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Abstract 

 

Background: Human papillomavirus high risk (HPV-HR) type 16 is a significant risk factor for head and 

neck cancers (HNC) independent of tobacco and alcohol. The purpose of this study was to determine 

whether antibody levels to the HPV-16 oncoproteins E6 and E7 measured in sera collected at baseline 

(BL) prior to treatment and at two post-treatment follow-up (FU) visits were associated with HNC risk 

factors or prognosis. 

Methods: Presence of antibodies to HPV-16 E6 and E7 was evaluated in 109 newly diagnosed HNC 

cases with BL and FU blood samples, using the enzyme-linked immunosorbent assay (ELISA). 

Results: HPV-16 E6 and/or E7 seropositive HNC cases were associated with higher risk in younger 

patients (≤55 years), more sexual partners (≥10), oropharyngeal cancer, worse stage at diagnosis, poorer 

grade, and nodal involvement. Between BL and FU (median=8.3 months), there were decreased antibody 

levels for seropositive E6 (73% vs. 27%, p=0.02) and seropositive E7 patients (65% vs. 35%, p=0.09) 

with 5% of BL E6 and 35% of BL E7 seropositive patients converting to negative status at FU. Overall 

mortality (OM) was significantly worse among BL E6 seronegative patients than among BL seropositive 

patients (40.2% vs.13.6%, p=0.01). There were no disease specific (DS) deaths among BL E6 

seropositive vs. 24% in BL E6 seronegative patients (p=0.01). BL E7 seronegative patients also had 

higher mortality than BL seropositive patients (OM: 38.2% vs. 20.0%, p=0.04; DS: 22.5% vs. 5.6%, 

p=0.07).  

Conclusion: These findings are the first to follow post-treatment OD levels of HPV-16 E6 and E7 in 

HNC and suggest that these HPV antibodies may be potential prognostic markers of survival in HNC 

patients. 

 

Key Words: head and neck neoplasms, human papillomavirus, HPV-16 E6/E7 



MS:  1400571080538350 06/10/11 Human papillomavirus serologic follow-up 3 

Background 

 Human papillomavirus high risk (HPV-HR) types are causally related to cervical carcinomas [1] and 

a significant risk factor for approximately 26% of head and neck cancers (HNC) independent of tobacco 

and alcohol [2,3,4,5,6,7]. Survival and recurrence of HNC have not changed significantly over the past 30 

years in the United States and Western Europe with recurrence remaining at ~30% [8]. There is recent 

evidence of better survival and lower recurrence among those detected with HPV-HR in tumors 

[9,10,11,12], suggesting that understanding HPV-HR infection is essential to understanding the prognosis 

of these tumors. 

 Several investigations have found concordance in HPV-16 positivity in tumor tissue and the presence 

of HPV specific antibodies in cervical cancer patients [13,14,15] and in HNC patients [3,16,7]. 

Antibodies to HPV-HR oncoproteins E6 and E7 are late markers for HPV-associated carcinoma with 

antibody prevalence increasing with clinical stage [17,18,15]. These tumors show constitutively high-

level E6/E7 expression due to increased mRNA transcription and stability. Invasion of the E6/E7-

overexpressed tumor cells beyond the mucosa brings them in tight contact with cells of the immune 

system and thus may lead to enhanced antigenic presentation and the induction of E6/E7 antibodies. 

 Several studies of cervical cancer have shown an association between decreased antibody level 

during pre-/post-treatment follow-up and better prognosis [19,13,14]. The purpose of this study was to 

examine changes in and impact of HPV antibody levels in HNC patients at baseline before treatment and 

at two follow-up periods after treatment to determine whether they are predictive of clinical outcomes. 

Materials and methods 

Patient population and study design 

 Newly diagnosed, primary HNC cases of the oral cavity (OC), oropharynx (OP), or 

larynx/hypopharynx (LH) were recruited between 2000-2005 at the University of Iowa Hospitals and 

Clinics, Department of Otolaryngology. They were administered a University approved Human Subjects 

Review consent form prior to interview and the study was approved by the institutional review boards at 
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both the University of Iowa Hospitals and Clinics and the Iowa City Veterans Affairs Medical Center. All 

OC, OP, and LH sites as defined by the American Joint Commission on Cancer [20], excluding 

nasopharynx, were included. All histologies were included and subsequently combined because there 

were no significant differences in results between cases with squamous cell carcinoma (SCC, N=102) and 

other histologic types (n=7): 1 adenocarcinoma, 1 adenoid cystic carcinoma, 3 mucoepidermoid 

carcinoma, and 2 verrucous carcinomas. Cases included in this study (N=109) had an initial baseline (BL) 

while 108 patients had a first follow-up (FU1) and 69 patients had a second follow-up (FU2) with blood 

samples available for evaluation of anti-HPV antibodies over a 3-24 month period. 

