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Abstract

Purpose—Oropharyngeal carcinoma (OPC) positive for human papillomavirus type 16 (HPV16)
has a significantly better prognosis than OPC unrelated to HPV. Within HPV16-positive OPC,
biomarkers of prognosis are urgently needed to individualize care. We hypothesized that serum
antibodies specific to HPV16, the major HPV type causing OPC, have biological relevance and
are potential biomarkers for improved prognosis among patients with HPV16-positive OPC.

Methods—IgG antibodies to the HPV16 antigens E1, E4-E7, L1, L2, and the N-terminal and C-
terminal fragments of E2 (NE2, CE2) were quantified using a custom programmable enzyme-
linked immunosorbent assay. Sera were obtained at diagnosis from 209 OPC patients (96 HPV16-
positive). The ratios of median fluorescent intensity (MFI) for each antigen to MFI for control
GST protein were determined. Kaplan-Meier survival curves and Cox proportional hazards
regression were used to determine survival differences between groups. ROC curves were used to
determine the best combination of E antibodies to predict disease recurrence.

Results—E1, NE2, and E6 antibody positivity were all strongly associated with improved
overall and progression-free survival in the entire cohort and in patients with known HPV16-
positive tumors (P<.05). For both overall and progression-free survival among HPV-positive
patients, hazard ratios were 0.2 for NE2, 0.3 for E1, and 0.3 for E6 antibody positivity.
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Conclusion—We identified 3 HPV16-specific antibodies that are associated with improved
overall and progression-free survival in patients with HPV-related OPC. These results suggest that
differential serologic responses in patients may reflect differential biological processes within the
host and tumor and may have prognostic value.

INTRODUCTION

Methods

The incidence of HPV-positive oropharyngeal squamous cell carcinoma (OPC) is expected
to increase substantially over the next several decades due to the lack of a screening
paradigm and despite the availability of a prophylactic vaccine (1). Serum antibodies to
HPV proteins, in particular the early (E) proteins E6 and E7, have been detected in several
HPV-related cancers and have been found to be reliable indicators of an HPV-positive
tumor, including oropharyngeal tumors (2-11). Although patients with HPV-positive OPC
are typically diagnosed with late-stage disease, numerous case-control and prospective
studies have shown that patients with HPV-positive tumors have better response to treatment
and better survival than patients with HPV-negative tumors (12-17). Furthermore, Kreimer
et al recently reported a 68% reduced risk of death among patients with OPC who were
positive for E6 antibodies versus those who were negative for E6 antibodies after adjustment
for smoking (10).

To investigate whether there are differential immune responses to HPV16 proteins with
biological and prognostic relevance, we used a novel protein array to investigate the
association between serum antibodies to the entire HPV16 proteome and overall and
progression-free survival among patients with OPC treated at our institution.

Study participants

Patients with newly diagnosed, histopathologically confirmed, and previously untreated
OPC who presented to The University of Texas MD Anderson Cancer Center and
participated in a large prospective epidemiological study of head and neck cancer between
January 2006 and September 2008 were invited to participate in this separate protocol
(presented herein) of serial monitoring of serum markers of disease prognosis. All patients
gave written informed consent and provided demographic and exposure data as well as a
blood sample for biological testing. Samples were collected at initial workup, six weeks
following the end of treatment, and at 6-month intervals up to 36 months for a total possible
number of 8 samples. Samples were collected using a standardized protocol and stored at
—80°C until use. The study was approved by the MD Anderson Institutional Review Board.

Laboratory methods

Determination of tumor HPV16 DNA status—Diagnostic in-house paraffin-embedded
tumor tissue was obtained following histopathologic confirmation of the diagnosis. A tissue
DNA extraction kit (Qiagen Inc., Valencia, CA) was used to extract DNA, and a PCR-based
type-specific assay was used to test tumor tissue for the presence of HPV16 E6 or E7
regions. B-actin served as the DNA quality control and positive and negative controls were
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included in each run. Samples were run in triplicate with 100% concordance between
samples.

