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Precis 

The current study investigated whether the survival advantage of people with human 

papillomavirus driven oropharyngeal cancer varied by demographical and serological 

characteristics. The survival advantage was more marked for younger people and for people 

seropositive for all four antibodies investigated (E1, E2, E6 and E7). 
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Abstract 

Background 

People with human papillomavirus (HPV) driven oropharyngeal cancer (OPC) experience 

better survival than people with HPV negative OPC. It is unclear if this benefit varies by 

demographic characteristics and serological response. 

 

Methods 

Data on 1,411 people with OPC and HPV serology data were analysed. HPV status was 

based on HPV16 E6 serology. Participants were followed-up for a median of 5.9 years and 

Cox proportional hazards models were used to estimate hazard ratios (HRs). The association 

between HPV status and overall survival was analysed by age group, sex, smoking status, 

tumour site, HPV antibody levels and HPV antibody pattern. Models were adjusted for age, 

sex, smoking and co-morbidity. 

 

Results 

The fully adjusted HR and 95% confidence interval (CIs) for the overall association between 

HPV status and survival was 0.43 (0.33, 0.56). The HRs (95% CIs) for participants aged ≤54, 

55 to 64 and ≥65 were 0.19 (0.10, 0.35), 0.38 (0.25, 0.56) and 0.73 (0.47, 1.13) respectively 

(p for interaction = 0.023). There was no clear evidence for an interaction by sex, smoking 

status or tumour site. Survival did not differ according to the E6 antibody levels in those who 

were seropositive. All seropositivity patterns were associated with increased survival 

compared to people negative for all antibodies. People positive for E1, E2, E6 and E7 may 

experience higher survival. 

 

Conclusions 
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HPV status confers a survival advantage across all groups. This survival advantage is more 

marked for younger people. The HPV antibody pattern but not the antibody level may also 

affect survival. 
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Introduction 

Oropharyngeal cancer (OPC) is a major cause of illness worldwide with 93,000 cases and 

51,000 attributed deaths each year.1 Furthermore, incidence is rising in various countries 

around the world (predominantly economically developed countries).2, 3 Approximately 3,000 

people are diagnosed each year in England4 and it is predicted that oropharyngeal cancer will 

soon be the most common form of head and neck cancer in this country.5 Alcohol intake and 

smoking are established risk factors for OPC.6 More recently, human papillomavirus (HPV) 

has also been recognised as an important cause of OPC.7, 8 The proportion of OPC caused by 

HPV varies widely across the world and has increased in many countries.9 It is estimated that 

half of OPC tumours are caused by HPV in the UK.10 

 

HPV driven tumours are considered a separate form of OPC. They have a distinct aetiology11, 

a different risk factor profile12 and although they present with locally advanced disease13 they 

have a better prognosis.14, 15 As current curative treatment regimens can result in long term 

functional deficits, a number of trials are examining whether less radical treatment in people 

with HPV driven OPC results in similar outcomes.16, 17 It is therefore important to understand 

whether the survival advantage observed for people with HPV driven OPC varies by personal 

and clinical characteristics. 

 

HPV prevalence varies by OPC subsite and it has been suggested that the effect of HPV may 

vary by subsite, with the survival benefit largely restricted to the tonsils and base of tongue.18 

Studies have also found evidence that the effect of HPV on survival may be attenuated 

among older groups.19, 20 Other studies have investigated a possible interaction between HPV 

status and sex although the results were conflicting.21, 22 However, all of these studies 
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included small numbers of cases or were based on cancer registers and had limited data on 

key confounders such as smoking. 

 

The laboratory gold standard for determining HPV driven OPC is the detection of HPV DNA 

and RNA.23, 24 In situ hybridisation (ISH) and p16 protein detection via immunohistochemical 

staining are commonly used in clinical practice but have limitations.25, 26 Most HPV driven 

OPCs are caused by HPV16.8, 10 A serological response to HPV16 E6 has been shown to 

identify people with HPV16 driven OPC with high sensitivity (>90%) and specificity 

(99%).27-29 Furthermore, some studies have suggested that HPV16 E6 antibody levels may be 

associated with risk of recurrence and/or survival though these studies have been small and 

have reported conflicting results.30 Patients with HPV driven OPC frequently also develop 

antibodies to other non-structural HPV16 proteins E1, E2, E7, however their additional 

diagnostic and predictive value has not been assessed in detail.27, 31, 32 

 

This paper presents data from Head and Neck 5000, a large prospective clinical cohort study 

which recruited people with head and neck cancer and collected detailed data on clinical and 

lifestyle factors. The aim was to investigate the effect of HPV status on survival for people 

with OPC and whether this association varies by clinical, demographic and lifestyle factors. 