 Participants completed a risk factor questionnaire with information about demographics, sexual 

practices, tobacco and alcohol use, medical history, and history of HPV-related diseases and oral lesions. 

A medical form was completed using clinical medical records, supplemented by additional questions to 

the patient. Data included prior cancer history, cancer site, and treatments. 

Laboratory methods, serological assays, HPV detection and typing 

 The procedures performed on these clinical samples have been described previously [16]. Presence 

of IgG antibodies to antigens derived from HPV-specific proteins was evaluated using the enzyme-linked 

immunosorbent assay (ELISA) and have been described elsewhere [21]. Optical densities (OD) were 

recalculated into OD ratios dividing by the respective cutoff value. An OD ratio above 1.0 was considered 

positive. Changes in OD values between BL and FU were determined by comparing the last titration 

dilution from each visit before the OD ratio reached 1.0, the HPV detection cut off. DNA was extracted 

from deparaffinized tumor tissue sections with a QIAGEN DNA Tissue Kit (QIAGEN, Valencia, CA) 

and is described in more detail elsewhere [22]. All tumor tissue tested positive for the β-globin and PCR 

amplification of the cellular DNA verified adequate DNA [23]. DNA was PCR-amplified with MY09 and 

MY11 primers to detect HPV [24]. An aliquot of the PCR product of each HPV-negative specimen was 

hybridized by the dot blot method with 
32

P-labeled probes for detection of HPV DNA. Positive samples 

underwent hemi-nested PCR-amplification with MY09 and GP5+ primers [25]. DNA sequencing 



MS:  1400571080538350 06/10/11 Human papillomavirus serologic follow-up 5 

(Applied Biosystems-PE, Foster City, CA) was used to identify HPV types in comparison with GenBank 

sequences using the BLAST program [26]. 

Statistical methods 

 The Wilcoxon rank sum test and a median test were used to compare quantitative variables between 

groups of patients. The chi-square or Fisher’s exact test was used to compare categorical variables. 

Multiple logistic regression models [27], adjusting for continuous age, pack years and drinks per week, 

were used to estimate the odds ratios (ORs) and 95% confidence intervals (CI) for the association of 

baseline serology status with HNC risk factors and clinical characteristics of the tumors. For some 

variables with zero cells, ORs and CIs were generated with logit methods, adding 0.5 to zero cells and 

adjusting for categorical age (≤55 years vs. >55years), pack years (never, ≤30, >30), and drinks per week 

(never, ≤21, >21).  

 Each HPV serology test was evaluated at baseline (BL), defined as the time of diagnosis prior to any 

treatment, FU1 (n=108, mean time to first follow-up=7.0 months), FU2 (n=69, mean time to second 

follow-up=11.7 months), and FU (n=109, mean time to the final follow-up (FU1 or FU2) = 10.1 months). 

Survival curves were generated using Kaplan-Meier methods, while Cox regression models were used to 

generate hazard ratios (HR) and 95% confidence intervals (CI), adjusted for continuous age and stage of 

disease (III/IV vs. I/II). Additional adjustment variables such as nodal involvement, tumor site, and grade 

could not be added to models because of the high correlation among these variables and with disease 

stage. Gender, pack-years and drinks per week were not associated with survival or recurrence and thus 

were not included in the models. All model variables met the proportion hazards assumption except for a 

disease specific model with E6 status because there were no deaths among the E6 seropositive patients. 

All reported p-values were two-sided, except where noted. One-sided p-values were based on hypotheses 

that the alternatives to a null finding would be decreased OD values (results supported by published 

cervical cancer research) [19,13,14]. Statistical analyses were performed using SAS version 9.2 [28]. 

Results 

Patient characteristics, risk factors, and anti-HPV antibody response at baseline 
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 Table 1 shows differences in patient risk factors and histopathologic characteristics by BL HPV 

serology status. Among the 109 cases, the majority was male (61%) and the average age was 59 years 

(range: 23-90 years). The overall antibody prevalence of HPV-16 E6 was 20%, HPV-16 E7 18%, and E6 

and/or E7 24%. HPV-HR DNA (28 HPV-16 and 2 HPV-33) was detected in 28% of HNC tumors and the 

prevalence was significantly higher in the OP compared to the OC, 70% versus 15% (p< 0.0001). There 

were no HPV-HR tumors in the LH. 