Magnetic programmable bead ELISA—Bead array ELISAs were performed at
Arizona State University essentially as described (11, 18, 19), with the following
modifications (20). The in vitro translation products were captured on magnetic
microspheres (BioRad, Hercules, CA), pooled, and blocked with HeteroBlock (Omega
Biologicals, Bozeman, MT) diluted to 2 pg/mL into SeaBlock (Thermo Scientific, Rockford,
IL). Sera were diluted 1:80 and incubated with the pooled beads and bound 1gG was
detected using median fluorescent intensity (MFI).. To control for nonspecific and GST-
specific antibodies, the ratio of MFI for individual HPV16-specific antibodies to MFI for the
control GST antigen was measured. To establish cut-off values for seropositivity, an MFI
ratio > (the average +3 standard deviations) of 78 healthy control samples was designated
positive. The cut-off values were as follows: E1, 1.4; CE2, 2.4; NE2, 1.5; E4, 2.7; E5, 1.5;
E6, 1.7; E7,2.2; L1, 1.4; and L2, 1.4. Control sera were obtained from Oregon Health and
Science University (Portland, OR) from subjects participating in a head and neck cancer
screening event who had no history or evidence on clinical examination of head and neck
cancer (20). The control cohort consisted of 47 females and 31 males with a mean age of
51.4 years (SD, 13.5 years). The intra-assay coefficient of variation was determined to be
1.04-8.34% and the intra-assay coefficient of variation was 1.39-7.06%. The lower limit of
detection of the assay varied based on the serum sample tested, but is shown in
representative format in Supplemental Figure 1. Laboratory researchers were blinded to
clinical outcome.

Statistical analysis

Stata 12.0 (StataCorp, College Station, TX) was used for all statistical analyses. A P value
of <.05 was considered significant, and all tests were 2-sided. Standard descriptive statistical
methods were used to describe demographic and clinical characteristics.

Overall survival was defined as time from first appointment to death from any cause.
Progression-free survival was defined as time from first appointment to clinical detection of
recurrent cancer (local, regional, or distant) or death from any cause. Participants alive and
recurrence-free (for progression-free survival) at last follow-up or lost to follow-up were
considered censored. Kaplan—Meier curves were created to compare survival between
groups, and the log-rank statistic was used to test the hypothesis of a difference in survival
between groups. Cox proportional hazards models were used to calculate hazard ratios
(HRs) and 95% Cls to assess whether presence of specific HPV16 antibodies was associated
with overall and progression-free survival. Akaike information criterion was used to select
variables for inclusion in the multivariable models. Overall and progression-free survival
within each group of patients were assessed separately and the models with minimum AIC
were used as the final models. Additionally, smoking is a known predictor for survival and
was included in the models. A binary logistic regression model was used to compute the
area under the receiver operating characteristic curve (ROC) to compare the performance of
all combinations of E antibodies for predicting disease recurrence. The probability cut-off
value for the predictions was 0.5.
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A total of 209 patients were included in the final analysis. Of these, 114 had tumor HPV16
status available for subgroup analyses; 96 of these patients had HPV16-positive tumors. The
median follow-up time for patients who survived was 62.7 months (range, 3.9-96.9 months).
The median follow-up time for patients with HPV16-positive tumors who survived was 68.9
months (range, 4.1-92.5 months). There was no difference with respect to survival between
patients who had tumor HPV16 status available and those who did not (P=.577).

Demographic and clinical characteristics

The demographic, exposure, and clinical characteristics of the patients are summarized in
Table 1. Ninety percent of patients were positive for at least 1 E antibody, while 16% were
positive for at least 1 L antibody. Of the 114 patients with tumor HPV16 DNA status
available, 96 (84%) had HPV16-positive tumors. The characteristics of the patients by tumor
HPV16 status are shown in Table 1.

Survival according to antibody status

Progression-free survival was better among patients positive for any E antibodies (Figure
1A), but no survival advantage was noted among patients positive for any L antibodies
(Figure 1B) (P<.001 and P=.657, respectively). Therefore, we excluded L antibody status in
subsequent analyses.

Patients positive for any E antibodies had better overall and progression-free survival than
patients negative for all E antibodies: 5-year overall survival estimates were 87.4% and
42.2%, respectively, and 5-year progression-free survival estimates were 82.9% and 46.1%,
respectively (P<.001 for both). In multivariable Cox proportional hazards regression,
patients positive for any E antibodies had an 80% lower risk of death (HR, 0.2; 95% ClI, 0.1-
0.4) and progression (HR, 0.2; 95% CI, 0.1-0.5) (Table 2). NE2 positivity, E1 positivity,
and E6 positivity reduced the risk of death by up to 80% and the risk of progression by up to
70% (Table 2). Because smoking is a strong predictor of survival and patients with HPV-
positive tumors are more likely to be never-smokers or light smokers, we also evaluated a
subset of patients with a smoking history of 10 or fewer pack years. Among these patients
(n=130), positivity for any E antibodies was also associated with a significantly reduced risk
of death (HR, 0.1; 95% CI, 0-0.7) and progression (HR, 0.1; 95% CI, 0-1.0) (Table 2). In
never-smokers and light smokers, we did not observe the strong associations with individual
antibodies that we observed for the entire cohort; nevertheless, the trend for improved
survival among antibody -positive patients was observed in this subset.