 

 

Methods 

Study population 

Head and Neck 5000 (headandneck5000.org.uk) is a prospective clinical cohort of people 

diagnosed with head and neck cancer. The study has been described in detail elsewhere.33, 34 

Briefly, 5,511 participants were recruited from 76 centres across the UK between 7th April 
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2011 and 31st December 2014. All people aged 16 or over with a new diagnosis of head and 

neck cancer were eligible to join the study and the response rate was 49%. Clinical 

information on diagnosis and treatment was collected using data capture forms completed by 

research staff at the study centres. Health and lifestyle information was obtained using self-

completed questionnaires. Ethical approval for this study was given by the South West – 

Frenchay Regional Ethics Committee (ref: 10/H0107/57). 

 

Case definition 

The clinical diagnosis was recorded on the data capture form. Pathology reports were also 

collected for participants. Where available, diagnosis was based on the pathology report, 

otherwise the clinical diagnosis was used. Diagnoses were coded according to the 10th 

revision of the International Classification of Diseases (ICD-10). The following ICD codes 

were considered as OPC for this analysis: C01, C02.4, C05.1, C05.2, C05.8, C05.9, C09 and 

C10 (excluding C10.1). For subsite analyses, participants were grouped into four groups: 

tonsil (C09), base of tongue (C01), other (C02.4, C05.1, C05.2, C05.8, C10.0, C10.2, C10.3, 

C10.4) and unknown (C05.9, C10, C10.8, C10.9). The tumour site origin can sometimes be 

unclear particularly if the tumour is large and straddles several anatomical subsites. To reduce 

misclassification, pathology reports were reviewed by the Head and Neck 5000 pathologist 

along with any other available information (pathology reports were available for 77% of 

participants). Where the pathologist considered the tumour site origin to be unclear, these 

were labelled as “grey” cases. 

 

HPV status 

Participants were asked to provide a blood sample at baseline. Samples were analysed for the 

presence of HPV antibodies using multiplex serology at the German Cancer Research Center 
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(DKFZ, Heidelberg, Germany) as previously described.35, 36 Multiplex serology is a bead-

based high-throughput methodology detecting serum antibodies against multiple antigens 

simultaneously.35 All sera were tested for serum antibodies against HPV16, 18, 31, 33, 35, 

45, 52 and 58 at serum dilution 1:100. For all HPV types, antibodies were measured against 

L1, E6 and E7 proteins. In addition, E1 and E2 antibodies were measured for HPV16 and 18. 

OPC tumours were defined as HPV driven for this analysis if the median fluorescence 

intensity (MFI) for HPV16 E6 was >1,000 MFI.37 OPC tumours were defined as HPV 

negative if participants were seronegative for HPV16 E6 (MFI ≤1,000) and also seronegative 

for other HPV types based on an extended definition of HPV seropositivity (see 

Supplementary Table 1). This was to avoid possible contamination of the HPV negative 

group with people seropositive for other HPV types.   

 

The cut-off points for classifying seropositivity for HPV16 E1, E2 and E7 at serum dilution 

1:100 were E1 >200 MFI, E2 > 679 MFI and E7 >548 MFI.37 Additionally, HPV16 E6 IgG 

antibodies were re-measured at serum dilution 1:10,000 in HPV16 E6 seropositives detected 

at serum dilution 1:100. These data were used for analyses of HPV16 E6 antibody levels as 

the higher resolution means data are more quantitative. HPV16 E6 seropositivity at serum 

dilution 1:10,000 was defined as >30 MFI (the lower limit of detection). 

 

Socio-demographic and lifestyle factors 

Data on date of birth and sex were obtained through the data capture forms. Age was 

calculated at date of consent using date of birth. Smoking status was measured in the 

questionnaire where participants were asked to choose if they were a current user of tobacco, 

a former user of tobacco or never used tobacco on a regular basis (1 tobacco product/day for 

a period of 1 year). 
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Clinical factors 

Information on TNM disease stage was obtained using the data capture forms and stage was 

classified according to the 7th edition of the TNM classification.38 For participants with HPV 

driven OPC, the alternative staging proposed by the International Collaboration on 

Oropharyngeal Cancer Network for Staging was also used.13 Participants were grouped into 

seven treatment groups based on information from the data capture forms: primary surgery 

only, primary and neck surgery, chemoradiotherapy only, radiotherapy only, surgery and 

chemoradiotherapy, surgery and radiotherapy, other/no treatment. Co-morbidity was 

measured using the Adult Comorbidity Evaluation 27.39 Participants were classified into four 

categories: no co-morbidity, mild decompensation, moderate decompensation and severe 

decompensation. 