 Males, those ≤ 55 of age and patients with ≥ 10 lifetime sexual partners were more likely to be E6, 

E7, or E6 and/or E7 seropositive. HNC patients with >0/≤ 30 pack years had significantly higher ORs for 

seropositivity compared to never users, whereas patients who reported heavier alcohol drinking (>21 

drinks/week) had elevated ORs compared to never drinkers. OP tumors were associated with significantly 

elevated risks among those who were seropositive to BL E6, E7 and E6 and /or E7 when compared to OC 

or LH tumors. Stages III/IV vs. I/II, poorly or undifferentiated vs. moderate well differentiated tumors, 

and nodal involvement (yes vs. no) also were associated with elevated levels of BL E6 or E7 antibodies. 

Compared to HPV DNA negative tumor cases, HPV-HR tumor cases showed significantly higher risks 

for each HPV-16 specific BL E6 or E7 antibody. Of the 21 patients with HPV-HR tumors that were BL 

E6 and/or E7 seropositive, 20 tumors were HPV-16 and one was HPV-33. One HPV-33 DNA tumor 

positive case was BL E6 and/or E7 seronegative and 5 HPV DNA negative patients were BL seropositive. 

 Table 2 exhibits BL median HPV antibody OD ratios for risk factors and tumor characteristics at 

baseline among patients who were BL E6 or E7 seropositive. For each antibody group, there were no 

significant differences in median OD ratios by age and gender, although males displayed higher medians 

compared to females. There were non-significant higher median values for patients with three or more 

lifetime sexual partners versus 0-2 partners. There were no differences between never users and users of 

tobacco or alcohol within each E6 and E7 group or within E6 and/or E7. 

 The median HPV OD ratio for BL E6 and/or E7 antibodies (table 2) was elevated in the OP 

compared to the OC (5.9 vs. 4.2, p=0.10). Compared to earlier stage disease, patients in stages III/IV had 

elevated medians within E6 and within E7 and had significantly higher medians for E6 and/or E7 (5.8 vs. 
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1.3, p=0.008). Compared to patients with tumor size T1-T2, those with T3-T4 tumors had significantly 

higher OD medians for E6 antibodies (6.8 vs. 4.9 p=0.05), but medians were similar for E7 antibodies and 

for the E6 and/or E7 group. There were no median OD differences by grade for E6, E7 and the E6 and/or 

E7 antibodies. The median OD in patients with nodal involvement compared to those without nodal 

involvement was elevated within E6 and within E7 and was significantly higher for E6 and/or E7 (5.8 vs. 

2.1, p=0.04). 

HPV antibody response at follow-up 

 Table 3 displays changes in the HPV OD ratios between BL and FU1, FU2 and final FU among 

patients seropositive at BL. Not all patients had a second FU (n=40). At the last FU, over 72% of 

seropositive patients had a decrease in the anti-E6 ratio (p=0.02) and 65% decreased in the anti-E7 ratio 

(p=0.09). Although a majority of patients displayed a decreased OD ratio at the last FU, only 5% of E6 

positive patient had converted from seropositive to seronegative (data not shown), while 35% of E7 

positive patients had converted from seropositive to seronegative (Kappas for agreement=0.8-0.97). The 

two seronegative patients who displayed a conversion to seropositivity between BL and FU1 were 

seronegative at FU2 (OD ratios: BL=0.46, FU1=1.1, FU2=0.74 and BL=0.54, FU1=2.0, FU2=0.46). 

 The independent effects of treatment and E6/E7 antibody levels could not be assessed because 

treatment, tumor site, and seropositive status were highly correlated with one another. Treatment was 

significantly different by tumor site (p<0.0001, data not shown). Over 95% of OC cases and 89% of LH 

cases had surgery, while only 33% of OP cases did. Chemotherapy was administered in 59% of OP 

patients, 1% of OC cases, and no LH cancer patients. In contrast, 89% of OP tumors had radiation 

compared to 47% of OC and 44% of LH tumors. However, 77% of the seropositive patients also had OP 

tumors, while only 15% of OC and 8% of LH tumors were seropositive. 