Figure 2A shows progression-free survival by E antibody status, and Figure 2B shows
progression-free survival by tumor HPV16 DNA status. Although E antibody positivity and
HPV16 tumor positivity were associated with significantly better progression-free survival,
E antibody status appeared to be a stronger predictor (P<.001 by E antibody status and P=.
016 by HPV16; Figure 2A and 2B, respectively). This result was consistent for overall
survival as well (P<.001 by E antibody status and P=.031 by HPV16; data not shown). After
multivariable adjustment, both patients positive for E antibodies and those with HPV/16-
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positive tumors had an 80% decreased risk of death (95% Cl, 0.1-0.5 and 0.1-0.7,
respectively). Likewise, E antibody status and HPV16 status were both strongly associated
with progression-free survival (E antibody: HR, 0.2; 95% ClI, 0.1-0.5, and HPV16: HR, 0.2;
95% ClI, 0.1-0.7). Treating E1, NE2, and E6 as continuous variables in the multivariable
analysis resulted in significant associations with both overall and progression-free survival
(only E6 was not significant for progression-free survival; data not shown).

Among patients with HPV16-negative tumors, E antibody positivity had no demonstrable
predictive value for either overall or progression-free survival, although due to the small
number of patients this result should be interpreted with caution (data not shown). However,
when the analysis was restricted to patients with HPV/16-positive tumors (by PCR), patients
serologically positive for E antibodies remained at a survival advantage compared with
patients who were serologically negative for E antibodies (HR, 0.3; 95% CI, 0.1-0.9 for
overall survival and HR, 0.3; 95% CI, 0.1-0.8 for progression-free survival; Table 2 and
Figure 3). In particular, antibodies to NE2, E1, and E6 remained strong predictors of overall
and progression-free survival. Treating E1, NE2, and E6 as continuous variables in the
multivariable analysis resulted in significant or borderline significant (P<.10) associations
(data not shown).

We used ROC curves to determine the best combination of E antibodies for predicting
disease recurrence for all 209 patients. The combination of NE2, E4, E6, and E7 showed the
highest accuracy; the optimal operating point was 71.4% at a specificity of 70.2%
(AUC=0.71). Adding E1, CE2, and E5 did not improve this. Additionally, the accuracy for
NE2 and E6 alone was good relative to the combined antibodies (AUC=0.69 and
AUC=0.61; data not shown).

Figure 4 shows the median antibody levels of E1, NE2, and E6 over time for patients with
HPV-positive OPC according to recurrence status. A subset of 23 patients chosen at random
who did not recur had higher median antibody levels than the 8 patients who did recur,
although due to the small sample size we were not able to detect statistically significant
differences between the groups.

Discussion

We used a novel protein array serologic assay to determine the prognostic significance of
HPV16 antibodies for predicting survival among patients with OPC and HPV-positive OPC.
We found that positivity for HPV16 antibodies was strongly associated with both overall
and progression-free survival. This association was limited to E antibodies, in particular
antibodies to the early proteins NE2, E1, and EB6; positivity for antibodies to coat protein L
were not predictive for survival. This preliminary evidence suggests that serologic response
to antigens involved in HPV-mediated carcinogenesis, but not serologic response to antigens
important to the infectious process (L proteins), may differentially predict cancer outcomes.
Our findings support the hypothesis that cancer outcomes are in part dictated by the immune
response and that E antibodies may be biomarkers of carcinogenic changes and prognosis.
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We previously showed that a small subset of patients with HPV16-positive tumors who were
negative for E6 and E7 antibodies were positive for E1 and NE2 antibodies, which illustrates
the need for including multiple markers in HPV16 serologic studies and for diagnosis (19).
More recently, we showed a dramatically increased risk for OPC among individuals who
were positive for E antibodies in a study that included 256 cases and 250 controls
(manuscript submitted). We found that those positive for any E antibody had 244 times the
OPC risk of those negative for all E antibodies. Furthermore, patients with tumors positive
for HPVV16 DNA were 4 times as likely to be positive for any E antibody as were patients
with tumors negative for HPVV16 DNA, and this association was particularly strong among
patients with HPV16-positive tumors who were never-smokers or light smokers.