 

Mortality follow-up 

Participants were followed up for mortality status through linkage with NHS Digital. Data on 

date of death and cause of death for participants who had died were sent at regular intervals. 

The last date of follow-up for all participants in this analysis was 21st February 2020. 

 

Statistical analysis 

All analyses were restricted to participants with squamous cell carcinoma who received 

curative treatment. Participants with HPV negative OPC and HPV driven OPC were 

compared using Pearson’s chi-squared test. Cox proportional hazards models were used to 

analyse the effect of HPV status on survival. Participants were followed-up from their date of 

consent until their date of death or the end of follow-up. Hazard ratios (HRs) and 95% 

confidence intervals (CIs) were calculated for two analysis models: a partially adjusted model 
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and a fully adjusted model. The partially adjusted model adjusted for age and sex only and 

this analysis included all participants with serology data. The fully adjusted model also 

adjusted for smoking (non-smoker, current) and co-morbidity (none, mild, moderate/severe) 

and so this analysis was restricted to participants with complete data for these variables. 

Confounders were selected as they were associated with overall survival 40, 41 and were 

associated with HPV status in this cohort. Partially adjusted results were also calculated for 

all participants with complete confounder data as a sensitivity analysis. 

 

To investigate whether the effect of HPV status differed according to other factors, analyses 

were also performed by age group (≤54, 55 to 64, ≥65), sex (male, female), smoking status 

(non-smoker, current smoker) and tumour site (tonsil, base of tongue, other, unknown). 

Never smokers and former smokers were grouped together in analyses due to the small 

number (<5) of events among never smokers in the reference (HPV negative) group. P-values 

for interaction were calculated using Wald tests. 

 

Two further analyses were performed to investigate whether the strength and pattern of the 

sero-response affected survival. First, to investigate the effect of HPV16 E6 antibody levels 

on survival, an analysis was performed with the same reference group as above but 

participants with HPV-driven OPC (>1,000 MFI) were divided into four groups. These 

groups were created based on quartiles of MFI values using antibody measurements at serum 

dilution 1:10,000. For this analysis, sixteen participants with HPV16 E6 antibody 

levels >1,000 MFI were excluded as they did not have 1:10,000 serum dilution data and three 

participants who were seropositive using 1:100 serum dilution (MFI >1,000) but were 

seronegative using 1:10,000 serum dilution (MFI ≤30) were also excluded. (A similar 

analysis was also performed based on quartiles of the antibody levels measured at serum 
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dilution 1:100 (Supplementary Table 2)). Finally, an analysis was performed to investigate 

whether the sero-response to other HPV16 proteins also influenced survival. Here the 

reference group was participants seronegative for HPV16 E1, E2, E6 and E7 (and also 

seronegative for other HPV types following the definition described above). In order to 

investigate the effect of various antibody patterns, four other groups were created as follows: 

(1) E6 seropositive, E2 seronegative, E1 seronegative, E7 seronegative 

(2) E6 seropositive, E2 seronegative, E1 and/or E7 seropositive 

(3) E6 seropositive, E2 seropositive, E1 and/or E7 seronegative 

(4) all seropositive. 

 

These groups were created to ensure reasonable numbers within each group (see 

Supplementary Table 3 for all possible antibody patterns). Wald tests were used to test the 

hypothesis that the estimates for the comparison groups were equal. If there was evidence for 

a difference, pairwise tests were used to investigate the differences between groups. 

Unadjusted Kaplan-Meier graphs were used to compare survival between groups. These 

graphs were cut-off when there were approximately only 10% of participants still at risk (as 

the survival curves become more uncertain with fewer participants). 

 

Head and Neck 5000 dataset version 2.6 was used. All analyses were completed using Stata 

16 (StataCorp. 2019; Stata Statistical Software). 