  Approximately 86% of all seropositive BL E6 patients and 85% of BL E7 had radiation therapy. 

Among all BL E6 seropositive patients whose OD ratio decreased, 94% had radiation therapy alone or 

with surgery and/or chemotherapy, whereas only 67% of patients with no changes in OD values had 

similar treatment regimens (p=0.17, data not shown). Among all HPV seropositive BL E7 patients, 85% 
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of those who decreased and 85% of those with no change, had radiation therapy. There was no association 

between those who decreased and those whose OD ratios remained unchanged among patients by surgical 

or chemotherapy status. There was no association between treatment type and conversion from HPV 

seropositive to seronegative at last FU. 

 Table 4 displays the HRs (CIs) for OS, DS, and recurrence free survival between BL and last FU, 

comparing BL HPV seropositive to BL seronegative patients. The percent that died or had a recurrence as 

well as the change in OD ratios for these patients are also shown. There were too few deaths in BL 

seropositive patients to compare those with and without OD ratio reduction. OS included 109 patients, DS 

98 patients, and recurrence free survival 101 patients. Among those who did not survive, 35% (n=38) died 

from all causes combined, 19% (19) from HNC, and 19% (19) had a recurrence. Median follow-up time 

for OS was 6.2 years (range 0.5 to 9.1), for DS survival 6.4 years (range: 0.5 to 9.1), and for recurrence 

free survival 6.2 years (range: 0.3 to 9.1 years). For patients with a first recurrence, 84% occurred less 

than 20 months after diagnosis.  For OS, 40% of the BL E6 seronegative vs. 14% of the BL E6 

seropositive patients died (HR: 4.6); 38% of the BL E7 seronegative vs. 20% of the BL E7 seropositive 

did not survive (HR: 3.0); and 41% of the seronegative vs.15% of the seropositive BL E6 and/or E7 died 

(HR: 3.8). Figures 1, 2, and 3 display the DS survival differences in seronegative and seropositive 

patients by BL E6, E7, and E6 and/or E7 status, respectively. DS death was 23%-24% among BL 

seronegative patients whereas there were no DS deaths among BL E6 positive patients (p=0.01), one 

death among BL E7 positive patients (HR: 6.4) and one death among the BL E6 and/or E7 seropositive 

patients (HR: 8.4). There were no significant differences in recurrence between HPV BL seronegative and 

BL seropositive patients. 

 When compared by HPV-HR tumor positive vs. negative status (data not shown), the mortality rate 

for OS were 27% vs. 38% (HR: 2.1, 0.9-4.6, p=0.07), for DS deaths, 12% vs. 22% (HR: 2.6, 0.7-9.0, 

p=0.14) and for recurrence, 14% vs. 21% (HR: 1.5, 0.5,-4.6, p=0.49). The patient who was BL E6 and/or 

E7 seronegative and HPV-33 tumor positive died from HNC (survival time=1.8 years) and also had a 

recurrence (time to recurrence=1.2 years). The patient who was BL E6 and/or E7 positive and HPV-33 
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tumor positive was alive and disease free at last contact (follow-up time=6.3 years). Of the 5 E6 and/or 

E7 seropositive patients who were HPV tumor negative, none had died (mean (SE) follow-up time=5.4 

(0.7) years, range 3.1-7.4 years) and one had a recurrence at 20 months.  

Discussion 

 This is the first study to describe the association between risk factors, pathological characteristics, 

and HNC survival with specific anti-HPV antibody levels at baseline and follow-up after treatment as has 

been done in cervical cancer studies [13,29,30,14]. The purpose for evaluating OD values at FUP in 

association with treatment was to determine whether treatment had an effect on OD levels. In cervical 

cancer, following OD levels over time after treatment has shown both an increase in survival and lower 

recurrence in those whose OD levels decreased. In this study, we found that median OD values for HPV-

16 E6 and/or E7 antibodies at baseline were not consistently associated with risk factors for HNC. In 

contrast, between BL and the last FU, there was a statistically significant reduction in E6 antibodies and a 

non-significant decrease in E7 antibodies. In addition, overall and disease specific survival were better 

among the BL E6 and/or E7 seropositive patients compared to seronegative patients, reflecting 

significantly lower mortality in patients with BL E6 antibodies and also (non-statistically significant) 

lower mortality in patients with BL E7 antibodies. 