Although HPV16 capsid proteins, L1 and L2, have been used to establish the causal
association between HPV16 and OPC and are present several years before the development
of an HPV/16-positive cancer (3, 8, 21, 22), we did not find that antibodies to capsid proteins
were associated with survival among patients with OPC. This is not surprising biologically
given that capsid antibodies are not expressed following tumor development and are lost on
HPV DNA integration into host DNA. Capsid antibodies thus are not expected to be useful
as a diagnostic tool or as predictors of cancer outcome.

The immunobiology that might explain differences or absences in antibody responses to one
or another specific antigen is not understood. Serologic immune responses to HPV16-
positive tumors may correlate with high viral load. For example, in the Costa Rica HPV16
vaccine trial, high viral load was predictive of HPV16 seropositivity among 646 young,
HPV16-infected women (23). It has also been reported that viral load is a reliable indicator
of an HPV16-driven tumor and subsequent risk of death (24, 25). Mellin et al found in a
small number of subjects that viral load had a wide distribution among patients with tonsillar
cancer and that it was positively correlated with survival (25). This may reflect changes
during carcinogenesis with decreased dependence on HPV early antigens as the tumors
progress genetically. HPV16-positive tumors that fail to elicit or lose a serologic response
may no longer be completely driven by HPV-based mechanisms.

This study has several limitations. First, since a large proportion of patients whose tumors
were negative for HPVV16 DNA were positive for at least 1 E antibody (13/18, 72.2%) and,
conversely, a subset of patients whose tumors were positive for HP\VV16 DNA were negative
for all E antibodies (10/96, 10.4%), these patients may have been misclassified. If we had
evaluated HPV16 status using other methods in addition to PCR, such as p16 expression or
in situ hybridization, we might have found more HPV16-positive cases among patients
serologically positive for E antibodies but with tumors negative for HPV16 DNA by PCR.
Additionally, although HPV/16 is the predominant type found in OPC tumor tissue, the
HPV16-negative cases could have been positive for another HPV type. We were unable to
further analyze this subset of HPVV16-negative, antibody-positive patients due to the small
sample size and lack of availability of additional tumor tissue for analysis. Second, while the
study included 209 patients with follow-up, we had HPV16 status for only 114, which
limited our sample size for analysis to 96 patients with HPV16-positive tumors.
Furthermore, most patients were positive for at least 1 HPV16 antibody, limiting our ability
to isolate effects of individual antibodies. These limitations may have reduced the power to
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detect differences in survival between individual antibody-positive and antibody-negative
subgroups. We are currently expanding the study to increase the sample size as well as using
p16 expression and in situ hybridization to determine tumor HPV status. Given the high
accuracy of these assays, along with increased study power, we will be able to explore more
fully the association between tumor HPV DNA and antibody status.

Our results show that HPV16 antibody status, in particular E antibody status, is a strong
predictor of survival among patients with HPV-positive OPC. Specific antibody status has
the potential to be a useful prognostic indicator that may identify subsets of patients
diagnosed with HPV16-positive tumors who may benefit from altered monitoring and/or
treatments. Additionally, the suggestion that immune response to HPV16 antigens is
important to cancer outcomes suggests the potential of augmenting immune responses to
improve treatment of patients with HPV-driven OPC. Using serology to identify HPV16-
positive tumors may be useful as tumor tissue is not always available and serology is less
invasive and therefore more acceptable to patients. Furthermore, combining multiple
biomarkers may improve the validity of a prognostic test. In light of this, larger prospective
studies are needed to confirm our findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of translational relevance

Patients with HPV16-positive oropharyngeal carcinoma (OPC) have significantly better
survival than do patients with HPV16-negative OPC. Furthermore, differences in survival
exist within HPV16-positive OPC. The goal of this study was determine the usefulness of
serum antibodies to HPV16 DNA antigens as predictors of survival for patients with
OPC. We found that E1, NE2, and E6 antibody positivity were all strongly associated
with improved overall and progression-free survival in the entire cohort and in patients
with known HPV16-positive tumors (P<.05). Serum antibodies to HPVV16 DNA antigens,
in particular to the early proteins E1, NE2, and E6, have prognostic significance for
patients with HPV16-positive OPC.
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Figure 1.