 

 

Results 

1,461 participants with OPC had serology data. Fifty participants who were seronegative for 

HPV16 E6 but seropositive for another HPV type were excluded. Therefore, 1,411 
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participants were included in this analysis (Figure 1). Of these participants, 410 (29.1%) had 

HPV negative OPC and 1,001 (70.9%) had HPV driven OPC. The characteristics of 

participants with HPV driven and HPV negative OPC are shown in Table 1. Participants with 

HPV driven OPC cancer were younger and more were men. Almost half of participants with 

HPV negative tumours were current smokers compared to only 8% of participants with HPV 

driven tumours. More participants with HPV driven OPC had late stage disease (III or IV) 

based on TNM 7th edition than participants with HPV negative OPC; using ICON-S, most 

HPV driven OPCs were classified as early stage. Participants with HPV driven OPC were 

more likely to receive chemoradiotherapy, alone or with surgery. People with HPV driven 

OPC had fewer comorbidities. People with HPV negative tumours included a lower 

proportion with tumours of the tonsil and a higher proportion of tumours at other sites (see 

Supplementary Table 4 for the distribution of other OPC sites in this analysis) or unknown. 

 

Overall association between HPV status and survival 

Median follow-up time was 5.9 years (range 13 days – 8.9 years). 437 participants died 

during follow-up. Overall, participants with HPV driven OPC had better survival than 

participants with HPV negative OPC (Table 2). There was clear evidence for this survival 

benefit in both the partially adjusted and fully adjusted models though the results were 

slightly attenuated in the fully adjusted model. 

 

Interaction between HPV status and other factors 

Table 2 shows the association between HPV status on survival when stratified by other 

factors. In results adjusted for age and sex only, HPV driven OPC was associated with better 

survival within each age group though the association was stronger for younger participants. 
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In the fully adjusted model, the results were similar for participants who were ≤54 and 55 to 

64 but the association for participants who were ≥65 was strongly attenuated. 

 

HPV driven OPC showed a survival benefit for both men and women although the benefit 

seemed to be slightly greater for women, particularly in the fully adjusted results (although 

there was no clear evidence for an interaction). The association was similar for both non-

smokers and current smokers. Also, HPV driven OPC was associated with higher survival for 

each subsite but there was no evidence that the association differed across these subsites. The 

sensitivity analysis, calculating partially adjusted results for participants with complete 

confounder data, showed similar results to the partially adjusted results with all participants 

(Supplementary Table 5). 

 

HPV16 E6 seropositivity was used to define HPV driven OPC in this analysis. However, it is 

possible that in some cases, the HPV16 E6 antibody response was due to cross reactivity with 

other HPV types. Participants who were seropositive for HPV16 E6 and for at least one other 

HPV type (18, 31, 33, 35, 45, 52 and 58) were identified. As a sensitivity analysis, the 

analysis was repeated excluding these participants (n=156) and showed comparable results 

(Supplementary Table 6). 

  

HPV antibody levels and survival 

This analysis used the more quantitative antibody levels measured at 1:10,000 serum dilution 

for participants with HPV16 E6 antibody levels >1,000 MFI at 1:100 serum dilution (HPV 

driven OPC). Figure 2 shows the Kaplan-Meier survival curves for the HPV16 E6 

seropositive participants stratified by antibody levels in quartiles, with participants with HPV 

negative OPC as the reference group. Participants with HPV negative OPC had the lowest 
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survival whereas survival was very similar for all groups with HPV driven OPC. Table 3 

shows the corresponding HRs and 95% CIs. The results were similar across the groups and 

did not show a clear pattern. The Wald test did not show any evidence for a difference 

between the four comparison groups. 

 

HPV16 E1, E2, E6 and E7 antibody patterns 

Compared to participants who were negative for all HPV16 antibodies, all other groups 

showed an improved survival (Table 4). In particular, there appeared to be a stronger 

association for participants seropositive for all four HPV16 antibodies whereas results were 

similar in the other groups where participants were seropositive for E6 alone, E6 with E2 or 

E6 with E1 and/or E7. Based on the Wald test, there was evidence for a difference between 

the comparison groups. Pairwise tests (Supplementary Table 7) revealed that the estimate for 

the 4th group (all seropositive) was different from the 2nd group (E6 positive with E1 and/or 

E7 positive) and the 3rd group (E6 and E2 positive with E1 and/or E7 negative). Figure 3 

shows the Kaplan-Meier survival curves for these groups. Participants negative for all 

HPV16 antibodies had the lowest survival. Survival was similar for the other groups with the 

4th group showing highest survival. 

 

 

Discussion 

In this analysis of Head and Neck 5000 participants, there was evidence that the survival 

benefit of HPV status for people with OPC varies by sociodemographic and serological 

characteristics. In particular, the survival benefit for people with HPV-driven OPC was 

stronger for younger people. In contrast, there was no clear evidence that the association was 

modified by sex, smoking status or OPC subsite. Antibody levels for people HPV16 E6 



 

16 
 

seropositive did not affect survival. However, when considering HPV16 antibody patterns, 

seropositivity for all four HPV16 antibodies (E1, E2, E6 and E7) may confer a greater 

survival benefit than seropositivity for E6 alone or E6 and one or two other antibodies. 

