.9).% Our current results are
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consistent with these previous findings. In the present study of a separate and larger cohort
with comprehensive tumor HPV classification, we applied a trained algorithm for
classification of HPV status based on our previous cohort and found that in our current
cohort the classifier had a sensitivity and specificity of 83% and 99%, respectively, with an
associated greater than 450-fold increased risk for p16-positive OPC. The improved
performance of the classifier over E6 and/or E7, which had a sensitivity of 74% and a
specificity of 98%, supports the use of a multipanel assay for screening. While our assay
shows promise as a biomarker for detection of HPV-related OPC in this case-control study,
further studies are needed. Specifically, the ability of the marker to identify cases prior to
clinical diagnosis in cohort studies, implementation of screening tools in those testing
positive to determine detection and false referral rate in prospective screening studies, and
finally, studies to determine cost-effectiveness and reduction in the burden of cancer in the
screened population.25:26 Consequently, we are using these data to support the design of a
trial evaluating HPV16 E antibody-based screening for OPC risk stratification in men in
their 50s (a high HPV-related OPC incidence group) and evaluating novel imaging
techniques for early detection of OPC (ClinicalTrials.gov Identifier: NCT02897427).

P16 by IHC is an accepted surrogate marker for tumor HPV status for OPC but is a poor
marker for tumor HPV status in non-OPC.27-30 Our results add to the evidence that while
non-OPC tumors may overexpress p16, they are not driven by HPV. We found that while
31% of patients with non-OPC had p16-positive tumors, the HPV16 E antibody positivity
rate of these patients more closely resembled that of controls and patients with p16-negative
OPC than that of patients with p16-positive OPC. In fact, there was no significant difference
in antibody status between patients with p16-positive and p16-negative non-OPC, while
there was a significant difference in antibody status between patients with p16-positive non-
OPC and p16-positive OPC (positivity for any E antigen: p=0.601 and p<0.001,
respectively). Using the trained binary classifier, four patients with non-OPC were classified
as antibody positive, and of those, three had p16-positive tumors (two of whom also had
HPV ISH-positive tumors) and may have had true HPV-related non-OPC. Our findings
indicate that non-OPC tumors, including the majority of those that are p16-positive, are
unlikely to be attributable to HPV; however, as reported in the literature, we cannot discount
the possibility that a small fraction of non-OPC tumors may be related to HPV,28-30

This work expands on a previous study by our group but is substantially different from that
study. In the work presented herein, we analyzed a completely different and larger cohort,
we included patients with non-OPC to serve as an HPV-negative comparison group, and we
used p16 IHC and HPV ISH in place of polymerase chain reaction to determine HPV status.
As in our previous work, investigators performing the serology assay were blinded with
respect to case-control and HPV status. Finally, based on our previous work, we applied a
trained algorithm to predict HPV positivity based on combined antibody levels, and use of
this algorithm improved the specificity of the assay to 99%, a level of specificity necessary
for targeted population-based screening of a (currently) low-incidence cancer.

Limitations of this study include the inability to isolate the effects of individual antibodies as
most seropositive subjects were positive for multiple antibodies and the potential
misclassification of tumor HPV status. Although we determined tumor HPV status of OPC
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by using p16 by IHC, a marker currently in use as a surrogate for the HPV status of OPC in
clinical trials as well as the 8™ edition of the American Joint Committee on Cancer (AJCC)
Staging Manual,14.1531-34 misclassification of HPV status may have occurred. Our data
suggest that this is unlikely to have occurred in more than a few cases. Of the 367 patients
with OPC who had p16 and ISH data available, only 1% (n=4) had p16-negative, HPV ISH-
positive tumors. Although 18% (n=66) had p16-positive, HPV ISH-negative tumors, the
limited sensitivity of ISH makes it likely that most of these cases were truly HPV positive.
The large point estimates with wide confidence intervals in the logistic regression analysis
suggest that our study is biased due to sparse data as a result of the low number of
seropositive controls. Nevertheless, our results indicate a strongly positive and clinically
relevant association between seropositivity and diagnosis of HPV-related OPC.

Antibodies to HPV16 E antigens are a promising marker for HPV-related OPC, and we
generated a sensitive and specific algorithm for classifying patients with respect to HPV16 E
antigen positivity. Such a classifier could be used to identify at-risk individuals who would
benefit from further screening. Screening methods such as transoral optical imaging and
neck ultrasonography are currently being investigated as noninvasive methods for detecting
OPC at earlier stages, which would allow earlier treatment to prevent significant morbidity
and mortality. Whether HPV16 E antibodies ultimately prove to be adequate for selecting at-
risk populations for careful follow-up or allow detection of disease at earlier stages merits
further investigation in a prospective clinical trial.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

RLU ratio for each antibody among controls, patients with non-oropharyngeal head and
neck cancer (hon-OPC), and patients with p16-positive (p16+) oropharyngeal cancer (OPC).
None of the non-OPC vs. control RLU ratios were significant at p<0.05 and all of the p16+
OPC vs. control RLU ratios were significant at P<0.001. P values were calculated using the
Mann-Whitney test. E: early protein; L: late protein.
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