Progression-free survival of 209 patients with OPC. A) Patients positive for at least 1 E
antibody versus patients negative for all E antibodies (P<.001). B) Patients positive for at
least 1 L antibody versus patients negative for all L antibodies (P=.657).
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Progression-free survival among 114 patients with OPC with tumor HPV DNA status
available. A) Patients positive for at least 1 E antibody versus patients negative for all E
antibodies (P<.001). B) Patients with HPV16-positive tumors by PCR versus patients with
HPV16-negative tumors by PCR (P=.016).
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Figure 3.
Progression-free survival among 96 patients with HPV16-positive OPC. A) Patients positive

for at least 1 E antibody versus patients negative for all E antibodies (P<.001). B) Patients
positive for E1 antibody versus patients negative for E1 antibody (P=.002). C) Patients
positive for NE2 antibody versus patients negative for NE2 antibody (P<.001). D) Patients
positive for E6 antibody versus patients negative for E6 antibody (P=.005).
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Figure 4.
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Median antibody levels over time for patients with HPV-positive OPC by disease recurrence

status for A) E1 antibodies, B) NE2 antibodies, and C) E6 antibodies. All 8 patients with

HPV-positive tumors who recurred and a random subset of 23 patients with HPV-positive

Clin Cancer Res. Author manuscript; available in PMC 2016 June 15.

tumors but without recurrence at last follow-up were tested at initial workup, 6 months post-
treatment, and at 6 month intervals up to 36 months post-treatment.
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Table 1

Demographic, exposure, and clinical characteristics of 209 patients with OPC?

All Patients

Characteristic (n=209)

Tumor HPV status®

HPV+ Patients

HPV- Patients

(n=96) (n=18) P

Age, mean (SD), years 55.8 (9.2) 54.8 (8.4) 56.7 (8.1)

Age, median, years 55 54 54

Sex 420d
Male 184 (88.0) 86 (89.6) 15 (83.3)
Female 25 (12.0) 10 (10.4) 3(16.7)

Race 657d
White 192 (91.9) 88 (91.7) 16 (88.9)
Other 17 (8.1) 8(8.3) 2(11.1)

Smoking 708d
Never 103 (49.3) 45 (46.9) 10 (55.6)
Former 71 (34.0) 32(33.3) 4(22.2)
Current 35 (16.8) 19 (19.8) 4(22.2)

Pack-years of smoking .508
<10 130 (62.5) 56 (58.3) 12 (66.7)
>10 78 (37.5) 40 (41.7) 6 (33.3)
Missing 1 0 0

Alcohol use 237d
Never 60 (28.7) 23 (24.0) 5 (27.8)
Former 52 (24.9) 29 (30.2) 2(11.1)
Current 97 (46.4) 44 (45.8) 11 (61.1)

Subsite 039d
Tonsil 99 (47.4) 43 (44.8) 14 (77.8)
Base of tongue 105 (50.2) 49 (51.0) 4(22.2)
Other oropharynx 5(2.4) 4(4.2) 0

Stage 095d
-1l 17 (8.1) 8(8.3) 4(22.2)
-1V 192 (91.9) 88 (91.7) 14 (77.8)

T category 933d
0-2 156 (74.6) 70 (72.9) 16 (88.9)
3-4 53 (25.4) 26 (27.1) 2(11.1)

N category .047
0-2a 57 (27.3) 30 (31.3) 10 (55.6)
2b-3 152 (72.7) 66 (68.8) 8 (44.4)

Grade .392
Well-moderately differentiated 61 (33.7) 31(36.1) 8(47.1)
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Characteristic

All Patients
(n=209)

Tumor HPV status®
(n=114)

HPV+ Patients

HPV- Patients

(n=96) (n=18) P

Moderately-poor to poorly differentiated 120 (66.3) 55 (64.0) 9(52.9)
Missing 28 10 1

Treatment? 525
Radiation 59 (28.2) 30 (31.3) 7(38.9)
Radiation+chemotherapy 150 (71.8) 66 (68.8) 11 (61.1)

HPV antibody status
El+ 150 (71.8) 69 (71.9) 12 (66.7) 655
NE2+ 173 (82.8) 83 (86.5) 11 (61.1) .009
CE2+ 101 (48.3) 53 (55.2) 6 (33.3) .088
E4+ 46 (22.0) 20 (20.8) 4(22.2) 1.0d
E5+ 7(3.4) 3(3.1) 1(5.6) 502
E6+ 161 (77.0) 76 (79.2) 8 (44.4) .002
E7+ 132 (63.2) 63 (65.6) 9 (50.0) 207
Any E+ 188 (90.0) 86 (89.6) 13 (72.2) .046
L1+ 19 (9.1) 14 (14.6) 3(16.7) 731d
L2+ 23 (11.0) 14 (14.6) 1(5.6) 4590
Any L+ 33(15.8) 20 (20.8) 4(22.2) 10d

aValues in table are number of patients (percentage) unless otherwise specified.

Radiation is radiation only and radiation+chemotherapy is radiation plus chemotherapy with or without surgery.

The Radiation group includes 1 patient who had surgery only.

c .
Tumor status determined by

dFisher's exact test

PCR.
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