 

Other studies have also investigated how the association between HPV status and survival 

differs by age. In one analysis of 239 people with OPC from two cancer centres in the United 

States, there was evidence of a protective association with HPV for people aged ≤54 and 55 

to 64 although results were attenuated and the association was less clear for people ≥65.20 In 

a large analysis of people registered in a national cancer database in the United States, there 

was evidence for an association within each age group though the association was slightly 

attenuated in the oldest (≥70) age group.19 Hence, these studies support the results of this 

analysis where there was a stronger association of HPV driven OPC with improved survival 

for younger people. The reason for this potential interaction is unclear. It is possible that the 

HPV16 serology assay is less sensitive among older people which could lead to more 

misclassification in older people. However, it is not currently known whether age affects the 

serology assay and so this should be investigated in future studies.  

 

The evidence from other studies that the association between HPV status and survival differs 

by sex is less clear. This interaction was investigated in both studies mentioned above. An 

analysis of people from the two cancer centres did not find evidence for an interaction and 

reported only the p-value for interaction.21 In an analysis of the cancer database, there was 

evidence for an interaction; women had a higher risk of death than men in the HPV negative 

group but a lower risk of death in the HPV positive group.22 This is similar to the results in 

this study where there was a suggestion that the association between HPV status and survival 

was slightly stronger for women, however there was no clear evidence for this. 
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HPV driven tumours are more prevalent within the tonsils and base of tongue. Therefore, 

while there is strong evidence for the effect of HPV status on survival for people with tonsil 

or base of tongue cancer, the role of HPV status in other OPC is less clear.18 Previous studies 

which investigated the association between HPV status and survival in other subsites did not 

find evidence for an association though studies included small numbers of participants.18 In 

contrast, this analysis found evidence that HPV status does affect survival for people with 

other OPC and that the association is not restricted to tonsils and base of tongue. In this study 

77 “grey” cases (5.5%) where the tumour origin was unclear were identified by the study 

pathologist. Excluding these cases from the analysis, the results for oropharyngeal subsites 

were similar (data not shown). However, this does not rule out the possibility that results 

were affected by misclassification between subsites. 

 

This analysis also investigated potential survival benefits by antibody levels for HPV16 E6 

and multiple seropositivity for HPV16 early proteins. It was hypothesised that individuals 

with higher HPV antibody levels or multiple seropositivity for HPV16 early proteins beyond 

E6 may not only mount a stronger humoral immune response against their HPV infection but 

potentially also a stronger cytotoxic T-cell response against their HPV induced tumour which 

may confer a survival benefit. The observed HPV16 E6 seroreactivity at serum dilution 1:100 

was very high for HPV16 driven OPC, and thus out of the quantitative range of the assay. 

Thus, we re-measured HPV16 E6 antibodies at serum dilution 1:10,000 to investigate 

whether increased antibody levels confer a survival advantage over low antibody levels. Re-

measuring at serum dilution 1:10,000 resulted in a higher resolution of HPV16 E6 antibody 

levels in seropositive individuals (Supplementary Figure 1 shows the antibody levels for both 

serum dilutions for participants who were seropositive at 1:100 serum dilution). However, 
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there was no clear evidence that HPV16 E6 antibody levels affected survival for participants 

with HPV driven OPC. 

 

In a previous study investigating HPV16 antibodies, people with OPC were defined as 

seropositive if they were positive for HPV16 E6 or positive for three out of four other early 

proteins (E1, E2, E7). Most people (approximately 85%) who were seropositive were 

seropositive for HPV16 E6 plus at least one other early protein.27 The majority even showed 

seropositivity for all four HPV16 early proteins. Thus, we investigated whether participants 

seropositive for multiple HPV16 early proteins may experience a survival benefit compared 

to HPV16 E6 single positive participants. In this analysis, compared to participants 

seronegative for all four proteins, results for the other groups were similar though there 

seemed to be a more pronounced survival benefit for those who were seropositive for all 

proteins. It is possible that this more pronounced survival benefit is due to reduced 

misclassification in this group relative to the other groups i.e. people seropositive for all 

proteins may be more likely to truly have HPV driven OPC. 