 Although there are no large studies of HPV antibody levels in HNC prior to and following treatment, 

studies of cervical cancer have examined pre/post-treatment titers for associations with risk factors, tumor 

characteristics, and clinical outcomes [13,29,30,14] and may provide a model for comparison. Cervical 

cancer research has suggested that decreases in E6 or E7 antibody levels between pre- and post-treatment 

were associated with continuing remission [13,29,30,14]. In contrast, persistent or increasing antibody 

levels showed evidence for continuing or recurrent disease [29,30,14]. Hamšíková et al. [14] found 

decreases in E7 antibody levels after radiation treatment of advanced cervical cancer cases. Fisher et al. 

[30] observed significant decreases in both HPV-16 E6 and E7 levels after radiation treatment. Baay et al. 

[19,13] reported similar findings but did not distinguish changes by treatment. Di Lonardo et al. [29] 

found no decrease in serum E7 levels for cervical cancer patients in stages IIB and IIIB three months after 
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chemotherapy, but did observe a significant E7 OD decrease in 90% of the women after surgery 

regardless of tumor stage and prior chemotherapy. 

 In this HNC study, 73% of BL E6 positive and 65% of BL E7 positive patients exhibited decreases 

in OD levels with 85%-94% of those with a decrease also receiving radiation treatment alone or in 

combination with other therapies. These treatment rates reflected the high correlation between 

seropositivity and OP cancer and seronegativity and OC cancer. Eighty percent of stage III/IV E6 positive 

patients and 63% of stage III/IV E7 patients also exhibited decreases in their OD ratios. The decline in E6 

and/or E7 antibodies after tumor removal or radiation suggest that these viral oncoproteins play a role in 

tumor genesis and growth in patients infected with HPV-HR. Identifying the metabolic pathway of these 

oncoproteins may indicate new targets for more effective therapies. 

 E6 and/or E7 prevalence rates at baseline and at the last FU in our HNC cases were difficult to 

compare to the prevalence rates in the study by Zumbach et al. [7] because the distribution of tumors was 

very different by site and it is well-established that OP cases are more likely to be HPV positive [8]. Over 

65% of the Iowa tumors were from the OC, 25% from the OP, and 8% from the LH. In the German study, 

the proportions were approximately 4%, 37%, and 49%, respectively. In addition, Zumbach compared 

two different groups of patients, one with sera collected around the time of diagnosis and another with 

sera collected 6-26 month after diagnosis and treatment.  

Conclusions 

Serology tests of HPV titer levels performed at pre- and post-treatment provide useful markers of 

clinical outcomes of cervical cancer. HNC serologic assessment of HPV E6 and E7 antibody changes may 

be a useful clinical method for monitoring patient treatment response and early warning of recurrence.  

Further investigation of changes in OD levels in HPV-associated head and neck tumors needs to be 

performed 
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HPV-16 E6 

N=22 

HPV-16 E7 

n=20
 
 Change

1
 in OD Ratio 

n (%) n (%) 

BL to FU1   

No decrease 8 (36.6) 10 (50.0) 

Decrease 14 (63.4) 10 (50.0) 

p–value
3
 0.10 0.50 

BL to FU2   

No decrease 3 (25.0) 4 (36.4) 

Decrease 9 (75.0) 7 (63.6) 

p–value
3
 0.04 0.19 

BL to last FU   

No decrease 6 (27.3) 7 (35.0) 

Decrease 16 (72.7) 13 (65.0) 

p–value
3
 0.02 0.09 

1
Based on ≥2-fold titration change using the last titration at each 

follow-up. 
2
FU1=follow-up 1, FU2=follow-up 2, FU=last follow-up,

 

3
One-sided p-values for the binomial test that the proportion of 

patients who decreased was > 0.50 

 

Table 3. Change
1
 in seropositive OD ratios between baseline 

(BL) and follow-up (FU)
2
 for BL  seropositive cases 
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Legends for Figures 

 

 

Figure 1. Disease specific survival by HPV-16 E6 status.  

Survival curves based on the Kaplan-Meier method. Significance was based on the Log-rank comparisons of 

positive vs. negative status, p= 0.02. 

 

Figure 2. Disease specific survival by HPV-16 E7 status. 

 Survival curves based on the Kaplan-Meier method. Significance was based on the Log-rank comparisons of 

positive vs. negative status, p= 0.11. 

 

Figure 3. Disease specific survival by HPV-16 E6 and/or E7 status. 

 Survival curves based on the Kaplan-Meier method. Significance was based on the Log-rank comparisons of 

positive vs. negative status, p= 0.04. 
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