 

This study has several strengths. The analysis was based on data from a large prospective 

clinical cohort including more than 1,000 participants with OPC. Information on clinical, 

lifestyle and biological factors was available. Mortality data were obtained through record 

linkage to national datasets which meant that very few participants were lost to follow-up. 

Extensive serology testing was carried out on the blood samples provided by participants. 

This analysis focused on HPV16 E6 antibody measurements which has been shown to be a 

sensitive and specific biomarker to determine HPV status in OPC.27 However, serology data 

were also available for other HPV types and this permitted the use of a more selective 

reference group, excluding participants who were positive for other HPV types from the 
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reference group of people with HPV negative OPC. This represented a very stringent 

definition for defining HPV status and is likely to be very specific. Another strength was the 

inclusion of key confounder variables; in particular, smoking was an important confounder in 

these analyses. 

 

The response rate for recruitment in this study was approximately 50% which means that the 

cohort may not be representative. However, it seems unlikely that associations between HPV 

status and survival would be different among non-responders. A high proportion of OPC in 

this cohort was HPV driven (70.9%). A previous UK study reported that approximately 50% 

of OPC cases were HPV driven.10 The higher prevalence in this study could be due to the 

“healthy volunteer” effect.42 Compared to people with HPV negative OPC, people with HPV 

driven OPC are less likely to smoke tobacco and drink alcohol and to have low 

socioeconomic status.43  

 

Two analysis models were presented: a partially adjusted model including all participants 

with serology data and a fully adjusted model including participants with complete data on 

confounders. Unfortunately, due to missing data in the confounders, predominantly smoking 

status, approximately 30% of participants were excluded in the fully adjusted results. To 

investigate the impact of these missing data on results, a partially adjusted analysis was 

performed for participants with complete data on confounders (i.e. a complete case analysis). 

The association between HPV status and survival was similar to the association including all 

participants (Supplementary Table 5). 

 

TNM stage (7th edition) was also considered for inclusion as a confounder for this analysis. 

The issue with adjusting for TNM stage is that the effect of stage on survival is very different 
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for HPV driven OPC and HPV negative OPC. Indeed, this was the motivation for developing 

a separate staging system specifically for HPV driven OPC.13 To investigate whether this had 

any effect on the results, a sensitivity analysis was performed. Results including TNM stage 

as a confounder were very similar to the results shown in the main analysis (the only change 

was seen in the results for women) (Supplementary Table 8). 

 

Smoking was an important confounder in this analysis. There was a very small number of 

never smokers within the HPV negative group. Thus, never smokers and former smokers 

were combined in one category. Also, smoking status was obtained based on questionnaire 

data which may be prone to measurement bias.44 Furthermore, this analysis defined smoking 

status at baseline when people were diagnosed with cancer. This may have affected how 

people reported their smoking status at baseline and it may make them more likely to quit 

smoking. An analysis from this study found that smoking habits were dynamic in the 12 

months following diagnosis.45 Therefore, the results presented here on the interaction with 

smoking should be interpreted with caution. 

 

In conclusion, the survival benefit of HPV driven OPC compared to HPV negative OPC may 

not be the same for all groups. In particular, this analysis found interactions with age and the 

pattern of serological response i.e. the immune response may also influence survival. Given 

the survival benefit for people with HPV driven OPC, there has been major interest in 

whether these positive outcomes can be maintained while “de-escalating” treatment which 

involves high toxicity and can result in severe adverse side effects. The results in this study 

suggest that the survival benefit is present for all groups except for older people aged over 65. 

Therefore, there should be more caution about de-escalation for this group. Whilst HPV 

status is associated with improved survival, few studies have investigated the role of other 
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factors in this association. Hence, future research should try to replicate these analyses in 

other cohorts. Furthermore, the reasons why there are differences in the survival advantage 

should be investigated. 
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Table 1 Study characteristics for Head and Neck 5000 participants with OPC by HPV status 

 HPV Negative OPCa 

(n = 410) 

HPV driven OPCa 

(n = 1,001) 
 

 n (%) n (%) p-value 

Age group   <0.001 

  ≤54 96 (23.4%) 339 (33.9%)  

  55 to 64 168 (41.0%) 436 (43.6%)  

  ≥65 146 (35.6%) 226 (22.6%)  

Sex   0.026 

  Male 307 (74.9%) 803 (80.2%)  

  Female 103 (25.1%) 198 (19.8%)  

Smoking status   <0.001 

  Never 22 (7.9%) 263 (34.5%)  

  Former 123 (44.4%) 440 (57.7%)  

  Current 132 (47.7%) 60 (7.9%)  

TNM staging   <0.001 

  I 43 (10.5%) 19 (1.9%)  

  II 74 (18.1%) 73 (7.3%)  

  III 64 (15.6%) 135 (13.6%)  

  IV 228 (55.7%) 769 (77.2%)  

ICON-S staging    

  I  566 (58.3%)  

  II  208 (21.4%)  

  III  196 (20.2%)  

  IV  1 (0.1%)  

Treatment group   <0.001 

  Surgery only 61 (14.9%) 76 (7.6%)  

  Chemoradiotherapy only 194 (47.3%) 586 (58.5%)  

  Radiotherapy only 88 (21.5%) 98 (9.8%)  

  Surgery and radiotherapy 40 (9.8%) 87 (8.7%)  

  Surgery and chemoradiotherapy 24 (5.9%) 140 (14.0%)  

  Surgery and chemotherapy 1 (0.2%) 5 (0.5%)  

  Chemotherapy only 2 (0.5%) 9 (0.9%)  

Comorbidity index   <0.001 

  No comorbidity 138 (34.3%) 527 (53.6%)  

  Mild 146 (36.3%) 327 (33.3%)  

  Moderate 98 (24.4%) 111 (11.3%)  

  Severe 20 (5.0%) 18 (1.8%)  

Oropharynx group   <0.001 

  Tonsil 129 (31.5%) 612 (61.1%)  

  Base of tongue 113 (27.6%) 272 (27.2%)  

  Other 94 (22.9%) 34 (3.4%)  

  Unknown 74 (18.0%) 83 (8.3%)  

Abbreviations: HPV, human papillomavirus; OPC, oropharyngeal cancer; ICON-S, International Collaboration 

on Oropharyngeal cancer Network for Staging. 
a The cut-off for HPV status was HPV16 E6 antibodies >1,000 MFI. Participants seronegative for HPV16 E6 

but seropositive for other HPV types (18, 31, 33, 35, 45, 52, 58) were excluded from the HPV negative group. 
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Table 2 Effect of HPV driven OPC compared to HPV negative OPC on survival, overall and 

stratified by other factors 
 Partially adjusted model Fully adjusted model 

 Deaths HR (95% CIs) p-value Deaths HR (95% CIs) p-value 

Overalla 437 0.32 (0.27, 0.39) <0.001 294 0.43 (0.33, 0.56) <0.001 

       

Age groupb p-interaction = <0.001 p-interaction = 0.002 

  ≤54 82 0.15 (0.09, 0.23) <0.001 55 0.19 (0.10, 0.35) <0.001 
  55 to 64 182 0.31 (0.23, 0.41) <0.001 129 0.38 (0.25, 0.56) <0.001 

  ≥65 173 0.50 (0.37, 0.67) <0.001 110 0.73 (0.47, 1.13) 0.163 

Sexc p-interaction = 0.289 p-interaction = 0.355 

  Male 366 0.34 (0.28, 0.42) <0.001 244 0.47 (0.35, 0.64) <0.001 
  Female 71 0.25 (0.15, 0.40) <0.001 50 0.29 (0.15, 0.55) <0.001 

Smoking statusd p-interaction = 0.783 p-interaction = 0.644 

  Non-smoker 204 0.42 (0.31, 0.56) <0.001 202 0.42 (0.31, 0.57) <0.001 

  Current 93 0.42 (0.25, 0.70) 0.001 92 0.46 (0.27, 0.78) 0.004 

Oropharynx groupa p-interaction = 0.467 p-interaction = 0.479 

  Tonsil 187 0.37 (0.27, 0.50) <0.001 138 0.51 (0.34, 0.75) 0.001 

  Base of tongue 130 0.27 (0.19, 0.38) <0.001 78 0.37 (0.22, 0.64) <0.001 

  Other 55 0.23 (0.09, 0.60) 0.003 34 0.16 (0.04, 0.58) 0.005 

  Unknown 65 0.34 (0.20, 0.58) <0.001 44 0.42 (0.20, 0.89) 0.024 

Abbreviations: HPV, human papillomavirus; OPC, oropharyngeal cancer; HR, hazard ratio; CI, confidence 

interval. 

a Partially adjusted model adjusted for age and sex. Fully adjusted model also adjusted for smoking (non-

smoker, current), and co-morbidity (none, mild, moderate/severe). 
b Partially adjusted model adjusted for sex. Fully adjusted model also adjusted for smoking (non-smoker, 

current), and co-morbidity (none, mild, moderate/severe). 
c Partially adjusted model adjusted for age. Fully adjusted model also adjusted for smoking (non-smoker, 

current), and co-morbidity (none, mild, moderate/severe). 
d Partially adjusted model adjusted for age and sex. Fully adjusted model also adjusted for co-morbidity (none, 

mild, moderate/severe). 
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Table 3 Effect of HPV16 E6 antibody levels on survival 
 Partially adjusted modelb Fully adjusted modelc 

HPV16 E6 antibody levelsa Deaths HR (95% CIs) Deaths HR (95% CIs) 

HPV negative 223 1.00 141 1.00 

>30 to ≤1408 63 0.41 (0.31, 0.55) 42 0.49 (0.34, 0.71) 

>1408 to ≤3476 47 0.28 (0.20, 0.38) 29 0.30 (0.20, 0.46) 

>3476 to ≤6696 46 0.29 (0.21, 0.40) 35 0.39 (0.26, 0.58) 

>6696 51 0.31 (0.23, 0.42) 41 0.51 (0.34, 0.74) 

P-valued  0.133  0.134 

Abbreviations: HPV, human papillomavirus; HR, hazard ratio; CI, confidence interval. 

a Antibody levels were measured at serum dilution 1:10,000 for participants with HPV driven OPC (HPV16 E6 

antibody levels >1,000 MFI at 1:100 serum dilution). Sixteen participants with HPV16 E6 antibody 

levels >1,000 MFI were excluded as they did not have 1:10,000 serum dilution data. Three participants who 

were seropositive using 1:100 serum dilution (MFI >1,000) but were seronegative using 1:10,000 serum dilution 

(MFI ≤30) were excluded. 
b Adjusted for age and sex. 
c Adjusted for age, sex, smoking (non-smoker, current), and co-morbidity (none, mild, moderate/severe). 
d P-value for Wald test testing whether the four comparison groups are equal. 
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Table 4 Effect of seropositivity patterns for HPV16 E1, E2, E6 and E7 on survival 
 Partially adjusted modela Fully adjusted modelb 

HPV16 E1, E2, E6, E7 serostatus n Deaths HR (95% CIs) n Deaths HR (95% CIs) 

All negative 366 208 1.00 242 133 1.00 

E6 positive, E2 negative, E1 negative, E7 negative 70 20 0.43 (0.27-0.68) 48 10 0.37 (0.19-0.72) 

E6 positive, E2 negative, E1 and/or E7 positive 130 40 0.43 (0.31-0.60) 100 27 0.47 (0.31-0.73) 

E6 positive, E2 positive, E1 and/or E7 negative 314 79 0.37 (0.29-0.48) 227 56 0.47 (0.33-0.66) 

All positive 487 75 0.21 (0.16-0.27) 373 60 0.29 (0.21-0.41) 

P-valuec   <0.001   0.050 

Abbreviations: HPV, human papillomavirus; HR, hazard ratio; CI, confidence interval. 

a Adjusted for age and sex. 
b Adjusted for age, sex, smoking (non-smoker, current), and co-morbidity (none, mild, moderate/severe). 
c P-value for Wald test testing whether the four comparison groups are equal. 
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Figure Legends 

 

Figure 1 Flow diagram showing selection of Head and Neck 5000 participants included in 

this analysis. The cut-off for seropositivity was HPV16 E6 >1,000 median fluorescence 

intensity. If participants were seronegative for HPV16 E6 but seropositive for other HPV 

types, they were excluded from this analysis. HPV indicates human papillomavirus. 

 

Figure 2 Kaplan-Meier estimates of survival by HPV16 E6 antibody levels. Antibody levels 

were measured at serum dilution 1:10,000 for participants with HPV driven OPC (HPV16 E6 

antibody levels >1,000 MFI at 1:100 serum dilution). Participants who were seropositive 

using 1:100 serum dilution (MFI >1,000) but were seronegative using 1:10,000 serum 

dilution (MFI ≤30) were excluded. Log-rank test for equality used to calculate p-value. HPV 

indicates human papillomavirus; OPC, oropharyngeal cancer; MFI, median fluorescence 

intensity. 

 

Figure 3 Kaplan-Meier estimates of survival by HPV16 antibody patterns. Group 1 is E6 

seropositive, E2 seronegative, E1 seronegative, E7 seronegative. Group 2 is E6 seropositive, 

E2 seronegative, E1 and/or E7 seropositive. Group 3 is E6 seropositive, E2 seropositive, E1 

and/or E7 seronegative. Group 4 is all seropositive. Log-rank test for equality used to 

calculate p-value. HPV indicates human papillomavirus. 

 


